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ABSTRACT

Polyamine levels in the male and female cells as well as DNA methyltransferase activity in
the female cells during gametogenesis of Chlamydomonas reinhardtii indicated that both spermidine
and spermine levels were decreased while DNA methyltransferase activity was markedly increased
about 12 hours after the onset of gametogenesis. In vitro, putrescine and spermine at 1 mM inhibi-
ted methylation of chloroplast DNA isolated from vegetative female cells by 35% and 65%, respecti-
vely. Spermine was found to be more inhibitory than putrescine at all concentrations tested. The
pattern of the inhibition by polyamines appeared different from that caused by cations. The results
obtained in this work suggest that the polyamine inhibition of DNA methylation is due to an

action of polyamines on the enzyme involved instead of on the DNA itself.
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Chlamydomonas reinhardiii’= 5% AL FAsts
SxFRA ANPEe gEAfA dutHo g vjeid=
FAekdel BAFHL ATshed HEReE AbEEE
4% ) Bolth(Sager, 1954, 1977; Gillham, 1974). Chlamy-
domonas®] 43 (mating type +) B -+ (mating type
=) A7) AgAE 4T o 499 953 DNAE=
HE F 143 ool AlebAle vkg 248 e adgiE
REEo} G Tel RPEE LA §H E4e] elhew
(Kuroiwa ef al., 1982), o] 7|3 Ad=sl= Hez A4
=4 DNA2] Ad=1Aq] methylatione 843 restric-
tion-modification 7}4de] Agr=¢l2(Sager and Ramanis,
1973) 2 o]F, Kuroiwal A2 &4 A7} Aggs
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zoll qsf Bol o wolsa s gicle 71Asked Ac-
tive digestion 7}/d-2 Astatedti(Kuroiwa, 1985). L2t
71 2}¢] 7% DNA methyltransferase”} 28] ¥ ¢ e v}H{Sano
and Sager, 1980) ©}2 <& 3 EA87 =Ha ggroen
o]zle]l ZAFAA Fojgttl= EHH Frpot glu =T
o}& 77 methylation® A4 @E 3 DNAe| =275t 4§
FEArh AR 9@ glv}h 283, %319 75 endonuc-
lease7} 7= 9l 21 (Ogawa and Kuroiwa, 1985, 1986)
AR AL P oles 2A FEel ), 24
B S3e J8A DNAe| Ee]He22 9ojvi= methyla-
tiono] ZAIR-A okalel] Fa3F g9l FHaglirE L
wrelEal whslch(Sager ef al, 1984). 2 o]f-2 wild
types] A-$ 4&A7] F AAu] A4 G=H DNA
Eo]d 2 & methylatione] == (William et al., 1979), 54
w93 e] oZ4 DNAeo|% methylatione] Yojris mat-1
ZAojalel A dAdfA oFdel vhelitsi(Sager e al,
1981), =AA-A akikg Holke EoddolAdd me-12
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Fig. 1. Pathway of polyamine synthesis and DNA methylation via S-adenosylmethionine (Pegg and Williams, 1969;

Kramer et al., 1987).

42 °ﬂ°o“§ zh7] g =3 DNAe] methylatione] Te] e
1} oe ]‘-ﬂ:(Bolen et al., 1982) wisa] A ¥ Zgle) B
o]H 22 atAd e 53] DNAG) methylationOI i ) ot

2o
o+ 7(Sager and Grabowy, 1983) 5% £ 3 <olch
g, HE, B & v4E 5 %l‘!l‘z—*._"___’. _-_L A Ee] L’E]
Frajell dape)n,
Faixle] 9l Zﬂf—i
o84 glch(Galston, 1983; Tabor and Tabor, 1984; Evans
and Malmberg, 1989). Polyamine2 A2} pHell 4} o}
oFelzolw] izl At ¢]-/] 72 ddle]lZ2 DNA 9
RNAEI' °a“%l‘ T= -1011 /é ) -]. q E_' L;q]‘_ gs:u-lzﬂ-o ‘—',y;.]
dalol px ql y=2 ok Ele}l conformations] =HEES
7hA oA FeH(Quigley ef al., 1978; Krasnow and Cozza-
relli, 1982; Feuerstein ef al, 1986; Dasu and Marton,
1987). =4} in vivooll 4| tRNA methyltransferase2] & 4]
putrescine®} spermidinee] 2l&] $7)}%ciz B 159 o
(Mach et al, 1982), Chlamydomonaso)+] 22]%+ DNA
methyltransferase2] £hAlel| in witrool| 4] polyaminee] <
AAFE el o)7L &4 2 DNA~ZF polyamine 2]
TR wet Adolgh dukZ whel vehls B3] ®Ab
olzbe Zlo] AlAHe] glrh(Lee and Lee, 1989).
¢]z]g Z# ¢ viste] DNA methylation®} polyamine ]
AgA g3de FFeo) #Ardael S-adenosylmethionine
(SAM) -2 =z} methyl?] 2] 2o Al (Kramer et al.,, 1987) 2}
aminopropyl?] F 4 (Pegg and Williams, 1969) % Al-&
gobs Hell M m shte] et & el £ glch(Fig 1).
Fal Mucor rouxite 234 wzl 8 DNAL
methylation A X7} Abe]ste o] o polyamines] DNA me-
thylation& JA e gy A3 F3zZ TAsAA A=
E3le)| Fedal zle)elz ¥ 7E9l.om(Cano ¢f al., 1988),
in vitrol 4 32 3 DNA methylased] ZAe] spermi-
dine#} sperminedll 2#l4 QA== 817} 9ltH(Cox,
1979). o|AF T 7}a] Tl el IF{AE B4 ol A

ZA8lk= polyamine-z Aludw Af

o5 4 ¢ EHAe Yol

J_rul

F%e]

polyamine §-4d 3| ethylene §H4 %] S-adenosylmethio-
nine< F#sldA 2ARhs 42 (Miyazaki and Yang,
1987) 7= =aa) B ¢ elvh

£ dge) 4z Chlumydomonasol| 4] H2|gh &4
DNA9} DNA methyltranslcrase 3 +-85}o] polyamineo]
DNA methylationel] v]%= <d8F& oo 24 polya-
mines}t Chlamydomonas<] <323 DNA methylatione] T
4 A Rel A e ERRbe] A AEdell A 2 o3t
Aol Haled apelwmal sheich

e 2w

*'*U(HE 2 a2k Chiamydomonas veinhardiii strain
Al 21gr(+) et 24 5177D(—) 2 nv]2] Duke
EH"M]’\‘I Fokrtol Aefrfokate] aldajeivl Mzel )
oF& Snelle] w1%(1982)& wAske] Abgsledv) 4bzh
FefaFd F/1 FEvIek A7) E dgdsle] ogxim 2
715 FFsbdad 26070 folEe vk 12417 73
Fela]zl s HlE -3 o:](z 000 lux) FTAre) = o3 ok

A7) e Az A fEE AaE 47 9
#lofl Al FFelA 24417} vhefale] Faisledch

Cesium chloride, polyamine % call thymus DNA(type
XV)= Sigma) 4, S-adenosyl-L-[ methyl-*H| methionine
£ Amershamel] 2] < 8-<ic)

Polyamine2| X2k Goren %(1982)¢) W& 53
ghod Abgstedc) wij9A =77 E 64tz NES
Eslm 38 B¥(v/w)9 perchloric acid® =7}k
258 4712 A F(15%, 3¥/mi), ¥ 4132(17,000X
g, 30%)&be] od-2 Abalel 200 well dansylchloride(5 mg/
m/ acetone) 400 W2l E3tE Na,CO; 200 W3 Hr}ale]
Aol A 16417F #hg4lzich, 2 & 100 w2 proline(100
mg/ml) & Helste] W32 WF T 0.5 m/e] benzenet®
4-%4]A thin layer chromatographyZ &l s}¢ith. Chlo-
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[o
O



December 1991 Park ef al.:

roform : triethylamine(100 : 9, v/v) F/REoi2 AsHA12
F Aol ustl 4 EEA RS ulEal A E2A
ylacetat 2 #2497 photofluorimeter(Perkin Elmer LS-
5) % H4EE 573l vh(excitation : 350 nm, emission :
500 nm).

Chlamydomonas QSEX| DNAS| &&|. A4 437
7= Ak gkl AT AE(BX10° cells/ml) wlekey 1/
of| 4] Show(1988) <] HI*HE o]&-slo] 9EH DNAS +F
2] 5tsi vt

DNA methylation M5 =X, Lees} Lee(1989)¢
uhy2 Zxigle] Alg-shelc) wh-egole 50 mM Tris-HCI
(pH 7.5), 6 mM dithiothreitol, 10 mM EDTA % [*HJ-S-
adenosylmethionine (specific activity, 88.7 Ci/mmole) 0.8
Wws 71RzAeR slgix, Zael 7)AL wed fE7]
Sate] § 484 239 AG crude-extracted DNA meth-
yltransferase 5 p/2} calf thymus DNA(2 pg)-& polyamine
2 7}A] efo]l(Cal', Mn?', Mgf*) 9] 3L =2 745
B AR oA 52 Fe]Z(Lee and Lee, 1989) Chiamy-
domonas DNA methyltransferase 5 p/e} &4 DNA 3 W/
(17100 2*4) Awpen=0.03)5 A}-gsfled Zrzhe] A a]Fe
Al HERIZ}L 20 W7 FHES o] 37Tl A 147 6k
aleicl. °J°]—‘*’—°] g dk-2gole] EDTAE H7lehH)
oaslel Whge] BEwt & o] ukg-8Hg DE 81 paperol
2 7 8hed 7‘1_%./‘]51’1 5 Z=ke] 0.2M ammonium bicarbo-
nate feo2 43 5]-_:_ ethanolZ 24|, ethyl ether® 1%
A #ale] PmAg] F 5miel cocktail LMol €7 liquid
scintillation counteri HhALALS E#lel )

KA o 2Aj0llA2] AlZHE DNA methyltransferase &M
=45, o) 3 F=7)7t Fob 4417 2R AES FEH
#le] 3m/e] 2% A(S0 mM Tris-HCl, pH 7.6, 0.15M
potassium chloride, 1mM 2-mercaptoethanol, 1mM
EDTA, 5% glycerol) & #7}3 K—] z223 A8 HEE
gk $(23)/ml) 242 YAEe]E 8803 (10,000% g,
2042 37,000%g 308) AAAg FHald axde 4}
431413, call thymus DNAS 7|22 &le] 98] wild]
we} DNA methylation HEE &gk

Polyamine 2! 0|22 Hg  FxE < ?37}% Rl B o
putrescine®} spermine-s ZrZr 0.01-30 mM, 0.005-20 mM
T HslelA A=jelda ofe]-=(Cat, Mﬂ“, Mg**)L2
0.01-100 mM W $jefl 4] *j2|ste] DNA methylation 4<%
ZAatgdcl. A|7fel a2 polyamined] | ¥%E 2 AFe]
e HYTE NE el dlzye) vmsiaded A
T2] 79 DNA methyltransferase(II), 323 DNA(ID
2|7 DNA%} DNA methyltransferase(IV) 2 v} 7+
Zrell 1mM2] spermineS #zjsle] 37Cel|4 3087t
elstedrth. = = [PH]-S-adenosylmethionines} #2j2]4]
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Fig. 2. Change of putrescine levels in female (mt™) and
male (mt™) during gametogenesis. The values are perce-
ntage of time zero.

F1747] & 7, & o= 384 DNA, Ilel= DNA
methyltransferase—- 3'537}6]-5’_ T ol A HE-E-A] 7] A
0% PHe® F 247 E9F DNA methylation AEE
4719 vpgel e} &3siqch

HEX| DNAY| O|X|= polyamineEl Ak Krasnow
and Cozzarelli(1982) 2] =h4-2 =33 Hwang(1990) 2]
o] wel elialsic), o] L DNAe] condensa-
tion/aggregationo] -%)d wh4) 7F microcentrifugationA]
DNAZ} 44 AA=e =5 o] &3 Aejr). d=4 DNA
5w(1/100 3494 Awiam=0.03) 2} TMN 2298 (100 mM
Tris-HCL, pH 7.5, 10mM MgCl,, 50 mM NaCle] %<l
ypeals 7Rz o R sled 22 (0.01-20mM)E put-
rescine = spermine-r # 28] A HEFHI ImIHEER
&lo] 260 nmol| 4] 2= E &7 st (Hitachi, U 2000) mi-
crocentrifugation(15,000 rpm, 2.58) 3 o8 A=A 08
m/e] FFEE 260 nmell A FHelel A Y=g FEst
rh
Azt @ oF

HiS&] 22| S22] polyamine E 2k Y DNA methylt-
ransferase@] &4 EH. oA ArIERE wl$H7}
FrEe 7]z7he]l 24417F BoF RAd(strain 21gr, mating
type +)3 £ (strain 5177D, mating type — )4 put-
rescine, spermidine, L spermineg 6A1ZFE 2 Aeksla
=3t 214 o)) 4] DNA methyltransferased] #4-2 7+ 7]71}
Zal 4471 H 2 2 A3}, putrescine?] A% R4 2
4ol A =ZE A7de] el Zrbsle ok vehigedt
Ae] A2 Aewcl F7ksE = o ZH(Fig 2).
3 S-adenosylmethioninee] ¥4el| #o]sh= spermidine
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Fig. 3. Change of spermindine levels in female (mt*)
and male (mt™) during gametogenesis. The values are
percentage of time zero.
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Fig. 4. Change of spermine levels in female (mt*) and
male (mt™) during gametogenesis. The values are perce-
niage of time zero.

(Fig-3)#} spermine(Fig. 4) 8] 7% 12417 ol A of] &
FaEe g el i e ME ASH F7)
oFAbS Holch uleld 24 wlAdl w]ste] x4l )
FA12) A<l putrescined] Frb= A9 wl4-A F
X717} Fakel spermidined} spermined] §ieo] ZtAEe
AgH 0 2 putrescineo] 3% %17 g Aoz Had
4 alth. Z=]3 DNA methyltransferases] ZA4-L A
ol A 124 b o) FA 5] F71ee ke Vel g oh(Fig
5). o]z o2 Ro}l AL wj$-A o4 =4 DNA methyla-
tione] Z71ge 24, S-adenosylmethioninec] DNA meth-
ylatione] o]&%¢] spermidine=} spermine2 2.2] 0]
s so] A2 F polyamine?] ofo] zhanst
H9& R F23r) |72 polyamines] Q¥4 =}
g4 E4 DNA methylation #}#e] S-adenosylmethionine-&
FhehaA A n(Fig 1 ol ate} &4 AZwelA
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Fig. 5. Change of activity of DNA methyltransferase ext-
racted from female (mt*) during gametogenesis. The va-
lues are percentage of time 4.
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Fig. 6. Inhibition of chloroplast DNA methylation iz vitro
by putrescine and spermine. After indicated amounts of
polyamines were added, reaction was run for 60 min.

2l A4 FAE 2R &E AAbE Rriaz s Cox,
1979).

Polyaminez} 2H0[=20| =X DNAS| in vitro methyla-
tiond]] O|X|= =& 53] DNA methylationel] =]%]&
polyamine®] F%'2 <38 slolB 7] $)5}e] putrescinedt
spermine2 Z+-7F 0,01-30 mM, 0.005-20 mM W&l 2] A
2]sle] & A7, 1 mMel A putrescine-2 35%, spermine-s
69%2] DNA methylation dA] €95 vehy 43, 20 mM
ol 4+ putrescine-& 70%, spermine= 72%¢] 4| Lz}l
elg]en 7t ETofi sperminec] putrescineel] B]3)
2 JAEAy}E o ZEH o)A calf thymus DNAS 7]
A= 3195 w(Lee and Lee, 1989) 8} A2 §A15
Ao gtk B Ao AFrds A g At
3 ZA JJehdeH(Fig. 6). o]7Ae R Hol putrescined
spermine2 in vitroo 4 gEA DNA methylation® <
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Table 1. Condensation/aggregation of chloroplast DNA
isolated from Chlamydomonas reinhardtii by putrescine
in TMN buffer

Concentration of (00 001 010 100 1000 20.00
putrescine (mM)

Before
Centrifuge 0.031 0.029 0.031 0.031 0.033 0.035

Azm) nm

After
Centrifuge 0.015 0.020 0.023 0.025 0.023 0.027

After/Before 048 069 074 081 070 077

Table 2. Condensation/aggregation of chloroplast DNA
isolated from Chlamydomonas reinhardtii by spermine in
TMN buffer

Concentration of

. 000 001 010 100 10.00 20.00
spermine (mM)
Before
Centrifuge 0.023 0.024 0.024 0.026 0.037 0.032
-2 nm After

Centrifuge 0.019 0.018 0.018 0.014 0.018 0.019

After/Before 083 07 075 054 049 059

A5} putrescine Y.t} sperminec) 213 A A7} o
& °] F polyamine®] T2 F4, F tir} opel2H
SAelt &2 4 Z7)8] Aeld rluldt Aoz A
4 9]AcH(Feuerstein ef al., 1986; Basu and Marton,
1987). 227 calf thymus DNAE 7|2 2 41838 w2}
QA AT} AFEANARE 24 hehd e F DNAC
]A]E polyamine2] d#e] AolstA el =& F
Aol 2] A-g3F 542 <k} DNA £771 4belsteir]
el vebd ZAelar A = ek @ 2 d iz
A H%E polyamines] DNAo| Fzoz 2 odgtg =
Wee o4 F sleledl(Tables 1, 2), dubaal 39 &
=YE polyamined Az|stS W FL T HHlM=
43 DNA2| condensation/aggregation®] o]t|%t
(Krasnow and Cozzarelli, 1982; Hwang, 1986), & 4l#]
|4 polyamineo] DNA methylatione] )%= Z 35 <o}
2 A% A1 FEFZAe00.01-20 mM) putres-
cined #2]¥ 79 (Table 1) SE3 wilokals Bolz]
@okal spermine(Table 2)2& )E]§t A$d F=sl Z7]
Fof whe} gukgt WEE Jehlgle Helgrh o)zie=
Hol B 48 Z7 o4& polyamines]| £3F DNAS] conde-
nsation/aggregation© 2 <l§ AHe] Fk=Ex] o2 7o
2 2 7 eden oie B Ay FEFldAe] polya-
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Fig. 7. Effects of cations on the methylation of chlorop-
last DNA isolated from Chlamydomonas reinhardtii. The
values are percentage of control.

Table 3. Effects of spermine (1 mM) on the methylation
of chloroplast DNA isolated from Chlamydomonas reinha-
rdtit

Reaction time after preincubation

Condition of preincubation (min.)

3 min.

@ min) 30 60 90 120
I. Enzyme+DNA 3.8 44 5.2 7.2
II. Enzyme+ Spm. 40 35 35 3.6
III. DNA+ Spm. 4.7 4.9 4.8 3.6

IV. Enzyme+DNA+Spm. 4.0 3.7 3.5 3.7

Reaction was started after preincubation for 30 min. in each
presented condition. The values are cpmX 1073,

minee] 23 Q=4 DNA methylation < #]&4Fo] DNAS]
condensation/aggregatione] w2 FTzHslel| 23 o]
oled-2 AlAlgte) ez o] oA AEFs} wked] polya-
mineo] Z= oFe]l A EA ol FdE helrr] $]5}e]
0.01 mMell 4 100 mM7}#] Mg®*, Ca®™ 2|3 Mn*™ o]
=& MF 43, 1mM7Al= A 714 oFe]l& 25 DNA
methylation Hx7} Hz7e] vls] FalslA 24l
Age el e} 10 mMel A= 18, 50, 78%, 100 mM
ol A= 894, 78, 89% A=l Aalang z7k ehiginh
(Fig. 7). o]2%F A= 1mM o]t FTose <ol
£¢] DNA 729 Ao dgg v]A A% 10mM o]
Abe] 31ETel 43 jonic strengthell £]s] DNA$] methylt-
ransferase<l] oidt A3ler} FolH7] wfFel Ao A}
=tk 3R i vitrool| A 2 7Zre A 23 DNA methy-
lase #Alel mlAlE NaCl®] £345 2 434 NaCle]
712 DNAsh Exsl %34 94€ ¥slgeo2s DNA
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methylation€ A 8le NaCle] ol a2} 4teldh F3
7} Velwdety B 1 E 9] (Drahovsky and Morris, 1971).
2} ejz{3k ofel29] #Ae} polyamineo] 23 |
ofd& wlws) H9tE o polyaminee] &% %4 DNA
methylation®] 47l @3] polyaminee| zHE ofol&d
EXo 25l AeRe= A=z gevh 2EH ol
4 Z DNA methylation® <347} polyaminee| methylt-
ransferase #Falell GHE Foix vehd 71z, ojvw
dEH DNA® FZo| ddrs FolMqAAE £ tv] <o}
B7] fgte] AHzTE dejstel HHegt F kLA 7he)
w2 DNA methylalion A T2 &3l (Table 3). )
ZT-2] % A|7ke] 2tel ufz} methyl7]#] DNA incor-
poratione] #zal Frlelel e} 443} spermined HL
WAelgh s} 549, DNA 2 spermined 43 94
sl o 608l incorporatione] A=l T F
Z7}sl] odalw, wlwo] DNASL spermined 951 F
& Af 60874 daTiEet F7isidch ol7ler
Hol 24 DNA methylationol] polyamines] o532
vhebie e maabAel] ke F7] dEe] dehd
Axelm], DNAol+= £3]2] methylatione] & Lo} =
Tz AFE FRAA Zr)d Frlode EER
AT B4g BAde] gA)% o= DNA methylations]
A= vz Aok

o|Ate] A3 Chlamydomonas reinhardtii Q) 44 wi¢
4 FE7]17F ot JJehie 93 23 DNA methylationel]
polyaminee] 3] A2wex Az AA4L i o}
Ehid g gl &g Alabel] S g EAF pitel 4= DNAG
DNA methyliransferasel] polyaminec] <i3k& 7|3
gl&g oejFEtl 2 S-adenosylmethioninee] methyla-
tionsl] o] &% o =4 polyamines] FTHge] EojEz AT}
2 2 polyamine?] <Fo] Zhai=le] DNA methyltransfe-
rase®] A A7} AR o 24 methylatione] & F o
o]id 4= alrh o} 72 polyaminee| Chlamydomonas 423
DNA®Y m=ARH odxde] x24<1x4z2 8% 7548
A8 FEh Polyamine] o]=idt A& & o] T3
57 Y5be] in pivoo) #] polyamine % polyamine 4§43
JAZHE A23te] 9S4 DNA methylation®] w3} 2
oo wlE EAA A4S 9y, EAN FoEs I o
T & o] FAA FHE 7 U AeE ARdch

5 @

Polyaminee] Chlamydomonas reinhardiii ) <4-&3 DNA
methylationel] =2 <dgks FAlstadnh

a5 FE77 Fob 2d= Aol A8 polyamine
ek Halel Rp4do) 414 DNA methyltransferase 24
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#E =x3g 23, spermidined} spermine2 ApAdelx] 12
A7} olF FaEe AL viehd Hb, 22 A7l
DNA methyltransferase?) #4le 23] Z7hslgdct 2p4
ejekalAb7]9] o 24 DNAS H2jsle] polyaminee] DNA
methylationel] v]*& <3S W A3} pulrescined sper-
mine2 1 mMoll4 zhzk 35%2} 69%°] A &=S e}
Welsl, AFH ET ke 4 spermines] £%F o)A &7}
o] #Hem, o] g oA efal oFol-2o] Alel= Ale]s]A
viebgot o]2]gk 4§54 DNA methylatione] v)*]+= poly-
amine 2] =4 & 3= polyaminee] DNAK t}i= & 4ol 7]3
kol e viepdt ZoE Alsdgoh
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