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ABSTRACT

Effects of polyamines on DNA synthesis were studied in synchronized culture of Nicotiana iaba-
cum L. When DFMO and DFMA, inhibitors of ornithine decarboxylase and arginine decarboxylase,
respectively were initially applied to the cells, the polyamine contents were rapidly dropped and
[methyl-°H] thymidine incorporation into DNA was markedly reduced during the early stage of
culture period. Inhibition of DNA synthesis, however, was partially reversed when these inhibitors
were applied simultaneously with putrescine. In addition, exogenous administration of putrescine
also increased the DNA synthesis during the all over the culture period. In vitro activity of DNA
polymerase from Nicotiuna tabacum L. was promoted by increasing concentrations of polyamines
in the reaction mixture. Maximal activity was shown at 5 mM putrescine, 0.5 mM spermidine and
spermine, respectively. Lack of Mg?' ion in the reaction buffer resulted in an inhibition of the
enzyme activity by about 30%. The inhibition could not be completely reversed by application
of polyamines at optimal concentraions. These results suggest that polyamines promote the DNA
synthesis in vivo and in vitro by stabilizing the DNA-helix upon binding to negatively charged
groups on DNA or increasing the activity of DNA polymerase in Nicotiana tabacum L.
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439 key enezymee]z} ¥ 4~ 9] DNA polymerases
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sted ebdej® AdlE Aol 16417 #3417 £ 100
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DTT, 20% glycerol)2.% 3 8 341Z] DEAE-cellulose col-
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Fig. 1. Changes in the levels of polyamines in synchronized tobacco cells treated with 1 mM DFMO. +—+, control;

&— ¢, treated cells.
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Fig. 2. The incorporation of [methyl-°H]thymidine into
DNA after treatment of 1mM DFMOQ alone or 1mM
DFMO with 0.1 mM putrescine in synchronized tobacco
cells.
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she] 10~40% AR A= PehFig. 2). 2252 wi ek E7]4
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Fig. 3. Changes in the levels of polyamines in synchronized tobacco cells treated with 1mM DFMA. +—+, control;

&— @, treated cells.



March 1993

50

)
(=]
T

w
o
T

—+ Conirol
~+ 1mM DFMA-treated
= DFMA+0,1mM Put.

Radioactivity {10%cpm}
n
o,

e
=

0 1 —— { | |
Q [ 10 15 20 25 30
Time(hour)
Fig. 4. The incorporation of [methyl-*H]thymidine into
DNA after treatment of 1mM DFMA alone or 1mM
DFMA with 0.1 mM putrescine in synchronized tobacco
cells.
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5A17t e w2 A hebdTHFig. 2). Wrgel] DFMAS®} put-
rescine-s A Mg A= F7F AFRE 5X70 Fo
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e Bug u)Fo] 2 o|(Smith, 1985), #]FllA Aejgh
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poolE HBA)7)7|ell= dA Axe Ao 7]7te] Festy,
AL A FAFEE putrescine poold] A-E 2¥of A
Helgt putrescineo] 23t} AT FE¥c) ZeiAw
DNA 4o ®e} ¥71de AsE Jehde 7oz 4
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HaEe Axd gEEG 24 47E o, F R4
polyamines A=]3t 75 DNA §Afo] ofmd o4k Mo
=7 eelB gkt 0.01 mM=} 0.1 mM$2) putrescine-d #2}
Aelg A4 mF dz7et A2 Ao Ak DNA=Z
incorporations] & [methyl-*H]thymidine2] 32 10~20
% A= =7 vyepdehFig. 5). ¢]A7HA] 4]E A4 polya-
mine¢] cell cycleol] v]z]i= <3k ¥t o F= Aaq 4k
Blof A HE2] FAlo] o] FolAE AEE WYL R 3}
Ba=9lc) & S 11¥74¢] G, phaseel| X | Zs] of
A7 A E FAdd 2 olvlr) 24-DF AN o #
A4 cell cyclee] §=53= Helionthus tuberosus®] 7%
polyamine F=5o] Az} 27}5}e] S phaseell o] o]
2rf, =3 oluf ODCv} ADCe] &4x= el ZHeE
B x5l HTorrigiani et al., 1987). Chlorella®) cell cycle
o A% polyamine 53 ODC=2] 42 § phase =7 ¢
ZNE el et Cohen ef al., 1984). 222 &< double
phosphate block method 2 AF&-3}e] FA|AD ul oFS -5
Catharanthus roseus®] #=F wjek M Zoll4 DFMAE A
2|¥ #2 G, phaseol|4] S phaseZ Asllslza] Bl A
29 £7} 744 ¥, spermidine synthase2] <A AQ) di-
cyclohexylamine(DCHA)E ¥]Z 3 ZEE(10 mM)ZE 2=
Helx cell cycled] zsiel <dsks o)== ZocHMaki et
al., 1991). o]& putrescineo] cell cycleg] #sfe] W=
P& vhepllE Aol & $ gluh 23 Y 2FAE A e
A4 vlwd FAMde] EL AR wfoke] 7he-dt A
Ao okl Mz FAA ke fele ) Hepd
Tt #pol7) wieh. DMA A A9l hydroxy ureas
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Table 1. Partial purification of DNA polymerase from Nicotiana tabacum L.

Total protein Total activity Specific activity Fold Recovery
(mg) (units) (units/mg protein) (%)
Crude extract 29.2 2385 81.67 1 100
DEAE-cellulose 0.89 337 378.65 464 14.1
Phosphacellulose 0.33 1659 5027.3 61.56 69.5
Abgshd 23% HE $A4E 48 7 Ada AL X9}
WY st 40% FEAA A4S BY 5 9l evi(Nishinari T
and Syéno, 1986), ¥ Ag] 7L M2 ez AE]
stress2 Z-83}o] stress enzymeo|2t & 4 gle ADCE) 5
Aol A3 FeolA7] Wi Hdsta hork 2 A4 =
o] A% BE Axs} E4]o] S phaseZ AFatx] £ 7] 2 o
9gel DNA @4kl vl7% polyamined] &vbe wha 2
REckn 4G 2o AgAeAa A 9 &
Foll4e] A2 2 polyamine FFo| WSHE A E] ]
d) 27 ¥]3te] AMe]7elA sjekzr]s) DNA A< . . — "
Aae FoaA debaoh . L e
0.5 1 s 1omM ($pm.}

Sl HEN A F==8 DNA polymerase &40 o)X=
polyamine2| @2k  DNA 3}4o]| polyamines]| 2]s}od
F L wh=tl= e]ile] ZAAE2 polyaminec] DNA7}
Fa8= = D497 9ks Atk Ae Ve
WE=E g, |, AZ]s DNA polymerase T F-e]3led & 29
@A H# polyamineo] 3 3% w|H =718 in vitroel 4]
Zapahse),

74 gt Aaga 4494 = s A E4 DEAE-ce-
llulose column chromatography<} phosphocellulose co-
lumn chromatography- <8 3}e] 61.56%)% DNA poly-
merase T ¥ shsleitiTable 1). A &x 249
WS4 ALY $1sted Micrococeus luteus= 58 &2
3+ DNA polymerase® vJ4te.Z 20 mM potassium pho-
phate(pH 7.2)¢]l polyamine®] F%.8 Z7A)7|mA 48
S styivi(Fig. 6). Polyamineo] whs 4ol H71=A ¢
ghe we] 54 AL 100%E 5h5]e |, putrescined}
spermidine?] 7% AFEol iy AR o] F7}s
o7} 1 mMell A ZH2t 200%, 172%2 &5 9]} 5 mM
o]42 FEoH= 237 JA =Tk 23 spermines]
7S ol® o} M9 e Xl 05 mMe A 164%E 52
2835 ¥<ql £ 5mM7}=3= putrescinee) d spermi-
dined] FAEFARc} o] H2 5L KA 3 2 <)%
w238 &4 Z4e] JAEGT 2w AEelH TR F
2)gt DNA polymerases] W&lA% =¥ polyamined)
DS TAR 47, AF%9 polyaminee] i A4S
Z7HA 7 e ke Micrococcus Iuteus] DNA polyme-
rasec] 8] 249} FARElg o), FHu) 24 Z41e) WA

Fig. 6. Effect of polyamines on the activity of DNA poly-
merase from Micrococcus luteus. Activity (100%) of the
control was 16277 cpm. @@, putrescine; W-M, spermi-
dine; O+, spermine.
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Fig. 7. Effects of polyamines on the activity of DNA pol-
ymerase from Nicotiana tabacum L. Activvity (100%) of
the control was 594 cpm. @@, putrescine; MHE, spermi-
dine; I, spermine.
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Table 2, Effects of polyamines on MgCl, requirement
for DNA polymerase activity from Nicotiana tabacum
L.

i Enzyme activity Percent
Treatment (cpm) @)

Control 613 100

MgCl, 437 713
MgClz+Put(5 mM) 521 85.0
MgCl:+ Spd(0.5 mM) 410.8 67.0
MgCl;+ Spm(0.5 mM) 744 121.3

150% A= #2 4L #A417 ) Spermidined} sper-

mine2 Z+7F 05 mM e 4] 267%, 299%2) ¥]&E HA
3’%’“3 HAZ FaAFe ) 1 o4y Zrae

Ai FBAe] sty A FbR] ¥ ¥R = calf thy-
musel|4] #2Z3 DNA polymerase-ax 0.5~1.0 mMs)
spermidine®]+} 210 pM$] sperminec] 8Hg Solo] =
e o 54 gAde] 134% A= 27}=Ev(Yoshida et al.,
1976), loach(Misgurnus fossilis)o| A1 E2]5F DNA polyme-
rase?] 7ZA$E= 10mM9] putrescine, 3 mM2] spermidinae,
1mM2] spermine?] FTEollA] &ie] HU2 =759}
(Mikhailov and Androsova, 1984). 3tg, Alete] &4
2213 DNA polymerasetx 30 mM2] putrescine, 3 mM <]

spermidine, 0.2mM$2] spermine EEell4] FA 4]
147~225% Z7}= v Shimamura ef al., 1990).
o|4te] A== E ) polyamine-2 DNA 4ol &o]&-2

w7 ¢l= phosphate residues} ’i}%—w}Oﬂl(W'llso and
Bloomfield, 1979) DNA F2%& oA 7|AL, #3
DNAo|| d&F DNA polymerase®] turn over timeg #z}
2171 o 2 f)(Mikhailov and Androsova, 1984) &4 44]2
A3 vepfisdcky A4 5 gl B2 &2t
24 YAz 29 DNAS) 4, 27} del2sl B,
4

a8k

s Aa B}A hﬁm‘}oﬂ—- gue mre

Mgz-" °]i°] % *«‘f H, the< 32 ool &<l polya-
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