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ABSTRACT

Agrococcus species 25 DNA wascloned in pUC19 plasmid of Escherichia
coli. Cloned DNA fragment contained two Opened Reading Frameswith
8 amino acid motives which belonged to amino DNA methyltransferases.
Thus M.Agsl can be the first of subunit adenine-(N6)-DNA
methyltransferase. The enzyme was purified from the recombinant strain
by chromatography on P-11 Phosphocellulose, Heparin-Sepharose and
Hydroxyapatite. M.Agsl specificity was determined by a study of
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protection of lambda DNA methylated with M.Agsl against cleavage with
some restriction endonucleases. A sensitivity of restriction endonucleases

to M.Agsl-methylation was studied.
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INTRODUCTION

DNA methyltransferases (M Tases) transfer the
methyl group from S-adenosyl-L-methionine (SAM) to
cytosine or adenine in double-stranded DNA. The
modified bases are 5-methyl cytosine (5mC or m5C),
N4-methylcytosine (N4mC or m4C) or N6-
methyladenine (N6mA or m6A )M, TheM Tasesdiffer
inthe r recognition sequence and thebaseto bemodified
within this site. DNA methylation of eukaryotesis
involved in processes of an expression of genes,
embryonal development, differentiation of cells,
protection against viruses, carcinogenesisand aging.
DNA methylation of bacteria plays role in DNA
replication, reparation, recombination, cellular
differentiation, pathogenicity, and al'so in Restriction-
Modification (RM) syssemsof protection against foreign

DNA.

The subject of this work is DNA MTase from
Agrococcus species 25, which produces the unique
ENase Agsl splitting DNA in the site TTS*AA,
Therefore MTase M.Agsl must also have unique
specificity for protection of cognate DNA likeawork
of RM systemd®4. The purpose of thiswork isM.Agsl
cloning and study of the recombi nant enzyme properties
and substrate specificity. We have performed a
comparative study of sengtivity of different ENasesto
DNA methylationby M.Agsl.

EXPERIMENTAL

Enzymes, DNA and reagents

Restriction endonucleases, a kaline phosphatase
(caf intestind) and T4 DNA ligaseaswell aspUC109,
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phage A (dam-, dcm-) and T7 DNAs, ATP, reaction
bufferswere obtained from Sibenzyme Ltd, Russia.
Lysozymewasfrom Helicon, Russia. Bovine serum
albumin (fraction V) (BSA) was from
Americanbio.com, USA. S-adenosyl-L-methionine
(SAM) — from New England Biolabs Inc, USA.

Srainsand culturemedium

Escherichia coli K-12 strain RR1 (“merC-mrr
recA+) was from New England Biolabs Inc, USA.
Agrococcus gpecies 25 with RM-system Agsl wasfrom
Sibenzyme Ltd, Russia. L-broth contained 10 g/L
Tryptone (Organotechnie, France), 5 g/L Yeast extract
(samefirm),5g/L NaCl, 0.5g/L MgCl,, 1mg/L thiamin,
For platesL-broth was supplemented with 15 g/L agar
(C.T. Rogper GmbH, Germany). Ampicillinwasadded
upto 100 pg/mL, streptomycin —up to 25 pg/mL.

Transfor mation and colony screening procedures

A. species 25 cells were grown in the flasks
containing 300 mL L-broth at 25°C with 130 rpm for
40h. 10 ug A. species25 DNA, isolated as described
[5], wasdigested in the reaction mixtures of 200 uLL
with 20 units of Pstl (CTGCANG) for 1 h at 37°C.
Digested DNA wascleared by phenol and precipitated
with ethanol. Hybrid plasmids of pUC19 were
congtructed by ligating 10 uL of Pstl-digested A. Species
25 DNA with 3.0 ug phosphatase-treated pUC19/Pstl
by using 2,000 units of T4 DNA ligase. Thereaction
wasallowed to proceed for 16 hat 4°C in 20 puL of 50
mM Tris-HCl, pH 7.8, 10mM MgCl, 100mM DTT, 1
mM ATP. The ligated DNA was precipitated with
ethanol and dissolvedin 12 L of water.

2.5 ng DNA of'the ligation mixture was added to
goproximady 3.0x 10° RR1 cdlsin50 uL and a mixture
wastregted for thedectroporationin “Easyject Prima”
according to themanufacturer’s instructions (EquiBio,
UK). After electroporation the mixture was added to
1.0mL of L-broth and incubated for 1 h at 37°C. For
caculation of transformants 10 uL of the culture were
plated on L-agar withampicillin (50 clonesweregrown
after 16 hat 37°C). The genomic library (1.0 mL) was
grownin 100 mL of L-brothwithampicillinfor 16 hat
37°C with shaking.

Total DNA of hybrid plasmidswasisolated from
100 mL culture of 5000 transformants with use
QIAGEN Plasmid Maxi Kit (Germany) accordingto
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the manufacturer’s instructions. 10 ug DNA was
digested with 10 units of Agsl for 4 h at 37°C,
precipitated with ethanol and dissolved in 15 pL of
water. According to the protocol §¥ thedigested DNA
wasincubated with 3.0x 10" RR1 cellsthat had been
treated with CaCl, Cells were plated on L-agar
containing ampicillinand 120 c oneswereobtained after
16 hat 37°C. The each clone was grown in L-broth
with ampicillinand plasmid DNA wasisolated with
QIAGEN Plasmid Miniprep Kit (Germany). DNAS
from clones were cut with Agsl and analyzed by
eectrophoressin10g/L agarosegd. Agd doesn’t cleave
DNA of plasmid pM.Agsl-106 and E.coli RR1 was
transformed with this plasmid. The obtained clonewas
named E. coli N106 (pM.Agsl).

DNA sequencing

Thesequencing of DNA was carried out with ABI
3130xI GeneticAndyzer device (Applied Biosystems,
USA).

Purification of Agsl M Tasefrom Escherichiacali
N106 (pM.Agsl)

E. coli N106 (pM.Agsl) was grown in flasks
containing 300 mL L-brothwithampicillinat 30°C with
stirringfor 20 h. Celswere harvested at 8000 x gand
stored at -20°C.

The enzyme purification was carried out at 4UC
with Buffer A (10mM TrissHCl pH 7.5,0.1mM EDTA,
7 mM B-mercaptoethanol) or Buffer B (10 mM K-
phosphate pH 7.2, 0.1 mM EDTA, 7 mM B-
mercaptoethanol). 12 g of harvested cells, suspended
in60 mL of Buffer Awith 0.2 M NaCl, 5g/L Triton®
X-100 (non-ionic detergent, Sigma) and 0.1 mM
PMSF (proteases inhibitor), were disrupted by
ultrasound on Soniprep 150 (M SE, UK). Cell debris
was removed by centrifugation at 20,000 x gfor 1 h.
The supernatant was|oaded onto a Phosphocellulose
P11 (Whatman, UK) of 40 mL bed volumeand € uted
with 500 mL of a0.2t0 0.6 M NaCl gradient in Buffer
A. Fractions were assayed for M.Agsl activity as
described below. Theactivity-containing fractionswere
pooled, and, after adidysisagainst 500 mL of Buffer A
with 0.05 M NaCl were loaded onto a Heparin-
Sepharose (Bio-Rad, USA) of 5 mL bed volume
column. Protein was el uted with 100 mL of 0.05-0.6
M NaCl gradientin Buffer A. Fractionscontaining activity
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wereloaded onto aHydroxyapatite (Bio-Rad, USA)
of 10 mL of bed volume column and €l uted with 200
mL of a0.01-0.3 M K-phosphategradient, pH 7.2in
Buffer B. Fractions containing activity were pooled,
didyssagainst 100mL of Buffer Awith 500 g/L glyceral,
0.05 M of NaCl and stored at -20°C.

DNA methyltransfer ase activity assay

M Tase assay was based on aprotection methylated
DNA from cognate ENase. M.Agsl sample was
incubated in 50 puL with 50 pg/mL A DNA (dam-,
dcm-), 1 mM SAM, 33 mM TrissAcOH, pH 7.9, 1
mM EDTA, 66 mM KAc1mM DTT, 0.1 mg/mL BSA
inawell of 96 Well Microplate (Medpolymer, Russia)
at 25°C for 1 h. Then, Microplate was warmed up on a
bath at 65°C for 10 min to inactivate the enzyme. To
cleavenot modified DNA themixturewassupplemented
with 5 uL of 2000 u/mL Agsl restriction endonuclease
diluted with 10mM Tris-HCI pH 7.6,50mM KCI, 0.1
mM EDTA, 200 ug/mL BSA, 1 mM DTT and 100
mM MgAc,. Afterincubation at 37°C 1 h the mixture
wasandyzed by eectrophoresisin8 g/L. agarosegd as
described®. Oneunit of M.Agsl activity methylated 1
pg of A DNA in 1 h blocking the activity of Agsl
restriction endonuclease.

DNA methylation with M.Agsl

Reaction mixture containing 0.4 mg/mL A or T7
DNA, 10 mM SAM, 33 mM TrissAcOH pH 7.9, 1
mM EDTA, 66 mM KAc, 1 mM DTT, 0.1 mg/mL
BSA and 100 u/mL M.Agsl enzymeinatotal volume
of 1.0mL, wasincubated at 25°C for 20 h. Then, 0.1
mL of 100 g/L SDS (Sigma) and 0.2 mL of 3M KCI
were added. The mixturewaswarmed at 65°C for 10
min to dissolve SDS-precipitate, cooled at 0°C for 15
minfor preci pitateformation. Thesupernatant, pooled
after centrifugation at 10,000 x gfor 3min, wasmixed
with 0.6 volume of i-PrOH. DNA pellet was rinsed
with 800 g/L EtOH, dried onair and dissolvedin 0.7
mL of TE buffer (10 mM Tris-HCI pH 8.0, 1 mM
EDTA) to theconcentration 0.5 mg/mL.

DNA cleavagewith restriction endonucleasesand
electrophoresisin agarose gel

Nativeor M.Agsl-methylated A or T7 DNA were
cleavedin 50 pl reaction mixture containing 50 ug/mL
DNA, 0.1 mg/mL BSA, appropriate SE buffer, 125 u/
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mL restriction endonuclease in a cell of 96 Well
Microplate (Medpolymer, Russia) for 2 h at the
temperature recommended by the manufacturer
(Sibenzyme Ltd). Reaction was stopped by addition
10 uL of 0.25M Na-EDTA, pH 8.5, 500 g/L sucrose
and 5 g/L bromphenol blue. The Microplate was
warmed up on abath at 65°C for 10 min and cooled
onice.

Theédectrophoresiswascarriedoutin8g/L of LE
agarose (Segenetic) in TAE buffer with 0.5 pg/mL
ethidium bromide (Sigma) at 5 V/cm for 2.5 h as
described®. The fluorescence of DNA wasrevealed
ontheHerolab GmbH device.

Determination of DNA methyltransferase
specificity

M.Agsl recognition sequence and a methylated
nucl eoti de were determined based on the methylation
sensitivity of restriction endonucleases? and DNA
cleavagepattern s mulation asdescribed earler®. Native
and M.Agsl-methylated A DNA (dam-, dcm-), were
cut by ENasesAgsl ("\TTSAA), Alul (AG CT), Hindlll
(A"AGCTT) and EcoRI (G"AATTC). Then DNA
fragmentswereanayzed by theelectrophoresisin8¢g/
L agarose gel. Protection of DNA cleavage with
restriction endonucleasesdueto Agsl-methylationwas
simulated with PC to reveal an overlapping of
methylation and cleavage sites. Methylation of
TTSA(MmA) inX DNA was simulated by replacement
of TTSAA by NTSAN and designated
(T=>N)TSA(A=>N). Then, the simulated cleavage
patterns of native DNA and DNA with the replaced
nucleotides by restriction endonucleases were
constructed with Vector NT1 program. Inthisprogram
arestriction endonuclease didn’t cut recognition site if
any of baseswasreplaced by “N”. M.Agsl specificity
wasdetermined by an anaysisof experimental dataand
simulated patternsof DNA cleavage.

RESULTSAND DISCUSION

Selection of clonescarryingtheM.Agsl geneand
the sequence analysis

M Tase clones were sel ected by the resi stance of
recombinant DNA to the cognate restriction
endonuclease hydrolysis according to”. A genomic
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library of A. species25 DNA wasobtained in puC19/
Pstl vector DNA as5000 E. coli RR1 transformants.
Atotal DNA of hybrid plasmidswasdigested withAgdl
and used for additional RR1 transformation. Plasmid
DNAsfrom 120 cloneswerecut withAgd and analyzed
by electrophoresisin 10 g/L agarose gel. A DNA of
pM.Agsl-106 plasmid resistant toAgsl cleavagewas
used for E.coli RR1 retransformation. The obtained
clone was named E. coli N106 (pM.Agsl). The
insertion of pM.Agsl-106 was sequenced. A restriction
map of thisrecombinant plasmid with ORF of M.Agsl
geneisshowninFigurel.

Thecloned A. species25 DNA fragment contained
two Opened Reading Frames (ORF) named agsiMA
and agsIMB. Their nucleotide and amino aside
sequenceswere deposited in NCBI GenBank (http://
www.nchi.nlm.nih.gov/nuccore/LN869920.1). The
deduced amino acid sequences corresponding to
agsIMA and agslMB contained 9 conservative motives
which arespecificfor adenine(N6) —and cytosine (N4)
amino M Tases®. Themain matives| (withA-G-G) and
IV (NPPF) are located in M.AgsIB and M.AgslA,
respectively. Amino acidsanalysiswith Blast (http://
blast.ncbi.nim.nih.gov/Blast.cgi) reved ed ahomol ogy
with amino acid sequence of M.Taqgl (http://
www.ncbi.nlm.nih.gov/protein/AAA27506.1) [§],
which modifiesadeninein arecognitionsite TCGA
(Figure2).

Surprisingly, M.AgslB contained motives|, X and
presumable motives Il and 1. These four motives

M. 2gsTB 1
M. Tagl 1

motive T I

M.2gsIB/A 81 HHEMTEDDA
M. TagT 62 G

_motive V V _ motive VI

MSEQLWSRVARELNAHAYMAGVERTVD ‘LQYVDLDMIA
- === -------MGLPPLLSLPSNSA- -Pj SLAE---AP

motive ITI
YEID ————MRDW-'LCTRR
REVGVE‘.Il PKAL] PPWAEGILALFLHE

P(BLA)
o R— Pst1 (435)
* T
-‘*g}k
i \
[ pM.Agsl-106
\ 5207 bp
,g:;{.:& . agSI .
\ (1020-1944)
RI N
O \‘"%‘L_:\:'ﬂ— B
P(LAC) agsiMB (1906-2466
Psi 1 (2961)

Figurel: Restriction map of pM.Agsl-106 plasmid DNA:
Pstl, ligation, sites (bp); 435— 2961 bp, A. species25DNA;
2961-435bp, pUC19DNA; ORI, replication start; P(BLA),
B-lactamase promoter; Ap’, ampicillin resistance; P(LAC),
B-galactosdasepromoter; ags M A and agsl M B, ORFsof DNA
methyltransferaseM .Agdl subunits. Themap wassimulated
with Vector INT program

corresponded to SAM-binding domaini®. Another
subunit M.Agsl A contained other motivesIV-VIIl. The
sequence NPPF in catalytic motive IV istypical for
N6-Mtases®. Thuswe believethat M.Agsl enzyme
consistsof two subunits.

Now there are only three known DNA MTases
M.Aqul, M.Eael and M.EcoHK 311 which consist of
two subunits. All of them belong to the class of C5
MTased3. M.Agsl isafirst N6-MTase, which consists

_motive X thE X

M.AgsIA®motive IV
IZED) 'r- SIFODSVN
BRRED j22Y G IVGEA.

motive VIIIT tive VIIIL

IHVFKAVEDLYKKAFSTWK

_motive VII

M.AgsIA 136 RLLIIGGEL VVE P ACKE g haY S--- GSTECDYW

M. TagI 138 VLEDF. (L5

M.AgqsIA 212 PTPTTIIKGRERFDIY------|#SSAMTYLPND SLQVHH”'\M SLNV-EWDYVTCHN IRRRD! ST

M. TagIl 211 =---GKGELSLWDTQES¥SGFTPIMWAEY PHWEGE ETEE‘I’ LGODLFHIRFAARSPEFEE-HIAV. =
M. AgsTA 285 PY|4YFH -TWSSIRCD - -~ PKVMWIHS DE&VY R E LALAANMNS
M. TaqT 287 LVigyLT EKNI-ISGL&DK_‘ERAKHHD%K VVAHT i = =0ERMYPWR -~ ~EEFH
M. AgsTA 360 RYIY) - - -GFG] FAGLPD|FRIWR-AT.SDE EMF FmN LI&P

M. TagI 361 KEGVI:ID PSELVOWLNS! QKHVR TSNS EFVPHL TLR! S PIWS

Figure2: Amino-acid alignment of thesubunitsB and A of M .Agsl with M. Tag| MTase(TCGm6A): A coincidenceof identical

amino acidsismarked by black, of similar —by gray
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of two subunits. C-terminal part of M.AgsIB protein
has no homol ogy to any of known proteinsand itsrole
remainsund ear. Webdievethat binding of two subunits
of theenzyme may be oneof possibleroleof thispart
of MTase.

M.Agsl purification and characterisation.

E.coli N106 (pM.Agdl) wasgrown and theenzyme
was purified from cellular extract by subsequent
chromatographic steps on Phosphocellulose P11,
Heparin-Sepharose, and Hydroxyapatite as described
in“Materials and Methods”. M.Agsl was obtained with
activity 10u/pL.

The specificity of M.Agsl was determined based
onthemethylation sengtivity of resiriction endonucleases
and DNA cleavage pattern of native and M.Agsl-
methylated A DNA simulation® as described in
“Materials and Methods”. Figure 3 (A and B) shows
that themethylation of A DNA with M.Agsl (Lanes: 2)
completey blocksDNA hydrolysiswith cognate ENase
Agsl ("TTSAA). Simulation showed that M.Agsl
recognition Siteisoverlgpped with apart of recognition

Agsl AluBl Alul Bst6l EcoRl Fall Hindlll MroXl Pctl Zrml

A
Agsl Alul

B

Hindlll EcoRI Agsl  Alul  Hindlll EcoRI

1 2121212 12121212
Figure3: Determination of M .Agsl-methylation specificity
by blocking of restriction endonucleases(A) and by model-
ing (B): Lanes 1,unmethylated . DNA; 2, A DNA methylated
withM.Agdl (A) or edited (T=>N)TSA(A=>N) (B). DNA was
digested with Agsl (*"TTSAA), Alul (AG~CT), HindllII
(AMAGCTT) and EcoRI (GM"AATTC): Electrophoresiswas
performed in 8 g/L agarose, smulation with Vector NTI pro-
gram

Agsl Bsell Bst6l BstV2l Mfel MroX| Peil PsiSI Petl  Psel Sspl Vspl

>N)

SN)TSA(A

% DNA -+ (T

% DNA - + MAgs|

L LTI 1)

121212121212 12121212 1

>N)

>NITSA(A

2

T7DNA - +(T

T7 DNA - + MAgsl

1.2 121212121 212L.21212 12

Figure4: Simulated and experimental cleavage of nativeand M .Agsl -methylated . and T7 DNA with restriction endonu-
cleases Lanes: 1, native nucleotide sequenceand DNA; 2, sitesof the sequencewer eedited as(T=>N)TSA(A=>N), or DNA
methylated with M .Agsl. Simulation wasper for med with Vector NT1 program. Cleavagewascarried out with each endonu-
clease activity sufficient for 5-fold excess of DNA. DNA bandsin 8 g/L agar ose wer e visualized by fluorescence with

ethidiumbromide
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TABLE 1: Methylation sensitivity of somerestriction endo-
nucleases.

Cleavage

ENase Methylated site (%)* DNA
AS 3 oS o AT
AluBl 2(T”2%AKC;CT3 0 A
5'-(MBA)GCT-3'
Alul 3’-(Tn2:GA)-5’ 0 "
Do,
o SET o m
e
o SO
cy|  5-AMBA)GNNNNNCTT-3 o N
3-TTCNNNNNGAA-5'
Hindil1 2,:?%222_?13 100
v TOwmTS
o SS—C
o pemores
- ST o
e
5'-GA(MEA)CNNNNNNTAC-
Pyl 3 o T7
3-CTGNNNNNNATG-5'
B TTATAAS o T
VR S Tanttas 000 77
Zm atons o

The sensitivity of ENases wastested by cleavage . and T7 DNA
methylated by M.Agsl TTSA(m6A). Single letter code: R = A
orG,Y=TorC,M=AorC,K=Gor T,W=AorT,S=GorC,
D=AorGorT(notC),H=AorCorT (notG),B=CorGor
T (notA),V=AorCor G(notT), N=Aor Cor Gor T.* Data
are obtained for the first time

sites of Alul, Hindlll and EcoRI restriction
endonucleases. Hindlll doesn’t cut a sequence

(MB6A)AGCTT®¥ however, Hindlll cleaves DNA
sequence TTSAAGCTT overlapping with M.Agsl.
Thus, M.Agdl didn’t produce TTS(m6A)A. At the same
time, methylation with M.Agsl blocksthe cleavage of
sites TTSAAGCT and TTGAATTC with Alul
(AGMCT) and EcoRI (GMAATTC), respectively. It
demonstrates that M.Agsl produces TTSA(m6A),
becauise both ENasesare sensitiveto methylation even
on one DNA strand: Alul doesn’t cut (m6A)GCTM,
EcoRI doesn’t cut GA(m6A)TTCH but cuts
G(MBA)ATTCIM,

Thustheresultsof geneanays sand the probing of
themethyl ated site by restri ction endonucl eases show
that M.Agsl forms5 *-TTSA(m6A)-3* on DNA and
bel ongsto adenine-(N6)-DNA methyltransferases(EC
2.1.1.72)W, M.Agsl possessesanew specificity among
known analogd? and it can quite be of interest to
molecular and genetic works.

Methylation restriction

endonucleases.

sensitivity of

An essential characteristic of restriction
endonud easesismethylation sengtivity of theseenzymes
A number of ENases were tested for methylation
sengtivity withA and T7 DNAs methylated by M. Agsl
on TTSA(m6A). Themodd and experimental results
areshowninFigure4and areinterpretedin TABLE 1.
If some casesthe methylation of particular sequences
was simul ated as described®*,

Someresultsshownin TABLE 1 confirmknown
data about methylation sensitivity of restriction
endonucleases?. Other resultswere obtained for the
first time (* noted cleavage %).

CONCLUSIONS

The geneof anew DNA methyltransferaseAgsl,
from bacterid strain Agrococcus species 25 wascloned
in Escherichiacoli. Recombinant M.Agsl enzymewas
isolated and it was shown that thisM Tasemodified the
externa adenineresiduein therecognition sequence
TTSAA producing5’-TTSA(m6A)-3’. M.Agsl differs
from all known M Tasesby therecognitionsite[2]. The
new data on sensitivity of different restriction
endonucleases to M.Agsl-methylation have been
obtained.
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