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Abstract: The DNA methylated by Hpa II methylase was not cleaved by Sma, I, Ava I and Nae I en-
donucleases. This experimental data could be interpreted as strong evidences that Sma I, Avaland
Nae I methylases which yet to be isolated would methylate on the inmost cytosine nucleotide within
their hexameric recognition sequences. The facts that Sma I, Ava I and Nae I endonucleases can not
cleave the DNA methylated by Hpa Il methylase are the valuable informations for protecting DNAs
upon cleavage reactions by Sma I, Ava I and Nae I endonucleases especially for cDNA insertion ex-
periments into vector DNAs using Sma I, Ava I and Nae I oligonucleotide linkers. In the case of Xma
I endonuclease, partially cleaved DNA fragments were observed although the reaction rate was
greatly decreased. This result implies that the methylaticn site of Xma 1 mnethylase which yet to be
isolated would not be the same as that of Hpa II methylase in Xma I sequence.
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Hpa II methylase recognizes the DNA se-

completely protect the DNA from the cleavage re-
quences, 5 -CCGG-3 , and methylates on the in-

actions of the four related hexameric endonu-

ternal cytosine nucleotide as indicated by an as-
terisk (6). Since the Hpa II specific sequence is the
central tetrameric sequences of the hexameric en-
zymes, Sma 1 (5 -CCCGGG-37), Xma I (5"
CCCGGG-37), Aval (57-CPyCGPuG-3 ) and Nae I
(5 -GCCGGC-3"), Hpa II methylase can modify
the inmost cytosine nucleotides of the hexameric
sequences, 5’-CCCGGG-3’ and 5°-GCCGGC-3 . In
this paper we will describe in vitro methylation of
DNAs by Hpa Il methylase, which can partially or
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cleases.
MATERIALS AND METHODS

Materials

S-adenosyl-methionine was purchased from
Sigma. Restriction endonucleases were purchased
from New England Biolabs. Hpa II methylase
and Hpa II endonuclease were isolated in our
laboratory as described previously (6)(7). Plasmid
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pUCY DNA and M13mpY DNA were isolated by
the procedure of Clewell et al (2). All other
chemicals used for this experiments are reagent
grade.
Restriction endonuclease reactions

Alul, Aval, Hhal, Hpa II, Nae I, Sma I and
Xma I endonuclease reaction mixtures contained
10 mM Tris-HC1, pH 7.5, 10 mM MgCl,, 6mM
2-mercaptoethanol, 0.1 mM EDTA and optimum
concentrations of NaCl (KCl for Sma I) with in-
dicated amounts of DNA. In every case, the reac-
tion mixture was incubated at 37°C (25°C for Sma
D for 30 min to 3 hrs with 1 to 10 units of the en-
Zymes.
DNA methylation in vitro

For the completion of the Hpa Il methylation
reaction, prolonged incubation was necessary
with an excess amount of enzyme. The reaction
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mixture contained 50 mM Tris-HCl, pH 7.5, 2.
mM EDTA, 50 ¢g/mi bovine serum albumin, 10
mM Z-mercaptoethanol, 30 xM S-adenosylme-
thionine, 10 to 20 gg/m{ ot DNA, and 120 units of
enzyme in 25 /. After 3 hrs of incubation al
37°C, 1z of 2.5 mM S-adenosylmethionine and
50 units of enzyme were {reshly added. And the
reaction was continued for 3 additional hours.
Analysis of restriction fragments

To analyze the cleavage product clearly, plLiICYH
and M13mp9 RF DNAs were treated with Nar |
and Bgl II endonucleases, respectively. The
resulting linear pUCY and M13mpY DNA have
one of 5-CCCGGG-37 and 5°-GCCGGC-37,
respectively. The analyses of the DNA fragments
after digestion with endonucleases were perform-
ed on 1% agarose horizontal gels (8 x 9 = 0.3
cm). Electrophoresis was carried out at 60 volts
for 3 hrs at room temperature in TAE buffer (40
mM Tris-acetate, 2 mM EDTA, pH 8.0). DNA
was visualized by staining with 1 pg/m/ of
ethidium bromide for 30 nunutes.

RESULTS
Plasmid pUCY and M13mp¥ RF DNAs have 1]

and 18 Hpa I sites, respectively. All of these sites
were methylated by Hpa 11 methvlase as describ-
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Fig. 1. DNA mnethylstion by Hps I methylase. A
Linearireq piC9 DNA methylated by Hpa if
methyiise wes completely resistant (o Hpa if e
donucizase. The detaled reaction conditions ats:
explaired i CMethods”. Lane a, methylsted
ONA by Hpa 1l methylase. Lane b, unmiethylate:d
DNA vras digested wirki 10 units of Hpa I en
donucizase for 1o bowrs at 37°C Lane o,
methyrite d DNA by Hoa [ methivlase was teated
with 10 urats of Hpa Il endonuctease for 1.5 hovis
at 37700 Bovhe same expenment has beern e
formec az A excell thal hhearzed plUCY DN
was rookiced with incatzed MI3mpd ONA.

ed in “Methods”. The ‘DNAs thus methylated
were completely resistant against the cleavage
reactions of Hpa II endonuclease (Fig. 1). The
results shown in Fig. 1 also indicate that the Hpa
II methylase and endonuclease used do not have
any considerable amounts of contaminating me-
thylase or nuclease activities, and recognize the
same nuclectide sequence with associated spe-
cificities as cescribed earlier (6)(7).
Sma I, Ava 1 and Nae I endonucleases can not
cleave the DNA methylated by Hpa 1l methylase
Sma 1 e¢ndonuclease recognize the hex-
anucleotide sequences :"5’-(;«;6(3()(%3 ©oand

cleaves at tne poat indicated by the arrow (3).
Since the nterral tetrameric sequence, 5'-
CCGG-37, 1s identical with Hpa Il sequence. it wus
expected thiit the methylation by Hpa II methy
lase within the hexameric sequence could inhibit
the cleavage reac:ions by the related hexamerw
enzymes. The results shown in Fig. 2 mdicates
that the me hylation by Hpa Il methvlase com-

pletely inhikited the cleavage reaction by Smia |
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Fig. 2. Sma / endonuciesse activity on the methylated
DNA by Hpa Il mathylase. Sma | endonuclease
activity was totally inhibited by the methylation
on the inmost cytosine residue in Sma | ss-
quences. The dstalled reaction conditions are
described in "“Msthods”. Lane 1. methylated
pUCY linear DNA by Hpa Il methylase. Lane 2,3,4
and 5, methylated pUCY linear DNA by Hpe I/
methylass treated with 10 units of Sma | en-
donuclease for 30 min, 1 hour, 2 hours and 3
hours, respectively. Lane 6, unmethylated plUC9
linsar DNA. Lane 7 and 8, unmethylated pUCY
linear DNA treated with 10 units of Sma | en-
donuclease for 30 min, 1.5 hours, respsctively.

endonuclease even after 3 hours of incubation
(Fig. 2, lane 5). The position of the two final
restriction fragments generated from unmethy-
lated pUCS linear DNA after treatment with Sma
I endonuclease are marked by arrows on the right
side of the gel, although the lower band is ex-
tremely faint.

The same results have been obtained when
Ava ] and Nae I endonucleases were used (F ig. 3
and Fig. 4). Ava I and Nae I endonucleases

recognize 5 ’-CleCGPuG-I%’ (4) and 5°-GCC
GGC-3" (1) respectively, and cleave at the points
indicated by the arrows. Among the two kinds of
Ava 1 sequences, 5'-CCCGGG-3’ and 5'-
CTCGAG-3’, only the former sequence would be
methylated by Hpa II methylase while the later se-
quence would not be methylated by the enzyme
and would be cleaved by Ava I endonuclease. To
facilitate the experiment with Ava I endonuclease,
linearized pUC9 DNA was used because it has on-
ly one Ava I sequence which can be methylated by
Hpa II methylase. Linearized pUC9 DNA by Nar I
endonuclease generated two fine fragments after
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Fig. 3. Ava / endonucleass activity on the methylated
DNA by Hpa Il methylass. Ava | endonuclease ac-
tivity was totally inhibited by the methylation on
the inmost cytosine rasidue in Avs | sequences
fnote that pUCY DA used in this experiment has
only one of the two different Ave | sequences
which can be maethylated by Hpa Il methylass).
The detailed reaction conditions are described in
“"Methods”. Lane 1, mathylated pUCS linear DNA
by Hpa Il methylase. Lane 23,4, and 5,
methylated pUCS linear DNA by Hpa /I methylase
treated with 4 units of Ava / endonuclease for 30
min, 1 hour, 2 hours and 3 hours, respectively.
Lane 6, unmethylated pUCS linear DNA. Lane 7
and 8, unmethylated pUCSY linear DNA treated
with 4 units of Ava | endonuclease for 30 min, 1.5
hours, respectively.

the reaction by Ava I endonuclease (Fig. 3). In the
case of the experiment with Nae I endonuclease,
M13mp9 DNA (linearized by Bgl II endonu-
clease) which contains one Nae I sequence, was
used. Although the enzyme activity of Nae I en-
donuclease was slow on linearized M13mp9 DNA,
the reaction was almost completed after 1.5 hours
of incubation of the unmethylated DNA with the
enzyme at 37°C (Fig. 4, lane 8). The final two
restriction fragments are marked with arrows on
the side of the gel. With the DNA methylated by
Hpa II methylase, neither Ava I nor Nae I en-
donuclease could cleave the DNA even after 3
hours of incubation at 37°C (Fig. 3, lane 5 and Fig.
5, lane 5).
Xma I endonuclease was able to cleave the DNA
methylated by Hpa II methylase with decreased
reaction rate

Xma I endonuclease which is an isoschizomer
of Sma I endonuclease recognizes the same hex-

americ sequence, 5 -CCCGGG-3, but cleaves dif-
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Fig. 4. Nae | endonuciease activity on the methylated
ONA by Hpa Ii methyiase. Nae | endonuclease
was totally inhibited by the methylation on the in-
most cytosine residue in Nae | sequences. The
detailed reaction conditions are described in

“Methoas”. Lane 1, methylated MI13mp9 RF
linear DNA by Hpa li methyiase. Lane 2,3,4, and
5, methylated M13mp9 RF linear DNA by Hpa I
methylase treated with 5 units of Nae | en-
donuctease for 30 nun, 1 hour, 2 hours and 3
hours, respectiveiy.  Lane 6, unmethylated
MI13mp8 RF linear DNA by Hha | methylase. Lane
7and 8, unmethylated M13mp9 RF linear DNA by
Hha [ methylase treated with 5 units of Nae | en-
donuclease for 30 nun, 2 hours, respectively.

ferently. The arrow indicates the cleavage site.
The methylation by Hpa II methylase on the in-
most cytosine residue within Xma [ site greatly
protected the sequence against the cleavage reac-
tion of Xma I endoncuelase (Fig. 5). As we can see
from Fig. 5 lane 5, only a small fraction of the
methylated DNA was cleaved by Xma I endonu-
clease even after 3 hours of incubation at 37°C.
When compared with the reaction rate with the
unmethylated DNA (Fig. 5, lane 8), it is clear that
the reaction rate with the methylated DNA was
greatly decreased.

DISCUSSIONS

DNAs methylated on the inmost cytosine
residue by Hpa II methylase within the central
tetramer were protected against cleavage reac-
tions by the related hexameric enzymes (Xma I,
Aval, Smal and Nae [ endonucleases) having that
central tetrameric core. When treated with Sma I,
Ava I or Nae I endonucleases, the DNA methy-
lated by Hpa 1I methylase was totally resistant
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Fig. 5. Xma | endonuclease activity on the methylated
DNA by Hpa Il methylase. Xma | endonuciease
activi'y was partially infubited by the methyiation
on the inmost cytosine residue in Xma | se-
quence. Only a fraction of the DNA was cleaved
even after 3 hours of incubation flane 5 indicating
that the reaction rate was decreased. The detavecs
reaclion condions are described i Methods’
Lane 1. methyiated pUCY linear DNA by Hpa i
methylase. Lane 2,34 and 5, methylated pUCY
linear DNA by Hpa Il methylase treated with !

units 2t Xme i endonuciease for 30 min, 1 Acur, 2
hours and 3 hours, respectively. Lane €,
unme-hylated pUCY linear DNA. Lane 7 and &
unme hylated plUCY hinsar DNA treated with !
umt ¢f Xma | endonuciease for 30 min and }.5
hours respeciively

against the cleavage reactions (Fig. 2,3, and 4).
These resu'ts could be the strong evidences that
the specific methylation sites of Sma I, Ava | and
Nae [ methvlases which yet to be isolated are the
same as the case of Hpa 1l methylase. However, it
cannot be ruled out that a methylation near or
within the recognition sequence may have the
same effec: as the specific methylation upon
cleavage reaction of the cognate endonuclease.
The resalts that Sma | and Nae I endonu-
cleases (not:: that one of the two Ava I sequences
can not be inethylated by Hpa [l methylase) can-
not cleave the DNAs methylated by Hpa Il
methylase iz valuable informations for protecting
DNAs upor: cleavage reactions by those restric-
tion enzymes. One of the example is as follows.
The cDNA¢ ligated with Sma I or Nae | linker
DNAs should be cut with Sma I or Nae 1 en-
donuclease nefore being joined into vector DNAs.
In this case Hpa II methylase which vet to be
isolated can be used instead of Sma I or Nae |
methylase ior protecting the ¢DNAs from the
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cleavage reactions.

In contrast to Sma I, Ava I and Nae I en-
donucleases, Xma I endonuclease could cleave the
DNA modified by Hpa II methylase although the
reaction rate was considerably decreased (Fig. 5).
This result indicates that the methylated cytosine
residue inhibits the proper interaction between
Xma I endonuclease and its recognition sequence.
This result also implies that the specific methyla-
tion site of Xma [ methylase, which has not been
isolated yet, would not be the same as the case of
Hpa II methylase. As we published the date pre-
viously (5) that Hind III and Sst I endonucleases
produced the specifically nicked circular form of
DNA when treated with covalently closed form of
DNA, Xma I endonuclease exhibited the same
property (data not shown). The specifically nicked
DNA may be useful for a number of purposes.
The nicking reaction could be used in sequence

X
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a. lysis of DNAL A specifically nicked restriction
fragment can be separated into three single
strands of different lengths unless the nick is in-
troduced precisely in the middle of the strand.
This separation is easier to achieve than the
separation of single strands of equal length.
Therefore 5 (or 3 ) labeling of specifically nicked
fragment, followed by strand separation, provides
three starting points for sequence analysis, two
from the ends and one from the interior of the
fragment.

Another possibility to use the nicking reaction
may be the introduction of specific gaps in one
DNA strand if the reaction is combined with an
appropriate exonuclease. These gaps could be us-
ed for specific labeling of one DNA strand, for bin-
ding of single-strand specific proteins to defined
regions of a DNA and for site-specific mutagene-
sis.

2
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