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Chlamydomonas reinhardtii

Lee, Myung Min and Sun Hi Lee
(Department of Biology, Yonsei University, Seoul)

ABSTRACT

DNA methyltransferase was purified 282.6-fold from Chlamydomonas reinhardtii 21gr (mt*
Ygamctic cell to examine the effect of polyamine on the cnzyme acetivity. Polyacrylamide gel
electrophoresis(PAGE) revealed at least three bands(l major band, 2 minor bands). Among
these, the major band represents DINA methyltransferase. Polyacrylamide gel electrophoresis in
the presence of 0.1% sodium dodccylsulfate(SDS-PAGE) revealed a major band with M.W.
60,000.

DNA methyltransferase activity was inhibited more effectively by spermine than by
spermidine, and the inhibition by putrescine was smaller than spermine and spermidine. DINA
methyltransferase activity was inhibited by 40% and 53% at 5mM and 20mM spermine,
respectively. In the case of spermidine, the inhibition was 35% at 10mM and 44% at 20mM.

However, the inhibition by putrescine appeared only above 5mM and reached about 25% at

20mM.
M =2
Isogamous%hd] & %279l Chlamydomonas= 54 A =+e] 24l g Tl 24 o
TE AL 9l v (Sager, 1954; Gillham, 1974). Chlamydomonas ™A F-4 ol =3 7] 2 o} x) 24l 3
stei A A Bouk HobA el Al ok HA S ARABA B 4 2lE modifica

tion-restriction system= A4 Tl 2] A4 FA HEAA 4FEstE 7k (Sager and

Ramannis, 1973)7 E# & multicopymodel(Gillham, 1974)e] A|¢kse] 9l o= 2= coupled

endonuclease and exonuclease7t4, % active digestion M4 (Kuroiwa, 1985)°] #| ¢k=| giet. o]
% restriction-modification 7H-& Chlamydomonas®] life cycledl] =& =}4<d =2 DNA2
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methylation % E2] HE(Williamet et al., 19790 ¥3] o] X FAvA=v glod DNA
methyltransferase?] £ 5 2] (Sano and Sager, 1980)= $i vk, 22l opa] 71 H & A& &
A7 e Al x] & 9l DNA methyltransferasef] Helx otz gl o] Folxx] X
DNA methyltransferase®] 4] 2 o] FH = o] 9lx| ghor GE4 FAzl7 R R 2 2
Aol A EATA T HE 5 RAGA A A 7 BEE o] o)A gk, DNA methylirans-
ferasew A F7Ex FF7F Chlamydomonasel] EA dF o) % &FFz A7 =14 2] o oF4
7] Al 53]- W R 4] 7] A Zoll EA S ohE shds A el wl-a] A7) Al 2ok A A ol 2k
AT gle A= wuse] glrk(Sano and Sager, 1980). ©|F F2t7t 24 FAle] ile%E]%
Ao R FAFI oob, 2 o 33 A7) AL D EA] 322 methylatione] A A s} 31
= A8 A ISE ¥ I (Feng, 1984501 gleh of 7] AAgoll 4 o Bl fral=le] 24
2401]— L3t GhobA g7l ko] seisk Aol ohieh & o LAk Aol Hof & Holehn

oi']“Nr

E}jﬂ Polyammc—— FE, 4F, UAE 25 EASIL don ol 54 Aatak B3l Y
Aol Zlon owx °IFF(Galston 1983). =% polyamine-Z nucleic acid®} interactions- &}
58 tRNA methylation® Z31 8k (Mach ef al., 1982). ©] %ol £ nucleosome core particles
o}# 844 7] L(Morgan et al.,1987) translation®| fidelity® 5741 A = (Naranda and Kucan,
1989) DNA replication-s A 8=} H 31 (Geiger and Morris, 1980)% 93, in vitrooll A
endonucleasc® AL oA = E7F4)¥|o (Kuosmanen and Pésd, 1985; Pingoud et al.,
1984; Shishido, 1985)H 8t & 49 star activity® A gtels B3 (Pingoud, 1985)% it}

ol gl <A Eol] 7l&dle] B Ao M= Chlamydomonas25 5 DNA methyltransferasc®
B2l gl in vitroell 4 polyammeol o] Bdo mr|E FES gotw v =} ¢l

S

gz W oiek EcoRI methylase'= Promegaoll 4 T8+ L Chlamydomonas reinhardtii
+ strain 21gr(mt”)& AF28}% ol S-adenosyl-L-[Me-"H] methionine(specific activity 19Ci/
mmol)-& ICN, substrate DNAE calf thymus DNA type IVS Sigmacll 4 74 sk 2}-£35}4
v},

Chlamydomonas?] <3 %4 A7), o934 7] wak2 R. Sager®] abd& HH T Spelld] why
(1982)< o] &=gict.

hEol, 9lFel® Sano(1980)¢] uly S Wt ALEslsieh SEFIE 50mM Tris-
HCl (pH 7.6), 0.15M potassium chloride, 1mM 2-mercaptocthanol, 1mM EDTA$} 5%
glycerol 2 FA4 51l et 2 W(I= 20mM potassium phosphate(pH 7.2), 20mM sodium
chloride, TmM 2-mercaptoethanol, 1mM EDTA, 5% glycerol® £-43}3lich o] sl 2 4}
Sl 121CoH A 15572 Ltd T 2 WTshe] & 5o

DNA methyltransferase®] =2|.  DNA methyltransferase®] 242 3087k 9H-24] 1pmols]
methyl7l 7} DNA incorporation® = °F& lunit® BstGvh.  Chlamydomonas reinhardtii
2lgr(mt™)E AF4 27 =] 544 6,000 luxe] W& ZASFEA 4X10° cells/mle] 2=l 7}
2 s ekgt T QAHe] (1,300 x g, 34)Eke] & A EF o)Al = w2 500meel] vhA] A E

r.J[o
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g-3te] 1641 2H5 9k 2,000 lux®] W& 2471 HAA 928 F=shgich o] si2a] A X5 Y
A2 el (1,300 x g, 34) 3t A 25 Eof g5 Jol sletaAd 22s] sl 7] 2 4 2 E slaf 5]
ek ozl d4-Eel (15, OOOXg, 30-t)5h cell debris® Zhelekd 4AM5-almbd # kol el
(fraction I) Aslg QA28 (75,000Xg, 1204, 4T)sked vhr] A5elal FHabgoh
(fraction 1II). 0] fractlon 11¢l] Sepharose bound DNase(Cuatrecasas, 1970)% |} Mg-
acetate7} 10mMe] = A k] 0Tl A 347k Fak A5 wakA| Z v} AR (3,000Xg, 3
£, 4T)=2 Sepharose bound DNase® Al 43 % ammonium sulfate® 2 & dF3(fraction III),
S 1ol A oS 15417 Fostgleh. vlel 2hFe 116 ¥ 3 3l DEAE-cellulose column
(2.3X15cm)oll %] samples = %"‘]‘74 sl 15 E8F F NaCl linear gradient(0.02M-0.5M)
E £% 4% (Sano & Sager, 1980), o] 7] A AL setive fractons 2o} YM-30 ultramembrane
filters o] £3F5 vh(fraction IV). Hell Hobglw B8 E b5y o 4 104] 7 F4 5 T b3
o] == hydroxyapatite columnel] = £-4]71 & —‘7-]-—‘3'—0“ s £%4%cl old Ezve
samplch_‘ Fol §440 2 AE5}4 vh(fraction V).

SDS-polyacrylamide gel electrophoresis.  Laemli® 3M4 (1970)-8 =gk},

DNA methyltransferase2] EHMT =X, F4E4E ZHd AEF s vkbgE9L 50mM
Tris-HCI(pH7.5), 6mM dithiothreitol, 10mM EDTA, 0.2uCi S-adenosyl-[’H]-methionine
(specific activity 19Ci/mmol), 2z g Calf thhymus DNA type IVE 315 2= 2 F¥3] 7} 20ul
7t B A &ted 37CAl A 147k w4 A e). 2bgo] FubE o] wkg-g< A5 DE 81 papercll
spottingﬁ}"’:] 60C incubatorell A 2047 AZA17l ¥, o] DE 81 paperz ¥ Leke] 0.2M
ammonium bicarbonate-2°8 2 2 A 25} 3 cthanol® 9, ethyl ether® & A H3 F A=
A]#A o] paper® cocktail & (PPO 5g, POPOP 0.1g, Triton X-100 667ml, toluene 333ml) 5ml
o] Yei liquid scintillation counter® radioactivity® &A gkl o}

Polyamine effect. ~ DNA methyleransferase 3b5-&°4 ¢l polyamineg 104 M-20mM7t=] 55
HE st EAE H7FA7]1Z 37CA A 147 434l A polyamine®] DNA methyltrans-
ferase ZHAlol| vz = od3kg T EHE FrEldich

Polyamlnc°] ub24] 7hel] wzl DNA methyltransferase o] ulx]= d3ke AT
polyamine-2- 4k-§-&eHol| 2 2] 3+F 20, 40, 60, 80, 100E-2] H}-&-A] 7}el] u}E TA LA -§ R4}
sao

gy 3 o
DNA methyltrannsferase®] £2].  50mle] $kEo8 18] Chlamydomonas reinhardtii 21 gr(me’) i

4] 259 & AT A ZE stal gk 2943218 598 @ crude supernatantel] A &
t} specific activityZ} 3¥1 7F8F 5 7F8 A vh. Ammonium sulfate £2 4] 30% o} 5ol 4 = DNA
methyltransferase'= 2F 40 units7} £A] 51+ specific activity= 0. 9¢] 42 55% 9] 2bof] Al = A &
245 7 Vvelta] ghobrh. 28 ub o) 228 DNA methyltransferase7b 30% —55% 4telell &
Asted T2hE 30%-55% 2 At o] TzhellA speciﬁc activity= oF 2v} E713k%d vt

DEAE ccllulose chromatography#l 854 1 & $-FA17l &F°4« X DNA methyltransferasc
7b 2259 0 NaCl 0.02M-0.5MZ L& 72 o o 0.1M NaClE 5ol 4 Eej et 4%
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b

el & DNA methyltransferaseﬂ' ZA ket e IR 2Zalzl 0.1M NaCl £%4
polyacrylamide gel electrophoresis ® E413 27 e F{u£ dobdlrh 2Ew o] F S5
o) A Eu=1:0.8301% 5 714 0.1M NaClgEoll 4 2 vhe B4 T active fractionS
2 5o oh2 oAl 2 A A1zich olw 7.5% polyacrylamide gel electrophoresis 2 3+ %]
major bands#h °F 10552 minor bands7t A 5HEE (Fig. 2). ©| 222 hydroxyapatite
chromatography S 8% A3} specific activity?b °F 8. 49l 57135453 el (Table. 1). DEAE
cellulose chromatography~#|el] e F7E2] methyltransferase®] =€ 2 crude supcrnatant
&} ultra supernatant, ammonium sulfate E2 49 total activityE A 44519 vt DEAE cellulose
chromatography & 531 4 91 &DNA methyltransferase 24| o0& 18—35% fraction® active
fraction® & 5191 th(Fig. 1). Hydroxyapatite chromatographyoﬂ A Zl 2 elutions] 2
& £88 7.5% polyacrylamide gel electrophoresis® Zrela = 7 DNA methyltrans-
ferase7} major band® Z7 3} minor bandE 271X il zlo] & gzlc}i‘:]'(l:ig. 2). ] AL
DEAE-cellulose chromatography4l Z fractions 7.5% polyacrylamide gel electrophoresis 3t
3 2 fractiond] T4 TAHEE B3 AL v wEo 24 major band7} DNA methyltrans-
ferased & o <= glglvh. o] ) specific activity= 65units/mg protein®] L 84 T = 282.61
o]x 69.1%<] =& & Lot Sano(1980)¢] A zbell 2|3} specific activity+ 62units/
mg protein, TEA £ 3100] 3L 41 % g5 4ok, Lelv} Sano(1980) A& - 3l whA
DEAE-cellulose chromatography®] 73-$-%k A # ¥ =, 2 & =A<l phosphoccllulose chro-
matography®] ¢+ M@= ed=rh 3 kAl (DEAE-cellulose fraction)®] specific activity =
4.Zunits/mg protein ©) ¢t 3, o] £4& 50mM Tris-HCI (pH 8.0), 10mM MgCl& 3
3l ol 3 50mM Tris-HCI(pH 8.0), 10mM MgCL, 50mM NaCl¥ Z sl §4e #r7

1
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o
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Fig. 1. Eluton pattern of DNA methylransferac from DEAE-cellulose chromatography
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A DNA 400ng3t @7 41o] YeolFo] 2 5Hu] 7t 20u 17t Al 5k 37Tl 4] 204] 7k 4b-3-4] 7L
% 0.7% agarose gel electrophoresisE 53 &<ls)-E Z 3} nucleasert EA 847 Fezd o2 4
& & e (Fig. 3).

E3t Sephadexi o] -4 gel filtrations | Eakgi ot ol B AEA o] FAE FAEld E
£ZAE 4L T 57 g9k o] E4Z 125% SDS-polyacrylamide gel electrophoresisgt
2 3 oF 60,0009 E=}ekel] 3 el #12]ol] FH T band7k A3 E gl 2w F7hx) u]A| g band
7} vbebykeh. o] mlAl g bande el mhw Al band?r}--l— A 2= = T3 band’t DNA
methyltransferase®] band2} 2 4 7% of zv}. o] 2.8 o] 34+ 60,000dalton®] =}a-2 7}
A= monomer®] A} 60, 000dalton?] S=FekS- 7FR] & subunitS 2 o] S0l A polymer 7l o]

Fig. 2. DNA methyltransferase after non-denaturing polyacrylamide gel electrophoresis during purificac
ion. Gels containing 7.5% acrylamide were according to Laemli(1970) without $SDS and stained

with CBB.
A ; Crudc supernatant B ; Ultra supernatant
C : Ammonium sulfate fraction D; DEAE-celllulose fraction

E ; Hydroxyapatite fraction

Table 1. Purihcation of DINA methyltransferase from Chlamydomonas

Total Total

Protci divit Specific Purification  Recovery
(r;;“ a(::s)y (units/mg protein) (fold) (%)
Crude supernatant 1840 414 0.23 1 100
Ulera supernatant 532.9 380 0.71 3.08 91.8
Ammeonium ulfate fraction 202.6 310 1.53 6.65 74.9
DEA E-cellulose fraction 442 344 7.78 33.83 83.1
Hydroxyapatite fraction 4.4 286 65 282.61 69.1

The protcin concentration was cstimated from Lowry’s method(1951).
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T A7 4 gl ek(Fig. 4). o2 o] H42] Reld dlshe] F v B ATk FEFH ok
b

PolyamineO| DNA methyltransferaseZ T0f| 0|X|= &g Putrescine, spermidine, spermines
10 ME-¥] 20 M74R] 2] B 5+e] Chlamydomonas DNA methyltransferase®] @A M85 &2 5}
9l v}(Fig. 5). Putrescine % 2|4 20mMell 45 oF 26% 7 A= $ieh. Spermidine®] 7 - 5004
M7AR & A Q] Eabrb vhebua] ek e, 10mMell 4] 2F32%, 20mMell A= 44% 7F A A = 3
o}, ¥bH spermines # 2|3t 7% 80 M7hx] = A3 dgko] ¢l glom, 10mMell A= <F 40%,
20mMol A £ <k 53% 71 A Zgleh, ol v A& A g F34)7] polyamines AH-88E 7% pH
o] 98t TAGAS] Ak gle AR Jebgoh o]4re] AxE R 774 polyamine-
DNA mcthylationd A15te], putrescine® FHs spermidine, spermidine 5= spermine®]
DNA methylations ¥ &Exotd o2 oalabed=v] o] =g #4-E polyamine?] polycationic
Aol 2)3} Aozt AL A=A s Fh ol Ao| Chlamydomonas DNA methhyltransferasedl] e
) el Sl Az ohvd sl E TH4 DNA mcthyltransferaseoﬂ T FEHoZ o

(1) (2)

ny (7)) (C) (D) (B} (F) (n) (B) (€) (L) (E) (1)

(B) —»

(c)y —

EE TR

(D) —»

R,

Fig. 3. The migration patterns of A DNA afrer the cach  Fig. 4. The migration pattern of DNA methyltra-

reaction on 0.7% agarose gel elecrrophoresis. nsferase from Chlamydomonas on 12.5%
The reaction was run for 20 hours at 37C. polyacrylamide gel electrophoresis in the
(1) The reaction buffer consists of 50 mM Tris- presence of 0.1% sodium dodecylsulfate.
HCl(pHB.0), 10 mM MgCl. (2) The reaction (A): M.W. 67,000 BSA

buffer consists of 50 mM Trris-HCI(pHS.0), 10 (B): M.W. 43,000 Ovalbumin

mM MgCl and 50 mM NaCL (C): M.W. 30,000 Carbonic anhydrase
(A): Control (B): Cude supernmarant (C): Ultra (D): M\W. 14,400 «-Lactalbumin

supcrnatant (D): Ammonium sulfate fraction (E):
DEAE-cellulose fraction (F): Hydroxyapatite frac-

tion
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‘rN

Ehs 232§ ¢otr 7] 4181 A EcoRI methylase®] #43oll polyamineo] =]z o g+-&
A} 8151 eh(Fig. 6). ©] Z-% Chlamydomonas DNA methyltransferase 2 v} €4 o Y& F o] 4
A% @ /"ﬂ 7] vhebytel. el polyamint:Oﬂ 2] %} methylation®] A7} 2k50% F =7t o
e Al Ass 4 2l ok4lS Vel rlrt polyamineF =7 ¥ 57484 methylation ©]
B4 4 1OOA°—"‘| A== A& B T o drhputrescine A 9] ). EFF 23 560 A% putrescine-s Al
I Sl spermidine, spermine°] 739 rnethylatlonol 50% A5 AFal A E£23THEL 1o},
el 2% 59k 6414 methylation®] YA = polyaminedd Fxoll Aeh4] of & Abo]sieh
Chlamydomonasoll A 2213 DNA methyltransferase®| %% 20mM spermineo] 4] ¥ 55% %4
o], &3 20mM spermidinedl] A 2F 40% 2] 24 ] 20mM putrescinesl] A oF 25% 2] 24
o] oA = ¢lrt. 28} EcoRl methylaseZ4 2] 7% 1mM spermine, 5mM spermidine, 10mM
putrescineoﬂ A FAFEAHe] A 1007 ol 7] = ¢l "’]‘ E3t EcoRl methylase 2L AL
polyaminedl] &84 (putrescine A1) T 2| F2 g k7t velubx]wk Chlamydomonasei] A
£2}8F DNA methyltransferases—= 34 _,] F4 3t ZhAelo] vebylel. 3L EcoRl methylase?]
AL spermlneoﬂ o3k 4 A4 AdA = sperrmdmeo] i} putrescmeir«]- SalmTof| 4 w2 &
Ao g veld 2ot Chlamydomonasil A -£el¥F DNA methyltransferases] 4] = spermine,
spermidinee]] 2|§F TAZA A= 4 izl ae) b gdgivh 2 60l A vehbs oA &4k
2 T AR HAake] EgdE Awd £ Qo &, 23Rl Ae polyamlnc°] DNASJ binding
3}l EcoR1 methylase7l DNA®I bindingshis A& dA|ste] FAEAG-§ A shA v, EALd
Aol dakg A AP Aok IR Sell 42| Aals ut2 o] Aol S dslvtm 4 AL
ol B4 34 o] 50% dAH == T2l 4] polyamine s E7F A AT SrHE w717 oA
o] 78] Mslst gls AA T3hTA o] 52 A 2k 5004 M B E2] sperminest] A
mM & E.2 spermidine x4 F233] AA ==L DNA condensationd] 2|3F 23}
ol o] A& DNA #1312 90% o] Aro| Fat= o] of 3kx1 8t condensation®] 4% %

;3“

s

ke s o
>
LI

+ 1%
32

80

——Futrescine  —Spermiging  —9~ Sparmina
i

60

== Spermidina

g 4017 —— Putrescing
é —0- Bparming
=
£ 301 /
// 10 Spermine
0 7 T T T t
0 2 3 G 8 1Q Sparmiding
Polydmme [mM] Polyarning [mii] Puttaseine
Fig. 5. Inhibition of Chlamydomonass DNA methylex- Fig. 6. Inhibition of EcoRI methylase by polyamines.
ansferase by polyamines. Varying amou- Varying amounts of the polyamines were
nts of the polyamines were added to the added to the assay. The reacrion was run for
assay. The rcaction was run for 60 minurtes 60 minutes with 2 unit enzyme.

with 0.1 unit enzyme.
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ojrdehE B 3 (Tabor & Tabor] 1984)2} 6004M spermineol] 4 72| %83} condensationo] %
o} \Jrhe B3 (Hwang, 1986)2 F2& = glvl. 29 58} 6ol A 4 4 E2H 320 -1
o] 23lxnt E4 9o 9= NaCle] Chlamydomonas methyltransferasedll €1 Bho] £ 5}
qp2-golol| A 4mM$| NaCl®l a5} EcoR1 methylase 4h-§-8o8 ol = 20#M2] NaClo]
Za) st glvt. 2¥ e NaCl polyamineol]l 2|3t condensation/aggregations < Al gFvH(Ping-
oud, 1985).Chlamydomonas~°~] 73-9 NaClell &30 polyamine DINA Condcnsation/aggrcgationol
AAH o 27 59 Aol A= vhelhia] B2 AR ARt AA F | A Xl A Eel gt
DNA methyltransferase® Z4ell polyamineo] =) 2] & gkel] ol 3 41§ (Ray, 1979) A x 2
B 69 GAHEZA ELHRUN S o] TFE el FAPgt ZAle A vl &qt okAbe] viebiet, L
v} 2 55l A 8] spermine, spermidine, putrescineol] &| gk dA] ¥ -F2 47| A = c}2 A el
wreh =g o] BIelA enzyme kinctics® FAFE Z 3 methylationo] 50%EF AA|sH

polyamine 5 0]3}ell A £ competitive inhibition%F4-5 veRd vk 22 o] 4F2] polyamine 5%

ol A& 3] 4 8t7] o 8% inhibition %F4Fe] Welgtrh. @l w polyamine®] E& Aol F S
Fo] A H@AS Vel £x] oful" DNAC |F3FE Fol dA A4S vebl£X & Lobilr]
18l polyamine-s & ¥ hed Hb-g-A] Zkel] w2 HA2] r;yg =3 &334 oh(Fig. 7,8). Spermine
3} spermidincg 72 1mM - 10mM - 20mM X 2| 3¢ F db&4A] 7kl W& S4B A T = 2T
oF 208-0] Auk F FHPAleHo] o] 2y om 6080 2wt FHE = methyl”] 7} DNAE A3
incorporation®l #| ¢kt Polyamineo| o] H o] &4 Z-&8tb polyamined A2k &
L | T A methyl7] 2] incorporatione] & Ake] 7} = gleldle el = polyamines- =] ]38}
2] 2] Fol| 4 Al % methyl”] 21 incorporatione] & 78be] ub-&4| zko] Ao Fell we} A2
Tob vl %at 3E vebdok bt o] Aals AL FARE vk-ZA] el 4] S H AN E Webi e
o] A2 polyaminee] Fdeoll B4 2Hg3l= Zo| olizl DNAY 2H-g57|" &4 2oz 33
Rk %, polyamine®] polycationic A&l 2|31 4 DNAe| bindingste (DNA$| condensa-

_Iﬁ}.l

Exz 12
K E

L~ Fl

5 <

z e w8l

T P

z =

=Y ] L

5 ¢ = ¢

T af T of

/ | ——Control —FimM —i0mM  -B-z0mMm | ——Contrel = 1mM  —¥10 mM —E—ZOM
o . . s ! . of : ; ! . !
0 20 40 60 80 100 120 0 20 40 &0 80 100 120
Incubation Time (rin) Incubation Time {min)

Fig. 7. Time curve of inhibition of DNA methylati- Fig. 8. Time curve of inhibition of DNA methylation
on by spermine. The reaction was run at by spermidine. The reaction was run at varying
varying times with 0.1 unit Chlamydomonas times with 0.1 unit Chlamydomonas DNA m-
DNA methyleransferase and varying amounts ethyltransferase and varying amounts of spe-

of sperminc. rmidine.
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tion/aggregation® 92712 %% A %) DNA methyltransferase”k DNA® bindingsl=] %3}
Al 3t &, ol & heElt 7139 FEE Holxmgond o] B0 FAHEL Wojme Y4t
el Eehsle A 7ko] T2t AL Fd 5l polyammca A28 A 2| ol A 8b-g4] 7ke] A
o] = methyl?] ¥ incorporationo] F7F5lx] ¢k A2 Aot Al ddl g DNA
binding® polyamine-Z histone acetyltransferaseell 2] acetylation® o] = & vh7} deacetyla-
tion® Fofl vh4] DNAY bindingdtehe Ab4 o] 23 (Morgan, 1987)5 ¢l =0, £ 432 uh-g
Z 7}l A& histone acetyltransferase7t £4 k2 @2 = E 4t4] binding® polyamine-2 th] 4
A2 A e Aelot. o]Ae 4E 234 el polyamineel]l 2% DNA methylation®] ¢}
A Az AWl 4 DNAS hypermethylation®] @l 7% 712 <l S-adenosyl
methionine(SAM)°] polyaminc@4d ol 20| ¥}4] ©] polyamine®| methylationd QA T2
4 DNAC’] hypermethylationd ot rh(Ray, 19795 4%H el 753l 1AL & o w& in
vivod & & 53 Fal=] oo} gteh

Polyammeol DNA methylation® dA 3= 7|zt 2= W 7}R] 7lg4le] gltl Asl, SAM
ol A fE= & polyamine?| propylamine group= DNA methylase®] 70|22 o] groupel
methylasc®] active sitecl] 2§33 vhe{A] amine group?] %A sl7t DNA® 24 shel] 2 &g
o 24 AA 4L el ZFs4e] dek(Ray, 1979). 4, polyaminee] DNAoI 7 i5ts
DNAZ £A315 £ 4 DNA methylase7t DNA & stoll 2|8t ZE-g st 2354 go=
4 methy]atlon? AAE sHsAdoe] ol A, polyamine°] DNA condensation/aggregation
£ Y2392 DNA mcthylase DNAS} salxl ol 3428 T484E AdAE =5 9}
(Pingoud. 1984). WA, polyamine®] DNA condensation/aggregations 4 ¢ 7]2] ¢k=r} &}
2E DNAS 725 a4zl o244 DNATEE A8 =hisle T8 A4S AAT
< ol v} (Basu and Laurence, 1987 ;: Chen ef al., 1984). thAl#], 92| 71540l B 23 4
shte] okato 2 vepd == gloh o] ® 7% polyamine®] A-FEoll A= T ol vz} Soldl &
g el = gle s 5o A s DNA condensation/aggregation® 4. 2A DNA%H 7
2 32 §49) 4L dAF Holvh, 22V polyaminet] DNA methyltransferase®] 2
o L oaes) e g4 o e o Fsh FaEojok & Aok

sl (=)
= pwa

Polyaminef’] Chlamydomonas DINA mcthyltransferase‘ﬂ] njzlE d3ks Fabate] g 4 Chlamydomonas
reinhardtii 21 gr(mt") 9%l 4 DNA methylransferases 282. 681 2 22]3tg ek ol= polyacrylamide
gel clectrophoreses3t 2 3k DNA methyltransferased] 2 3 band 3hhel o[ &F band T2 7} dolb 219
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