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Cytotoxic Effects of Polyamines

Keiko Murakamy, Yoshitaka Hosokawa and Masataka YOSHINO
Department of Biochemistry, Aichi Medical University School of Medicine

Summary
Prooxidant effects of polyamines were analyzed by using permeabilized yeast cells and purified yeast glutathione reductase.

1. Polyamine stimulated NADH-dependent inactivation of aconitase in the presence of cyanide, implying that the

superoxide-generating enzyme with NADH was activated by polyamines. Polyamines further stimulated

NADPH-dependent inactivation of aconitase in the presence of menadione and cyanide, suggesting the activation

of NADPH/naphthoquinone-dependent production of superoxide. The order of effectiveness of polyamines as ac-

tivators was spermine > spermidine. Putrescine showed little effect.

2. Glutathione reductase, the principal enzyme scavenging reactive oxygen species, was inhibited by polyamines.

Polyamine-dependent production of reactive oxygen and the inhibition of the activity scavenging reactive oxygen may

explain the cytotoxic effects of these compounds.

RYVT7IV (ARVI Y, ARVIVY, LI V)
37 R HEOMER T2 LTS TwA Y 75 iz
VL OERETTET AL HFOZ LWL NI R - T
Wb, bivbidz A V¥ —H, & <IWCTCAHA 7V
DOEFZOEMALZ M L TR KUY TIVIFEHIC
DNA & #5A L CIRG I O W BB 2% b 5 Bk
ERFELTOBMES?, 7270 FFF ¥ bELT
M ER CH X b WA ShTwaY, LrL—hHTHEY
TIVRTIVEFF VIV o THILIZ RSN D
B, WMERE A ALY, SSICHIE R HE T A2 EAR
MERTWDY, SHIEERY 73 v OWFHEEHEERIEH
L, ZOEEE GRS TLR) T I v ORFEERE L.

MR ETE

1. R &SRR

INVEERE, NADPAKAFMEA v 7 = VBB KERESE, 7
VWEFF Vs —¥—F )7 VEERE, ARV 3
V, ANNVIV Yy, ThLI Y, BILR VY FF v
(GSSG) —¥ v, NADH, NADP, NADPH—U1 v ¥ =,

2. BEEM/NEFOTS
O VERZARBEDOSM Y VE F— L& &

02M ) v EEEEW (pH74) ICEE L, REREEED
FVI YRR 2o 43°C T2 M e, a0 0k
FoThFBE2BE 4BRBOBMYVE F=LEED
50mM bV R - SEEEREE pH71) ICBH L. Ih
ko THRHZEBREZH L7 2= — Btk Miia 2o
T3 Gnsitu) THETELEIICRDY,

3. 7AZH—tEDXE

10 mg/mL O & @M/ #ERZ R 7 3, NADH,
NADP % %\ & NADPH & & $ 1250 mM 1) A - HiEE#%
i (pH7.1) HC5 5 MniE#, 800 x g 2T 54
DL, LB AGEDOOSM Y IVE =i &
50mM bV A - HEEERE (pH7.1) ([CBE L7,

4, EMEEEELET ABEEORE

A—=N—FF Y N7 =F I I h Va2 Cuw/ZnSOD,
Ul cFFIEF—FIHLTIT AL ) T ARIR
mL 7z,

5. 7AZZ—tEEMOAE

5mM 7 T VB, 025 mM NADP, 4 mM MgCl, 10 mU/mL
NADP-A vV 7 T ROk FEREZH, 100mM ~ ) 2 - HEER
A (pH7.8), 1 mg/mL 78 ¥ BERAFAE T2 340 nm @

e - AL AR RA T AVEIES 21 (T480-1195)



WS RE RS I 2 5 L CHEH L 7z,
6. JIWEFF LA 2—EDBRIE

ZiLiE GSSG, NADPH, 100mM kY A - 35 Wi i
(pH78) AT

B/ R

EBEREFOT7T 2 =25 —Fi301lmM O NADH & ¥ 7
AEA ) T AEAETTERIEGEL, TOETKZANRL I VOR

2 340nm DOYSEEERA % fldk L TR L 720

Tz X v E s —7%, NADH % L TIE ARG IIE & %
iz (Fig. 1A)s T ORFILER2S NADH 2 268 & L
TA=—N—FF Y T =F VTV A NEIHEET BEEFIGNE
ERDH, ANV VIZZOBRELEEILTL I L E2RT L
ZEZbND, ANNVITV UV TORERMIRLIZA, 7 b
LY VISR R h o 72 (Fig. 1B)o

01mM NADPH IZZN DA TIEY T YAbH V) 7 AAEAE
TTHRIEREEZIF VR RAF I F 2N S 2
LIZk) 7=y —EERIES S, ARV I VIZZOR)
Wakum L7 (Fig 2A)s AV 3 VIZNADPH % LT

B

Aconitase activity (umol/min/g)

None

NABH(2) N\

a+0.25 mM
spermine

a+0.5mM
KCN (b)

b +0.25 mM
spermine

Spermine/
KCN

\\\\\\\\\\\\\\\\\\\\\

Fig. 1 Effects of polyamines on the activity of aconitase in permeabilized yeast cells in the presence of NADH and KCN. Baker’s

yeast cells were permeabilized according to the method reported previousl
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v¥. Permeabilized yeast cells (10 mg/mL) were

mixed with 0.1 mM NADH, 0.5 mM KCN and polyamines at the indicated concentrations in 40 mM Tris-HCI (pH 7.1). After in-

cubation at 37°C for 5 min, cells were collected by centrifugation at 800 X g for 5 min and suspended in 50 mM Tris-HCl
(pH 7.1) containing 0.5 M sorbitol at the concentration of 200 mg/mL. Aconitase activity was determined by the coupling with
NADP-isocitrate dehydrogenase, and the reaction mixture contained 5 mM citrate, 0.25 mM NADP, 4 mM MgCl,, 10 mU/mL
of NADP-isocitrate dehydrogenase and 1 mg/mL of yeast in 0.1 M Tris-HCI (pH 7.8). The increase in the absorbance at

340 nm was recorded. NS, not significant; *, p<0.05;

A

= p<001; **

 p<0.001.
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Fig. 2 Effect of spermine on the activity of aconitase in permeabilized yeast cells in the presence of NADP(H), menadione and KCN.

Experimental conditions and symbols used were similar to those in Fig. 1.
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Fig. 4 Effect of spermine on the activity of yeast glutathione reductase (GR). Purified enzyme at the concentra-
tion of 0.5 or 1 ug/mL was mixed with GSSG and NADPH in 0.1 M Tris-HCI (pH 7.8) at 37°C. The de-
crease in the absorbance at 340 nm was recorded. Fig. 4A. Activity of GR in the presence of 0.05 mM
NADPH and the indicated concentrations of GSSG and spermine. 4, GSSG 0.05 mM; [[], GSSG 0.1 mM.
Fig. 4B. Activity of GR in the presence of 0.1 mM GSSG and indicated concentrations of NADPH and

spermine. &, NADPH 12.5 uM; ll, NADPH 25 uM.



VHO NADPH % fi4:4 % 7 v a— X 6-1) » ik FEik

ES

. NADP-A Vv 7 = Y RIR KR IARBE D X~ 3

Y CHINEE L S N BT [HEREE A REEE A, PTh
NADPH %2388 & 3 5 WHEP AN I V2L 521G L% 2
JBZ L3R8T XV iR ThY, ToEBNESR
WCOWTIZS BITHERDVULETH DL EEZ D,

1)

2)

3)

4)

5)

6)

7)

SEXM

Hunter AR, Farrell PJ, Jackson RJ, Hunt T (1977) The
Role of polyamines in cell-free protein synthesis in the
wheat-germ system, Eur J Biochem 75: 149-157.
Yoshino M, Murakami K (1980) The role of AMP de-
aminase reaction in the regulation of phosphofructoki-
nase in yeast. Role of polyamine, Biochem Int 1: 84-90.
Yoshino M, Murakami K, Yamada Y (1990) Reversal by
polyamine of the aluminum-induced inhibition of hexo-
kinase from human brain, Biomed Res 11: 215-218.
Yoshino M, Yamada Y, Murakami K (1991) Activation
by spermine of citrate synthase from porcine heart,
Biochim Biophys acta 1073: 200-202.

Tanemura Y, Murakami K, Haneda M, Yoshino M
(2004) Polyamine enhances the regeneration of re-
duced glutathione by the activation of NADP-depen-
dent dehydrogenases in yeast, Biomed Res 25: 69-74.
Pegg AE (1986) Recent advances in the biochemistry
of polyamines in eukaryotes, Biochem ] 234: 249-262.
Thomas T, Thomas T]J (2001) Polyamines in cell growth
and cell death: molecular mechanisms and therapeu-

8)

9)

10)

11)

12)

13)

14)

tic applications, Cell Mol Life Sci 58: 244-258.
Matkovics B, Kecskemeti V, Varga SI, Novak Z, Kertesz
Zs (1993) Antioxidant properties of di- and polyamines,
Comp Biochem Physiol 104B: 475-479.

Marra M, Lombardi A, Agostinelli E, Giuberti G,
Zappavigna S, Tempera G, Vitale G, Bifulco A,
Abbruzzese A, Garaglia M (2008) Bovine serum
amine oxidase and spm potentiate docetaxel and
interferon-a effects in inducing apoptosis on human
cancer cells through the generation of oxidative
stress, Biochim Biophys Acta 1783: 2269-2278.
Schipper RG, Penning LC, Albert, Verhofstad AA]J
(2000) Involvement of polyamines in apoptosis. Facts
and controversies: effectors or protectors?, Seminars
in Cancer Biol 10: 55-68.

Murakami K, Nagura H, Yoshino M (1980) Permeabi-
lization of yeast cells: Application to study on the reg-
ulation of AMP deaminase activity in situ, Anal Bio-
chem 105: 407-413.

FERET, PIRHEART, HEFEZFE (20060 A FTF
X BUGERR R DA, T KA FISE 23: 63-68.
FERECY, MR, FEEZE (2009) 70 )f50
TV NTX ) ALEYNC X B RO AR,
SRAEFEWTSE 26: 50-53.

Farber PM, Arscott LD, Williams Jr. CH, Becker K,
Schirmer RH (1998) Recombinant Plasmodium falci-
parum glutathione reductase is inhibited by the anti-
malarial dye methylene blue, FEBS lett 422: 311-314.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 100
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


