RSA/04,2538

flnn N REuaRunsing




s o d
FIHNUNAMTIVYDVUTNY T
léi‘)ﬁ

S A g =y,

9
msfanyeMlyitazsufdwamian o a

lunszurumsnandueiaar et ng

Study on the DNA methyltransferase
enzyme and gene in DNA methylation process
in Oryza sativa ssp. Indica

WeL A9, DIDYRYN TIATHIUS

- ey o [ oy s )
ﬂ'lﬂ’)‘b’“‘lflﬂiuiﬂﬂ‘ﬂ'aﬂ‘lw AMSINAITAT  HYINEABHTIOT

»

TnsamsideillaFunuaivayumsidean

o L2 o

fvinauneanuaiuayuM Iy
NuRaLN e 2538 (NEIVETUN 2)
Teysyuaun RSA/4/2538

FTHLOIMAUHUMSIVY 1 Auene 2538 - 31 daviaw 2541 (3 1))



=9 =y
naanssudszmea

Ed
o e oA

Tasamsldedl lasunuaivayumsidenndninaunsanuaivayunsids

T
L} =4

@) Tunuweninadetl 2538 @WFI8euN 2) dyguavi RSA4/2538 svalnsans

RSA 3880004 Fxoaduiunisive 33 (1 nuenow 2538 - 31 d9viay 2541)
Aidoveunufa ENINAUABIMUATIUEYUMSIN (@) RldnuaiuagunTs

aw w = o YA = o = ad

FeludnyuzMIAnYIB9AAN AUFUALITUMIANEIUNLINLAEMTAILAVAIDUD

= o 9/ 2 2 ] o e o =
wiaaduludn  Fuludwssygdeddguoslszma lnonazilusmisveslan oz
YoUOLAM  AMZINcIEas  wmInndouden  ildmsaivayuRuuiturudy

I T o

o
dmsulasamsIdetiannneanuilszduganyuinswinemans

dao 9 <

w 4 a o ar b Y
A3Tbv0uUA AUAINTIUA  I95INT (FUENBIN  Ununidl) dmfuwdaniug
9 = w aSw o o
V1IAADANTITNANDI VDU fl. U3 %Hﬂgfﬁ'ﬁ HITAINU TH. ANTH ll\'lﬂaf]:"ll Hag A,
@118 sITNAde uminndouiiaa)  dmFuduziieneg Andss Tewineauide
VoUAW Prof. Timothy H. Bester (Harvard Medical School, USA) Prof. Roger Adams
(University of Glasgow, UK) Dr. Anke Nebendahl (IPK, Germany) Dr. Jean Finnegan
(CSIRO, Australia) Prof. Stephen Dellaporta (Yale University, USA) il@i¢ Dr. Marjori

b 3/
Matzke (Austrian Academy of Sciences, Austria) dmsunnudaile Antibody V8
g of = Y ° ot o a E
mu"lwmaummmmmmv\l@ﬁﬂ ngﬂlﬂuﬁﬂﬁ@ﬂﬂﬂﬂ?tlﬂ%ﬂ?ﬂ%ﬂﬂ ‘I’ill‘ﬂ?ziﬂ‘!iﬂﬂﬂﬂu
1Y
x
YOUAUUWIAINIEM MYIUITRA 1ag wNaIunudl sozqdingal (infnun

[ = = = =Y o = s =Y 4 Y
seaulSyanIn madrunaTuladdinun augInemans i Inedouraa) a4 ladn
' o oo t:!’J o & o v =
saumaudelulasanmsaudusutlueg1ea

o tg,u [=3 | - Al =y 4 = o/
qumn%ﬂummumm ﬂ?ﬂ')‘lﬂl"ﬂﬂilﬂflﬂ”b’?ﬂWW AUZINYIFIANTUH1ING 1Y

YN A

30 AUE8Y 2541



L

a31/lasamsidy

= s

= ] A o o =] Y
M3finyINa InMagumsaaeanveseu lunslianuiniy tazitludoya

GUAY  UAZHTENUNLNANTENUDYNNINADNTAAAUNTUAAIDDATDITULAZAIY
& e A v Y N &
@0pgUe9EU lUA T IANNILNTTUINAITONEEY I TGV G LA TE A IR L TAT

STunvesfiynntia  uadoyamsAnyunIMvesRduew Raaduluiisidiegios

Y

¥
= @ A Ymw A w

wn iflenSemfeufuialiiasiady  Smiuiasimsiseidiseiiaglszainas

] o =0 9/ = [ s oA g = a 2 .

mmum5ﬁﬂywmgmﬂmmmiw?,uﬂmﬂﬂﬂmummmm;u”lmn"lm (Oryza sativa
o a =] =

spp.  Indica) Iesvzsiimsadauazueneulvifiduemiansivamasg (DNA

a =

Y 0 = g 3 s
MTase) 1HUTgns morhananuatianaznuantiasuweanegvoueulsld  tazes

q

WANSUENTU DNA MTase S908INI A IZHa e UINg Lasdneinsuaaioan

msduiunnievedlasamsiluge 3 3 (1 Aueou 2538 - 31 Famiau
2541) FAdvmmsaanndimaesemenled DNA MTase ffinamuianige 00
nuclel extract U0968ABOUAUINT  rice DNA MTase uTqninuenldivinatszina
130 kDa (native) Mas 55 kDa (Gl‘u SDS-PAGE) ﬁlu maintenance cytosine DNA MTase
c?;qﬁmmﬁ]mwﬁ'u hemi-methylated DNA substrate #10150 methylate DNA substrate
1 in vitro ‘lﬁ}?}‘ﬁ,uﬂ’jﬂ.u ‘in vivo 198 eukaryotic DNA methylation inhibitor 11a¥ de-
methylating agent @130 inhibit activity U89 rice DNA MTase 1§ rice DNA MTase
Dllj?’fﬂ\'iﬂﬁco—factorclﬂﬂ] 3 optimal pH Tur29 7.6-8.0 Ua optimal temperture “ﬁ 25°C
muulc}fﬁﬁllij stable 1oz 1l fiemethylating activity 1911 Km A9 rice DNA substrate
= 50 Hg/ml, Km a0 synthetic hemi-methylated DNA substrate = 16.67 Llg/ml tag

Km 70 S-adenosylmethionine (methyl donor) = 2.63 LM

439011150 clone cDNA ¥4 rice DNA MTase 910 ¢cDNA library fita3eon'la

[ a I
Tan Wy insert AvUIALTZIIM 4.7 kbp A9¥D71 pRMI (rice DNA MTase clone #1)

i



WeiimsInsiziadumaues putative cloned ¢cDNA %99 rice DNA MTase 1Y
pRM1 WU total nucleotide sequence ‘ﬁ clone 19 fio 4,712 nucleotides T open
reading frame (translation region) i 4,506 nucleotides 118  inferred amino acid
sequence 1,502 amino acids Namﬁmawﬁ functional domains U84 rice DNA
MTase inferred amino acid sequence Lﬁﬂlﬂ%ﬂmﬁﬂﬂﬁu known sequence WU 3
linker 1lA1¥ conserved motif GI'NG”] U049 DNA MTase (U SAM binding site {1012 Active
site MUTIW C-terminal region Lf}@‘ﬁﬁ alignment #7U conserved motifs VDY rice
DNA MTase amino acid sequence iWSeumeuiy known sequence ﬂlﬂdﬁﬁﬁﬁ'u WU
@1 conserved motifs Y84 DNA MTase o9 17 41 Ina uason weidome &2
U8e Arabidopsis 1 identity ¢4 Wan13N1 Southern blot hybridization ﬁ?‘“lﬁlﬁuﬁ U
DNA MTase 13 genome 184917 81951f84 copy g7 910MIANBINTUAAIDDAUDY
%1 DNA MTase Gl,u%gumauﬁhmswﬁmmﬁﬁmmmmﬁu%’n 1A8 Northern blot
hybridization wuA i Sims iAo e Yo I dry embryo Lgdtf}axuﬁm’l’ngﬂwﬁi{w
léllﬂ'l‘i germination ﬂzﬁﬂﬁﬁllﬁﬂﬂﬂﬂﬂmﬂﬂ DMA MTase Lﬁll"ﬁu fﬂuﬂﬁzﬁﬂﬁqﬁﬂﬂﬁ
seedling 81¢ 10 ol¥ Ltgjﬁﬂ1illﬂﬂﬂﬂﬂﬂﬁdﬂu%13ﬂQﬁ AU mature plant uanmnﬁu
lusinnunisianesnveddu DNA MTase Foonhluludn FufleRvisanlszney

wfj’ayaizﬁu methylated cytosine Tu genome LaZ DNA MTase enzyme activity n'la

2 4y @ ¥ w
ﬁﬂy'lcluEU@Qﬂulla'J HAaMINA[IUUNTBANADINU

VW A . S S do g ¥ B,
ﬂ1mwauuawu§1ummmmmmﬂuﬂﬁﬂwuwﬂwﬁmﬁmmﬂima“lﬂmﬁmu
Auiarmsiiuvousulyl DNA MTase AR0AULIUMT development 1UTZoAA
- o ad & o - = ¥ = o
oy ldunuazagay wiulaiuayiu DNA MTase nuonla aztse Tewllums

= A g = as = ¥ = d? d?
ﬁnmummmaa@Lamammamwuiuwm‘lmmaawwu

iil



SUMMARY

Studies of mechanisms governing differential gene expression in
specific organs and at appropriate growth stages are necessary for potential
improvement of plant properties. DNA methylation is a specific structural
modification of DNA molecules which can effect gene expression and has
been suggested to affect the stability of transgene in genetic transformation
processes. Generally, the plant genome is extensively methylated. However,
our understanding of DNA methylation in plants has remained primitive and

be a conspicuous black box in plant molecular biology.

We have attempted to investigated on the role and regulation of DNA
methylation in plants by focusing on rice, which is an economically improt-ant
plant of Thailand. In spite of the possible important of DNA methylation in
plants, the enzyme involving in these modification of DNA have been recieved
little attention. The ultimate goal of this research project is to purify and
characterize the DNA methyltransferase (DNA MTase) enzyme. The further
study 1s to clone, sequence and characterize the regulation of expression of this
gene. Rice DNA MTase appeared to be located entirely within the nuclear
fractions. Nuclear DNA MTase was prepared from nuclei by salt extraction
and subsequently purified by three different chromatography. The purified rice
DNA MTase contained 'relatively high specific activity. The native enzyme
was approximately 130 kDa and showed 55 kDa in SDS-PAGE. Sequence

specificity of methylation had been investigated in vitro using purified enzyme

v



with various substrates. Others properties of rice DNA MTase were studied

and discussed.

A cDNA encoding DNA MTase of rice had been cloned and sequenced.
The nucleotide sequence contained an open reading frame of 4,506 nucleotides
sufficient to encode a polypeptide of 1502 amino acid residues, which was
close to the apparent size of DNA MTase found in rice extract. Like the other
eukaryotic DNA MTase, the inferred protein had a presumed regulatory N-
terminal region linked to a catalytic C-terminal domain, which had ten
conserved motifs found in prokaryotic DNA MTase. Southern blot analysis of
rice genomic DNA indicated the presence of a single gene. Using Northern
blot analysis of total RNA from different developmental stages and different
tissues, we had observed that expression is confined mostly to the rapi‘dly

dividing tissues of the plant.

Since DNA methylation may involve in developmental stages of plants,
the investigation of the role and regulation of DNA methylation in relation to
plant embryogenesis, and somaclonal variation is of interest for plant
regeneration aspects. Furthermore, the expression and stability of transgene in
transgenic plant has been postulated to be interfered by DNA methylation.
Thus, overall studies on mechanisms that regulate plant DNA methylation is
expected to provide an. important basic knowledge for understanding plant
development as well as for potential improvement of plant and transgenic plant

processes.
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Regulation of transcription of a gene by

»

DNA methylation

Transcription of a gene can be initiated when an acting factor (protein or proteins),

recognizing a specific base sequence in the gene's regulatory region, binds to the DNA.
Such binding enables an enzyme known as RNA polymerase to transcribe the protein-

encoding region of DNA into mRNA. The mRNA is later translated into the specified

protein.

Methylation of DNA, shown in black circles, can inactivate a gene by preventing the

binding of an essential activating profein.

binding of an inhibitory protein.

Alternatively methylation might facilitate
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Table 1 Effect of pH of assay buffer on rice DNA MTase activity’

Assay buffer DNA MTase specific activity
{units/mg protein)b

pH 7.0 1.24
pH 7.2 2.38
pH 7.4 3.10
pH 7.6 7.54
pH 7.9 5.30

*The crude DNA MTase was extracted from 10-day-old rice shoot and further assay
under standard assay condition in the assay buffer at various pH.

Table 2 Effect of DNA substrate on rice DNA MTase activity”

DNA substrate DNA MTase specific activity
(units/mg protein)b

Salmon sperm DNA 3.04
Dry embryo rice DNA 1.88
5-day-old shoot rice DNA 4.85
10-day-old shoot rice DNA 7.54
Mature leaf rice DNA 3.64

*The crude DNA MTase was extracted from 10-day-old shoot rice and further assay
under standard assay condition using various DNA substrates.

Table 3 Effect of assay temperature on rice DNA MTase activity”

Temperature (°C) DNA MTase specific activity
(units/mg protein)”

20 3.24

25 7.54
30 4.62
37 3.18

“The crude DNA MTase was extracted from 10-day-old shoot rice and further assay
under standard assay condition at the different temperature.

®One unit of enzyme activity was defined as | pmole of 3H—methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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specific activity (units/mg)

Figure 1 Time dependence of rice DNA MTase activity at 25°C.

The crude DNA MTase was extracted from 10-day-old rice shoot and further assay
under standard assay condition. The reaction was stop at each time interval. One umt
of enzyme activity was defined as 1 pmole of *H-methyl group incorporated into DNA
by the reaction of enzyme per hour at 25°C.
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Table 4 Variation in rice DNA MTase activity with different culture system,
location and age. The values presented are the average of ten independent analyses .

DNA MTase specific activity
Plant matenial (units/mg prott—*:in)b

Light grown Dark grown

Callus 5d - 2.25
10d - 2.46
15d - 282
Suspension cultured cells 5d - 2.76
10d - 2.42
15d - 240
In vitro seedling leaf 5d 2.54 -
10d 2.38 -
15d 2.35 -
root 5d 2.02 -
10d 2.05 -
15d 2.05 -
Dry embryo 0.16 -
Imbibed embryo 1d 1.04 -
2d 222 -
3d 232 -
Hydroponically leaf 5d 2.42 2.28
grown seedling 10d 3.006 2.34
15d 2.80 2.39
roof  5d 1.98 1.92
10d 1.99 1.95
15d 1.90 1.94
Soil grown seedling  leaf 5d 2.48 -
10 d 2.56 -
15d 2.60 -

“The crude DNA MTase was extracted from various tissues of rice and further assay
under standard assay condition using Salmon sperm DNA as DNA substrate.

®One unit of enzyme activity was defined as 1 pmole of 3H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Figure 2 Variation of rice DNA MTase activity in shoots of hydroponically
grown rice seedling with different age.

The crude DNA MTase was extracted from different age of shoots and further assay
under standard assay condition using Salmon sperm DNA as DNA substrate. The
values presented are the average of three independent analyses. One unit of enzyme
activity was defined as 1 pmole of *H-methyl group incorporated into DNA by the
reaction of enzyme per hour at 25°C.
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Table S Specific levels of 5-methylcytosine (mC) in purified total DNA from
various tissues of rice. The values presented are the average of ten independent

analyses.
Plant material? mC X 100/ mC + C (%)
- Light grown  Dark grown
Callus 5d - 26.01
10d - 26.08
15d - 26.11
Suspension cultured cells 5d - 21.10
10d - 21.15
15d - 21.08
In vitro seedling leaf 5d 15.03 -
10d 15.10 -
15d 15.11 -
root 5d 18.94 -
10d 18.96 -
15d 18.97 -
Dry embryo 29.10 -
Imbibed embryo ) 1d 20.09 -
2d 17.10 -
3d 15.08 -
Hydroponically leaf 5d 15.03 16.15
grown seedling 10d 15.02 17.02
,15d 15.06 17.03
root 5d 19.01 19.12
10d 19.03 19.09
15d 19.07 19.10
Soil grown seedling  leaf 5d 15.09 -
10d 15.01 -
15d 1504 -

aThe punfied total DNA from various tissues of rice were prepared and subsequently
analyzed for mC levels.
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Table 6 Location of DNA MTase activity in various organelles of rice cells

DNA MTase specific activity
Source of enzyme” (units/mg protein)’

Light grown  Dark grown

Homogenate shoot 7.58 2.84
root 299 2.85
Nuclei shoot 86.12 23.63
root 23.68 23.74
Plastid shoot 2.26 2.49
(2.42) (68.79)
root 2.86 2.89
(68.82)° (68.86)°
Mitochondria shoot 0 0
0y 0)°
root 0 0
0y (0)°

*Rice seedling were grown by hydroponic technique for 10 days , either under
continuous light or dark,before harvesting. The nuclei, plastid and mitochondrial
fractions were prepared and subsequently assayed for DNA MTase activity under
standard assay condition using nuclear DNA from 10-day-old shoot rice as DNA
substrate. The values presented are the average of three independent analyses.

"The assay was done using chloroplast DNA, prepared from light grown rice seedlings,
as DNA substrate.

“The assay was done using mitochondrial DNA, prepared from light grown rice
seedlings, as DNA substrate.

%One unit of enzyme activity was defined as 1 pmole of 3H—rnethyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Table 7 Specific levels of S-methylcytosine (mC) of purified DNA from various
organelles of rice cells. The values presented are the average of three independent
analyses.

Source of DNA® mC X 100/ mC + C (%)

Light grown Dark grown

Nuclei shoot 15.02 15.02
root 15.03 15.09

Plastid : shoot 0 2584
root 25,80 25.75

Mitochondria shoot 0 0
root 0 #]

“Rice seedling were grown by hydroponic technique for 10 days, either under
continuous light or dark, before harvesting. The nuclei, plastid and mitochondrial
DNA were prepared and subsequently analyzed for mC levels.

22



Table 8 Effect of pH of extraction buffer and assay buffer on rice DNA MTase
activity”

Extraction buffer DNA MTase specific activity
(units/mg protein)b

Assay buffer

pH70 pH72 pH74 pH76 pH 7.9

pH7.0 0.82 1.22 1.42 1.68 1.43
pH 7.2 1.24 238 3.10 7.56 5.30
pH74 1.13 1.84 2.26 4.10 3.10
pH 7.6 1.02 1.62 2.10 3.82 2.86
pH79 0.94 1.24 1.49 1.74 1.68

“The crude DNA MTase was extracted from 10-day-old rice shoot in extraction buffer
at various pH and further assay under standard assay condition in the assay buffer at
various pH.

*One unit of enzyme activity was defined as 1 pmole of *H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Figure 3 Effect of preservative agents and protease inhibitors adding in
extraction buffer on DNA MTase activity of nuclear extract fraction from rice.
The nuclear DNA MTase was prepared in extraction buffer (buffer M) (+), and
buffer M containing 10% Glycerol (O), 50% PEG (&), 0.25M Sucrose (A), 1 mg/l
Pepstatin A (m ), 1 mg/l Leupeptin (O), 1 mg/l Chymostatin (@) or 10% Glycerol
+ 1 mg/l Leupeptin () The prepared enzyme was kept at 4°C, and each sample
was picked up by time interval and immediately measured the activity by standard
assay condition. One unit of enzyme activity was defined as 1 pmole of *H-methyl
group incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Figure 4 Hydroponically grown rice seedlings
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Table 9 Purification of rice DNA MTase from crude homogenate

Purification step Total protein Total activity Specific activity Purification Recovery

(mg) (units) (units/mg)” fold %
Homogenate” 568.0 430544 7.58 1 100
DEAE-cellulose 520 1,479.40 28.45 4 34
Hitrap-Heparin 49 1,080.84 220.58 29 25
Sephadex G-200 0.6 169.58 282.64 37 4

“The crude homogenate was obtained from 100 g of 10-day-old rice shoot and all
procedures were carried out on ice or at 4°C.

®One unit of enzyme activity was defined as 1 pmole of *H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.



Table 10 Effect of micrococcal nuclease treatment, homogenization and salt
extraction of nuclei fraction on rice DNA MTase specific activity and yield.

Nuclei extraction® Total protein  Total activity ~ Specific activity ~ Yield

(mg) (units) (units/mg)d %
NaCl (M)

Micrococcal 0 78 6,717.36 86.12 100
nuclease 0.2 97 8,378 .86 86.38 125
treatment® 0.4 105 9,462.60 90.12 141
0.6 89 7,857 .81 88.29 117
Homogenization® 0 92 8,115.32 88.21 121
02 118 10,622 .36 90.02 158
0.4 145 13,363 .20 92.16 199
0.6 132 12,043.68 91.24 179

“The nuclei pellet was obtained from 100g of 10-day-old rice shoot and all procedures
were carried out on ice or at 4°C.

*The nuclei pellet was treated with micrococcal nuclease prior to reextract with NaCl.
The resulting suspension was centrifuged and the supernatant was further dialyzed.

“The nuclei pellet was extracted with NaCl prior to homogenization. The resulting
suspension was centrifuged and the supernatant was further dialyzed.

“One unit of enzyme activity was defined as | pmole of 3H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Figure S Purification of nuclear DNA MTase by Econo-Pac Q column
chromatography.

The Econo-Pac Q cartridge column (Bio-Rad) was equilibrated with buffer M before
the sample was applied. The enzyme was obtained by eluting with a linear gradient of
0 to I M NaCl at the flow rate 1.5 ml/min (the straight line is the salt gradient). One
unit of enzyme activity was defined as 1 pmole of 3H—methyl group incorporated into
DNA by the reaction of enzyme per hour at 25°C.
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Figure 6 Second step for purification of nuclear DNA MTase by Hitrap-
Heparin column chromatography.

The Hitrap-Heparin cartridge column (Pharmacia) was equilibrated with buffer M
before the sample was applied. The enzyme was obtained by eluting with a linear
gradient of 0 to 1.5 M NaCl at the flow rate 1.5 mi/min (the straight line is the salt
gradient). One unit of enzyme activity was defined as 1 pmole of *H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Figure 7 Third step for purification of nuclear DNA MTase by Superdex-200
column chromatography.

The Superdex-200 column (Pharmacia) was equilibrated with buffer M containing 0.2
M NaCl before the sample was applied. The enzyme was obtained by eluting with
buffer M at the flow rate 0.15 ml/min. The column was calibrated with the following
standard proteins : ferritin (450 kDa), catalase (240 kDa), aldolase (150 kDa), bovine
serum albumin (67 kDa), and ovalbumin (45 kDa), before loading the sample.

One unit of enzyme activity was defined as 1 pmote of *H-methyl group incorporated
into DNA by the reaction of enzyme per hour at 25°C.
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Table 11 Purification of rice DNA MTase from nuclei extract

Purification step Total protein Total activity Specific activity Purification Recovery

(mg) (units) (units/mg)’ fold %
Homogenate" 2,852.0 21,561.12 7.56 - -
Nuclei extract 7280  67,121.60 92.20 1 100
Econo-Pac Q 67.0 179,148.62  2,673.86 29 267
Hitrap-Heparin 32 87,922.05 27,475.64 298 131
Superdex-200 03 22,128.02  73,760.08 800 33

*The crude homogenate was obtained from 500 g of 10-day-old rice shoot and all
procedures were carried out on ice or at 4°C.

®One unit of enzyme activity was defined as 1 pmole of 3H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
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Table 12 Purification of rice DNA MTase from nuclei extract using hemi-
methylated DNA as substrate for enzyme activity assay

Purification step Total protein Total activity Specific activity Purification Recovery

(mg) (units) (units/mg)’ fold %
Homogenate® 7,135.0 56,937.30 7.98 - -
Nuclei extract 2,0102 194,667.77 96.84 1 100
;;no-Pac Q 2090  586,777.95  2.807.55 29 301
Hitrap-Heparin 14.6 421,20197  28,84945 298 216
Superdex-200 2.4 185,875.40  77,448.08 800 95

*The nuclei was obtained from 1,000 g of 10-day-old rice shoot and all
procedures were carried out on ice or at 4°C.

®One unit of enzyme activity was defined as 1 pmole of *H-methyl group
incorporated into DNA by the reaction of enzyme per hour at 25°C.
The assay was done using hemi-methylated DNA substrate, poly (dI-mdC). poly (di-
dC), which was synthesized as described in J. Biol. Chem. 261: 7600 - 7602 {1986).

A
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Figure 8 Analysis of purified rice DNA MTase by Native-PAGE.

The determination of native molecular size of rice DNA MTase was performed by
6.25% (as in this figure), 5%, 7%, and 8% of native-PAGE. The analysis was done by
statistic curve in various percentage of polyacrylamide in native-PAGE (Sigma).
Lanel : a-Lactalbumin; lane 2 : Carbonic anhydrase; lane 3 : Chicken egg albumin,
lane 4 : Bovine serum albumin; lane 5 : Fraction of DNA MTase activity peak from
Superdex-200 column.
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Figure 9 Analysis of rice DNA MTase from the different purification steps on
SDS-PAGE 12.5%.

Lane 1: Standard protein molecular weight marker; lane 2: Nuclei pellet; lane 3: Salt
extraction of nuclei pellet; lane 4. Supernatant from centrifugation of lane 3 after
homogenization; lane 5: Pellet from centrifugation of lane 3 after homogenization;
fane 6 : Fraction of DNA MTase activity peak from Econo-Pac @ column,; lane 7 :
Fraction of DNA MTase activity peak from Hitrap-Heparin column; lane 8 ; Fraction
of DNA MTase activity peak from Superdex-200 column.
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Figure 10 Immunodetection of rice DNA MTase by an antibody against wheat
DNA MTase.

Lane 1: Standard protein molecular weight marker; lane 2: Fraction of DNA MTase
activity peak from Econo-Pac Q column; lane 3 - Fraction of DNA MTase activity

peak from Hitrap-Heparin column; lane 4 and 6 - Fraction of DNA MTase activity
peak from Superdex-200 column.

12 3 4 5 6

37



kDa 14 SDS-PAGE mamsnaasdiiiil¥insiuil DNA MTase enzyme 1U417919

I~
1l5nouly subunit

o

QIS

2.2) msfinmpaanifveaer sl DNA MTase uSgns

2.2.1) Substrate specificity

1a%15fnYT substrate specificity U941 purified rice DNA MTase
y
Tagnl3uuidfion DNA substrate ¥1IAA19 9 (Table 13) Wu U lwaii purify 163
activity g o ld hemi-methylated DNA (W1 substrate 1 poly (dI-mdC).poly
(dI-dC), poly (dG-mdC).poly (dG-dC), 10 d-rice seedling DNA il activity
1po11nlo DNA substrate Yaoavin methylates base L poly (dI-dC).poly (dI-
dC), poly (dG-dC).poly (dG-dC) UONIINTTIWDI activity A substrate MU
=X . A qu Jaigs )
adenine AUBININ Iﬂ&lﬁdtﬂ@}mﬂmﬁ)%f substrate 111 poly (dI-dA), poly (dI-dA)
(i8¢ hemi-methylated poly (dI-mdA), poly (dI-da)  881alsAauen lxitif
U139 methylate DNA substrate nn high methylated cytosine 18114 191 Etiolates
leaf -rice DNA, Dry embryo -rice DNA, mature leaf -rice DNA , Salmon sperm

DNA uag E. coli DNA

s o o 9 o ot 3
namsnaabaih liausansiuldn wwuled DNA MTase Huon'ld
g R . =4 =] L = Y
{1l maintenance cytosine DNA MTase #3819l won loiytia@edny de novo
y o 9y 3 1 .
DNA MTase tao1aiuld1ddn duneuaie 9 Tums purify 819087 co-factor Y14

L7

-~ c; o ] .. = = yd'- - ¥
ARSI AD de novo activity 138 819tllul1aN de novo activity 919d0ams
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Hain ANy sequence specificity U93 purified rice DNA MTase
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Tu in vitro Taeld DNA v8391701g 10 Tu (1 substrate 1fSenfiouiy sequence

specificity methylation MpalusssunAly DNA vot1d Taeldinaiin Nearest-
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Table 13 Substrate specificity of purified rice DNA MTase’

DNA substrate Relative enzyme activity
(o)
poly (dI-mdC). poly {(dI-dC) 100
poly (dI-dC). poly (dI-dC) 5
poly (dG-mdC). poly (dG-dC) 69
poly (dG-dC). poly (dG-dC) 4
poly (dI-mdA). poly (dI-dA) <1
poly (dI-dA). poly (dI-dA) <1
Etiolated leaf-rice DNA 17
Dry embryo-rice DNA 12
10-day-old shoot-rice DNA 95
Mature leaf-rice DNA 35
Salmon sperm DNA 29
E.coli DNA 63

*The purified DNA MTase was extracted from 10-day-old shoot of rice and further
assay under standard assay condition using various DNA substrates.



. . ar G . .
neighbor analysis NaNITNADIRAIARL Y Table 14 uﬁﬂﬂﬁ’mmw T in vitro
purified rice DNA MTase @1115901015tA4 methyl group 1919 sequence CA, CT

’ 4 ¥
1Az CC MUY 3-4 A1 UARASI in vitro methylation Y sequence specificity MUY

CG dinucleotide 18y CNG trinucleotide (N = G, A, T, or C)
2.2.2 Enzyme inhibitor

Figure 11 L@AY  inhibitor Y81 DNA mothylation fis1oamlu
animal system Fjawﬂ lainmsanynaues S-adenosylhomocysteine lag DL-
ethionine @9 activity UD4 rice DNA MTase Hansnagalaasluy Figure 12 %ﬁﬁj
U S-adenosylhomocysteine c'i‘?uﬂu potent inhibitor methyl-donor analog Tu
transmethylation reaction Tﬂﬂﬁ’;llﬂ 15D inhibit activity U89 rice DNA
MTase Ifodrafisz@ninmuinn  wuiferfy DL-ethionine Tasfinnududy
52V 0.0250.050 mM inhibitor W4 2 ¥ilaliasudeai uel S-
adenosylhomocysteine @1U190 inhibit activity 1471 ethionine ﬁﬂam‘{’l’m’fu 0.1-

0.5 mM

Figure 13 UAAINAVOY demethylating agent 0],‘L!gﬂﬂl’e]d base analog Ty

"o 6

119 inhibit activity U893 rice DNA MTase WUINY 5S-azacytosine UAT N -
" 6

benzyladenine WH@ inhibit activity 999 rice DNA MTase lag N -benzyladenine

Y . A d’ Qs 3 i D' ' .
T¥imwa inhibit NHARUIIATMATNTUAINN S-azacytosine
2.2.3) Salt concentration

1y animal system 1519971791 NaCl  @13190 inhibit activity U89

= oas dy =2 3 o -~ .
DNA MTase 1W1U398% f\Nllmfl'lm‘iﬂﬂH?Na‘Uaﬁ monovalent cation (NaCl LG%
KCI) ; divalent cation (MgCl, tag CaCl,); U@ cationic amine (spermidine I

spermine) o activity Y94 rice DNA MTase
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Table 14 Sequence specificity of rice DNA methyltransferase *

Methylation
Sequence in vitro original increase
(%) (%) (fold)
d (C-G) 92 86 1.1
d (C-A) 65 15 4.3
d (C-T) 52 15 3.5
d (C-C) 22 7 3.1

* Excess methyl groups were introduced enzymatically into native
10-days-old shoot -rice DNA and a nearest-neighbor analysis
performed by nick-translation as described in Nucleic Acids Res. 6:
2125-2132 (1979).
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Figure 11 Structure of inhibitors for DNA methylation.
(2) Methy! donor and substrate analog.
(b) Methylated base and its analog.
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Figure 12 The influence of substrate analogs on rice DNA MTase activity.
(@) S-adenosylhomocysteine
(m ) DL-ethionine
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Figure 13 The influence of de-methylating agents on rice DNA MTase activity.
( ®) S5-azacytosine
(m ) N°-benzyladenine
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ARamMInaadly Figure 14 92U NaCl uag KCI fay
|UIUMINAI 100 mM 92 inhibit  activity U84 DNA MTase @40 50 %

Taef KCl Dealums  inhibit 119N NaCl AANUGUTUASITU

=] v 2
Figure 15 4aaddifiudn Ca ion @IN130 inhibit activity 84
[ 2 { =1 as
rice DNA MTase 19an7 Mg ion  Aanmududu@eatu  Tas CaCl, uaz
MgCl, anuidudu 2 uaz 4 mM, MURWU 92 inhibit activity Y89 DNA

MTase aqﬁa 50 %

Figure 16 seraa MM U tri-cationic amine (spermidine) L@% tetra-
cationic amine (spermine) ®IWITIN inhibit activity U3 rice DNA MTase 4@
wuReIiy Teefianududuiies 8 mM @m0 inhibit  activity Y89

DNA MTase @04 100 %

VINHBNITNABDIV AU HAAII rice DNA MTase 919 1H@0In1S
co-factor G?Qﬂ%ﬁl DNA MTase 993 Chlamydomonas sp. (17) é’%ﬁ'awuﬂw $udlu
Avald EDTA Tu assay buffer (@0 wonA IEMASANYINATDY dithiothreitol
no activity U4 rice DNA MTase wud1 vinlula  dithiothreitol Tu assay buffer

9214 activity U994 DNA MTase anad 20 %
2.2.4) Optimal pH
16 sfAnyT optimal pH  w84msiiauvesou eyl DNA MTase
WU rice DNA MTase ¥ optimal pH #duwiz  1ag activity gaga ag

5819 pH 7.6 - 8.0 U@ activity @189 50 % 9 pH 7.4 uaz 82 (Figure

17)
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Figure 14 The effect of salt concentration (monovalent cation) on rice DNA
MTase activity.
(m) NaCl
(e) KCI
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Figure 15 The effect of salt concentration (divalent cation) on rice DNA MTase
activity.
(e) Mg(Cl,
( a ) C&Clz
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Figure 16 The effect of cationic amine compounds on rice DNA MTase activity.
(m) Spermidine
{®) Spermine
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Figure 17 The pH-dependence of rice DNA MTase activity.
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2.2.5) Optimal temperature

1A% 1M 5ANY optimal temperature  Y0IMITHINUVDUOU T3] DNA

MTase WUI1 rice DNA MTase ﬁoptimal temperature 1 25°C (Table 15)
2.2.6) Enzyme Kinetic

DNA substrate concentration

MANansNAaeIdansly Figure 18 WU Km value ¥94 rice
DNA MTase #9 DNA substrate iU rice DNA 9 50 g/ml uaz9Inkans
naapiFuanly Figure 19 WU Km value 989 rice DNA MTase @9 DNA

substrate Milu poly (dF-mdC).poly (dI-dC) D 16.67 [lg/ml

Methy!l donor concentration
nANanmIneaseraaadly Figare 20 WU Km value 99 rice

DNA MTase 719 S-adenosylmethionine iy methyl donor filo 2.63 UM

2.2.7) De-methylation activity

1§M1A3R51990Y de-methylating activity U84 rice DNA MTase

¥ 3 o . o
Togly H-methylated DNA (114 DNA substrate L@ S-adenosylhomocysteine u
methyl acceptor 18 vary pH U84 assay reaction 551319 6.5 - 85  watling

laiwy de-methylating activity Tu purified rice DNA MTase

2.2.8) Enzyme stability

fy oo

A39oWuUI1 DNA MTase 71 purify 18 Tifin9w sable 39187

e o o ' . i '
maﬁnmmmauwuﬁixmw storage temperature LA  storage time NAD
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Table 15 Effect of assay temperature on rice DNA MTase activity’

Temperature (°C) Relative activity
(%)
20 48
25 100
30 62
37 45

*The purified DNA MTase was extracted from 10-day-old shoot of rice and further
assay under standard assay condition at the different temperature.
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Figure 19 DNA substrate concentration (poly (dI-mdC).poly {(di-dC))
dependence for rice DNA MTase activity.

The kinetic data showed a hyperbolic relationship between [V] & [S ]
obey the Michaelis-Menten equation.
(Lineweaver-Burk plot)

Km = 16.67 pg/ml DNA (poly (dI-mdC).poly (dI-dC))
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Figure 20 Methyl donor substrate conceniration (S-adenosylmethionine)
dependence for rice DNA MTase activity.

»

Km =2.63 uM Methyl donor (S-adenosylmethionine)
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activity V94 purified rice DNA MTase HAMINAGOIWY I activity Y894 DNA
T od a "
MTase 3$AARDINTIRTUALHNA activity 1Uaelu 3 3u 914 °C uaz 2
{ ' o 4 =1 . . : =
oY N1 -20C o1t 5 NeuLiaInY purified rice DNA MTase 149 80 °c 1flu

a1 5 Ao AYNT0 maintain activity 1318 82 % (Table 16)

o FT] X VPN ar

mﬂm‘imaawzmullmw rice DNA MTase ﬁﬂmammﬂﬁ’wﬂﬁqﬂu

DNA MTase 910 Wshdsigan 1aun 411918 67 uag Chlamydomonas 117
g 4 o & oAn wd & = o o

Bulainnndad  FFORUI Wre19Y DNA MTase 9uw1zlun1snin DNA

. o A 1 < & a o o A -y Vel

methylation Tuginuuduwizuesiy eo1elsinwnslu@eunes duiylubosn

1MINTLUAIVDY methylated base MANA19NUIN genome 9AITIMITANYIMS

o d’dy Y= cg’ tdg‘
NINIU uazmiﬂ’mﬂumu‘lcﬁuu Gl'ﬂﬁﬂ“]ﬂ"llu

2.3) mﬂm'ﬂ‘”ﬁ .amino acid sequence U3 DULY Sj DNA MTase

U%qn;ﬁ

Qe o

435018 mswSon purified rice DNA MTase  WuSquilmi uasf
YSuamnaiganednsuae 11 amino acid sequencing Lﬁammi’fauamm N-
terminal aa 'l smﬂimgmmﬂmsm purified rice DNA MTase "lﬂm N-terminal
amino acid sequencing 1f| Pastuer Institute ﬂi”&ﬂﬁﬂﬂsﬁﬁ ’VN 2 ﬂ‘:N UMIne
blocking U89 N-termindl amino acid sequencing reaction Mt lua mﬁﬂ”lé’fﬁi’fay,a

T dy
e uil
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Table 16 Stability of purified rice DNA MTase activity at various storage

temperature
Storage Temperature (°C) Storage time Relative activity
(%0)
Newly purified enzyme 0 100
4°C 24 hrs 39
48 hrs 48
72 hrs 0
-20°C 7 days 51
1 months 22
2 months 0
-80°C 1 months 98
2 months 98
3 months 95
4 months 88
5 months 82

“The purified DNA MTase was extracted from 10-day-old shoot of rice and stored in
various temperature. The assay was done under standard assay condition at different
times.



s

=y, o
3) mmaﬂ?]u DNA MTase lay AATIZHAQLIUE

@

A5suunnmieniaion toral RNA 1inoasauvadtney 10
fu idesninnamsnaaeuiieafuniin voaseuveaiiiety 10 Su i specific
activity ¥89t0U l43] DNA MTase gage 33A1A11A25921 mRNA 483 DNA
MTase M transcribe BOAWININAIY sniuinsedon polyA-mRNA Tagl¥

oligo (dT) cellulose column Y94 Poly(A)Quik mRNA isolation kit (Stratagene)

cDNA 9AA3o1910 polyA-mRNA Iagld cDNA synthesis kit U9
Stratagene (Figure 21) 49 cDNA Aesnldn dauniTaune cDNA gnlddmsy
19383 cDNA library 1a81d A- ZAPII vector UaY packaging kit (Gigapack 11
Gold) V03 Stratagene (Figure 22) G?;Qm?ﬂllhlﬂy titer 1 X lngfu/IJ.g of vector

3.1.2) mMsa3EU probe §M3UAADDN rice putative DNA MTase clone
» cé ,
¢DNA Bndrunilagnlddmiuily templae Wi PCR Taold

primer 0 design 970 specific LLa% conserved region U3 SAM binding site Ha¥
active site U893 DNA MTase iﬂﬂ‘ﬁ}ﬂy‘a‘uﬂd Arabidopsis DNA MTase cDNA Falu
NINARDIL Hf%%ﬂﬁmﬁ design 4 non-degenerated primers {01¥ 2 degenerated
primers AanaAalu Figure 23 1191 PCR Tau 14 rice cDNA (T4 template
Naﬂﬂﬂ{]’h degenerated primers F2.2* 119z R2.2* 1 expected size YB3 PCR

A o . & Ay vt v
product ANaunu 1 vuiatsyuns 0.3 kbp (Figure 24) &4 PCR product 11 1A%l 19
1) subclone (€7 pGEM T-easy vector (Promega) MNTATIVADY sequence RIETRY

diouiudeyalu database wu1 Jd2UA homology 11 DNA MTase cDNA 84
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Figure 21 ¢DNA synthesis flow chart.

c¢DNA Library Construction primerflinker

TTTYITTTITTTITGAGCTC S

IS A6 3

Reverse Transcriptase
5-methy| dCTP
dATP, dGTP, dTTR

CH3 CH3 CH3 CHa CHa

Xho |
S TTTTTITTITTTITTGAGCTC S

RNase H S FYVYVVIVEYVVE

DNA Polymerase |
dNTPs

Pfu DNA Polymerase
CH3 CH3 CH3 CH3 CH3 Xho |
R : ETTTTTTTITTTTITGAGETCS

3

AAAAAAAAAAAACTCGAGS
EcoR | Adaptors
T4 DNA Ligase

CH3 CHa CHa CH3 CH3

EcoR | Xho | EceR |
3G, TTTTTTTTTTTTGAGCTC. . .CTTAAS
5'AATTC

| AAAAAAAAAAAACTCGAG. .. G 3
Xho | Restriction ,

CH3 CH3 CHy CHa CHa

EcoR | | Xho |
3G..  TTTTITTITITITTIGAGCT S
§'AATTC =
AAAAAAAAAAAAC 3 C?‘HNA
ﬁszet cDNA

Completed Directionai cDNA

=ONA
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Figure 22 ¢DNA library construction using Lambda ZAP 11

cloning vector with Gigapak II packaging extract
(Stratagene).

Lambda ZAP® If Cloning

3

¥
Sac
Not |
Xba |
Spe |
EcoR |
Xho |

AT7

Directional ligation to Uni-ZAP XR arms +

13»

Gigapack Il packaging extract i

1. Construct DNA library
2. isolate positive clone

3. Excise the pBluescript plasmid
containing the cloned DNA insert
by co-infection with helper phage

Terminator

pBluescript SK-
(=

phagemid
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Figure 23 Primer design from conserved regions based on
Arabidopsis thaliana DNA MTase cDNA.

1 3295 3312
5’-ATG----==-- TTTGCTGGTTGTGGTGGCmmmmmmm = mmmmmm = o
(SAM binding site)
3568 3606

——————— GACTTCATCAATGGTGGACCTCCATGTCAGGGATTTTCT-
(active site of DNA MTase)

4605
---------------------------------------------------------- -CCTAG- 3’

Four non-degenerated oligonucleotide primers and two
degenerated oligonucleotide primers were designed to be used
for PCR amplification of partial rice DNA MTase ¢cDNA

region.

F1 5’-GGGATGGTGAGAGTCTAGG-3°

primer specific to Arabidopsis

F2.1 S>-TTTGCTGGTTGTGGTGGC-3’
SAM binding site

F2.2%: 5-TTYGCNGGNTGYGGNGGN-3°
SAM binding site

R1 S-TTTTTTTTTTTCTAGGGTTGGTGT-3°
primer specific to poly A tail

R2.1 : 5-AAAATCCCTGACATGGAGG-3’
active site

R2.2%*: 5’-WRAANCCYTGRCANGGNGG-3’

active site

* degenerated oligonucleotide primers
R: A/G, W: A/T, N: A/T/G/C, Y: C/T



= 0.3 kbp

Figure 24 Expected PCR product of 0.3 kbp was obtained
by using F2.2* and R2.2* primers with rice cDNA
as template.

2

61



3 )
Arabidopsis 398 4%971 pPMI (partial rice DNA MTase cDNA) 1197192811150

145y probe Tuns screen M1 putative clone U843 rice DNA MTase anllld

3.1.3) 113 M529H1 putative cDNA clone U493 rice DNA MTase 911

cDNA library

Ej’: 98117 screen 11 putative cDNA clone U84 rice DNA MTase
910 ¢cDNA library Vll,ﬂ'i‘c’}llulﬂ Tae75 Plaque hybridization A28 0.3 kbp fragment
V93 PCR product clone pPMI1 ﬁma‘fﬁll}"ﬁﬁ"ﬂ"lﬂ“ﬁ}ﬂ 3.1.2 ﬂ‘i’]ﬂf,]ﬁ? 9110017 screen
1 X 106 pfu WU 3 positive clones

Lﬁﬂ“ﬁmﬁ excision 1A helper phage co-infection Ml la
pBluescript SK 1131 cloned ¢DNA insert 8 1M3ATINADUVUIAVEA insert 1A
¥i1 PCR %18 T3 uaz T7 primers 1183 EcoRI digestion HUN insert 890 aataaelu
Figure 25 11510001 insert iuMAYTEAN 4.7 kbp Difed 1 clone w34
dido pRM1 (rice DNA MTase clone #1) F9UIACDNA 4.7 kbp duvunad
a1ANAsIziiy Lﬁaﬁmmmﬂmumwm purified rice DNA MTase enzyme

= o d'l 1
(lszanm 130 kDa) 3918%1M5 sequence tons1980UAD 1)

]

3.2) MTIUAIIZHANLIUAUDA putative cloned cDNA UBA rice

i 3

FPUMINITNAT NG VIU VDL putative cloned cDNA 984 rice DNA

e

= b o .
MTase 11 pRM1 1o s primer walk sequencing Fautums sequence 1A design
. g s d' 9 EY dl- ¥ » .
primer n overlap NU sequence NNITUVDYALAT IND sequence G]?Jblﬂﬁlu direction
= % 9 ar u'; = d‘. ar ad dyu v oy
IRE3IAY a7l sequence naduIUnNIEaNYaen overlap Y Tﬂ&ﬂﬁuﬂﬂﬁllﬂ“ll’ﬂyﬁ

sequence M1 full length A151 4.7 kbp (Figure 26)
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Figure 25 Putative lambda clone was excised to be
pBluescriptSK containing the cloned ¢DNA insert
by co-infection with helper phage. The putative
cloned ¢cDNA insert in pRM1 was checked by
PCR using T3/T7 primers (left) and EcoRI
digestion (right). The result indicated the 4.7 kbp
cloned ¢DNA insert in pRM1.

1 2 1 2
kbp
5.09 __
3.05— <7 kbp
1.64 — __ pBSK
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Figure 26 Primer walk sequencing was employed to
assemble the full length sequence of 4.7 kbp
putative rice DNA MTase ¢cDNA cloned in pRM1.

Nucleotide sequence of Rice DNA
Methyltransferase

— 1 _
walk from T 3 [ "———m—— ———2 —
promotor

walk from T 7
r promotor

m— 300 bp

Primers Sequences —’

5 TGCTGTGGAGAAACTGG 3
5 CCGAACACTCACGACCC 3
5 CGCATGCGGGCAGCCAC 3
5 CGGACCAGGCAGCGCAGT 3’
STGCCTGGGCTGCCGGGT 3
5'GCTTCCTCGTCGCTCCA 3
S'GCCATCCACCTCCECAA 3
5 GAATGACCGAGACCCAG 3
STYTCGTGGGTGGTTTGT 3
S’ AGCCACTGAGCCACCAC 3

Leel-aen U &t |-

—
=
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Total nucleotide sequence ‘ﬁ clone 14 fio 4,712 nucleotides LAY WU Kozak
sequence N9 Ua1g 5 @0d0 start codon ATG WY stop codon 8% poly A tail
e Uae 37 uaas AT clone 1@ full length Y949 putative cDNA clone 484
rice DNA MTase Figure 27 LAY open reading frame U84 nucleotide sequence ‘Ifii
4,506 nucleotides lAa¥ UTAY inferred amino acid sequence ‘ﬁ,:\‘i 1,502 amino acids

VB9 putative cDNA clone U84 rice DNA MTase oA IUINAIY molecular mass

A1592 14 rice DNA MTase enzyme YUIALIEUNY 167 kDa

oy d . R .
3.3) MIUATIZH functional domains 4183 conservrd motifs YB3

rice DNA MTase sequence WanfSsuheuiie known sequence

=y 4
NaN1TUAT1EN functional domains U0 rice DNA MTase inferred amino acid

sequence WordSeufousy known sequence teraa lu Figure 28 WU rice DNA

P

MTase amino acid sequence 1 linker (GKKKGKVN) #ailugatitls N-terminal

©

region(2/3 @IUVDY sequence NIMUANIIUAE §5) ARpUTUANANAUTEH IO

T 3
L e L B 1 ! ar

9
o =Y [
"lc}fﬁmmmmmmazﬁnm Y C-terminal region (1/3 AIUUBI sequence YNHUA

a Aas 1

k] { 1 o 1 a’dy =y
matlate 37) AfeudnanToususzuauen i ndFaliFiauaasviie

WU Lys-Gly repeats (KGKGKGKGKGKGK), conserved motif 1 (SAM
binding site), conserve::l motif IV (Active site), conserved motif VI, VIII, IX U@y
X U151 C-terminal region ﬁﬁﬂﬁ%'ﬂﬂ’hlﬂﬂ DNA MTase Lfl"ﬂ‘lfch alignment
#1U conserved motifs Y99 rice DNA MTase amino acid sequence nfseueuny
known DNA MTase amino acid sequence ¥oanizdulaun §17Tna uason uzide
1Ne E%’J Uy Arabidopsis aauaaslu Figure 29 W11 DNA MTase amino acid
sequence A9 conserved motifs 99§17 ¥ Twe uasen wudomd 7 uas
Arabidopsis T identity 54 061013fim 300z TinszvinvazBeaduqiiiman

ao 'l
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Figure 27 Nucleotide and inferred amino acid sequence of
rice DNA MTase cDNA

5 ATG GCA GAC TCA AAT AGA TCC CCA AGA TCC AGG CCC AAG CCT CGG GGA CCC AGG
M A DS N R S P R S R P K P R G P R
AGA AGC AAG TCG GAC AGT GAC ACC CTT TTT GAA ACT TCA CCT AGT TCC GTG GCT
R § K S b § p T L F E T 8§ P § § V A
ACG AGG AGA ACC ACC AGG CAG ACC ACC ATC ACG GCT CAC TTC ACG AAG GGC CCC
T R R T TR Q@ T T I T A H F T K G P
ACT AAA CGG AAA CCC AAG GAA GAG TCG GAA GAG GGG AAC TCG GCT GAG TCG GCT
T K R K P K E E 8 B E G N § A EBE § A
GCA GAG GAG AGA GAC CAG GAT AAG AAA CGC AGA GTT GTA GAC ACA GAG AGT GGT
A°E E R D Q D X K R R V V D T E § G
GCT GCA GCT GCT GTG GAG AAA CTG GAA GAG GTA ACA GCG GGA ACC CAG CTG GGT
A A A A V BE K L E E V T A G T Q@ L ¢
CCG CAA GAG CCA TGT GAA CAG GAA GAT GAC AAC AGG AGT CTT CGA CGT CAC ACC
» BE E P ¢C E Q E P D N R S L R R H T
AGA GAG CTG TCA TTG AGG CGG AAA TCA AAG GAG GAT CCA GAC AGA GAA GCA AGA
R E L § L R R K S K E D P D R E A R
CCG GAA ACT CAC TTG GAC GAG GAC GAG GAC GGA AAA AAG GAT AAA AGA AGT TCC
P E T H L D E D E D G K X D X R § 8§
AGA CCC AGG AGC CAG CCC AGA GAT CCA GCT GCC AAA CGG AGA CCC CAG GAA GCA
R P R S § P R D P A A K R R P Q E A
GAG CCA GAG CAG GTA GCT CCC AGA GAC TCC GAG GAC AGA GAC GAG GAT GAG AGG
E P E Q ¥ A P R D S$ E D R D E D E R
GAG GAG AAG AGA CGA AAA ACG ACA CGT TTA AAA CTG GAG TCA CAC ACC GTT €CC
E E XK R R K T T R L XK L E 8§ H T V P
GTT CAG AGC AGA TCG GAG AGA AAA GCC GCT CCA AGC AAA AGT GTG ATC CCG AAG
vV ¢ § R § BE R X A A P S K S§ V 1 P K
ATC AAC TCA CCA AAG TGC CCC GAG TGT GGC CAG CAC CTA GAC GAC CCT AAC CTG
!1 N s P K € ¥ E ¢ G Q H L D D P N L
AAG TAC CAG CAG CAC CCT GAG GAT GCT GTG GAT GAA CCC CAG ATG TTG ACC AGT
K Y Q Q B P E D A V D E P QM L T S
GAG AAA CTG TCC ATC TAC GAC TCC ACC TCG ACC TGG TTT GAT ACT TAT GAA GAT
E K L s 1Y D S T S T W F D T Y E D
TCT CCC ATG CAT AGG TTC ACT TCC TTC AGT GTG TAC TGC AGT CGC GGG CAC CTG

s P M H R F T 8§ F 8 VvV Y ¢C 5 R G H L



TGT CCT GTC GAC ACC GGT CTC ATT GAG AAG AAT GTA GAG CTC TAC TTT TCT GGG

c PV oD T G L I E K N ¥ B LY I 5 G
TGT GCC AAA GCA ATT CAT GAC GAG AAT CCA TCT ATG GAA GGT GGT ATT AAT GGC
c A K A 1 H D E N P S M E G G I N G
AAA AAC CTC GGG CCA ATC AAT CAG TGG TGS CTC AGT GGC TTT GAT GGT GGC GAG
K N L G P I N Q w W L S G F D G G 3]
AAG GTG CTC ATT GGC TTC TCC ACT GCA.’I‘I‘T‘ GCT GAA TAC ATT TTG ATG GAG CCC
K Vv L 1 G F S T A F A E Y I L M E P
AGC AAA GAG TAT GAG CCA ATA TTT GGG CTG ATG CAG GAG AAA ATT TAC ATC AGC
5 K E Y E P 1 F G L M Q E K I Y I S
AAG ATT GTT GTT GAG TTC CTG CAA AAC AAT CCT GAT GCT GTA TAT GAA GAC CTG
K 1 v VvV E F L Q N N P D AV Y E D L
ATC AAT AAG ATT GAG ACC ACT GTT CCT CCT TCT ACC ATT AAT GTG AAC CGG TTC

I N K I E T T Vv P P 3 T I N V N R F

ACA GAG GAC TCC CTC TTA CGC CAC GCC CAG TTT GTA GTG AGC CAG GTA GAG AGT
T & D 8 L L R H A Q F V Vv € Q Vv E S8
TAC GAC GAA CCC AAG GAC GAT GAT GAG ACC CCC ATC TTC TTG TCT CCC TGT ATG
Y » L. A XK b D D E T P 1 F L & P C M
AGA GCC CTG ATC CAT TTG GCT GGT GTC TCC CTG GGA CAG AGG CGA GCA ACA AGG
R A L 1 H L A G V S L G Q R R A T R
CGC GTC ATG GGT GCT ACC AAG GAG AAG GAC AAA GCA CCC ACG AAA GCC ACC ACC
R VvV M G A T K E K D K A P T K A T T
ACC AAG CTG GTC TAT CAG ATC TTT GAC ACT TTC TTC TCA GAG CAG ATT GAG AAG
T K L VvV Y @ I F b T F F $ E Q I E K
TAT GAT AAG GAG GAC AAG GAG AAT GCC ATG AAG CGC CGC CGC TGT GGT GTC TGT
Yy P XK E,D K E N A M K R R R C 6 V ¢
GAG GTC TGT CAG CAG CCT GAG TGT GGG AAG TGC AAG GCG TGC AAA GAT ATG GTG
E V ¢ @ Q P E € G K ¢ K A C K D M V
AAG TTT GGT GGC ACT GGA CGG AGT AAG CAG GCT TGC CTC AAG AGG AGG TGT CCT
K F 6 6 T 6 R S K Q aAa C L K R R C P
AAC TTG GCG GTG AAG GAG GCA GAC GAC GAT GAA GAG GCT GAT GAT GAT GTG TCA
N L A V K BE A D DD E E A D D D V §
GAG ATG CCA TCA CCC AAA AAG CTG CAT CAG GGG AAG AAG AAG AAG CAG AAC AAG
E M P S P K K L H ¢ G K X K K Q N K
GAC CGC ATC TCC TGG CTT GGG CAG CCT ATG AAG ATT GAA GAG AAT AGA ACT TAC
D R 1 § W L G Q P M K I E B N R T Y
TAT CAG AAG GTG AGC ATC GAT GAG GAG ATG CTA GAG TGG GCG ACT GGG TCT CGG

Y Q K Vv ) I D E E M L E W A T G S R



TCA TTT CCA GAT GAT TCC TCC AAA CCA CTC TAT CTA GCC AGG GTC ACA GCT CTG
S F P D L5 § K P L Y L A R Vv T A L
TGG GAA GAC AAA AAT GGT CAG ATG ATG TTC CAT GCG CAC TGG TTC TGC GCT GGG
W B D K N G @ M M F H A H W F cC A G
ACA GAC ACA GTC CTG GGA GCC ACC TCC GAC CCC CTG GAA CTG TTC CTG GTG GGC
T b T vV L G A T s D P L E L F L V¥V G
GAG TGC GAA AAC ATG CAG CTT TCC TAC ATC CAC AGC AAG GTC AAG GTC ATC TAC
E C E N M Q L 8§ Y I H 5 K V K v I Y
AAA GCC CCT TCT GAA AAC TGG GCC ATG GAG GGA GGC ACA GAC CCT GAG ACC ACA
K A P § E N W A M B G G T D P E T T
CTG CCT GGG GCT GAG GAT GGC AAG ACT TAC TTC TTC CAG CTC TGG TAC AAC CAG
L ¢ G A B D G K T Y F F Q L W Y N Q
GAG TAC GCA AGG TTT GAA TCC CCA CCC AAG ACC CAG CCG ACC GAG GAC AAC AAG
E Y A R F E 3 P P K T Q P T E D N K
CAC AAG TTC TGC CTA TCT TGT ATC CGG CTG GCT GAG CTG AGA CAA AAA GAG ATG
H K F C L § C I R L A E L R Q K E M
CCC AAG GTC CTG GAA CAA ATT GAG GAG GTG GAT GGC CGG GTC TAC TGC AGT TCC
P K VvV L E Q I E E Vv D G R Vv Y C 3 S
ATC ACC AAG AAT GGT GTT GTC TAC CGA CTG GGT GAC AGT GTG TAC CTT CCT CCC
I T K N G Vv vV Y R L G D § v Y L P P
GAG GCC TTT ACT TTC AAC ATC AAA GTG GCT AGC CCC GTG AAA CGC CCA AAG AAG
E A F T F N 1 K vV A 5 P Vv K R P K K
GAT CCT OTG AAC GAG ACC CTG TAC CCT GAG CAC TAC CGC AAG TAT TCT GAC TAC
D P VvV N E T L Y p E B Y R XK Y 8§ D Y
aTC AAG GGG AGC AAC CTG GAT GCT CCA GAG CCC TAT CGC ATC GGT CGG ATA AAA

I K & 5 N L D A P E P Y R I G R I K
»

GAG ATC CAC TGT GGC AAG AAG AAA GGC AAG OTC AAC GAG GCA GAC ATC AAG CTG
E I H C G K K K G K v N E A D 1 K L
AGG CTC TAC AAG TTC TAC AGG CCT GAG AAT ATC CAC AGG T2C TAC AAC GGA TOC
E L Y K F Y R P B8 N TH kR & Y N G 5
TAT CAC ACT GAC ATC AAC ATH T Tal T30 AGT QAL TAG GAA GOT GT3G OTG aAl
Y H U D I N M L Y W S D E E A Y Vo i
TTC AGC GAC GTG CAG GGC CGC TGT ACC GTG GAG TAC GGG GAA CGAC CTA CTT GAG
F 8§ D v ¢ G R C T v E Y G E D L L E
AGC ATC CAG GAT TAT TCA CAA GGG GGC CCT GAC €©GC TTC TAC TTC CTC GAG GCC
N I Q DY S Q G ¢ ¢ T R F Y F L E A
TAC AAT TCA AAG ACC AAG AAC TTT GAA GAC CZA TCA AAC CAT GCC CGC AGC CCT

Yy N § K T K N F E D P P N H A R s P
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GGG AAC AAA GGG AAA GGG AAG GGG AAA GGG AAG GGG AAG GGG AAG CAT CAG OTG
G N K G K G K G K G K G K G K H Q Vv

TCA GAG CCC AAA GAG CCT GAG GCA GCC ATC AAA CTG CCC AAG CTC CGG ACC CTG

S B P K E P E A A1 K L P K |L R T L

GAT GTG TTT TCC GGC TGT GGA GGG TTA TCG GAA GGA TTC CAC CAA GCA GGC ATC SAM

D V F s 6 ¢ ¢ G L s 8 G F H Q A 6 1| binding site

TCG GAA ACG CTG TGG GCC ATC GAG ATG TGG GAC CCG GCA GCC CAG GCA TTT CGG
S E T L W A I E M W D P A A Q A F R
CTG AAC AAC CCC GGC ACC ACA GTG TTC ACA GAG GAC TGC AAC GTG CTT CTT AAG
L N W P G T T v F T E D ¢ N V L L K
CTG GTC ATG GCT GGG GAG GTG ACC AAC TCT GTG GGU CAA AGG CTG CCA CAG AAG

L vV M A G E V T N S V G Q@ R L P |lg K
GGC GAT GTG GAG ATG CTG TGT GGT GGG CCA CCC TGC CAG GGC TTC AGT GGC ATG

G D VvV E M L € G G P P? C Q G F § G M active site

AAC CGC TTC ACA CTC CCG CAC TTA TCT CCA AGT TCA AAG AAC TCC CTA OTG CGTC

N R F T/l L P H L § P §$ 5 K N S§$ L V V
TCC TTC CTC AGC TAC TGT GAC TAC TAC CGG CCT CGG TTC TTC CTT CTG GAG AAC
§$ F L § Y ¢ D Y Y R P R F F L L B N
GTC AGG AAC TTC GTG TCC TAC AGA CGC TCC ATG GTG CTG AAG CTC ACA CTG CGC
vV R N F vV 8 Y R R § M Vv L K L T L R
TGC CTG GTC CGC ATG GGC TAC CAG TGC ACC TTT GGT GTG CTC CAG GCT GCA CAG
¢ L ¥V R M G Y Q ¢ T F G ¥V L ¢ A G Q
TAT GGC GTG GCC CAG ACA COA AGG AGG GCC ATC ATC TTG GCT GCA GCC CCA GGA
Y G v A Q T R R R A I I L A A A P G
GAA AAG CTG CCT CTG TTC CCA GAG CCT CTG CAT GTG TTT GCG CCC CGT GCC TGC
E X L ?» L F P E P L H V F a P R AC
TAG TTG AGC GTT GTG GTG GAT GAC AAG AAG TTT GTT AGC AAC ATA ACG AGS CTG
Q L § ¥ VY vV D D K K F VvV § N I T R L
AGC TCG (GG CCC TTC CGA ACC ATC ACC GTG CGA GAC ACC ATG TCT GAC CTC CCC
$ 5 ¢ P F R T I T Vv R D T M § D L P
GAG ATC CAG AAT GGA GCC TCG AAT TCT GAG ATC CCC TAC AAT GGA GAG CCA CTG
E I ¢ N G A § N § B 1 P Y N G EBE P L
TCC TGG TTC CAG AGG CAG CTG CGA GGA TCA CAG TAC CAG CCC ATC CTT CAG GGA
S W F Q R 0 L R G 8§ ¢ Y Q P 1 L @ @
CCG GCT CTG CAA GGA CAT GGC CCA CTG GTG GCT GCC CGC ATG CCG CAC ATC CCA
P A L 2 G 3 G P L ¥ A A R M P 0 I P
CTG TTEC CCA GGA TCA GAT GG IGT GAC CTG CCC AAC ATA CAG GTG €GO CTG GCA

L F 7 G S D W R D L P N I Q v R L G

69



GAT GGC GTC ATA GCC CAT AAG CTA CAG TAC ACC TTT CAT GAT GTG AAA AAT GGT
b G v o1 A H K L QY T F H D Vv K N G
TAC AGC AGC ACC GGT GCC CTG CGT GGA GTC TGT TCC TGT GCA GAA GGC AAG GCT
Y S S T™ 6 A L R O v C S C A E G K A
TGC GACT CCT GAG TCC AGG CAA TTC AGC ACC CTC ATCT CCC TGG TGC CTG CCG CAC

C b P E 5 R Q F § T L 1 P w C L P H
ACT GGG AAC CGG CAC AAC CAC TGG GCT GGC TTC TAC GGG CGT CTG GAG TGG GAT
T G N R H N H W A G F Y G R L BE W D
GGT TTC TTC AGC ACC ACT GTC ACC AAC CCT GAG CCC ATG GGC AAG CAG GGT CGG
G F F S T T ¥V T N P E P M G X Q G R
GTG CTC CAC CCG GAG CAG CAC CGG GTC GTG AGT GTT CGG GAA TGT GCC CGC TCC
vV L H P E @ H R v Vv § V R E C A R S
CAG GGC TTT CCA GAT AGC TAC CGG TTG TTC GGC AAC ATC CTG GAC AGA CAC CGG
Q G F P D § Y R L F G N I L D R H R
CAG GTG GGT AAT GCT GTG CCA CCA CCC CTG GCC AAA GCC ATT GGC CTG GAG ATT
Q V. G N A V P P P L A K A I G L E I
AAG CTC TGC CTG CTG TCC AGT GCT CGG GAG AGC GCA TCA GCT GCA GTT AAA GCA
K L ¢€ L L s S‘ A R E S A S8 A A V K A

AAA GAG GAG GCT GCT ACC AAG GAA 3

K E E A A T K E
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Figure 28 Identification of several functional domains based
on homology with other known sequences in the
inferred amino acid sequence of rice DNA MTase
cDNA.

MADSNRSPRSRPKPRGPRRSKSDSDTLFETSPSSVATRRTTRQTTITAHFTKGPTKRKPKE
ESEEGNSAESAAEERDQDKKRRVVDTESGAAAAVEKLEEVTAGTQLGPEEPCEQEDDN
RSLRRHTRELSLRRKSKEDPDREARPETHLDEDEDGKKDKRSSRPRSQPRDPAAKRRPQE
AEPEQVAPRDSEDRDEDEREEKRRKTTRLKLESHTVPVQSRSERKAAPSKSVIPKINSPK C
PECGQHLDDPNLK Y QQHPEDAVDEPQMLTSEKLSIYDSTSTWFDTYEDSPMHRFTSFSVY
CSRGHLCPVDTGLIEKNVELYFSGCAK AIHDENPSMEGGINGKNLGPINQWWLSGFDGGE
K VLIGFSTAFAEYILMEPSKEYEPIFGLMQEKIYISKIVVEFLQNNPDAVYEDLINKIETTVPP
STINVNRFTEDSLLRHAQFVVSQVESYDEAKDDDETPIFLSPCMRALIHLAGVSLGQRRAT
RRVMGATKEKDKAPTKATTTKLVYQIFDTFFSEQIEK YDKEDKENAMKRRRCGVCEVCQ
QPECGKCKACKDMVKFGGTGRSKQACLKRRCPNLAVKEADDDEEADDDVSEMPSPKKL. .
HQGKKKKQNKDRISWLGQPMKIEENRTY YQKVSIDEEMLEWATGSRSFPDDSSKPLYLAR
VTALWEDKNGOMMFHAHWFCAGTDTVLGATSDPLELFLVGECENMQLSYTHSK VK VIYK
APSENWAMEGGTDPETTLPGAEDGKTYFFQLWYNQEY ARFESPPK TQPTEDNKHKFCLSC
IRLAELRQKEMPK VLEQIEEVDGRVYCSSITKNGVVYRLGDSVYLPPEAFTFNIK VASPVKR
PKKDPVNETLYPEHYRKYSDY[KGSNLDAPEPYRJGRH(ENC*&@EADH{LRLYKF
YRPENTHRSYNGSYHTDINML YWSDEEAVVNFSDVQGRCTVEY GEDLLESIQDYSQGGPD
’ Lys-Gly repeats -
RFYFLEAYNSKTKNFEDPPNHARSPGNKGKGK GKGK GKGKHQVSEPKEPEAAIKLPKLRT
I ( SAM binding site)

LDVFSGCGGLSEGFHQAGISETLWAIEMWDPAAQAFRLNNPGTTVFTEDCNVLLKLVMAG
v { Active site )

EVTNSVGQRLAQKGDVEML CGGPPCQGFSGMNRFLPHLSPSSKNSLVVSFLSYCDYYRPR
VI . ViR

FFLLENVRNFVSYRRSMVLKLTLRCL VRMGYQCTFAVLQAGQYGVAQTRRRAILAMAPGE

KLPLFPEPLHVFAPRACQLSVVVDDEKFVSNITRLSSGPFRTITVRDTMSDLPEIONGASNSE]
PYNGEPLSWFQRQLRGSQY QPILQGPALQGHGPLY AARMPHIPLFPGSDWRDLENIQVRLGD

GVIAHKLOQYTFHDVKNGY SSTGALRGVCSCAEGKACDPESRQFSTLIPWCLPHTGNRHNHW
IX

AGFYGRLEWDGFFSTTVTNPEPMGKQGR VLHPEQHR VVS VRECARSQGFPDSYRLFGNILD
X
RHRQVGNAVPPPLAKAIGLEIKLOLLSSARESASAAVKAKEEAATKE

Landmark on the rice -5 MTase primary structure. Several functional domairs
base on homology with other known sequences have been identified. 71
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Figure 29 Alignment of the conserved motifs of known plant

DNA MTase cDNA with rice DNA MTase ¢cDNA
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v
1LJGGPPCQGESGM
WPGEVEFINGGPPCQGFSGH
PGQVDFINGGPPCQGFSGMN
GQVDFINGGPPCQGFSG
GQVDFINGGPPCQGFSG
GQVDFINGGPPCQGESG?

[LEAGAFGVAQSRKRAF
ILEAGAYIGVPQSRKRAF
ILEAGAFGVPQSRKRAF
ILEAGAYIGVPQSRKRAF
ILEAGAFGVSQSRKRAF
ILEAGAY/GVSQSRKRAF

X
DRARQVIGNAVPPPLAKRIGLEIRLC
QIGNAVPPPLAYALGRKLKEA|
IGNAVPPPLAYAL KEA
QIGNAVPPPLAYALGRKLKEA
HKHRQIGNAVPPPLAYALGRKLKEA
HKHRQIGNAVPPPL GRKLKEA
HKHRQIGNAVPPPL GRKLKEA

Alignment of the conserved motifs of plant C-5 methyltransferase
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Figure 30 Southern blot hybridization of rice genomic DNA
digested with BamHI (lanel) and HindIII (1ane2),
and probed with 4.7 kbp EcoRI-EcoRYV fragment
of rice DNA MTase cDNA
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Figure 31 Developmental specific DNA MTase gene
expression in rice.
Aliquots of 10 pg of total RNA isolated from
different developmental stages were electrophoresed
in a formaldehyde-agarose gel. The RNA was
transferred and fixed to a hybond membrane and
probed with 4.7 kbp EcoRI-EcoRV fragment of rice
DNA MTase cDNA. Lanel: dry embryo (D),
LLane2 and 3: 1 and 3-day-germinated embryo, Lane
4-7:7,10, 14 and 30-day-old-seedling, respectively.

= 4.7kb

D 1 3 7 10 14 30 days
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Figure 32 Tissue specific DNA MTase gene expression in
rice.
Aliquots of 10 pg of total RNA isolated from
different tissues were electrophoresed in a
formaldehyde-agarose gel. The RNA was
transferred and fixed to a hybond membrane and
probed with 4.7 kbp EcoRI-EcoRV fragment of rice
DNA MTase cDNA. Lanel: leaf tissues (L), and
Lane2: root tissues (R).

= 4.7 kb
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Mg/ml, Km ) synthetic hemi-methylated DNA substrate = 16.67 |lg/ml Hag Km
@8 S-adenosylmethionine (methyl donor) = 2.63 UM

A39091M3 clone cDNA %09 rice DNA MTase 1A0iA30Y rice cDNA
library 910 poly A-mRNA ‘IJE]\?EJEJW]'?JWUEN%TJEHQ 10 Eju“?):{iﬁ specific activity
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