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The effect of site specific methylation on restriction endonuclease cleavage (update)
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Introduction

I present here an update of the compilation published in
1981 in this journal on the effects of site specific methylation
on restriction endonuclase cleavage (45). The amount of
information available has increased by nearly 50% since that
time.

Table 1 is organized by length of restriction endonuclease
recognition sequence and then alphabetically by sequence.
Isoschizomers are 1listed alphabetically by name. Only the
effects of methylation at the N6 position of adenine and C5 of
cytosine are considered. References to the purification of
restriction enzymes and the determination of their recognition
sequences can be found in R.J. Roberts review (43).

Notes

a) Crude extracts of M,Msp I methylate both cytosines in the
Msp I recognition sequence to produce 5'mCmC G G 3' (29) However

3' G GmCmC 5
an M,Msp I clone methylates only 5'mC C G G 3' (71).

b) Bst NI cuts dem+ (CmCXGG) and M,Apy I (mCCXGG) methylated
DNA (43). Bst NI also cuts DNA hemimethylated at both cytosines
in one strand 5' mCmC X G G 3' (25)

c) Bst 1503 I is an isoschizomer of Bam HI. M,Bst 1503 I is
reported to methylate at adenine and protect against both Bst
1503 I and Bam HI (36).

d) Endonucleases which do not totally cleave dam+ or dcm+
E.coli DNA are assumed to be inhibited by methylation at GmATC
(14)(64) or CmCXGG (6)(42) respectively.

e) Brooks and Roberts have found that Sma I and lici I cut
(mCmCGG) methylated DNA. Possibly the second methylation site
negates the effect of the CmCGG methylation (8).

f) R.Walder reports that mCCGG protects against Hpa II(T71)
However other authors observe cleavage of this sequence
(39)(48)(63).

g) There is one report that Xma I cuts CCmCGGG (70).

© IRL Press Limited, Oxford, England. r169
0305-1048/83/1101-r169$2.00/0



Nucleic Acids Research

table 1.

# denotes a known modification methylase specificity
# denotes a probable modification methylase specificity
J=AorC,K=Gor T, N=AC,Gor T, R=A0or G, Y=Cor T, Y= C or

T, X=AorT, 2Z=Gor C

Restriction Restriction Methylated Methylated Effect of References
Enzyme(65) Seq Seq Seq Methylation
cut not cut Unknown
Alu I AGCT ? AGmCT mAGCT 25
Hap II CCGG ? CmCGG# mCCGG 15,69
Hpa II CCGG mCCGG CuCGG# @ —-=m- 15,39,69
Msp I CCGG CmCGG mCCGG#(a) ———— 15,29,64,69,71
BstE III GATC ? GmATC(d) GATmC 46,52
Dopn I GATC GmATC GATC (only cuts 33
methylated DNA)

Dpn II GATC ? GmATC#® GATmC 33,52,68
FnuA II GATC ? GmATC(a) GATmC 46,52
FnuC I GATC ? GmATC(d) GATmC 52
FnuE I GATC GmATC ? GATmC# 37,52
Mbo I GATC ? GmATC(d) GATmC 13,23,42,52,62
Mpo III GATC ? GmATC(d) GATmC 46,52
Mos I GATC ? GmATC(d) GATmC 52
Mph I GATC ? GmATC(d) GATmC 52
Pfa I GATC GmATC ? GATmC*® 52,65
Sau 3A GATC GmATC GATmC#® ——— 13,15,44,51,52,62
Hha I GCGC emeee GmCGC# ————— 15,38,40,61

GCGmC
BsuR I GGCC ? GGmCC# GGCmC 26
Hae III GGCC GGCmC GGmCC#  —eme- 38,39
Jag I TCGA TmCGA TCGmA# ————— 25,44,64
Ith I TCGA TmCGA TCGmA#  —eee 56
Hin fI GANTC GANTmC ? GmANTC# 25,48
Fouy HI GCNGC ? GmCNGG GCNGmC 63
Sau 96 GGNCC ? GGNCmC GGNmCC 42,48
Aac I CCXGG CmCXGG ? mCCXGG#* 8
Apy I CCXGG CmCXGG mCCXGG® —meee 11,43,51,52
Atu BI CCXGG ? CmCXGG(d) mCCXGG 52,53
Atu II CCXGG ? CmCXGG(d) mCCXGG 52
Bat NI CCXGG CmCXGG ? ? 52,43

mCCXGG(b)

Eca II CCXGG ? CmCXGG(d) nCCXGG 52
Eel II CCXGG ? CmCXGG(d) mCCXGG 52
Eco RII CCXGG mCCXGG CmCXGG# @ ——--= 6,7,42,43,52,47
Mph I CCXGG ? CmCXGG(d) mCCXGG 30,52
Tag XI CCXGG mCCXGG ? CmCXGG 16
NeiI CCZGG ? CmCZGG(e) mCCZGG 43
Bby I GCXGC ? GmCXGC# GCXGmC 27,67
Ava II GGXCC ? GGXCmC GGXmCC 3,43
Eco PI AGACC ? AGmACC# mAGACC 2,28

AGAmCC

AGACmC

GGTmCT
Mbo II GAAGA ? GAAGRA GmAAGA 3,25

C methylation GAmAGA

Ava I CYCGRG ? CYmCGRY mCYCGRG 5,15,31,43
Aos II GRCGYC ? GRnCGYC GRCGYmC 25,64
Acc I GTJKAC ? GTJKmAC GTJKAmC 4y
Hind II GTYRAC GTYRAmC GTYRmAC# ---w- 25,54
Hae II RGCGCY ? RGmCGCY RGCGmCY 15
Xho II RGATCY RGmATCY RGATmCY # ————— 8
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Hind III AAGCTT ? mAAGCTT# AmAGCTT 25,54
AAGmCTT
Bgl II AGATCT AGmATCT AGATmCT mAGATCT 4,8,13,49
ClaI ATCGAT ? ATCGnAT# ATmCGAT 4y
mATCGAT
Pyu II CAGCTG ? C methylation ? 12
Sma I CCCGGG ? CCmCGGG(e) CmCCGGG 8,15,22,50
mCCCGGG
Xma I CCCGGG ? CCnCGGG mCCCGGG 8
CmCCGGG
Sac II CCGCGG ? C methylation *? 15
Pvu I CGATCG CGmATCG CGATmCG mCGATCG 8
Xor II CGATCG CGmATCG CGATmCG mCGATCG 8,15
Xma III CGGCCG ? CGGmCCG mCGGCCG 63
CGGCmCG
Xho I CTCGAG ? CTmCGAG mCTCGAG 15,44,64,8
CTCGmAG
Pst I CTGCAG ? C methylation ? 12,25
Sal PI CTGCAG ? C methylation ? 10
Eco RI GAATTC ? GAmATTC# GmAATTC 14,24,17
GAATTmC
Bam HI GGATCC GGATCmC GGATmCC# ———— 8,13,27,39
GGmATCC
Apa I GGGCCC ? GGGmCCC GGGCmCC 63
GGGCCmC
Sal I GTCGAC ? GTCGmAC GTCGAmC 8,15,44,64
GTmCGAC
Hpa I GTTAAC GTTAAmC GTTAmAC# GTTmAAC 8,25,72
Xba I TCTAGA ? TmCTAGA TCTmAGA 18
TCTAGmA
Atu CI TGATCA ? TGmATCA(d) TGATmCA 28,52,58
TGATCmA
Bel I TGATCA TGATmCA TGmATCA(d) TGATCmA 4,8,28,52
Cpe I TGATCA ? TGmATCA(d) TGATmCA 19,28,52
TGATCmA
Bal I TGGCCA ? TGGmCCA TGGCmCA 63
TGGCCmA
References
1. Arber, W. (1965) An. Rev. Microbiol. 19, p. 365.
2. Bichi, B., Reiser, J., and Pirrotta, V. (1979) J. Mol. Biol. 128,
pp. 143-163.
3. Backman, K. (1980) Gene 11, pp. 167-171.
4. Bingham, A.H.A., Atkinson, T., Sciaky, D., and Roberts, R.J. (1978)
Nucleic Acids Res. 5, 3457-3467.
5. Bird, A.P., Taggart, M.H., Smith, B.A. (1979) Cell 4, 889-902.
6. Bogdarina, I.G., Vagabova, L.M., and Buryanov, Y.I. (1976) FEBS Lett.
68, pp. 177-180.
7. Boyer, H.W., Chow, L.T., Dugaiczyk, A., Hedgpeth, J., and Goodman, H.M.
(1973) Nature New Biology 244, pp. 40-43.
8. Brooks, J.E. and Roberts, R.J. (1982) Nucleic Acids Research 10, pp.
913-934.
9. Brown, N.L., Hutchison, C.A. III, and Smith, M. (1980) J. Mol. Biol.
140, pp. 143-148.
10. Carter, J.A., Chater, K.F., and Bruton, C.J. (1980) Nucleic Acids
Res. 8, pp 4943-4954.
11. Dilauro, R. Unpublished results.
12. Dobritsa, A.P. and Dobritsa, S.V. (1980) Gene 10, pp. 105-112.
13. Dreiseikelman, B., Eichenlaub, R., and Wackernagel, W. (1979) Biochem.

Biophys. Acta 562, pp. 418-428.

r171



Nucleic Acids Research

14.

15.
16.

17.
18.
19.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.

35.
36.
37.

38.
39.

40.
42,
43.
44,
45.
46.
47.
48.
49.
50.
51.

52.
53.

Dugaiczyk, A., Hedgpeth, J., Boyer, H.W., and Goodman, H.M. (1974)
Biochemistry 13, 503-512.

Ehrlich, M. and Wang, R.Y.H. (1981) Science 212, pp. 1350-1357.

Gracher, S.A., Mamaev, S.V., Gurevich, A.L., Lgoshun, A.V., Kolosov, M.N.,
and Slyusar, A.G. (1981) Biourg Khim 7, 628-630.

Hardies, S.C., Axelrod, D.E., Edgell, M.H., and Hutchison III, C.A. (1982}
sumitted.

Huang L.-H., Farnet, C.M., Ehrlich, K.C., and Ehrlich, M. (Manuscript
submitted).

Fisherman, J., Gingeras, T.R., and Roberts, R.J. Unpublished observa-
tioms.

Garfin, D.E. and Goodman, H.M. (1974) Biochem. Biophys. Res. Comm.

59, pp- 108-116.

Gautier, R., Bunemann, H., and Grotjahn, L. (1977) Eur. J. Biochem.

80, pp. 175-184.

Gelianas, R.E., Myers, P.A., Roberts, R.J. (1977) J. Mol. Biol. 114,

pp. 169-180.

Greene, P.J., Betlach, M.C., Goodman, H.M., and Boyer, H.W.(1974)
Methods Mol. Biol. 7, pp. 87-111.

Gruenbaum, Y., Cedar, H., and Razin, A. (1981) Nucleic Acids Res.

9, pp. 2509-2515.

Gunthert, V., Freund, M., and Bald, R. (1978) Eur. J. Biochem. 90, pp.
581-583.

Hattman, S., Keisler, T., and Gottehrer, A. (1978) J. Mol. Biol.

124, pp. 701-711.

Hattman, S., Brooks, J.E., Masurekar, M. (1978) J. Mol. Biol. 126,

pp. 367-380.

Jentsch, S., Ginthert, V. and Trautner, T.A. (1981) Nucleic Acids

Res. 9, 2753-2759.

Jiang, B.C. and Myers, P. Unpublished observations.

Kaput, J. and Sneider, T.W. (1979) Nucleic Acids Res. 7, pp. 2303-2322.
Kauc, L. and Piekarowicz, A. (1978) Eur. J. Biochem. 92, pp. 412-426.
Lacks, S. and Greenberg, B. (1977) J. Mol. Biol. 114, pp. 153-168.
Lautenberger, J.A., Kan, N.C., Lackey, D., Linn, S., Edgell, M.H., and
Hutchison, C.A. IIT (1978) Proc. Natl. Acad. Sci. USA 75, pp. 2271-2275.
Lautenberger, J.A. and Linn, S. (1972) J. Biol. Chem. 247, pp. 6176-6182.
Levy, N.P. and Walker, (1981) Biochem. 20, pp. 1121-1127.

Lui, A.P.C., McBride, B.C., Vovis, G.F., and Smith, M. (1979) Nucleic
Acids Res. 6, pp. 1-15.

Mann, M.B. and Smith, H.0. (1977) Nucleic Acids Res. 4, pp. 4211-4221.
Mann, M.B. and Smith, H.0. (1979) Proc. of the conference on Trans-
methylation, Eds. Usdin, E., Borchardf, R.T. and Greveling, C.R. Elsevier/
North-Holland; New York, P. 483.

Mann, M.B. and Smith, H.O0. Unpublished observations.

May, M.S. and Hattmann, S. (1975) J. Bact. 122, pp. 129-138.
McClelland, M. Unpublished observations.

McClelland, M. (1981) Nucleic Acids Res. 9, pp. 6795-6804.

Modrich, P. (1977) Quant. Rev. Biophys. 12, pp. 315-369.

Myers, P.A. and Roberts, R.J. Unpublished observationms.

Nathans, D. and Smith, H.0. (1974) Ann. Rev. Biochem. 44, p. 273.
Pech, M., Streeck, R.E., Zachau, H.G. (1979) Cell 18, pp. 883-893.
Pirrotta, V. (1976) Nucleic Acids Res. 3, pp. 1747-1760.

Quint, A. and Cedar, H. (1981) Nucleic Acids Res. 9, pp. 633-646.
Razin, A., Urieli, S., Pollack, Y., Gruenbaum, Y., and Glaser, G.

(1980) Nucleic Acids Res. 8, pp. 1783-1792.

Roberts, R.J. (1981) Nucleic Acids Res. 9, pp. 75-96.

Roize, G., Patillon, M. and Kovoor, A. (1977) FEBS Lett. 82, pp. 69-70.

r72



Nucleic Acids Research

Roy, P.H. and Smith, H.0. (1973) J. Mol. Biol. 81, pp. 445-459.
Rubin, R.A. and Modrich, P.J. (1977) J. Biol. Chem. 252, pp. 7265-7272.
Sato, S., Nakazawa, K., and Shinomiya, T. (1980) J. Biochem. 88,

pp. 737-747. .
Schlagman, S., Hattman, S., May, M.S., and Berger, L. (1976) J. Bacter-
ial 126, pp. 990-996.

Sciaky, D. and Roberts, R.J. Unpublished observations.

Seeman, N.C., Rosenberg, J.M., and Rich, A. (1976) Proc. Natl. Acad.
Sci. USA 73, pp. 804-808.

Smith, H.0. and Nathans, D. (1973) J. Mol. Biol. 81, pp. 445-459.
Smith, H.0. (1979) Science 205, pp. 455-466.

Streck, R.E. (1980) Gene 12, pp. 267-275.

Trautner, unpublished results.

Van Der Ploeg, L.H.T. and Flavell, R.A. (1980) Cell 19, pp. 947-958.
Van Montagu, M. Sciaky, D., Myers, P.A., and Roberts, R.J. Unpublished
observations.

Van Ormondt, H., Lautenberger, J.A., Linn, S., and Dewaard, A. (1973)
FEBS Lett. 33, pp. 177-180.

Vanyushim, B.F. and Dobritsa, A.P. (1975) Biochem. Biophys. Acta

407, pp. 61-71.

Vovis, G.F. and Lacks. (1977) J. Mol. Biol. 115, pp. 525-538.
Waalwijk, C. and Flavell, R.A. (1978) Nucleic Acids Res. 5, p. 3231.
Youssoufion, H. and Mulder, C. (1981) J. Mol. Biol. 150, pp. 133-136.
Walden, R. Unpublished observations.

Yoo, 0.J., Dwyer-Hallquist, P., and Agarwal K.L. (1982) Nucleic Acids
Res. 10, pp. 6511-6520.

r173



