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ABSTRACT

Two kinds of DNA methylases were purified from Chlamydomonas 21 gr(mt*) gametic cells
to determine the DNA methylases related to chloroplast DNA methylation and to examine their
affinities for various DNAs. Two DNA methylases had distinct physical properties under the same
condition of pH and ionic strength, and had different molecular weights as determined on a nonde-
natured gradient polyacrylamide gel electrophoresis. As the two enzymes had similar enzymatic
activities on A phage DNA and non-methylated A DNA, it is suspected thal they may act on cytosine
methylation. In contrast with DNA methylase I, DNA methylase II showed a higher methyl-incorpo-
ration rate into poly(dG-dC)-poly(dG-dC) than poly(dA-dC)-poly(dG-dT). Therefore, it may have
a greater affinity for (G-C) sequence than (A-C). When chloroplast DNA was isolated from Chlamy-
domonas in the vegetative and gametic stages and the activities of DNA methylase [ and Il were
examined on these DNAs, they revealed 20% and 10% lower rates, respectively, of methyl-incorpo-
ration into the gametic chloroplast DNA than into the vegetative DNA.
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gl B use] glok(Barrus and Marinus, 1989). =&k
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lation®] 7 &k Fol ez}

el A E 2] 7oz DNA «d7]% cytosineT} adenine
ol 4] methylatione] ®i7A=L] =zl A Eo 4] @ DNAS
712 odul¥ o 2 cytosined| 43l methylationo] WA=
(Aharan and Freidman, 1981), mitochondrial DNAe| A=
18 Q231 o)lgrl= 2 adenineol A& 7o} (Vanyu-
shin el al., 1988). j2igt 171514 b ol ]z} seque-
nce(FEE site) EolAdn Eafigte _"(Selker. 1990; Vanyu-
shin, 1988) 7 dXE-g=el FaAlx I} spdc) A
ol gle]4], & NDNA) Y 7=+ o|#gt DNA methyla-
tian2 23 kA2 chromoplastil amyloplastel] 4 HH7 5]
= 715 4 ¢)et2(Ngernprasirtsiri ¢/ al., 1988; Kobayashi
et al, 1990) 21¥td o2 plastid DNAC] A= dejub=] ¢
o1} d2ld o2 Chlamydomonasel 9o 4+ 5-methylcy-
tosine2] Z=ab A4 S E LS 71F I fEE el A
1% DNAel methylatione] =e] glbil #elxglc}
(Dyer, 1982; Royer and Sager, 1979).

4, vt A = FFQ Chlamydomonas reinhardﬁil‘—
FPAL drshe dad #y okl Fu| S
Aebe 3o gl cytoplasmic gene 53], =4 DNA-“?]
MR- A Rd 2 g v} fslela] gl
(Gillham, 1974; Sager, 1981; Kuroiwa, 1988). Chlamydo-
monasel]l 9ol 2]B-4 DNAL] w332 1954, strepto-
mycined| &k AL R AEA FHARR Q)=
HAEA) 0L Esled HER Hgl o]l 2(Sager,
1954) 2 fde] #zhe. ofolE, EAaukgel AR £
=4 719 1Z 3 DNAZL Dx]z-lo] _q__\,]oﬂ 2] 5}e] o]

o173 Ao m g 73Ear 9dvHSager, 1984; Kuroiwa, 1986).
olgfgl Az o]Fejuliz MR 2F e wie}
EolA 2 gle 7L fld 5o 4 £ 3= modification-
restriction systemo| RSB Chlomydomonase) AT
A7) aheh B, F odok AT AE7) oA}
2 ) deHed 2y u)$-a)e) 454 DNAel methyla-
tione] deolta] Hgtal HAA], THHR APad F
Aoz He] BEET methylatione] Qor}z] ke &
WA 2] o 53] DNAE dfa]x]o], Afzlo g w4 #[42]
GEH DNAZF A% d2d= H24 DNAY 2+
Ho] Lotz 7lo)rH(Sager, 1981).

ole|a} 7iad& ApA] Hl-¢-A 2] Q= # DNAo| Bolxom
methylatione] Leiydcls o] 278 Ze]m(Burton
et al., 1979), Chlamydomonas2] mating type} 2§ &A]7]
Ha o]yl 2455 vJehdi= DNA methylase?] )&
oo 24 A7) Egik(Sano, 1981). =& {&4 DNA
S 2Afd A EDRAE AR FAH 2
A= el A71Y Apds At ook F, 244
Fofl UVE ZAl3Ie} glejr oz o4
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el ol mat-I(mating type minus)& +&=41%7 A% 2
<4 w94 8] o] % DNAo] methylations] Helydcl=
7ol R31E gl (Sager ef al., 1982), <3k =7 o] A1)
e § 24 DNA =Yel] o)v) 48 £)3 methylatione)
defi) olgellm B78lal, AAHA EAGHe] deofyt
224 2AFH modification-restriction syslteme) o

Z eleke shdel Wi TAE AAE mel &
Ao A 2] 722-(Bolen ¢t al., 1982), A4 2] w]2-]of Aqt

D

o Hefybois Afade] ghE x|
A 4] modification-restriction system 7}Fd& o< 7134
=A & Fodck(Sager and Grabowy, 1983). z&jv}, §H4
©. 7= methylation inhibitor(5-azacytidine, L-ethionine)&
Hzlgr dab oF 70% H= G =4 DNAL methylatione]
AAE GG E B8y A4AEq ZAfHe] dojum
2 #), modification-restriction 7}deof BHAEE= A ®
T¥9jchFeng and Chiang, 1984)., =L%7|¥k o] BI3E
methylation®] 70% o #Algk= A&k oo, me-1 Foid
oldle] A5-9 tige] ZAFH e+ JEA
DNAC’ﬂK] dofi}iz B9 9)3E methylatione] Meisl= 7
olgby] Hohs BA ReoA olelils ZolHel DNA
methylatione] Ao Relg Aoz 7l54g Al
A8 Botrs B 4 )2 i (Feng and Chiang, 1984; Sager
and Grabowy, 1983).

Zavl, ofd 2 wigAle] Selrof dejrhe DNA
methylatione] ﬂl{-}?} AgE ) b=z gk glen,
QA AZ el 4 =238 DNA methylaser} =4 DNAS]
methylatione]|] Fedstzjeli= 227} v)E 5ty E£3F methy-
lase?] B4 = maslA waA 9lA] 7] dfEed olgt
7Hde o3 2AHS Astr)d e old vlEsich o
2hA], B Aol A& W Chlamydomonas2) #-$-A A7)l

defl] © 2 methylation®]

T

e T 259 melhylased F-25tn, 2 G7)(==
sequence) EojA T ofe]zlx] #1= DNA<| dlgt 232d-e

dotrgten, AFA7IER Fojst §E3 DNA) g

methyl7]9] incorporation FEE <le}w gich
HE 2

Al E. Chlamydomonas reinhardtii®] strain 21 gr
(mating type +)& v|=#] Duketf &of| 4 Eople] Af&
sledch 24 DNA4l poly(dG-dC)- poly(dG-dC), poly(dA-
dC)-poly(dT-dG), poly(dI-dC)- poly(dI-dC)3=
S-adenosyl-L-[ methyl-*H ]-methionine(specfic activity 88.7
Ci/mmole) Amersham, calf thymus DNA(type XV), calf
thymus single strand DNA, Micrococcus lutens DNAE Si-
gmaol| 4] F4d3ted Ahg-8te 2 n, Hydroxylapatite Bio-
radel| 4] o) shedet.
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M=Zo| BH2E  Chlamvdomonas reinhardiii®) stock
culture 3 A7), Wi H A7 2 Frmo) vk Sa-
gere] Y (1954)5 HEFF Snell(1982)2] wky-g o]8-3}
Rom, WA RE T7IFE7et Tl 7l dAR
Fet~32 5 Algated, oatg]l Frle ASH A FEEEA
12414 Ftdez bz, 2718 TE FHsbda] of
ofstich

Azxgdol mMZE  eHELYL Sano(1980)2] W
Lee?} Lee(1989)2] vl & 83} L33l sH5-4o
[£ 50 mM Tris-HCI(pH 7.6), 0.15 M potassium chloride,
1mM B-mercaptoethanol, 1 mM EDTA, 10% glycerol=
z2Aeeda, k4 11 20mM potassium phosphate
(pH 7.2), 20 mM sodium chloride, 1 mM B-mercaptloetha-
nol, 1mM EDTA, 10% glycerol=. gk&=&8 112 10 mM
potassium phosphate(pH 6.0), 1 mM B-mercaptoethanol, 1
mM EDTA, 10% glycerol® z2438}e] Apg-stgick of <t
FEHEEL A IPEFV)ER Hdste] AESeink
5, B-mercaptoethanols ZbEg el #Hzbaleld)

DNA methylase®| &2l.  Chlamydomonas2] ]
A]7]*1 4 DNA methylase2] 2]+ Lee and Lee(1989)9}
Sano 2{1981)2) A2 WE st} ALg-stadch Chlemydo-
monas reinhardtii 21 gr(mt™)& d<kA#7] wl=] 5 Liter
ofl ] elatm )& - RFEhE A 1247 FE:7, 1247
GEAL w2 Fo] 4X10° cell/mio] HEZ weksr

AAEL(1500X g, 582 AZE 22 5 aj5d Fxu)=
700 ml=l 2 HEbed 244|752k 2000 lux2] W2 = Abse]
v A& FEstgich o] wlfA AEE YAEI(1500X g,
5 R dale] gt o) 2 mi/g-celle] HEE detslo]
2 7|2 28/g-celle] PR AERE =azidc)

o] Z1E 1AH2)(15000x g, 30&)5} AJ'ZV&!E etz
ThA] Z4E2](100,000Xg, 24 Fked FA e Hoke

[+]

A4

t}, o] AR ML ammonium sulfate %_‘—3_73.% &lo] grEoy
(el 4] 204172 F49& stz vle] b5 [ @847l
DEAE-cellulose column(2.3X 15 cnpel] =-&absich 22.5
mi/*)7 e8] ST 2 3l I8 E83 F 0.02-05M NaCl
linear gradient®. £-ZA17c) ol g3 Mol Faf o2
a4 FAE8E DNA methylase [0]2} 34, NaCl linear
gradiente] 93 &5 &4 F4F-352 DNA methylase
12 stgchFig 1)
DNA methylase 12 £2].
47 5L ol YM-30 ultramembrane filterS o]&-sle
@t &, o]7ZE gk [MIel4 204)7F 43k v]g
2hgeay III°1] 3 & 471 phospho-cellulose columnel] =&
*‘] ?d\:} 20ml/ A 2te) £ 2 ghdd 11 Teis it

4 ZHEHL 2ol amicon l"—?71
II°ﬂ 20415t A led, vle] 2kl []o) ¥

DNA methylase 2] &4

—_:.’Tf,l. 37 _‘2]—?:0]-1

3 A17] hydroxy-
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lapatite coluran(1.7X10 cm)el] = &-slgich 5o I
£E22AA Ee}e B4 B4R EL Zo) DNA methylase
18] F4gled Abg-slgok(Fig 1).

DNA methylase 112 £&. NaCl linear gradient®Z
#5471 DNA methylase 11 #4778 2of YM-30 ult-
ramembrane filter& o338 5, g1&) I 2 Litersl] 204] 4t
A7k 8 EAYE kg e wle] #H#4]7] hyd-
roxylapatite columnell 83851 b2 I3 20 mi/4)7he]
LT 2 F32H Eehd A4 SAEES Ro T o]7E
t}4) DEAE-cellulose column(1.2X10 cm)el loadinga}ot
0.02-05M NaCl linear gradient® v}A] gk &&x]7ch,
o17]A] Eeue A4 S4T7HE el DNA methylase
IIe] #& Aiglez abgstgdel(Fig 1.

DNA methylase 4% =3, DNA methylase £
2] 3.2 Lee and Lee(1989)%] il wht a3}l
2r, 144F 84l 1pmole?] methyl”]& calf thymus
DNA-] incorporation 4]7]= @2 lunit® 3stavk i
HMHT H3Ao| A4Eis T 922982 50 mM Tris-HC!
(pH 7.5), 6 mM dithiothreitol, 10 mM EDTA, 0.8 uCi S-
adenosylmethionine(specific activity 88.7 Ci/mmole), 2 ug
calf thymus DNAZ. &}e] © mi, of2iz}#] 7]& DNA«| &k
EA 4L B AL calf thymus DNA o} 2ol Micrococ-
cus Iuteus DNA, calf thymus single stand DNA, L phage
DNA, non-methylated A phage DNAS 2 1 ug # 28k,
HF Fav} 20 W7t = # sfhed 37°Cell A 1417} vh-g-A] 3 ok
Hhgo] it & o] dhe-gol A5 DE-81 papers] HA
slod 20%7F A2 A7 3, F=Fe] 0.2 M ammonium bicar-
bonate &Yo@ AAFT ethanol® 23, cthyl ether®
13"1 AHFE & AZA)|A ©] papers cockiail &8 5miel

. liquid scmtﬂlatxon counter 2 HFALSS Ealsjeid)

Ch/amydomonas GEH DNA9 Zal. =] DNA

2] 2zl Show S(1988): Palmer(1982)2] uhy-L. w3

F

shed pealedd. A 4 4Y) AAAR) w) il °§ kA7 71
AZ 500 m/=k w2718 AE 500 mie zHE f1AlEq]
(6000X g, SR FE3le] 20mie) £5e ,1@%0}; 05

M EDTA 2m/, B-mercaptoethanol 0.5 m/-2 #7}8le] 4}
oA 1587 AT &, A48L)(12000Xg, 5B)5}e]
A2 w25 freeze-thaw B2 olepd yiEsle] 4
459 m = F o AD2M EDTA, pH9510, 0.15M
NaCl, 4% SDS, 50 pg RNase)& #2]ato] 50°Ce 4] 1042F
uhe 21715, HE% S0} 1mg/mie] HE2 pronases
glsled 50°Cel 4 5417 W=lsteick Phenol/chloroform/
isoamylalcohol(25-24'1)£ 10m/ Eristed 4] 108
FE HAR F AAER(12000Xg, 1035 T
A A, u\a\ W74 ethanold 24 HHR H7laje]
DNAE #4417 ¥ TE €410 mM Tris-HCl, 1mM
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Purification procedure

Cell harvest{gametic cell)

Cell disruption({by sonication)

Centrifugation(15,000 x g/30 min)

Ultracentri {uge(100,000 x g/120 min)

Amonjum sulfate precipitation
(30-55%)

DEAE-cellulose chromatography
(20 mM phosphate buffer,pH 7,2)

{non-binding fraction)

Phospho-cellulogse chromatography

(10 oM phosphate buffer,pH 6.0)

Hydroxyapatite chromategraphy
< DNA Methylase I>

{binding fraction)

Hydroxyapatite chromatography

< DNA Methylase 11>

Fig. 1. Purification scheme of DNA methylase I and II from Chlamydomonas reinhardtii. All purification steps were

carried out at 4°C.

EDTA, pH8.0) lmlel o] cesium chloride HX-7-u)
Z94 Bz (60,000 rpm, 244]7), 20°C)e] 2ls) g=-7)
DNAZ ¥=jsldm TE 5l o odekgdrisl Wi
23719 =4 DNA 93 A&3hgin).

&}A DNAO thst DNA methylase |, 119] SAE ZX.
zZtzke] g4 DNAe| thated, 227 DNA methylase2]
FACE £A57] $)sted FE gAY 712 call
thymus DNA ®]4l¢]l TE gh3<fel =41 poly(dG-dC): poly
(dG-dC)¢} poly(dA-dC)- poly(dG-dT), ZL#] 5L poly(dl-dC)-
poly(dI-4C)E 1 g H7lsle] 3087t w-8-A17 methylz]]

incorporation =& &3 sbgick

Chlamydomonas2| €& DNAv| tHst methylase |,
e gM8E =&, Chlamydomonas$) <3237 DNAd)
H& DNA methylase I, 11¢] 2423 zAslr] 9s4e)
FEFE WHS-2ol ol A call thymus DNA 4l =24 DNA
3u(1/1002 312 Ayy=0.03)3 H7}shz 30587 whe
A7 H A2 @4E4vo) mel methyl”]9] incorpora-
tion® A=% =3 aleic)

DNA methylase | 1l £H$t nondenatured gradient
polyacrylamide gel HM2|€E. Walker(1984)2] v g
o448ty Chlamydomonassl 4] E&]%t DNA methylase I,
g wm zAbstedcl
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DNA methylase 1, 19 28] % HAl Lee2} Lee
(1989)9] uhyell we)l Chlamydomonas 21 gr(mt ) strain2]
¥ $-dicf) 44 DNA methylaseS +2)5tsich DEAE-cellu-
lose chromatography 81 4] columne] bindingd#] ¢kt
e e FE5 01M NaCl_lg—Ec-ﬂ A £&5e] Yo
23 ¥ %o DNA methylase &4 =7} 2slq]e = (Fig
2), °F ¥-3-& Nondenatured gradient polyacrylamide gel
H7]d5-& §3le] w|@ste] £ Zq MR & F{FE
2l 5|9l ch(Fig. 4). °)7& Lees} Lee(1989)%] #A7e} £
o &lrd, ®3} columne| binding3t# ¢z &8 vjox B
3-8 Mo}, ZEolgl #712] DEAE-cellulose columne] Th4]
43198 ol bindings}x] o2 % FH2 DNA
methylases= %< pH<e} ionic strengthel]4 & o}z
Ee18 448 7izicky 425 wela], DEAE-cellulose
column®] bindingdl=] 22 &E&3} .1 M NaCl F5o] 4

NaCI{M)
05 %

Ao [ ——1}
methyl(*Hlincorparation
—_—— )

0 W 20 30 4@ &0 #Hd TO 80 83 WO
fractlon number

Fig. 2. Fraction patterns of DNA methylase I, II from
DEAE-cellulose chromatography. Arrow indicates elution
point.
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Fig. 3. Fraction patterns of DNA methylase I from phos-
pho-cellulose chromatography. Arrow indicates elution
point.
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Fig. 4. Nondenatured gradient polyacrylamide gel elect-
rophoresis of DNA methylase I, II. Gradient gel contai-
ning 5-20% acrylamide was run according to Walker
(1984). A, DNA methylase [; B, DNA methylase IIL

Eevies B4 EA4EES 7H7 DNA methylase I, 112}
Ao ohg shA R Alssiedch

DNA methylase 19 2] DEAE-cellulose column
ol binding®}#] 9= A& BAYEHL Bolr T 279
cationic ion exchanger chromatography<l phospho-cellu-
lose columnel A83143-2 o binding3}=] kgich. whela
10 mM potassium phosphate(pH 6.0) Z=] 7 NaCl& A
ste] pHel ionic strengthZ & phospho-cellulose co-
lumnel] A -4309cHFig. 3), I A3 iR ke 50%
Haslgdon) 54 BT 40% AR specific ach-
vitye 128 27isled 23 ol=igt A bindingst
o Zalvtd 2HeAe g3 12 B4 Hedx A5
A Fade] veluta] ok A ez Hel phospho-cellulose
columng Tk Fol L7t FUHs] 2 BYE
A7l Agelztn AgzdEch olF: o] F4A TAHEYS
Beo} hydroxylapatite columne] #-8&}« Zeh e f4
44735 Zol nondenatured gradient(5-20%) polyacry-
lamide gel A7)9%S 33 A7 1702 major bands}
1799 minor bandz} #<l=¢icHFig 4). ©I7]4%= DNA
methylase 11¢} F9 %} bands} vlelz| ¢ligle oz #H=
DNA methylase 18] &agleo=2 algsigc)

DNA methylase (12| =&l. DEAE-cellulose chro-
matographyel] 4] 0.1M NaCl =4 &350 }ex
4 FHEHNS ol Leest Lee(1989)8] whyel) wiet
specific activity 25 units/mg- protein7}#] £2]3lsit} No-
ndenatured gradient polyacrylamide gel M~|iE%o = &
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Table 1. Enzymatic methylation of various substrate
DNA by DNA methylase I and II. Data are expressed
as methyl-incorporation (cpm). The values in parentheses
are the percent of calf thymus DNA (double strand)

DNA Methylase DNA DNA

DNA Methylase T Methylase [I
Calf thymus DNA 1853 (100) 5102 (100)
(double strand)

Calf thymus DNA 1832 (99) 3116 (61)
(single sirand)

Micrococcus luteus DNA 3655 (197) 6099 (120)
A phage DNA 1667 (90) 4368 (86)
Non-methylated A phage 1532 (83) 4641 (90)

DNA

Qg 243 2719 major band®} 3702 minor bandE&
-’3—]"’11 it 4‘;’3, 17'7—"- #Z DNA methylase [I &AH2e2
A}

O:iE17|-I| 7|§ DNAO{I ek DNA methylase |, 119]
gAML, Calf thymus double strand DNA®] methyl?]7}
incorporations]= 9k& 100%Z &hed calf thymus single
strand DNA, Micrococcus lutens DNA, A phage DNA, Non-
methylated A phage DNAS 7|22 3ted Chlamydomo-
nase] DNA methylase®] #4-& Z3stgdriTable 1). ¢
Yt e 2 olel B4 WAEE DNA methylase= dou-
ble strande] ) Z =7} Fo dbw wriz] zE Q52
DNA methylase+= denatured(smgle strand) DNAe] v
o 79w wAEc(Razin and Friedman, 1981). Chlam-
ydomonasol A -4 A5 DNA methylase®} 7%, DNA
methylase & £<g DNA F5o 4 double strand2?} si-
ngle strand calf thymus DNAo] 712} b8t &4 ZA4HL

Uehiel et} DNA methylase Ili= single strand DNA«)
4] double strand DNA2] o 60% =R o F& me-
thyl7]2] incorporation2 el gieiTable 1). £ ade-
nines methylation e] %1+ A phage DNA® non-meth-
ylated A phage DNA2] 7-%, DNA methylase I, IJofl &}
frakgh 7o 2 Hol
= methylase’= DNA <1713 adeninel& &4 Aol 1}
ez ot zlezm Az}, =% G-+C content”} calf
thymus DNAel| ®]s] ¥, cytosines] methylationo] <t

=] elx Micrococcus luteus DNAS] 79, DNA methy-

lase 12 100%, DNA methylase 11 20% ] =# e}
o v Z(Table 1), ¥ &% EF adenine Rrl= cyto-
sines] methylationg siste Ao o)

3l DNAo| cHEt DNA methylase |, 112] BME. ®
2% methylase®] DNA sequencee] ®j3F ZBelid-& abo}

methyl7] 2] incorporation #*=7} 72|

Vol. 35, No. 4

(%)

130

1204

115

110

10
100

Z of calf thymus DNA

g0 LAl
Methylase |

Fig. 5. Methyl-[*H]-incorporation into synthetic oligonu-
cleiotide by DNA methylase I. The values are percent
the of call thymus DNA (double strand). Symbols: 1,
calf thymus DNA; &9, poly(dG-dC):poly(dG-dC); Iz,
poly(dl-dC)- poly(dI-dC); ez, poly(dA-dC)-poly(dG-dT).

(%)
160 -

150 143 144

140 4

1304

120 4

110 \f:;

10

108

% of calf thymus DNA

100 4

90 -
Methylase I
Fig. 6. Methyl-[*H]-incorporation into synthetic oligonu-
cleiotide by DNA methylase II. The values are percent
the of calf thymus DNA (double strand). Symbols: [,
calf thymus DNA; ES, poly(dG-dC)-poly(dG-dQ); Ez,
poly(d1-dC)- poly(dI-dC); B3, poly(dA-dC)-poly(dG-dT).

7] gste] AR 9719 BHOE o) FHA poly(dG-
dC)- poly(dG-dC), poly(dA-dC)-poly(dG-dT), Z=]3. poly
(d1-dC)- poly(dl-dC)=] &4 oligonucleotideE 7] R = &e]
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Methylase | Methylase [l

Fig. 7. Methyl-[*H]-incorporation into chloroplast [’NAs
of Chlamydomonas by DNA methylase I. The values are
percent the of calf thymus DNA (double strand). Sym-
bols: [, calf thymus DNA; ESS, vegetative chloroplast
DNA; E, gametic chloroplast DNA.

DNA methylase I, 1I¢ll 2§ methyl7]2] incorporation
4w 2 ZAslo] BghFigs. 5 and 6). Uelez g
2] DNA methylases] 7%, paly(dl-dC)- poly(dI-dC) <)
oligonucleotide= =} oJmj g} 7|2 DNAXT} methyl7]7}
incorporation® 4= X7} 104 o] 4F wrlm ebaix] gl on]
(Pfeifer and Drahovsky, 1986), %8 j&-2] & DNAel] 4]
WA FE cytosine methylation®] ®j®%2 C-G dinucleo-
tide?] cylosinesl|4] W7t B 1= olcHGrueu-
baum, 1982; Adams, 1990). Chlamydomonase*] E2)gt
DNA methylase Ie] =]3} methyl-incorporation 4
F%2] call thymus DNAE 7]%£22 5141 o poly(dl-
dC)-poly(dI-dC)ell 4 742 =2t} poly(dG-dC)- poly(dG-
dC)#} poly(dA-dC)- poly(dG-dT)ell A& B zte]7} bz
29keh ek DNA methylase 112] 7 $-ell+= calf thymus
DNAE 7l1F:ez slgL 4, poly(dl-dC)- poly(dI-dC)=2}
poly(dG-dC)- poly(dG-dC)7} poly(dA-dC)- poly(dG-dT)H o}
ok 44% % v] $& methyl-incorporation g el ol
=3 o] 7L poly(dG-dC)- poly(dG-dC)7} poly(dA-dC): poly
(dG-dT)2 e} 1.3¥] o] ¥ methyl-incorporations vbehd
A& 2uishy, o]7le2 ¥o]l DNA methylase II= A-C2]
DNA M4 Boh= G-C N2 o digda Y7+ 5
sich

Chlamydomonas €5 DNAM| thst DNA methylase
I, e g&E, Chlamydomonas reinhardtii®] 74 st-
raing] 21gr(mt')e] FFAR7I} wl9R 7)o A T3k
$1Z4 DNAe] d13le] DNA methylase$] THAEE ool

=

Fig. 8. Methyl-[ ' ]-incorporation into chloroplast DNAs
of Chlamydomonas by DNA methylase II. The values are
percent the of call thymus DNA (double strand). Sym-
bols: ], calf thymus DNA; &, vegetative chloroplast
DNA; i, gametic chloroplast DNA.

Borth(Figs. 7 and 8). DNA Methylase I, II %57 edoky
F7lel wlsf oi-A 4]7]2] 4 Z A DNAC] o] sH2 methyl-
incorporations vlehf ATl o] 712 a4 w4 9] o 24
DNAel| methylatione] «deii}t 9lv] wldtel] of oka) zk7] )
*dE4 DNAe} methylatione] ] o] H& #ow a7+
Hv 54 DNAS methylation® cytosineol] A=k wkz)
"ol B(Royer and Sager, 1979)9} ckje] odg)rlz]
714 DNAel W& &x B4 245 Y& (Table 1)&
2T A Aste] E ow), £2J¢k DNA methylase I5}
II= cytosine methylationsl] Feisle)e} 425k wal
calf thymus DNA< methyl7] & incorporation”] 7)== ek&-
7122 stel-S wl, DNA methylase 1o} ¥]a) DNA me-
thylase lo] <dokAizlr]e] o2 DNARC) W79
%d E-3 DDNAo|| 4] methyl-incorporation] 7] <=7} 20%
2 L Ghasle Ze] v #ZA Jebdul(Figs. 7 and ).
ole{§t Zatel] what Chlamydomonas 4= % DNA methy-
lationol] Fofsles &4 DNA methylase [o)a}s 223
T el 32)7] 9= DNA methylase 12 A=)
HEZ Z 424 Yo &l Folsl Ho] WA o
FeAel &of, =i ¥4 DNAS 7)2E sted gt
29 2% zegche DNA methylase 19] 34, o
3k DNA sequence Zeo]AS #leld % oledv] ajito]
(Fig. 5), Zoll &t A2 o] e A7} sisle]z) Foljo}
=92 9l& AHelnh
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Chlamydomonas reinhardtii 21 gr(mt™) straing] -4
ZHE) % £2 o] DNA methylaseZ F5 Fejsle] 2714
714 DNAo| #g &4 242 &#3leicl DNA methy-
lase I3} [T %<5t pHE} ionic strengthol] A A 2 Ao}t
Belge) A2 42 2 BAEE 74# o DNA methy-
lase 17+ [I= 257} DNA 497 % adenine®the cylo-
sinee] methylationg Fadte Aoz Azzch ¢4
DNAZ #}-83F 4% o) 4 DNA methylase [¥-= @] DNA
methylase 11 poly(dA-dC):poly(dG-dT)el 4} Ee} poly
(dG-dC)- poly(dG-dC)4] oligonucleotides] 4 o] £& Fa
e Jehigleh. Chlamydomonas reinhardtiiol q F&
§ 9924 DNAES 7|22 A}4-319& @ DNA methylase
Iz} I =2%7p 6l $xy] mBols dddazlel 954
DNAd o &2 ZA4e vt
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