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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

Since the last compilation of restriction enzymes, (1) 442 new
entries have been added including 13 new specificities. A
complete list of these new enzymes can be found in Table I. With
the growing size of the restriction enzyme database and the
recognition that the most widespread use of the information is
as a database for computer programs predicting restriction
enzyme cleavage patterns, Table n contains a listing of all
prototype restriction enzymes (Types I, II and HI) together with
their commercially available isoschizomers. It should be noted
that an alternative compilation of these enzymes has recently been
produced (3).

During the previous year the names of several restriction
enzymes have been changed by the original authors.

Old Name Prototype
Recognition
Sequence New Name
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BpullO/21
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Eamlltol
EamllOSl
MlullO6l
/y?1108I
PJU.TI

The complete database is available in many formats including
the styles shown in Tables I and n, or as a flat file arranged in
fields that can easily be reformatted. 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.

In forming Table I 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 (4).
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N
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T

E
S

1. W
hen tw

o enzym
es recognize the sam

e sequence, i.e., are isoschizom
ers, the prototype (i.e., the first exam

ple isolated) is indicated in
parentheses.

2. R
ecognition sequences are w

ritten from
 5

' -> 3
', only one strand being given, and the point of cleavage is indicated by an arrow

 (T
). W

hen no
arrow

 appears, the precise cleavage site has not been determ
ined. For exam

ple, C
TG

A
TC

G
 is an abbreviation for

5
' 

C
T

G
A

T
C

G
3

'
3' 

G
C

T
A

G
T

C
5

'

For enzym
es such as Sapl and A

cH
, w

hich cleave aw
ay from

 their recognition sequences, the sites of cleavage are indicated in parentheses.
For exam

ple Sapl G
C

T
C

T
T

C
(l/4) indicates cleavage as show

n below

5'G
C

T
C

T
T

C
N

T
'3'

3' C
G

A
G

A
A

G
N

N
N

N
t' 5

'

A
cfl C

C
G

C
(-2/-2) indicates cleavage as show

n below

5
'C

C
T

G
C

'3
'

3
'G

G
T

C
G

'5
'

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

|_

A
 is N

6-m
ethyladenosine. 

x

3. T
hese colum

ns indicate the frequency of cleavage by the various specific endonucleases on bacteriophage lam
bda D

N
A

 (X
), adenovirus-2 D

N
A

 
^

(A
d2), sim

ian virus 40 D
N

A
 (SV

40), 9X
174 R

f D
N

A
 and pB

R
322 D

N
A

 (pB
R

). In all cases the sites w
ere derived by com

puter search of 
2

the com
plete sequences obtained from

 G
E

N
B

A
N

K
. 

§I
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TABLE 2

Type I enzymes

Enzyme Recognition sequence2 Me site3

C/rAI

EcoAI

EcoBl

EcoDI

EcoDXXI

EcdEI

EcoKI

£coR124I

EcoR124/3I

StySBl

StySJI

StySPI

StySQI

GCANNNNNNNNGTGG

GAGNNNNNNNGTCA

TGANNNNNNNNTGCT

TTANNNNNNNGTCY

TCANNNNNNNATTC

GAGNNNNNNNATGC

AACNNNNNNGTGC

GAANNNNNNRTCG

GAANNNNNNNRTCG

GAGNNNNNNRTAYG

GAGNNNNNNGTRC

AACNNNNNNGTRC

AACNNNNNNRTAYG

2(6),-3(6)

3(6),-4(6)

2(6),-3(6)

-3(6)

2(6),-4(6)

2(6),-3(6)

Enzyme

EcoPl

EcoP15l

StyhTI

Type HI enzymes

Recognition sequence2 Me site3

AGACC 3(6)
CAGCAG
CGAAT
CAGAG 4(6)
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Nucleic Acids Research, Vol. 19, Supplement 2099

Enzyme1

Aatll
Accl
Acil
Acyl

Aflll

Aflin
Agel
AhaUI

Alul
AlwNI

Apal

ApaBI

ApaLl

Ascl

Asul

Asull

Isoschizomers

Ahall
Bbill
BsaHl

Hinll

Bfrl

Dral

Bspl20l

AlwUl

Snol

Vnel

C/rl3I
NspIV

Sau96l

BpuUl

BspU9I
BstBI

Csp45I

Lspl

NspV

Tjrpe II enzymes

Recognition2

Sequence

GACGTtC
GTtMKAC

CCGC(-2/-2)

GRTCGYC

GRTCGYC

GRTCGYC

GRCGYC

GRTCGYC

CTTTAAG

CTTTAAG

ATCRYGT

AtCCGGT

TTTTAAA

TTTTAAA

AGTCT

CAGNNNTCTG

GGGCCTC

GTGGCCC

GCANNNNNtTGC

GTTGCAC

GTTGCAC

GTTGCAC

GTTGCAC

GGTCGCGCC

GTGNCC

GTGNCC

GTGNCC

GTGNCC

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTTCGAA

TTCGAA

Me3

site

3(5)

4(5)

4(5)

Commercial4

source

EGJLMNOPRSUVX
ABDEGIJKLMNOPQRSUVX
N

EMRV
GN

AK

N

FOU
ABGJKNU
M

BGJMNU
N

ABDEFGUKLMNOPQRSUVX

ABDEFGHUKLMNOPQRSUVX

N

BDEGIJKLMNOPRUVX
F

EGJKNX
FRU
JLMV
D

N

R

FKOU
JP

BEGJLMNRVX

J

D

F

N

RV

JL

ABGKPU
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2100 Nucleic

Enzyme1

Aval

Avail

Avalll

Avrll

Bael

Baa

BamHl

Bbvl

BbvU

Bed

Bcefl

Bcgl*

BcH

Betl

Bga
Bgtll

Binl

BpulOI

BsaAI

BsaBl

Acids Research, Vol.

Isoschizomers

Sful

Eco88l

Nsplll

Bmel8I

Eco47I

NspHU

SinI

£coT22I

Nsil

Blnl

MscI

BstI

Bbsl

Fbal

Alwl

Maml

19, Supplement

Recognition2

Sequence

TTtCGAA

CTYCGRG

CtYCGRG

CTYCGRG

GTGWCC

GTGWCC

GTGWCC

GGWCC

GTGWCC

ATGCAT

ATGCATT

ATGCATT

CTCTAGG

CTCTAGG

ACNNNNGTAYC

TGGTCCA

TGGTCCA

GTGATCC

GTGATCC

GCAGC(8/12)

GAAGAC(2/6)

GAAGAC

CCATC

ACGGCU2/13)

Me3

site

4(5)

4(5)

5(4)

2(5),-2(5)

GCANNNNNNTCG< 12/10)

TTGATCA

TGATCA

WTCCGGW

GCCNNNNTNGGC

ATGATCT

GGATCX4/5)

GGATCX4/5)

CCTNAGa-5/-2)

YACTGTR

GATNNTNNATC

GATNNTNNATC

Commercial4

source

M

ABEGIJKLMNOPRSUVX

F

J P

ABEGLJKMNPRSX

D

FOU

J

JLRSV

GJ

KOU

BELMNRVX

N

K

ABEGIJKRSVX

N

ABDEFGHUKLMNOPQRSUVX

GJP

EGIJNX

N

N

BEGIJLMNOPRSUVX

K

ABDEFGHULMNOPQRSUVX

ABDEFGHUKLMNOPQRSUVX

N

N

N

M
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Nucleic Acids Research, Vol. 19, Supplement 2101

Enzyme 1

SscPI

Bsgl

Bsil

BsiYI

BsmI

BsmAI

BspGI

BspHl

BspMI

BspMll

BsrI

BstEU

BstXl

Caull

Cfrl

C/rlOI

Clal

Isoschizomers

BssHll

Bstl

Alw26I

RspXI

AcclII

BspEI

Kpn2l

Mrol

BstPl

Eco91I

EcoO65I

Bcnl

Neil

Eael

BanUI

Bscl

BsplOei

BspDl

Bsul5l

Recognition2

Sequence

GCGCGC

GTCGCGC

GTGCAG(16/14)

CTCGTG(-5/-l)

CCNNNNNTNNGG

CCNNNNNTNNGG

GAATGC(1/-1)
GTCTC(iy5)

GTCTC(l/5)

CTGGAC

TTCATGA

TTCATGA

ACCTGC(4/8)

TTCCGGA

TTCCGGA

TTCCGGA

TTCCGGA

TTCCGGA

ACTGGdAl)

GTGTNACC

GTGTNACC

GTGTNACC

GTGTNACC

CCANNNNNTNTGG

CCTSGG

CCTSGG

CCTSGG

YTGGCCR

YTGGCCR

RTCCGGY

ATTCGAT

ATCGAT

ATTCGAT

ATTCGAT

ATTCGAT

ATTCGAT

Me3

site

2(4)

4(5)

4(5)

2(5)

5(6)

Commercial*
source

DEGJLMNQRUVX

N

EGJLNUVX

N

F

N

G

N

DEGJKQRV

N

F

MOU

N

BEGJLMNOPRSUVX

K

F

GK

EGJKLMNOQRUVX

FK

BEGJLMNOUVX

F

EGJKLMNVX

AFKMNOU

ABDJKMNPQRSVX

OU

JL

E

N

DF
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2102 Nucleic

Enzyme*

CviJl

CviRl

Ddel

Dpril*

Droll

DroIII

Drdl

Drdll

Dual

EamllO5I

Ecil

EcoSlI

Eco47lll

Eco571

EcdNl

EcoRI

EcoRlI6

+

+

+

EcoRV

Espl

Esp3I

Faul

Finl

Fnu4Hl

FnuDIl

Acids Research, Vol.

Isoschizomers

£ C O O 1 0 9 I

Pssl

Bsal

Apyl

BsiNl

Mval

TspAI

Eco32I

BpullO2l

Ce/II

AccII

Bsp50l

19, Supplement

Recognition2

Sequence

RGTCY

TGTCA

CTTNAG

GAtTC

RGTGNCCY

RGTGNCCY

RGGNCtCY

CACNNNtGTG

GACNNNNtNNGTC
GAACCA

CTCRYGG

GACNNNtNNGTC

TCCGCC

GGTCTCd/5)

GGTCTC(l/5)

AGCTGCT

CTGAAG(16/14)

CCTNNTNNNAGG

GTAATTC

TCCWGG

CCTWGG

CCTWGG

CCTWGG

CCWGG

GATTATC

GATTATC

GCtTNAGC

GCTTNAGC

GCtTNAGC

CGTCTC(l/5)

CCCGC(4/6)

GTCCC

GCTNGC

CGTCG

CGTCG

CGTCG

Me3

site

3(5)

4(6)

1(5)

5(6),-5(6)

3(6)

2(5)

2(4)

2(4)

2(6)

Commercial4

source

BEGULMNOPRUVX

ABEGIJLMNRSVX

EGJM

FGJKLNOUVX

I

EMNX

N

M

FN

F

N

FKMNORU

N

N

ABDEFGHUKLMNOPQRSUVX

BDEGJUV

M

EJNX

AFKMOU

L

ABDEGIJKLMNOPQRSUVX

F

EGJU

FN

M

FN

N

DEGJKQVX

F
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Nucleic Acids Research, Vol. 19, Supplement 2103

Enzyme1

Fokl

Fsel

Fail

Gdill

Gsul

Hoel

Hoell

HoelU

Hgdl

HgiAI

HgiCl

HgiElI

Hgun

Hhal

Hindll

Hindlll

Hinfl

Hpal

Hpall

Isoschizomers

BstUl

Mvnl

Thai

BssCl

BsuRl

Pall

Alw21I

AspHI

BanI

Eco64I

BanU

Eco2Al

Cfol

Hin6l

HinPlI

Hindi

Hapll

Recognition2

Sequence

CGTCG

CGTCG

CGTCG

GGATGO/13)

GGCCGGTCC

RTAATTY

YGGCCGK-5/-1)

CTGGAG(16/14)

WGGTCCW

RGCGCTY

GGTCC

GGCC

GGTCC

GGTCC

GACGC(5710)

GWGCWTC

GWGCWTC

GWGCWTC

GTGYRCC

GTGYRCC

GTGYRCC

ACCNNNNNNGGT

GRGCYTC

GRGCYTC

GRGCYTC

GCGTC

GCGTC

GTCGC

GTCGC

GTYTRAC

GTYTRAC

ATAGCTT

GTANTC

GTTTAAC

CTCGG

CTCGG

Me3

site

3(6),-2(6)

3(5)

3(5)

2(5)

5(6)

1(6)

5(6)

2(5)

Commercial*
source

N

M

BI

DEGIKMNRUVX

FN

BDEGIJKLMNOPRSUVX

ABDGHUKLMNOPQRSUVX

G

DFGJ

EJPV

DNX

NX

F

M

EGIJMNOPUVX

F

EGIJKLMNOPRSUVX

F

BDEGJKNOPRSUX

BIJLMRV

F

NX

M

ABEFGIJKLNOPQRSUVX

ABDEFGUKLMNOPQRSUVX

ABDEGUKLMNOPQRSUVX

ABDEGUKLMNOPQRSUVX

ABDEFGJLMNOPQRSUVX

GIK
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2104 Nucleic

Enzyme1

Hphl

Kpnl

Ksp632l

Mael

Maell

Maem
MboV

+

+

MboU

Mcrl

Mfel

Mlul

Mlyl

Mmel

Mnll

Msel

Mstl

Mwol

Noel

Narl

ms — — .

Adds Research, Vol.

Isoschizomers

Mspl

Asp718I

EamllOAl

Earl

Rmal

BspAl

Dpnll

Kzo9I

Ndell

Sau3Al

AosI

AviH

Fdill

Fspl

Bbel

Ehel

KasI

NunJI

19, Supplement

Recognition2

Sequence

CtCGG
GGTGA(8/7)

GGTACTC

GtGTACC

CTCTTC(l/4)

CTCTTC(V4)

CTCTTC(l/4)

CtTAG

CtTAG

ATCGT

TGTNAC

TGATC

TGATC

GATC

TGATC

TGATC

tGATC

GAAGA(8/7)

CGRYTCG

CTAATTG

AtCGCGT

GACTa575)

TCCRAC(20/18)

CCTC{7/7)

TtTAA

TGCTGCA

TGCTGCA

TGCTGCA

TGCTGCA

TGCTGCA

GCNNNNNTNNGC

GCCTGGC

GGTCGCC

GGCGCTC

GGCTGCC

GTGCGCC

GGTCGCC

Me3

site

1(5)

-2(5)

2(6)

4(5)

5(6)

Commercial4

source

ABDEFGUKLMNOPQRSUVX

NVX

ABDEFGUKLMNOPQRSUVX

M

M

F

N

M

N

M

M

BEGLJKNPQRSVX

JL

N

D

BGM

ABDEGUKLMNOPQRSUVX

BGUKNOPQRSUVX

ABDEFGUKLMNOPQRSUVX

L

EGJNX

N

X

GJ

M

U

NS

EGKLMNOUVX

BEGJMNPUVX

K
FOU

N
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Nucleic Acids Research, Vol. 19, Supplement 2105

Enzyme1

Ncol

Ndel

Nhel

NlalTI

NlaJV

NotI

Nrul

Nspl

NspBII

Part
P/Z1108I

P/ZMI

Plel

PmaCI

PpuML

PshAI

Pstl

Pvul

PvuU

RleAl

Rsal

Rsrll

Sad

Isoschizomers

Bsp68I

Spol

NspHl

Van911

BbrPl

Eco72l

Pma

BspCI

Xorll

Afal
Csp6I

Cpol

Cspl

Recognition2

Sequence

CTCATGG

CAtTATG

GTCTAGC

CATGT

GGNTNCC

GCTGGCCGC

TCGTCGA

TCGTCGA

TCGTCGA

RCATGtY

RCATGtY

CMGTCKG

TTAATtTAA

TCGTAG

CCANNNNTNTGG

CCANNNNTNTGG

GAGTC(4/5)

CACTGTG

CACtGTG

CACTGTG

CACTGTG

RGTGWCCY

GACNNTNNGTC

CTGCATG

CGATTCG

CGATTCG

CGATTCG

CAGTCTG

CCCACAU2/9)

GTTAC

GTTAC

GTTAC

CGTGWCCG

CGGWCCG

CGTGWCCG

GAGCTTC

Me3

site

4(6)

5(6)

4(4)

Commercial4

source

ABDEFGIJKLMNOPQRSUVX

BEFGKLMNPSVX

BEGJKLMNOPRUVX

N

N

ABDEFGIJKLMNOPQRSUVX

BDEGIJKLMNOPQUVX

F

R

AKMU

GJ

J

N

N

F

N

AK

M
F

N

N

ABDEFGHUKLMNOPQRSUVX

ABDEFGJKLMNOPQRSUVX

E

B

ABDEFGIJKLMNOPQRSUVX

ABDEGLJLMNOPQRSUVX

K

F

BEGJNX

K

RV

ADEGIJKLMNOPQRSUVXDownloaded from https://academic.oup.com/nar/article-abstract/19/suppl/2077/1058136
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2106 Nucleic

Enzyme1

Sacll

Sail

Sapl

Saul

Seal

ScrFl

Sdul

Seel

SfaNl
Sfcl

Sfel
Sfil
SgrAI

Smal

Acids Research, Vol.

Isoschizomers

£c/136II

Sstl

C/r42I

KpnVm

Kspl

Mral

S/r303I

Sstll

Aocl

Axyl

Bse2\l

BsuZQl

Cvnl

Eco81l

Mstll

DsaV

Bmyl

Bap12861

Nspll

BsaJl

Cfr9l

Xmal

19, Supplement

Recognition2 Me3

Sequence site

GAGTCTC

GAGCTTC

CCGCTGG

CCGCTGG

CCGCTGG

CCGCTGG

CCGCGG

CCGCTGG

CCGCTGG

GTTCGAC

GCTCTTC(l/4)

CCTTNAGG

CCTTNAGG

CCTTNAGG

CCTTNAGG

CCTTNAGG

CCTTNAGG

CCTTNAGG

CCTTNAGG

AGTTACT

CCTNGG

TCCNGG

GDGCHTC

GDGCHTC

GDGCHTC

GDGCHTC

CTCNNGG

CTCNNGG

GCATCX5/9)

CTYRAG

CTTRYAG

GGCCNNNNTNGGCC

CRTCCGGYG

CCCTGGG 2(4)

CTCCGGG 2(4)

CTCCGGG

Commercial4

source

F

B

EIJLNOPRUVX

F

D

M

GJ

D

B

ABDEFGHUKLMNOPQRSUVX

M

E

GJV

D

NR

B

AFKOU

EX

ABEFGIJKLMNOPRSUVX

EGMNSUVX

M

FJ

M

EGKNRUX

J

N

DNX

ABDEGULMNOPQRSUVX

M

ABDEFGUKLMNOPQRSUVX

FU
EINRVX
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Enzyme

Snal

SnaBI

Spel

SphI

Spa

Sse838TL

Sspl

Stul

Styl

Sival

Taql

Taqll*

Tfil
Tsp45I

TspEI

Tthllll

Tthlllll

Vspl

Xbal

Xcml

Xhol

Isoschizomers

Ecol05I

Bbul

Pael

BsiWI

AatI

EcoUTL

Pme55I

BssTlI

Ecol30I

EcoTUI

TthBB8I

Aspl

Asel

Asnl

BstVL

Recognition2

Sequence

GTATAC

TACTGTA

TACTGTA

AtCTAGT

GCATGTC

GCATGtC

GCATGTC

CTGTACG

CTGTACG

CCTGCATGG

AATTATT

AGGTCCT

AGGTCCT

AGGTCCT

AGGTCCT

CTCWWGG

CTCWWGG

CTCWWGG

CTCWWGG

ATTTTAAAT

TTCGA

TTCGA

GACCGA(ll/9)
CACCCAU1/9)

GAWTC

GTSAC

AATT

GACNTNNGTC

GACNTNNGTC

CAARCA(ll/9)

ATTTAAT

ATTTAAT

ATTTAAT

TTCTAGA

Me3

site

4(6)

4(6)

6(6)

CCANNNNNTNNNNTGG

CTTCGAG

CTTCGAG 5(6)

Commercial4

source

EGJKMNVX

FOU

BEGKLMNORSUVX

ABDEGIJKLMNOPQRSUX

RV

F

AK

N

AK

BEGKLMNRUVX

ABEGIJKLMNPRVX

OU

F

D

BEGJMNRVX

D

FU

AK

ABDEFGULMNOPQRSUVX

K

N

EGIJKNPVX

M

DFK

N

M

ABDEFGHUKLMNOPQRSUVX

N

ABDEFGHUKLMNOPQRSUVX

GDownloaded from https://academic.oup.com/nar/article-abstract/19/suppl/2077/1058136
by Cold Spring Harbor Laboratory user
on 08 November 2017



2108 Nucleic Acids Research, Vol. 19, Supplement

Enzyme* Isoschizomers

Ccrl

PaeRTL
Slal

BstYl

Mfll

EagI

EclXI
Eco52l

Recognition2

Sequence

CTTCGAG

CTTCGAG

CTTCGAG

RTGATCY

RtGATCY

RTGATCY

CTGGCCG

CtGGCCG

CTGGCCG
CTGGCCG

Me3

site
Commercial4

source

Xholl

Xmalll

Xmnl
Asp700I

5(6)

4(5)

GAANNTNNTTC
GAANNTNNTTC

X
NX
D
EGMVX
N
AK
B
N
M

EFKOU
DEGJNX
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 = CorT
M = AorC
K = G or T
S = G or C
W = AorT
H = A or C or T
B = G or T or C
V = G or C or A
D = G or A or T
N = A or C or G 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:
A Amersham (2/91)
B BRL(2/91)
D Palliard Chemical (11/90)
E Stratagene (2/91)
F ESP Fermentas (9/90)
G BioExcellence (formerly Anglian) (11/90)
H American Allied (12/90)
I IBI (2/91)
J Janssen Biochimica (2/91)
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K Takara (1/91)
L Northumbria Biologicals Ltd. (9/90)
M Boehringer Mannheim (2/91)
N New England Biolabs (2/91)
0 Toyobo (2/91)
P PL-Pharmacia-LKB (2/91)
Q Molecular Biology Resources (1/91)
R Promega Biotec (12/90)
S Sigma (2/91)
U USB (9/90)
V Serva (2/91)
X New York Biolabs (2/91)

5. Bcgl5 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.
2?coRII 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 EcoiRH that are
like Mval are indicated by +.

7. Mbol isoschizomers fall into two classes based upon their sensitivity to methylation.
Mbol will not cleave when the recognition sequence contains 6-methyladenosine whereas
Sau3AI will not cleave when its recognition sequence contains 5-methylcytosine. Isoschizomers
of Mbol that are like Sau3AI are indicated by +.

8. Taqll differs from other restriction enzymes in recognizing two distinct sequences:
GACCG and CACCCA.
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