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Restriction enzymes and their isoschizomers

Richard J.Roberts and Dana Macelis
Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724-2202 USA

INTRODUCTION

The restriction enzyme database, REBASE, contains information
about restriction enzymes and their associated methylases. Since
the last description of the contents of REBASE (1), 204 new
entries have been added including 5 new Type II enzymes and
4 new Type I enzymes. A complete list of these new enzymes
can be found in Table I. A total of 2103 restriction enzymes are
now known and include 17 different Type I specificities, 179
different Type II specificities and 4 different Type IE specificities.
Table II contains a listing of all prototype restriction enzymes
(Types I, II and m), together with their commercially available
isoschizomers and neoschizomers that cleave at a position
different from their prototype.

It should be noted that several commercial suppliers have
discontinued the sale of restriction enzymes since last year and
are omitted as commercial sources. These include Palliard and
BioExcellence, who are no longer in business, and Janssen, who
are still selling their old stock, but are not replenishing it. One
new supplier, International Laboratory Services, is now included.

The complete database is available in many formats including
the styles shown in Tables I and II, or as a flat file arranged in
fields that can easily be reformatted. Bibliographic information
from 2380 published articles describing restriction enzymes and
methylases is also available, including full abstracts. It is possible
to get regular monthly updates or specialized versions of the
database by electronic mail. For instance, files containing the
database in formats that can be used directly by the UWGCG,
IGSuite and other computer software packages are available.
Anyone who wishes to be included on the electronic mailing list
for these regular monthly updates should send a request to
roberts@cshl.org by e-mail. These data files are also available
by anonymous FTP from rna.cshl.org (numerical address:
143.48.1.11)

In forming these Tables, all endonucleases cleaving DNA at
a specific sequence have been considered to be restriction
enzymes, although in most cases there is no direct genetic
evidence for the presence of a restriction modification system.
The endonucleases are named in accordance with the proposal
of Smith and Nathans (2).
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TABLE 1

Microorganism

Acidiphilium cryptum 25H

Acidiphilium organovorum 51H

Acidiphilium species 10H

Acidobacterium capsulatum 1371

Acidobacterium capsulatum 1372

Acidobacterium capsulatum 1373

Acidobacterium capsulatum 1421

Acidobacterium capsulatum 1422

Actinoplanes teochomyceticus

Aeromonas hydrophila

Anabaena flos-aquae

Arthrobacter protophormiae

Arthrobacter variabilis

Artificial construct

Artificial construct

Artificial construct

Artificial construct

Bacillus amyloliquefaciens H

Bacillus caldolyticus

Bacillus cereus A

Bacillus cereus RFL1247

Bacillus polymyxa A

Source

K. Inagaki

Takara

K. Inagaki

K. Inagaki

K. Inagaki

K.Inagaki

K. Inagaki

K. Inagaki

Glaxo 2523C

NEB #724

J.P. Schouten

NEB #723

M.M. Wijdenbosch

T.A. Bickle

T.A. Bickle

T.A. Bickle

T.A. Bickle

ATCC 49763

Promega 77

N.N. Sokolov

A.A. Janulaitis

N.N. Sokolov

Enzyme1

Acpl (Asull)

Acpll (PflMl)

AorSlHl (EcoAllll)

AsplOHI (Asull)

AsplOEll (PflMl)

Acsl371I (Sail)

Acsl372I (Sail)

Acsimi (Sail)

A«1421I (Sail)

Ac*1422I (Sail)

Atel (Ncol)

Ahdl (EamllOSl)

A/7IV (Seal)

Apol (Fsil)

AvrBI (Haelll)

AvrBII (Avrll)

EcoDRH

EcoDR31

EcoRD21

£coRD3I

M£amEll

Bca77I (Bed)

BcuAl

BcelUll (Mwol)

BpoM

Sequence2

TTTCGAA

CCANNNNTNTGG

AGCtGCT

TTtCGAA

CCANNNNTNTGG

GTCGAC

GTCGAC

GTCGAC

GTCGAC

GTCGAC

CCATGG

GACNNNNNGTC

AGTACT

RtAATTY

GGCC

CTCTAGG

TCANNNNNNGTCG

TCANNNNNNNATCG

GAANNNNNNRTTC

GAANNNNNNNRTTC

GGATCC

WtCCGGW

?

GCNNNNNNNGC

?

Number of Cleavage Sites-
X

7

14

2

7

14

2

2

2

2

2

4

9

5

58

149

2

81

>20

347

>14

Ad2 !

1

18

13

1

18

3

3

3

3

3

20

9

5

0

216

2

SV40 cDX

0

2

1

0

2

0

0

0

0

0

3

0

1

7

18

2

Type I Enzyme

Type

Type

I Enzyme

I Enzyme

Type I Enzyme

0

2

0

0

2

0

0

0

0

0

0

1

0

7

11

0

Specific methylase

28

7

391

3

0

>4

25

>2

3

1

21

2

pBR

0

2

4

0

2

1

1

1

1

1

0

1

0

2

22

0

5

>6

34

1

s
References

3

4

5

4

4

6

6

6

6

6

7

8

9

10

11

11

12

12

12

12

17

14

15

16

17

§=
§•
?!'

ids I

fjrch
,

nent
2169
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Microorganism Source Enzyme1 Sequence2
Number of Cleavage Sites3

\ Ad2 SV40 d>X pBR References

2

f
s

I
!

Bacillus pumilus NEB #711

Bacillus pumilus RFL1268 A.A. Janulaitis

Bacillus species 118 V.E. Repin

Bacillus species Al l D. Clark

Bacillus species APR91 D. Clark

Bacillus species B2I S.K. Degtyarev

Bacillus species JY391 D. Clark

Bacillus species RFL143 A.A. Janulaitis

Bacillus species RFL144 A.A. Janulaitis

Bacillus species RFL146 A.A. Janulaitis

Bacillus species RFL147 A.A. Janulaitis

Bacillus species RFL148 A.A. Janulaitis

Bacillus sphaericus 45 V.E. Repin

Bacillus sphaericus RJ*L1260 A.A. Janulaitis

Bacillus sphaericus RJrLl261 A.A. Janulaitis

Bacillus stearothermophilus NEB 547

Bacillus stearothermophilus 71 Promega #71

Bacillus stearothermophilus AU891 D. Clark

Bacillus stearothermophilus BS N.I. Matvienko

Bacillus stearothermophilus CP114 Z. Chen

Bacillus stearothermophilus CPW193 Z. Chen

Bacillus stearothermophilus CPW5 Z. Chen

Bacillus stearothermophilus H426 Z. Chen

Bacillus stearothermophilus JN1891 D. Clark

Bacillus stearothermophilus JN2091 D.Clark

Bacillus stearothermophilus JN791 D. Clark

Bacillus stearothermophilus OC391 D. Clark

Bpml (Gsul)

Bpul26Sl (EcoNl)

BsellSl (CfrlOl)

BscBl (NlalV)

BscEl (BsePl)

BspB2l

BscFl (Mbol)

BspUlll (HaeU)

Bspl44l (BamKl)

Bspl46l (ApaU)

BsplAll (Mbol)

BspUSl (AsuU)

Bsh45l (HgiAl)

Bspl260l (Avail)

Bspl26U (HaeUl)

BssKI (ScrFl)

BstlII (Bbvl)

BsoCl (SduT)

BstBSl (Snal)

BsmSl (Styl)

BsrBl

BseHl (Hindlll)

BsmHl (HaeU)

BsoAl (EcoRV)

BsoBl (Aval)

Bsol (ScrH)

BsoEl (EcoNl)

CTGGAG (16/14)

CCTNNNNNAGG

RCCGGY

GGNtNCC

GCGCGC

?

GATC

RGCGCtY

GGATCC

GTGCAC

GATC

TTCGAA

GWGCWtC

GGWCC

GGCC

tCCNGG

GCAGC (8/12)

GDGCHC

GTATTAC

CCWWGG

GAGCGG (-3/-3)

AAGCTT

RGCGCY

GATATC

CYCGRG

CCNGG

CCTNNNNNAGG

25

9

61

82

6

0

116

48

5

4

116

7

28

35

149

185

199

38

3

10

0

6

48

21

8

185

9

32

10

40

178

52

0

87

76

3

7

87

1

38

73

216

233

179

105

3

44

0

12

76

9

40

233

10

6

2

1

16

0

0

8

1

1

0

8

0

0

6

18

17

22

4

0

8

0

6

1

1

0

17

2

3

0

0

6

1

0

0

8

0

1

0

0

3

1

11

3

14

3

0

0

0

0

8

0

1

3

0

4

1

7

24

0

0

22

11

1

3

22

0

8

8

22

16

21

10

1

1

0

1

11

1

1

16

1

18

19

20

21

21

22

21

16-

16

16

16

16

23

16

16

24

25

21

26

27

27

27

27

21

21

21

21
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Microorganism

Bacillus stearothermophilus SE2091

Bacillus stearothermophilus T1544

Bacillus stearothermophilus W1718

Bacillus stearothermophilus

Bacillus thuringiensis 34

Bacillus thuringiensis All

Bacillus thuringiensis D4

Bacillus thuringiensis E

Citrobacter freundii

Citrobacter freundii RFL59

Clostridium acetobutylicum ABKn8

Clostridium bifermentans B-4

Deleya marina

Deleya pacifica

Enterobacter aerogenes

Enterobacter species RFL4

Enterobacter species RFL6

Escherichia coli RFL260

Escherichia coli RFL261

Escherichia coli RFL262

Escherichia coli RFL263

Escherichia coli VKM-125

Halomonas halodurans

Listeria species RFL1270

Micrococcus luteus 31

Source

D. Clark

Z. Chen

Z. Chen

V. Bouriotis

V.E. Repin

CAMB 2661

CAMB 2657

CAMB 2660

CAMB 2600

A.A. Janulaitis

G. Reysett

T. Mitsuoka

IAM 14114

IAM 14115

CAMB 2670

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

N.N. Sokolov

ATCC 29686

A.A. Janulaitis

WE. Repin

Enzyme1

BsoDl (Xmalll)

BsaTl (Mstl)

BsaWl (Betl)

BseBl (EcoRll)

BtuMl (Mbol)

BtulAU (Haell)

BthAl (Avail)

BthDl (EcoRll)

BthEl (EcoRll)

CfrJSl (BsePl)

Cfr59l (Cfrl)

Cadi

Cbil (Asull)

Dmal (Pvull)

Dpal (Seal)

Eaekl (Smal)

EseAl (HgiJll)

Ese6l (Sacll)

Ese6ll (EcoRll)

Eco260l (Pstl)

Eco26ll (Pstl)

Eco262l (HgiJll)

Eco263l (Eco3ll)

Ecil25l (BstEll)

Hhdl (EcoRll)

Lsp12701 (Nspl)

MlulU (Ball)

Sequence2

CGGCCG

TGCGCA

WCCGGW

CCTWGG

GATC

RGCGCY

GtGWCC

CCtWGG

CCTWGG

GCGCGC

YGGCCR

GCNTNGC

TTTCGAA

CAGtCTG

AGTTACT

CtCCGGG

GRGCYC

CCGCGG

CCWGG

CTGCAG

CTGCAG

GRGCYC

GGTCTC

GtGTNACC

CCWGG

RCATGY

TGGtCCA

Number of Cleavage Sites-
X Ad2 SV40 <t>X pBR

2

15

81

71

116

48

35

71

71

6

39

238

7

15

5

3

7

4

71

28

28

7

2

13

71

32

18

19

17

28

136

87

76

73

136

136

52

70

285

1

24

5

12

57

33

136

30

30

57

18

10

136

41

17

0

0

0

17

8

1

6

17

17

0

0

8

0

3

0

0

2

0

17

2

2

2

0

0

17

2

0

0

1

3

2

0

8

1

2

2

1

2

19

0

0

0

0

0

1

2

1

1

0

0

0

2

0

0

1

4

5

6

22

11

8

6

6

0

6

31

0

1

1

0

2

0

6

1

1

2

1

0

6

4

1

1

References

21

27

27

28

29

29

30

31

32

33

16

34

35

36

37

38

16

16

16

16

16

16

16

39

27

19

23

§:

ids I

1irc
h

,
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1"
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Microorganism Source Enzyme1 Sequence2
Number of Cleavage Sites3

X Ad2 SV40 cDX pBR References
J3

a!
<•>.

So

I
5=

Ir

Micrococcus species 23

Moraxella osloensis

Moraxella species B6

Mycoplasma species

Myxococcus xanthus F18E

Nostoc linckia

Nostoc species

Phormidium ambiguum

Porphyromonas gingivalis

Pseudomonas aeruginosa 4148

Pseudomonas aeruginosa Q2

Pseudomonas inequalis

Pseudomonas mendocini

Pseudomonas putida RFL1253

Rhizobium leguminosarum 69

Rhizobium meliloti

Rhizobium trifolii

Rhodococcus species SE1991

Staphylococcus epidermidis

Streptococcus salivarius ssp
thermophilus

Streptococcus thermophilus STl 17

Streptomyces albus 13

V.E. Repin

NEB #722

S.K. Degtyarev

A.A. Janulaitis

K.Izaki

A.I. Melnik

PCC7121

A. Podhajska

A. Progulske-Fox

A. Solonin

CAMB 2637

M.M. Wijdenbosch

NEB 698

A.A. Janulaitis

V.E. Repin

I.S. Andreeva

L.R. Lebedev

D.Clark

CAMB 2635

L. Benbadis

G.A. Somkuti

V.E. Repin

Msp23l (Xbal)

Msplill (Xhol)

MsR.

MspKGl

Muni (Mfel)

Mxal (Sad)

AW387/7I (Aval)

Nimipil (Avail)

Nspl\2\\(Asu\)

Paml (Mstl)

Pamll (Acyl)

MJ'gil

PaeM (HgiJll)

PaePl (Pstl)

PaeQl (Sadl)

PinAl (Age!)

Pmel

Ppu\257>l (AatlY)

Rle69l (Ecolll)

Rme2U (Clal)

Rtrl (Sail)

Rhd (BspHl)

Sepl (Avalll)

Ssll (EcoRU)

SthWl(EcoRll)

Sall3l (Pstl)

TCTAGA

CTCGAG

CAYNNNNRTG

7

CtAATTG

GAGTCTC

CYCGRTG

GGWCC

GGNCC

TGCtGCA

GRtCGYC

GA.TC

GRGCYTC

CTGCATG

CCGCGG

AtCCGGT

GTTTTAAAC

GACGTC

GGTCTC

ATCGAT

GtTCGAC

TCATGA

ATGCATT

CCTWGG

CCtWGG

CTGCAG

1

1

62

0

8

2

8

35

74

15

40

7

28

4

13

2

10

2

15

2

8

14

71

71

28

5

6

35

0

4

16

40

73

164

17

44

0

0

5

0

4

0

0

6

11

0

0

0

1

7

0

1

0

1

1

2

1

7

Specific methylase

57

30

33

5

1

3

18

2

3

3

9

136

136

30

2

2

0

0

0

0

0

0

0

2

3

17

17

2

0

1

1

0

0

1

0

0

0

3

0

2

2

1

0

0

7

0

0

0

1

8

15

4

6

2

1

0

0

0

1

1

1

1

4

0

6

6

1

40

40

41

22

42

43

44

44

45

46

46

47

48

48

49

50

51

16

52

53

54

21

55

56

57

58
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Microorganism Source Enzyme1 Sequence2
Number of Cleavage Sites3

X Ad2 SV40 <DX pBR References

Streptomyces aureofaciens 13

Streptomyces griseus

Streptomyces lipmanii

Streptomyces niveus

Streptomyces scabies

Streptomyces species

Streptomyces species

Streptoverticillium cinnamoneum

Synechococcus species RF-1

Unidentified bacterium RFL1243

Unidentified bacterium RFL1244

Unidentified bacterium RFL1245

Unidentified bacterium RJTL1246

Unidentified bacterium RFL1248

Unidentified bacterium RFL1249

Unidentified bacterium RFL1250

Unidentified bacterium RFL1256

Unidentified bacterium RFL1257

Unidentified bacterium RFL1258

Unidentified bacterium RFL1259

Unidentified bacterium RFL1262

Unidentified bacterium RFL1263

Unidentified bacterium RFL1264

Unidentified bacterium RFL1265

Unidentified bacterium RFL1266

Unidentified bacterium RFL1267

J. Muchova

V. Bouriotis

R.H. Baltz

ATCC 19793

J.L. Schottel

T.G. Simcox

V. Bouriotis

Glaxo 2566C

J.Tu

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

SauHl (Saul)

SgrBl (Sacll)

SHI

sun
Snil (EcoRU)

Ssbl (Hinffll)

Srfl

SseAl (Narl)

SciBl (Xhol)

SspRFl (Asull)

Ubal2A3l (EcoRll)

Uba\2Ml (Sacll)

Uba\245l (Pvull)

Uba 12461 (Clal)

Ubal2A8l (Xhol)

Ubal2A9l (Avail)

Ubal250l (BamHl)

Ubal256l (Pstl)

Ubal251l (Clal)

Ubal25Sl (BamHl)

Ubal259l (Mbol)

Ubal262l (Pstl)

Ubal263l (HgiJll)

Ubal264l (HgiJll)

Ubal265l (Aflll)

Ubal266l (AflU)

Ubal261l (Hpall)

CCTNAGG

CCGCtGG

7

?

CCtWGG

AtAGCTT

GCCCTGGGC

GGTCGCC

CTCGAG

TTTCGAA

CCWGG

CCGCGG

CAGCTG

ATCGAT

CTCGAG

GGWCC

GGATCC

CTGCAG

ATCGAT

GGATCC

GATC

CTGCAG

GRGCYC

GRGCYC

CTTAAG

CTTAAG

CCGG

2

4

?
7

71

6

0

1

1

7

71

4

15

15

1

35

5

28

15

5

116

28

7

7

3

3

328

7

33

7

?

136

12

1

20

6

1

136

33

24

2

6

73

3

30

2

3

87

30

57

57

4

4

171

0

0

7

?

17

6

0

0

0

0

17

0

3

0

0

6

1

2

0

1

8

2

2

2

1

1

1

0

1

7

?

2

0

0

2

1

0

2

1

0

0

1

1

0

1

0

0

0

1

0

0

2

2

5

0

0

?

?

6

1

0

4

0

0

6

0

1

1

0

8

1

1

1

1

22

1

2

2

0

0

26

59

60

61

61

62

63

64

65

66

67

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

uclei

n
ĉids i

arch

"2.

1
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Microorganism Source Enzyme1 Sequence2
Number of Cleavage Sites3

X Ad2 SV40 OX pBR References

Unidentified bacterium RFL1269

Unidentified bacterium RFL1271

Unidentified bacterium RFL1272

Unidentified bacterium RFL1275

Unidentified bacterium RFL1276

Unidentified bacterium RFL1278

Unidentified bacterium RFL1279

Unidentified bacterium RFL1280

Unidentified bacterium RFL1282

Unidentified bacterium RFL1283

Unidentified bacterium RFL1284

Unidentified bacterium RFL1285

Unidentified bacterium RFL1286

Unidentified bacterium RFL1287

Unidentified bacterium RFL1288

Unidentified bacterium RFL1289

Unidentified bacterium RFL1290

Unidentified bacterium RFL1291

Unidentified bacterium RFL1292

Unidentified bacterium RFL1293

Unidentified bacterium RFL1294

Unidentified bacterium RFL1295

Unidentified bacterium RFL1296

Unidentified bacterium RFL1297

Unidentified bacterium RFL1298

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

Ubal2691 (Bsnd)

UbalTJU (Xhol)

Ubaimi (Avail)

UbamSl (C/al)

UbalTia (Ksp612Y)

UbaUm (Avail)

UbaUW (BspMll)

UbamOl (CaulT)

Uba 12821 (Bell)

Ubaimi (Bell)

UballMl (Espl)

UbamSl (Mcrl)

Ubal2861 (Clal)

Ubaimi (Pstl)

Ubal288I (HaelH)

Uba 12891 (EcoNl)

Ubal2901 (EcoNl)

Ubal29U(BsiEll)

Ubal2921 (HaelU)

Ubal2931 (HaelU)

Ubal294l (Saul)

Ubal294U(Pstl)

Ubal2951 (Clal)

Ubal2961 (Pstl)

Ubal2911 (BamYO)

£/fcj 12981 (Xhol)

GAATGC

CTCGAG

GGWCC

ATCGAT

CTCTTC

GGWCC

TCCGGA

CCSGG

TGATCA

TGATCA

GCTNAGC

CGRYCG

ATCGAT

CTGCAG

GGCC

CCTNNNNNAGG

CCTNNNNNAGG

GGTNACC

GGCC

GGCC

CCTNAGG

CTGCAG

ATCGAT

CTGCAG

GGATCC

CTCGAG

46

1

35

15

34

35

24

114

8

8

6

22

15

28

149

9

9

13

149

149

2

28

15

28

5

1

10

6

73

2

29

73

8

97

5

5

8

50

2

30

216

10

10

10

216

216

7

30

2

30

3

6

4

0

6

0

1

6

0

0

1

1

1

0

0

2

18

2

2

0

18

18

0

2

0

2

1

0

4

1

1

0

2

1

0

1

0

0

0

1

0

1

11

0

0

0

11

11

0

1

0

1

0

1

1

0

8

1

2

8

1

10

0

0

0

7

1

1

22

1

1

0

22

22

0

1

1

1

1

0

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

ff
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Microorganism Source Enzyme Sequence2
Number of Cleavage Sites3

X Ad2 SV40 OX pBR References

Unidentified bacterium RFL1299 A.A. Janulaitis

Unidentified bacterium RFL1302 A.A. Janulaitis

Unidentified bacterium RFL 1303 A.A. Janulaitis

Unidentified bacterium RFL 1304 A.A. Janulaitis

Unidentified bacterium RFL1305 A.A. Janulaitis

Unidentified bacterium RFL 1306 A.A. Janulaitis

Unidentified bacterium RFL1307 A.A. Janulaitis

Unidentified bacterium RFL1308 A.A. Janulaitis

Unidentified bacterium RFL 1309 A.A. Janulaitis

Unidentified bacterium RFL1310 A.A. Janulaitis

Unidentified bacterium RFL1311 A.A. Janulaitis

Unidentified bacterium RFL1312 A.A. Janulaitis

Unidentified bacterium RFL 1313 A.A. Janulaitis

Unidentified bacterium RFL1314 A.A. Janulaitis

Unidentified bacterium RFL1315 A.A. Janulaitis

Unidentified bacterium RFL1316 A.A. Janulaitis

Unidentified bacterium RFL1317 A.A. Janulaitis

Unidentified bacterium RFL1318 A.A. Janulaitis

Unidentified bacterium RFL1319 A.A. Janulaitis

Unidentified bacterium RFL1320 A.A. Janulaitis

Unidentified bacterium RFL 1321 A.A. Janulaitis

Unidentified bacterium RFL1322 A.A. Janulaitis

Unidentified bacterium RFL1323 A.A. Janulaitis

Unidentified bacterium RFL 1324 A.A. Janulaitis

Unidentified bacterium RFL 1325 A.A. Janulaitis

Unidentified bacterium RFL1326 A.A. Janulaitis

Unidentified bacterium RFL 1327 A.A. Janulaitis

Ubal299l 04/711)

Uba 13021 (BamHI)

Uba 13031 (Mcrl)

Uba 13041 (Avail)

Uba 13051 (MalV)

Ubal306l (SacII)

Uba 13071 (HgiJll)

Ubal30Sl (EcoNI)

Ubal3O9l (EcoNI)

Ubal3l0l (EcoNI)

Ubal3Ul (Styl)

Ubal3l2l (AflU)

Ubal3l3l (Aflll)

Uba\3\Al (Avail)

Uba\3\l\(MboV)

Uba 13181 (Caull)

Uba\3\9\ (HaelYL)

Uba\320\ (Espl)

Ubal321l (FnuDll)

Ubal322l (HaelU)

Ubal323l (MboT)

Uba 13241 (BamSU)

Uba 13251 (flamffl)

Ubal326l (Drall)

Uba\321\ (C/rl)

CTTAAG

GGATCC

CGRYCG

GGWCC

GGNNCC

CCGCGG

GRGCYC

CCTNNNNNAGG

CCTNNNNNAGG

CCTNNNNNAGG

CCWWGG

CTTAAG

CTTAAG

GGWCC

ATCGAT

GGTCTC

GATC

CCSGG

GGCC

GCTNAGC

CGCG

GGCC

GATC

GGATCC

GGATCC

RGGNCCY

YGGCCR

3

5

22

35

82

4

7

9

9

9

10

3

3

35

15

2

116

114

149

6

157

149

116

5

5

3

39

4

3

50

73

178

33

57

10

10

10

44

4

4

73

2

18

87

97

216

8

303

216

87

3

3

44

70

1

1

0

6

16

0

2

2

2

2

8

1

1

6

0

0

8

0

18

1

0

18

8

1

1

3

0

2

0

1

1

6

1

0

0

0

0

0

2

2

1

0

0

0

1

11

0

14

11

0

0

0

0

2

0

1

7

8

24

0

2

1

1

1

1

0

0

8

1

1

22

10

22

0

23

22

22

1

1

4

6

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

5

ii-

f
s
fcj
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Microorganism Source Enzyme1 Sequence2
Number of Cleavage Sites3

X. Ad2 SV40 <DX pBR References

Unidentified bacterium RFL1328

Unidentified bacterium RFL 1329

Unidentified bacterium RFL133O

Unidentified bacterium RFL1331

Unidentified bacterium RFL1332

Unidentified bacterium RFL 1333

Unidentified bacterium RFL1334

Unidentified bacterium RFL1335

Unidentified bacterium RFL1336

Unidentified bacterium RFL1337

Unidentified bacterium RFL1338

Unidentified bacterium RFL1339

Unidentified bacterium RFL1342

Unidentified bacterium RFL1343

Unidentified bacterium RT7L1346

Unidentified bacterium RFL1347

Unidentified bacterium RFL1353

Vibrio parahaemolyticus 1307

Vibrio parahaemolyticus 4387-61

Vibrio parahaemolyticus Takikawa 13

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

A.A. Janulaitis

T. Shimada

T. Shimada

T. Shimada

Ubal328l (Pstl)

Ubal329l (HgiJU)

Ubal330l (HgiJll)

Ubal33U (A/Ill)

Ubal332l {Saul)

Ubal333l (SauY)

Ubal3341 (fla/nffl)

Ubal335l (Xhol)

Uba 13361 (HaelU)

Uba 13371 (Pstl)

Uba 13381 (//pall)

Ubal339l(Bamm)

Ubal3A2l(Clal)

Ubal343l (Eco3U)

Ubal346l (BamW)

Ubal341l (Caull)

Uba 13531 (Avalll)

VpaKl 11 (Avail)

VpaK32I (Sapl)

VpaKl 51 (Asul)

CTGCAG

GRGCYC

GRGCYC

CTTAAG

CCTNAGG

CCTNAGG

GGATCC

CTCGAG

GGCC

CTGCAG

CCGG

GGATCC

ATCGAT

GGTCTC

GGATCC

CCSGG

ATGCAT

GGWCC

GCTCTTC

GGNCC

28

7

7

3

2

2

5

1

149

28

328

5

15

2

5

114

14

35

10

74

30

57

57

4

7

7

3

6

216

30

171

3

2

18

3

97

9

73

7

164

2

2

2

1

0

0

1

0

18

2

1

1

0

0

1

0

3

6

0

11

1

0

0

2

0

0

0

1

11

1

5

0

0

0

0

1

0

1

1

2

1

2

2

0

0

0

1

0

22

1

26

1

1

1

1

10

0

8

1

15

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

16

68

69

68
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A
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FOOTNOTES

1. When two enzymes recognize the same sequence, i.e., are isoschizomers, the prototype (i.e., the first example isolated) is indicated in parentheses.

2. Recognition sequences are written from 5' -> 3 ' , only one strand being given, and the point of cleavage is indicated by an arrow (T). When no
arrow appears, the precise cleavage site has not been determined. For example, CtGATCG is an abbreviation for

5 ' C T G A T C G 3 '
3 ' G C T A G T C 5 '

For enzymes such as Sapl and Acil, which cleave away from their recognition sequences, the sites of cleavage are indicated in parentheses.
For example Sapl GCTCTTC(l/4) indicates cleavage as shown below

5 ' G C T C T T C N T ' 3 '
3'CGAGAAGNNNNt' 5 '

Acil CCGC(-2/-2) indicates cleavage as shown below

5'CCtGC'3'
3'GGTCG'5'

In all cases the recognition sequences are oriented so that the cleavage sites lie on their 3 ' side.

* *
A is Nb-methyladenosine. C is O'-methylcytosine.

3. These columns indicate the frequency of cleavage by the various specific endonucleases on bacteriophage lambda DNA (K), adenovirus-2 DNA ?!
(Ad2), simian virus 40 DNA (SV40), q>X174 Rf DNA and pBR322 DNA (pBR). In all cases the sites were derived by computer search of -*"
the complete sequences obtained from GENBANK. ?

0

I"
S
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Enzyme

CfrAl
EcoAI

EcoSl

EcoDl

£coDR2I

EcoDR3I

RoDXH

EcoEl

EcoKl

EcoRl24l

EcoR124/3I

£coRD21

£coRD3I

S(ySBI

SjySJI

SiySPl

StySQI

Enzyme

EcoPI

EcoP15I

Hintm
StyLTI

Enzyme1

Aatll

Accl

Acil

Acyl

A/Ill

/Will

Agtl

AJialll

Alul

AlaNl

Apal

ApaBl

ApaU

AscI

Aral

AsuII

Type I enzymes

Recognition sequence2

GCANNNNNNNNGTGG

GAGNNNNNNNGTCA

TGANNNNNNNNTGCT

TTANNNNNNNGTCY

TCANNNNNNGTCG

TCANNNNNNNATCG

TCANNNNNNNRTTC

GAGNNNNNNNATGC

AACNNNNNNGTGC

GAANNNNNNRTCG

GAANNNNNNNRTCG

GAANNNNNNRTTC

GAANNNNNNNRTTC

GAGNNNNNNRTAYG

GAGNNNNNNGTRC

AACNNNNNNGTRC

AACNNNNNNRTAYG

Type III enzymes

Recognition sequence2

AGACC

CAGCAG

CGAAT

CAGAG

Type II e n z y m e s

Isoschizomers Recognition2 Me3

Sequence site

B61II

BsaHI

Hinll

Bfrl

Eip41

Dral

BtplZOl

Alu441

Snol

BiiZl

C/r 131

Sao961

BsiCI

Bsp 1191

BslBI

Qp45I

Ljnl

NtpV

Sful

GACGTTC

GTTMKAC

CCGC(-3/-l>

GRTCGYC

GRTCGYC

GRTCGYC

GRTCGYC

CTTTAAG

CTTTAAG

CTTTAAG

ATCRYGT

ATCCGGT

T T T T A A A

TTTTAAA

AGTCT 3(5)

CAGNNNTCTG

GGGCCTC 4(5)

GTGGCCC

GCANNNNNTTGC

GTTGCAC

GTTGCAC

GTTGCAC

GCTCGCGCC

GTGNCC

GTGNCC

GTGNCC 4(5)

GTGNCC

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

Me site3

2(6),-3(6)

«6),-4(6)

»6>,-3(6)

-3(6)

2(6),-4(6)

2(6),-3(6)

Me site3

3(6)

(25/27) 5(6)

4(6)

source

ELMNOPRSUVX

ABEIKLMNOPQRSUVX

N

MRV

AK

NS

EFOU

ABKNSU

M

F

BMNU

N

ABEFIKLMNOPQRSUVX

ABEFHIKLMNOPQRSUVX

NSU

BEIKLMNOPRSUVX

F

AEKNSUX

FORU

LMV

N

R

AW

FKOU

BELMNORSVX

AUW

F

NS

ORV

L

ABKOP

M

Enzyme1

Aval

Amll

Aualll

Aurll

Batl

Ball

BamHI

fioi/I

Bbull

Bed

Beta

Bcgl*

Bell

Bell

Bgll

Bgin

Bin I

BpulOI

BsaU

BsaBl

BsrPl

Bigl

Bsil

BiiYl

Bsml

BimAI

BspGI

BjpHl

BipMl

Bsp.MIl

Bsrl

BsrBl

BslEII

BslXI

Cac81

Caull

Cfrl

C/rlOI

Isoschizomers

Scol

£co88I

NjplII

Eco47I

Sin I

&OT22I

MpA 11031

JVsiI

PpulOl

Sl/il

Mid

Ssil

B«71I

B6sl

BsiQl

Fbal

Alwl

BsiBI

Maml

BisHII

Bill

BtcCl

Alwm

Acclll

BsiAl

BsiMI

BicEI

Kpnil

Mrol

S.I PI

£co91l

eraO65l

Bcnl

ATciI

Ecul

Recoenition3

Sequence

CTYCGRG

CTYCGRG

CTYCGRG

CTYCGRG

GTGWCC

GTGWCC

GTGWCC

ATGCAT

ATGCATT

ATGCATT

ATGCATT

ATTGCAT

CTCTAGG

CTCTAGG

ACNNNNGTAYC

TGGTCCA

TGGTCCA

GTGATCC

GTGATCC

GCAGC(S/12)

GCAGCW12)

GAAGAC(2/6)

GAAGAa2/6)

CCATC

ACGGC(12/13)

Me3

site

4(5)

4(5)

5(4)

2(5),-2(5)

GCANNNNNNTCGt 12/10)

TTGATCA

TTGATCA

TTGATCA

WTCCGGW

GCCNNNNTNGGC

ATGATCT

TCATO^!

CCTNAGC(S/-2)

YACTGTR

GATNNTNNATC

GATNNTNNATC

GATNNTNNATC

GCGCGC

GTCGCGC

GTGCAG(16/14)

CKGT<XSI»
CCNNNNNTNNGG

CCNNNNNTNNGO

GAATGCtlAl)

GAATGai/-l)

GTCTC(l/5)

GTCTC(l/5)

CTGGAC

TTCATGA

ACCTGC(4«)

TTCCGGA

TTCCGGA

TTCCGGA

TTCCGGA

TTCCGGA

TTCCGGA

TTCCGGA

ACTGG(1/1)

GAGCGGM/-3)

GTGTNACC

GTGTNACC

GTGTNACC

GTGTNACC

CCANNNNNTNTGG

GCNTNGC

CCTSGG

CCTSGG

CCTSGG

YtGGCCR

YTGGCCR

RTCCCGY

2(4)

4(5)

4(5)

2(5)

Commercial4

source

ABEIKLMNOPRSUVX

AW

F

P

ABEIKMNPRSX

FOU

LRSV

KOU

F

BELMNRSVX

F

N

AK

AIKRSVX

BNU

ABEFHIKLMNOPQRSUVWX

P

EINX

R

N

N

ABEFILMNOPRSUVX

AW

K

ABEFHILMNOPQRSUVWX

ABEFHIKLMNOPQRSUVWX

NSU

N

N

AW

M

BELMNOQRUVX

N

AMUW

N

ELMNOSUVX

W

NU

FR

NSU

N U

A£KQRV

M

AW

NS

F

MOU

N

BEHLMNOPRSUVX

K

F

AK

BEKLMNOQRSUVX

AFK

BELMNOSUVWX

EKLMNSUVX

AFKMNOU
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Enzyme*

Clal

CDUII

CviBl

Ddtl

Dpnl'

DmU

Drain

Drdl

Drdll

Dsal

£am 11051

Ecil

Eco31\

EcoilUl

EcoSTl

EcoHl

EcoRl

&0RII6

+

+

+

+

+

EcoRV

Espl

EspH

Foul

Fml

FnuDll

FnuiHl

Fokl

Fiel

Fill

Cdjll

Csiil

HIKI

ffotll

ffaelll

ff«ol

HgiAl

BgiCl

HgiEU

HgiJU

Isoschizomers

BirFI

Bonlll

fijcl

BsiXI

flip 1061

BspDI

Bsu151

EcoO109I

PssI

Bsal

Apyl

Bi iU

BslNl

BttOl

Mval

£co321

S/III11021

Ce/II

Aarll

B«p50I

S«UI

Thai

Apol

Bpml

Bspl43U

BM

BioBI

Port

/U<c21I

A«HI

Banl

Eeo6tl

Banll

EcoUl

Recognition2

S«auence

RtCCGGY

ATTCGAT

ATTCGAT

ATTCGAT

ATTCGAT

ATTCGAT

ATTCGAT

ATTCGAT

RGTCY

TGTCA

CTTNAG

GATTC

RGTGNCCY

RGTGNCCY

RGGNCTCY

CACNNNTGTG

GACNNNNTNNGTC

GAACCA

CTCRYGG

GACNNNTNNGTC

TCCGCC

GGTCTC(l/5)

GGTCTC<y5)

AGCTGCT

CTGAAG(1W14)

CCTNNTNNNAGG

GTAATTC

TCCWGG

CCTWGG

CCTWGG

CCTWGG

CCTWGG

CCTWGG

GATTATC

GATTATC

GCTTNAGC

GCTTNAGC

GCTTNAGC

CGTCTC(iy5)

CCCGCM/6)

GTCCC

CGTCG

CGTCG

CGTCG

CGTCG

CGTCG

CGTCG

GCTNGC

GGATG(9/13)

GGCCGGTCC

RTAATTY

RTAATTY

YGGCCG(-5/l)

CTCGAG(16/14)

CTGGAGd6?14)

WGCTCCW

RGCGCTY

RGCGCTY

GGTCC

GCTCC

GGTCC

GGTCC

GACGOVIO)

GWGCWTC

GWGCWTC

GWGCWTC

GTGYRCC

GTGYRCC

GTGYRCC

ACCNNNKNNGGT

GRGCYTC

GRGCYTC

GRGCYTC

site

N6)

3(5)

4(6)

1(5)

5(6)^(6)

3(6)

2(5)

2(4)

2(4)

2(6)

3(6),-2{6)

3(5)

3(5)

Commercial4

source

N

ABKMNPQRSVX

OU

L

AW

E

N

P

BEILMNOPRUVX

ABEILMNRSUVX

M

AEFKLNOSUVX

I

EMNSUX

N

M

FN

F

N

ABFKLMNORU

FN

NSU

ABEFHIKLMNOPQRSUVWX

BEOSUV

M

AW

ENSX

R

AFKMOU

ABEHIKLMNOPQRSUVWX

F

U

EFN

ALM

FN

AKQVX

EF

NSU

M

BI

N

AEFIKMNRUVX

N

FN

N

ABEIKLMNOPRSUVX

F

ABHIKLMNOPQRSUVX

W

F

EPV

NSUX

NX

F

M

EIMNOPRSUVX

F

BEIKLMNOPRSUVX

F

Enzyme1

HHal

Hindll

Hin&Ul

Hintl

Hpal

HpaO

Hph\

Kpn\

KspS321

Mat!

Maell

M<uUl

UboV
+

MtoII

Mcrl

Mfel

Mini

Mlyl

Mmtl

Mnl\

Mttl

MM

Ustl

Mwol

Noel

Narl

Ncol

Ndel

Nhtl

Nlalll

NlcW

Noll

Nrul

Nipl

NipBll

Pacl

P/Z11081

P/7MI

PM

PmaCl

Isoschizomers

Cfol

HinSl

HinPll

tfuicll

Hapll

Mspl

A<r65I

Aspim

Earn 11041

Earl

Bfal

Rmal

Bsp1431

Dpnll

Ndell

Sau3M

B.iEI

Muni

AuiII

FdiH

Ftpl

BipWl

AfeoMI

Bbtl

EHtl

Kail

BscBI

Bjp6SI

Spot

Von91I

BbrPl

Ecolil

Pmtl

Recognition2

Sequence

GCGTC

GCGTC

GTCGC

GTCGC

GTYTRAC

GTYTRAC

ATAGCTT

GTANTC

GTTTAAC

CTCGG

CTCGG

CTCGG

GGTGA(6V7)

GGTACTC

GTGTACC

GTGTACC

CTCTTOd/4)

CTCTTC(l/4)

CTCTTC(l/4)

CTTAG

CTTAG

CTTAG

ATCGT

TGTNAC

TGATC

TGATC

TGATC

TGATC

TGATC

GAAGA(8/7)

CGRYTCG

CGRYTCG

CTAATTC

CTAATTG

ATCGCGT

GACTa5/5)

TCCRAC(2O/18)

ccrc(7/6)
T T T A A

CAYNNNNRTG

TGCTGCA

TGCTGCA

TGCTGCA

TGCTGCA

GCNNNNNTNNGC

GCNNNNNTNNGC

GCCTGGC

GTCCGGC

GGTCGCC

GCCGCTC

GGCTGCC

GTGCGCC

CTCATGG

CATTATG

GTCTAGC

CATGT

GGNTNCC

GGNTNCC

GCtGGCCGC

TCGTCGA

TCGTCGA

TCGTCGA

RCATGTY

CMGTCKG

T T A A T T T A A

TCGTAG

CCANNNNTNTGG

CCANNNNTNTGG

GAGTOV5)

CACTGTG

CACTGTG

CACTGTG

CACTGTG

Me>
site

2(5)

5(6)

1(6)

5(6)

2(5)

2(5)

1(5)

•2(5)

4(6)

2(6)

4(5)

5(6)

3(6)

4(6)

Commercial4

source

ABEKNOPRSUX

BILMRSV

F

NSX

EM

ABFHIKLNOPQRSUVX

ABEFHIKLMNOPQRSUVWX

ABEFHIKLMNOPQRSUVWX

ABEFHIKLMNOPQRSUVX

ABEFLMNOPQRSUVX

IK

ABEFHIKLMNOPQBSUVWX

NSUVX

ABEFIKLMNOPQKSUVX

FNR

M

M

F

N

M

N

N

M

M

BEFIKNPQRSVX

F

NU

BM

ABEIKLMNOPQRSUVX

BFIKNOPQRSUVX

M

ANW

FN

ABEHKLMNOPORSUVX

ENSUX

NSU

X

M

U

NSU

M

AEKLMNOUVX

N

BEMNOPRSUVX

AK

FOU

N
ABEFHIKLMNOPQRSUVWX

BEFKLMNPSUVX

ABEKLMNOPRSUVX

NSU

NSU

AI

ABEFIKLMNOPQRSUVWX

ABEIKLMNOPQSUVWX

F

R

AKMU

U

N

NSU

FM

NU

AK

M

F

NU
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Enzyme1 Isoschizomers Recognition2

Sequence
He 3

site

Pmtl GTTTTAAAC

PpuMI RGTGWCCY

P«p5H RGTGWCCY

PthM GACNNTNNGTC

Pal CTGCATG 5(6)

Paul CGATTCG

B«pCI CGATTCG

Xorll CGATTCG

Puull CAGTCTG 4(4)

RUM CCCACA(12/9)

Rial GTTAC

A/bl GTTAC

C»p6I GTTAC

Rtrll CGTGWCCG

Cpol CGTGWCCG

Cipl CGTGWCCG

SocI GAGCTTC

&M36II GAGTCTC

Ss«l GAGCTTC

SocII CCGCTGG

C/V42I CCGCTGG

Kspl CCGCTGG

SifH CCGCTGG

Soil GTTCGAC

Sapl GCTCTTC(l/4)

Soul CCTTNAGG

Aryl CCTTNAGG

Bsu36I CCTTNAGO

Ciml CCTTNAGG

Eco81I CCTTNAGG

Mall CCTTNAGG

Seal AGTTACT

ScrFI CCTNGG

D«aV TCCNGG

Sdul GDGCHTC

Bmyl GDGCHTC

B>pl286I GDGCHTC

Seel CTCNNGG

BsaJl CTCNNGG

S/bNI GCATC(5/9)

Sfel CTTRYAG

S/cI CTTRYAG

S/il GGCCNNNNTNGGCC

SgrAI CRTCCGGYG

Smol CCCTGGG 2(4)

Cfr91 CTCCGGG 2(4)

P«pAI CTCCGGG

Xmal CTCCGGG

Snol GTATAC

Ba 11071 GTATTAC

SIWBI TACTGTA

£col05l TACTGTA

Spel ATCTAGT

Spfil GCATGTC

Btul GCATGTC

Pail GCATGTC

SpM CTGTACG

BsiWI CTGTACG

I7123II CTGTACG

Srfl GCCCTGGGC

Sse8387I CCTGCATGG

Sspl AATTATT

Slul AGGTCCT

AaM AGGTCCT

£col47I AGGTCCT

Slyl CTCWWGG

Eci.1301 CTCWWGG

EcoTM! CTCWWGG

Sinai A T T T T A A A T

Tool TTCGA 4(6)

7V.HB8I TTCGA 4(6)

raoll" CACCGAUlfl)
CACCCA(1U9)

Commercial*
source

N

NSU

F

K

ABEFHIKLMNOPQRSUVWX

ABEFKLMNOPQRSUVX

ABEFIKLMNOPQRSUVWX

ABEILMNOPQRSUVWX

K

F

ABMNSUX

AFK

EORV

AEIKLMNOPQRSUVWX

FN

BS

EILNOPRSUVX

F

M

BS

ABEFHIKLMNOPQRSUVX

M

V

NRS

BS

AFKOU

EX

ABEFIKLMNOPRSUVX

EMNOSUVX

M

F

M

AKNKUX

N

NSUX

N

ABEILMNOPQBSUVX

M

ABEFIKLMNOPQRSUVWX

FOU

E

EINRSUVX

FMN

AEKLMNKSVX

FOU

ABEKLMNORSUVWX

ABEHIKLMNOPQRSUX

RV

F

AK

AMNUW

F

E

AK

ABEFKLMNORUVX

ABE1KLMNPRSVX

OU

F

BEMNRSUVX

FU

AK

M

ABEFILMNOP<1RSUVWX

AK

Enzyme1 Isoschu

Tsp45I

T«pEI

7HA111I

Sequence
Me>

site

TlhlUU

Vspl

Xbal

Xcml

XJwi

Aspl

Atel

Aenl

Ccrl

PatKll

BslYl

Mfn

B11ZI

Eagl

Ecna

EcoS2I

A«)7001

GTAWTC

GTSAC

AATT

GACNTNNGTC

GACNTNNGTC

CAARCA(liy9)

ATTTAAT

ATTTAAT

ATTTAAT

TTCTAGA 6(6)

CCANNNNNTNNNNTGG

CTTCGAG

CTTCGAG

CTTCGAG «6)

RTGATCY

RTGATCY

RTGATCY

CTGGCCG 4(5)

CTGGCCG

CTGGCCG

CTGGCCG

CTGGCCG

GAANNTNNTTC

GAANNTNNTTC

AEIKNPRUVX

M

FKR

NSU

M

ABEFHIKLMNOPQRSUVWX

NU

ABEFHIKLMNOPQRSUVX

X

NSX

EMRVX

BNU

AK

BE

R

NS

M

AFKORU

ENUX

M

FOOTNOTES

1. * signifies that Dpnl and its isoschizomers require the presence of
6-methyladenosine within the recognition sequence GATC.
2. Recognition sequences are given using the standard abbreviations (Eur. J.
Biochem. 150: 1 - 5 , 1985) to represent ambiguity.

R = G or A
Y = C or T
M = A or C
K = G or T
S = G or C
W = A or T

3. The site of methylation by the cognate methylase when known is indicated
as follows. The first number shows the base within the recognition sequence that
is modified. A negative number indicates the complementary strand, numbered
from the 5' base of that strand. The number in parentheses indicates the specific
methylation involved. (6) = N6-methyladenosine; (5) = 5-methylcytosine;
(4) = N4-methylcytosine.
4. Commercial sources of restriction enzymes are abbreviated as follows:

H
B
V
D
N

= A
= G
= G
= G
= A

or
or
or
or
or

C
T
C
A
C

or
or
or
or
or

T
C
A
T
GorT

Toyobo (6/91)
PL-Pharmacia-LKB (9/91)
Molecular Biology Resources
(10/91)
Promega Corporation (10/91)
Sigma (1/92)
USB (10/91)
Serva (2/91)
ILS (5/91)
New York Biolabs (4/91)

A Amersham (2/92) O
B BRL (1/92) P
E Stratagene (1/92) Q
F Fermentas (6/91)
H American Allied (1/92) R
1 IBI (6/91) S
K Takara (10/91) U
L Northumbria Biologicals Ltd. (10/91) V
M Boehringer Mannheim (9/91) W
N New England Biolabs (2/92) X
5. Bcg\ cleaves on both sides of the recognition sequence: 10 bases 5' to the
recognition sequence and 12 bases 3' to it on both strands. Thus the recognition
site is excised in a fragment, 34 base pairs long, with 2-base 3'-extensions at
each end.
6. EcoRII isoschizomers fall into two classes based upon their sensitivity to
methylation. EcoRII will not cleave when the second cytosine in the recognition
sequence is methylated to 5-methylcytosine whereas Mval will cleave such a
sequence. Isoschizomers of EcoRII that are like Mval are indicated by +.
7. Mbo\ isoschizomers fall into two classes based upon their sensitivity to
methylation. Mbol will not cleave when the recognition sequence contains
6-methyladenosine whereas Sau3M will not cleave when its recognition sequence
contains 5-methylcytosine. Isoschizomers of Mbol that are like Sau3AI are indicated
by + .
8. TaqU differs from other restriction enzymes in recognizing two distinct
sequences: GACCG and CACCCA.
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