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The effect of site specific methylation on restriction endonuclease digestion
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INTRODUCTION

There have been a number of important new developments in
the field of site specific DNA methylation since the last
compilation (48).

A method for producing restriction endonuclease cleavage at
8, 10 and potentially at 12 or 14 base pair sequences has been
developed (49). The technique relies on site specific methylases
and methylation dependent restriction. The only methylation
dependent restriction systems known are Dpn I (GmATC) and its
isoschizomers. However, DNA from E.coli, which is the usual
substrate for assaying endonucleases, is unmethylated except at
GmATC and CmC(A/T)GG. Thus, it is likely that there are other
methylation dependent endonucleases which have not been detected
with this substrate.

Nelson et al have investigated a large number of restriction
modification methylases as blocking agents for restriction
endonucleases (52). Methylase specificities which partly overlap
and block cleavage at endonuclease recognition sequences give
restriction specificities which are both novel and rarer. For
example, a subset of Nae I (GCCGGC) sites, GGCCGGC and GCCGGCC,
are blocked by M.Hae III (GGmCC). The specificity of Nae I is
thus (A/C/T)GCCGGC(A/G/T) in M.Hae III methylated DNA.

A new type of modification methylase specificity has been
found for M.Bcn I (CC(C/G)GG) which methylates at the N-4
position of cytosine (30). Bst NI (CC(A/T)GG) from a related
species is known to cut DNA that is methylated at the C-5
position of cytosine at any combination of cytosines in its

recognition sequence. It seems likely that M.Bst NI is also an
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#denotes a known modification methylase specificity

J=A or C, K=G or T,N=A,C,G or T, R=A or G, Y=C or T, X=A or T,
Z2=G or C, D=A,G or T, H=A,C or T

mC= 5-methylcytosine, mA= 6-methyladenine

Nomenclature is that proposed by Smith and Nathans (65)

Restriction Recognition Sites Sites not References

Enzyme Sequence cut cut

Alu I AGCT —----- mAGCT 23,52,53
AGmCT #

Bsu F I CCGG ? mCCGG# 33

Hap II CCGG ? CmCGG # 16,75

Hpa II ccGé6  --=-==- CmCGGH# 16,41,42,55,77
mCCGG(a)

Msp I CCGG CmCGG(b) mCCGG#(a)(c)16,32,70,75,77

Tha cGece 00 --=--- mCGCG 67
CGmCG

Bst £ III GATC(d) ? GmATC 50,57

Dpn I GmATC(e) GmATC only cuts methylated DNA 37,74

Fnu E I GATC GmATC 40,52

Mbo I GATC(d) GATmC GmATC# 8a,20,44,57

Pfa I GATC GmATC ? 57,71

Sau 3A GATC(d) GmATC GATmC(a) 13,16,46,57

Hha I GcGe 0 —-=--- GmCGC# 16,43,66
GCGmC

Hin P I GCGC ? GmCGC 53

Bsu R I GGCC ? GGmCC#(a) 24

Hae III GGCC GGCmC GGmCC#(a) 2,41,42

Ngo II GGCC ? GGmCC# 36a

Taq I TCGA TmCGA TCGmA# 23,46,70

Tth I TCGA TmCGA TCGmA# 62

Tf1 I TCGA ? TCGmA# 62

Scr F I CCNGG mCCNGG CmCNGG 52,53

Dde I CTNAG ? mCTNAG 52

Hinf I GANTC GmANTC 52,53a
GANTmC(f)

Fnu 4H I GCNGC ? GmCNGC 69

Sau 96 I GGNCC ~  -==--—- GGNmCC 44,52,53a
GGCCmC

Aac 1 CCXGG CmCXGG ? 8

Apy 1 CCXGG CmCXGG mCCXGG(g) 11,45,56,57

Bst N I CCXGG(h) CmCXGG ~  --—-=-= 23,45,57

mCCXGG(j)

Eco R II CCXGG(h) mCCXGG CmCXGG# 6,44,45,51,57,63

Mph I CCXGG(h) ? CmCXGG 34,57

Tag X I CCXGG mCCXGG CmCXGG 22

Ben I CCZGG mCCZGG CmCZGG#(k) 29,30

Neci I CCZGG ? CmCZGG(1) 8,45

Bbv I GCXGC ? GCmCXGC# 12,25,73

Ava II GGXCC ? GGXCmC 2,43

Eco 47 I GGXCC ? GGXCmC 31
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Restriction Recognition Sites Sites not References

Enzyme Sequence cut cut

Eco P I AGACY(m) ? 0 AGmACY# 1,26

Fok I CATCC ? CATCmC 53

Mbo II GAAGA ? GAAGmA # 2,23,52,53

. 5mC

Hga I GACGC ? GACGmC 53

Sfa N I GATGC GATGmC ? 53

Hph I TCACC ? TmCACC# 52,53
GGTGmA

Bsp I 1286 GDGCHC ? GDGmCHC 52

Ava 1 CYCGRG CmCCGGG CYmCGRG 5,16,33,35,45,52
CTCGmAG

Aos II GRCGYC ? GRmCGYC 16,23,70

Aha II GRCGYC ~  --=--- GRmCGYC 52
GRCGYmC

Ban II GRGCYC ? GRGmCYC 52

Acc I GTJKAC ? GTJKmAC 46

Hin C II GTYRAC GTYRAmC(n) GTYRmAC# 23,60

Hgi A I GXGCXC ? GXGmCXC 52

Hae II RGCGCY ? RGmCGCY 16,23

Ngo I RGCGCY ? RGmCGCY # 36a

Xho II RGATCY RGmATCY RGATmCY 8

Eae I YGGCCR ? YGGCmCR 78a

Hind III AAGCTT ? mAAGCTT# 8,23,60
AAGmCTT

Mlu I ACGCGT mACGCGT ? 53

Bgl II AGATCT AGmATCT AGATmCT 4,8,13,15,54

Stu I AGGCCT ? AGGmCCT 53

Cla I ATCGAT ? ATCGmAT # 46

Pvu II CAGCTG ? CAGmCTG 8,12,58

Nco I CCATGG ? mCCATGG 52

Sma I CCCGGG ? CCmCGGG(1) 8,16,19,55

Xma I CCCGGG CCmCGGG(p) CmCCGGG 80,81

Sac II CCGCGG ? mCCGCGG 52

Pvu I CGATCG CGmATCG CGATmCG 8

Xor II CGATCG CGmATCG CGATmCG 8,16

Xma III CGGCGG ? . CGGmCCG # 69

Bsu M I CTCGAG ? CTmCGAGH# 33

Pae R7 CTCGAG ? CTCGmAG # 20a

Xho I CTCGAG ? CTmCGAG 8,16,46,70
CTCGmAG

Pst I CTGCAG ? CTCGmAGH# 12,23,52,53,76
mCTGCAG

Sf1 I CTGCAG ? CTGCmAG 8

Eco R I GAATTC GmAATC GAmATTC# 14,17,21,52,61
GAATTmC

Sac I GAGCTC GmAGCTC GAGmCTC 53

Sst I GAGCTC ? GAGmCTC 8,58

Eco R V GATATC ? GmATATC 52

Nae I GCCGGC ? GmCCGGC 52,53
GCCGGmC
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Restriction Recognition Sites Sites not References

Enzyme Sequence cut cut

Sph I GCATGC GCATGmC ? 52

Nhe I GCTAGC ? 5mC 52

Bam H I GGATCC GGATCmC GGATmCC 8,13,25,42

GGmATCC
Nar I GGCGCC GGCGCmC ? 53
Kpn I GGTACC GGTAmCC ? 53
GGTACmC

Apa 1 GGGCCC ? GGGmCCCH# 69

Sall GTCGAC ? GTCGmAC 8,16,46,70
GTmCGAC

Hpa I GTTAAC GTTAAmC GTTAmAC# 8,23,79

Nru I TCGCGA ? TCGCGmA 52

Xba I TCTAGA ? TmCTAGA 23,27,52
TCTAGmA

Atu C I TGATCA ? TGmATCA 57,64

Bcl I TGATCA TGATmCA TGmATCA 2,4,8,57

Bst GI TGATCA TGmATCA 57

Cpe I TGATCA ? TGmATCA 18,57

Bal I TGGCCA ? TGGmCCA# 69

Bst X 1 CCANGTGG ? mCCAN6TGG 52
CCmAN6TGG

Mst II CCTNAGG mCCTNAGG ? 53

Xmn I GAANATTC GAmANATTC GmAANATTC 52,53

Bgl I GCCN_.GGC GCmCN GGC GmCCNSGGC 52,53

Bst E II GGTN2CC GGTNAmCmC ? 27

Eco K AACN6GTGC(q) ? AmACN6GmTGC# 3

Eco A GAGN7GTCA ? GmAGN_GmTCA# 3

Eco B TGANBTGCT(q) ? TGmANSmTGCT# 3,38,39

Not I GCGGCCGC GCGGCCGmC GCGGmCCGC 53

Ssfi I GGCCNSGGCC GGmCCN _GGmCC ? 53

GGGCN (86CmC
N-4 cytosine methylase (17).

The first example of protection from cleavage by methylation
at a partly redundant site in a recognition sequence has been
found; methylation at A in the Ava I recognition sequence
C(T/C)CG(A/G)G protects against a subset of Ava I sites (52).
However, it should be noted that this is not a general
phenomenon, for instance, Ava I will cut CmCCGGG (53).

Finally, Msp I normally cuts CmCGG but does not do so at the
sequence GGCmCGG (9,36). The insensitivity to Msp I digestion of
certain CCGG sequences in vertebrate DNA had been erroneously
attributed to mCCGG. Although, for some restriction endonucleases

certain recognition sites are cut more slowly than others, this

r204




Nucleic Acids Research

is

the first example of a sequence outside a restriction

endonuclease recognition sequence affecting the ability of the

restriction enzyme to cleave a methylated recognition sequence.

No

tes

a)

b)
c)

d)

0] Hh
~ N

3)
k)
1)
m)
n)

p)
q)

Re

Nicking occurs in the unmethylated strand of the
hemimethylated sequence. For Hpa II see (77), for Sau 3A see
(2,68), for Msp I and Hae III see (25), for Bsu RI see (7).
Msp I fails to cut GGCmCGG (9,36).

An M.Msp I clone methylates mCCGG (77,78). However, there is a
report that Msp chromosomal DNA is methylated at mCmCGG (32)
Mbo I isoschizomers that are sensitive to GmATC include Bss G
11, Bsa P I, Bst X II, Bst E III, Cpa I, Dpn II, Fnu A II, Fnu
C I Mno III ﬁ&i I, Nde II, Nfl I, Nla II, Nsu I and Sin M I
(57).

Sau 3A I isoschizomers that are insensitive to GmATC include
Bsr P II, Cpf I, Fnu E I, Mth I, Nsi A I, Pfa I (57).
Isoschizomers of Dpn I includ _g_ I (28), Nmu E I, Nmu D I
and Nsu D I (10).

There is evidence that Hinf I cuts GANTmC (23).

I may cut CCXGG more slowly than CmCXGG (56).

soschizomers of Eco R II that are sensitive to CmCXGG include
tu B I, Atu II, Bst G I1, Bin § I, Cfr 5 I, Cfr II I, Ecl

I, Eca 11, | Eco 27 1 I, Eco 38 I and Mph I (57).

st NI isoschizomets that are insensitive to CmCXGG include
I, Apy I, Mva I and Tagq XI (57).

N I cuts CmCXGG, mCCXGG and mCmCXGG. M.Bst NI may be an
cytosine methylase (30,17).

Ben I is the first example of a N-4 specific cytosine
thylase (30).

ggg I and Nci I may cut mCmCGG methylated DNA (8,32). Possibly
the second methylation negates the effect of CmCGG.

Type III restriction endonuclease (1,26).

There is a report that Hin C II does not cut GTYRAmC (27).
There is a report that Xma I does not cut CCmCGGG (8).

Type I restriction endonuclease. mT represents a
6-methyladenine in the complementary strand.
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