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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 III specificities.
Table II contains a listing of all prototype restriction enzymes
(Types I, II and III), 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 2
Type I enzymes
Enzyme Recognition sequence? Me site3
CfrAl GCANNNNNNNNGTGG
EcoAl GAGNNNNNNNGTCA 2(6),-3(6)
EcoBI TGANNNNNNNNTGCT 3(6),-4(6)
EcoDI TTANNNNNNNGTCY
EcoDR21 TCANNNNNNGTCG
EcoDR3I TCANNNNNNNATCG
EcoDXXI TCANNNNNNNRTTC
EcoEl GAGNNNNNNNATGC
EcoKI AACNNNNNNGTGC 2(6),-3(6)
EcoR1241 GAANNNNNNRTCG
EcoR124/31 GAANNNNNNNRTCG -3(6)
EcoRD2I GAANNNNNNRTTC
EcoRD3I GAANNNNNNNRTTC
StySBI GAGNNNNNNRTAYG 2(6),-4(6)
StySJ1 GAGNNNNNNGTRC
StySPI AACNNNNNNGTRC 2(6),-3(6)
StySQl AACNNNNNNRTAYG
Type Il enzymes
Enzyme Recognition sequence? Me site3
EcoPI AGACC (6)
EcoP151 CAGCAG (25/27) 5(6)
HinfllI CGAAT
StyLTI CAGAG 4(6)
Type Il enzymes
Ei 1 Isoschi R ition2 Me? Commercial*
Sequence site source
Aatll GACGTTC ELMNOPRSUVX
Accl GTTMKAC ABEIKLMNOPQRSUVX
Acil CCGC(-3-1) N
Acyl GRTCGYC MRV
Bbill GRTCGYC AK
BsaHI GRTCGYC NS
Hinll GRTCGYC EFOU
Aflll CTMTAAG ABKNSU
Bfrl CTTTAAG M
Espdl CTTTAAG F
Al ATCRYGT BMNU
Agel ATCCGGT N
Ahalll TTTTAAA
Dral TTTTAAA ABEFIKLMNOPQRSUVX
Alul AGTCT 3(5) ABEFHIKLMNOPQRSUVX
AlwNI CAGNNNTCTG NSU
Apal GGGCCTe 4(5) BEIKLMNOPRSUVX
Bsp1201 GTGGeee F
ApaBI GCANNNNNTTGC
ApaLl GTTGCAC AEKNSUX
Alw4dl GTTGCAC FORU
Snol GTTGCAC LMV
Ascl GGTCGCGCC N
Asul GTGNCC R
BsiZl GTGNCC AW
Cfr131 GTGNCC 4(5) FKOU
Sau96l GTGNCC BELMNORSVX
Asull TTTCGAA
BsiCI TTTCGAA AUW
Bsp1191 TTTCGAA F
BstBI TTTCGAA NS
Csp451 TTTCGAA ORV
Lspl TTTCGAA L
NspV TTTCGAA ABKOP
Sful TTTCGAA M

Enzyme!

Aval

Avall

Avalll

Avrll

Ball

BamHI

Bbul

Bbull

Beefl
Begl®
Bell

Betl
Bgll
Bgill
Binl

Bpu101

BsaAl
BsaBI

BsePl
Bsgl
Bsil
BsiYl
Bsml
BsmAl
BspGI
BspHI

BspMI
BspMIl

Bsrl
BsrBI
BstEll

BstX1
Cac8l
Caull

Cfrt

Cfr101

R,

Beol
Eco881
Nsplll

Eco471
Sinl
EcoT221
Mph11031
Nsil
Ppu101

Binl

Mscl

Bstl

Bst711

Bbsl

BsiQl
Fbal

Alwl

BsiBI
Maml

BssHII

Bsll

BscCl

Alw26l

Acclll
BseAl
BsiMI
BspEl
Kpn2l
Mrol

BstPl
Eco911
Eco0651

ition? Me3
Sequence site
CTYCGRG
CTYCGRG
CTYCGRG
CTYCGRG
GTGWCC
GTGWCC
GTGWCC 4(5)
ATGCAT
ATGCATT
ATGCATT
ATGCATT
ATTGCAT
CTCTAGG
CTCTAGG
ACNNNNGTAYC
TGGTCCA 4(5)
TGGTCCA
GTGATCC 5(4)
GTGATCC
GCAGC(8/12)
GCAGC(8/12)
GAAGAC(6)
GAAGAC(2/6)
CCATC
ACGGC(12/13)
GCANNNNNNTCG(12/10)
TTGATCA
TTGATCA
TTGATCA
WTCCGGW
GCCNNNNTNGGC
ATGATCT
GGATC(4/5)
GGATC(4/5)
CCTNAGC(-5/-2)
YACTGTR
GATNNTNNATC
GATNNTNNATC
GATNNTNNATC
GCGCGC
GTCGCGC
GTGCAG(16/14)
CTCGTG(-5/-1)
CCNNNNNTNNGG
CCNNNNNTNNGG
GAATGC(V-1)
GAATGC(V-1)
GTCTC(1/5)
GTCTC(V/5)
CTGGAC
TTCATGA
ACCTGC(4/8)
TTCCGGA
TTCCGGA
TTCCGGA
TTCCGGA
TTCCGGA
TTCCGGA
TTCCGGA
ACTGG(V-1)
GAGCGG(-3/-3)
GTGTNACC
GTGTNACC
GTGTNACC
GTGTNACC
CCANNNNNTNTGG
GCNTNGC
CCTSGG
CCTSGG 2(4)
CCTSGG
YTGGCCR 4(5)
YTGGCCR 4(5)
RTCCGGY 25)

2(5),-2(5)

Commercial*
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

NSuU

AW

BELMNOQRUVX

NSuU

AEKQRV

AW
NS

MOU
N

BEHLMNOPRSUVX

BELMNOSUVWX

EKLMNSUVX
AFKMNOU
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Enzyme! Isoschi s Recognition? Me3 Commercial* Enzymel Isoschi: s R ition2 Med Commercial®
Sequence site source Sequence site source
BsrFI RTCCGGY N Hhal GeGTe 25 ABEKNOPRSUX
Clal ATTCGAT 5(6) ABKMNPQRSVX Col GCGTC BILMRSV
BanlIl ATTCGAT ou Hin6l Gtcae F
Bsel ATTCGAT L HinP1l atcae NSX
BsiX1 ATTCGAT AW HindIl GTYTRAC 56) EM
Bsp1061 ATTCGAT E Hincll GTYTRAC ABFHIKLNOPQRSUVX
BspDI ATTCGAT N HindlIl ATAGCTT 16 ABEFHIKLMNOPQRSUVWX
Bsu1sl ATTCGAT F Hinfl GTANTC ABEFHIKLMNOPQRSUVWX
cvidl RGTCY 35) Hpal GTTTAAC 56) ABEFHIKLMNOPQRSUVX
CuiRl TGTCA «® Hpall ctceG 25) ABEFLMNOPQRSUVX
Ddel CTMINAG 15) BEILMNOPRUVX Hapll cTcee 2(5) K
Dpnl* GATTC ABEILMNRSUVX Mspl ctcee 15) ABEFHIKLMNOPQRSUVWX
Drall RGTGNCCY M Hphl GGTGA®/M 2(5) NSUVX
Eco01091 RGTGNCCY AEFKLNOSUVX Kpnl GGTACTC «6) ABEFIKLMNOPQRSUVX
Pasl RGGNCTCY 1 Accésl GTGTACC FNR
Dralll CACNNNTGTG EMNSUX AspT181 GTGTACC M
Drdl GACNNNNTNNGTC N Ksp6321 CTCTTC(1/4) M
Drdll GAACCA Eam11041 CTCTTC(V4) F
Dsal CTCRYGG M Earl CTCTTC(V/4) N
Eam11051 GACNNNTNNGTC FN Mael C™AG M
Eeil TCCGCC Bfal CTTAG N
Eco311 GGTCTC(V/5) F Rmal CTTAG N
Bsal GGTCTC(VS) N Maell ATCGT M
Eco47IIl AGCTGCT ABFKLMNORU Maelll 1GTNAC M
EcoST1 CTGAAG(16/14) 56)56) FN Mbol” 1GATC BEFIKNPQRSVX
EcoNT CCTNNTNNNAGG NSU N Bsp143l 1GATC F
EcoRI GTAATTC 3(6) ABEFHIKLMNOPQRSUVWX Dpnll TGATC 2(6) NU
EcoRIIS 1CCWGG 25) BEOSUV Ndell 1GATC BM
+ Apyl CCTWGG M + Sau3Al 1GATC 45 ABEIKLMNOPQRSUVX
+ BsiLI CCTWGG AW Mboll GAAGA®/M) 56) BFIKNOPQRSUVX
+ BstNI cCTWGG 24) ENSX Merl CGRYTCG M
+ BstOl CCTWGG R BsiEl CGRYTCG ANW
+ Mual CCTWGG 24) AFKMOU Mfel CTAATTG
EcoRV GATTATC 26) ABEHIKLMNOPQRSUVWX M CTAATTG ) N
Eco321 GATTATC F Mlul ATCGCGT ABEFIKLMNOPQRSUVX
Espl GCTTNAGC U Myt GACTC(5/5)
Bpu11021 GCTTNAGC EFN Mmel TCCRAC(20/18)
Celll GCTTNAGC ALM Mnil CCTC(7/6) ENSUX
Esp3l CGTCTC(1/5) FN Msel TTTAA NsU
Faul CCCGCWe) Ml CAYNNNNRTG
Finl GTCCC Mstl TGCTGCA X
FnuDI1 CGTCG Avill TGCTGCA M
Accll cereG AKQVX Fdill TGCTGCA v
Bap5o1 cGTcG EF Fspl TGCTGCA NSU
BatUl cGTcG NSU Muwol GCNNNNNTNNGC
Munl cetcG M BspWI GCNNNNNTNNGC M
Thal CGTCG BI Nael GCCTGGC AEKLMNOUVX
FrudHl GCTNGC N NgoMI GTCCGGE N
Fokl GGATG(913) 36)26) AEFIKMNRUVX Narl GGtcaee BEMNOPRSUVX
Fel GGeeaaTee Bbel GGCGCTC AK
Fsil RTAATTY Ehel GGCTGCC FOU
Apol RTAATTY N Kasl G1GCGCC N
Gdill YGGCCG(-5/-1) Ncol CTCATGG ABEFHIKLMNOPQRSUVWX
Geul CTGGAG(16/14) FN Ndel CATTATG «® BEFKLMNPSUVX
Bpml CTGGAG(16/14) N Nhel GTCTAGC ABEKLMNOPRSUVX
Hael waeaTcew Nialll CATGT NSU
Haell RGCGCTY ABEIKLMNOPRSUVX NialV GGNTNCC NSU
Bspl43II RGCGCTY F BscBI GGNTNCC Al
Haelll Gatee 35) ABHIKLMNOPQRSUVX Notl GCTGGeCGe ABEFIKLMNOPQRSUVWX
Behl GGt w Nrul TCGTCGA ABEIKLMNOPQSUVWX
BsuRI GGtee 3) F Bsp68l TCGTCGA F
Pall ectee EPV Spol TCGTCGA R
Hgal GACGC(5/10) NSUX Nepl RCATGTY AKMU
HgiAl GWGCWTC NX NepBII CMGTCKG u
Alw211 Gweewic F Pact TTAATTTAA N
AspHI GWGCWTC M PAI1108L TCGTAG
HgiCl GTGYRCC PAMI CCANNNNTNTGG NSU
Banl GTGYRCC EIMNOPRSUVX Van911 CCANNNNTNTGG M
Ecob4l GTGYRCC F Plel GAGTCW/5) NU
HgiEll ACCNNNNNNGGT PmaCI CACTGTG AK
Hgidll GRGCYTC BbrPI CACTGTG M
Banll GRGCYTC BEIKLMNOPRSUVX EcoT21 CACTGTG F
Eco241 GRGCYTC F Pmil CACTGTG NU



2180 Nucleic Acids Research, Vol. 20, Supplement

Enzyme!

Pyull
RleAl
Rsal

Rsrll

ScrFl

Sdul

SfaNI
Sfel

sfil
SgrAl

Snal

SnaBl

Spel

Sphi

Spll

Srft
S3e83871
Sspl
Stul

Styl

Swal

Taql

Taqll®

Psp511

BspCl

Afal
Csp6l

Cpol
Cspl

Ecl13611
Sstl

Cfra21

Kspl
Sstll

Axyl
Bsu361
Cunl
Eco811
Mstll

DsaV

Bmyl
Bsp12861

BsaJl

Sfel

Cfrol
PspAl
Xmal
Bst11071
Eco1051
Bbul

Pael

BsiWl
Pf1231l

Eco1471

Eco1301
EcoT141

TthHBSI

GTTTTAAAC
RGTGWCCY
RGTGWCCY
GACNNTNNGTC
CTGCATG 5(6)
CGATTCG
CGATTCG
CGATTCG
CAGTCTG 4(4)
CCCACA(129)
GTTAC
GTTAC
GTTAC
CGTGWCCG
CGTGWCCG
CGTGWCCG
GAGCTTC
GAGTCTC
GAGCTTC
CCGCTGG
CCGCTGG
CCGCTGG
CCGCTGG
GTTCGAC
GCTCTTC(1/4)
CCTTNAGG
CCTTNAGG
CCTTNAGG
CCTTNAGG
CCTTNAGG
CCTTNAGG
AGTTACT

CCTNGG

TCCNGG

GDGCHTC

GDGCHTC

GDGCHTC

CTCNNGG

CTCNNGG

GCATC(5/9)

CTTRYAG

CTTRYAG
GGCCNNNNTNGGCC
CRTCCGGYG

CCCTGGG 2(4)
CTCCGGG 2(4)
CTCCGGG

CTCCGGG

GTATAC

GTATTAC

TACTGTA

TACTGTA

ATCTAGT

GCATGTC

GCATGTC

GCATGTC

CTGTACG

CTGTACG

CTGTACG

GCCCTGGGC

CCTGCATGG

AATTATT

AGGTCCT

AGGTCCT

AGGTCCT

CTCWWGG

CTCWWGG

CTCWWGG

ATTTTAAAT

TTCGA 4(6)
TTCGA 4(6)

GACCGA(1119)
CACCCA(1Y9)

ition? Med
Sequence site

Commercial*

ABEFHIKLMNOPQRSUVWX
ABEFKLMNOPQRSUVX

E

BS
ABEFIKLMNOPQRSUVWX

ABEILMNOPQRSUVWX

ABEFHIKLMNOPQRSUVX

M

\Z

NRS

BS

AFKOU

EX
ABEFIKLMNOPRSUVX

EMNOSUVX
M

F

M

AKNRUX

N
NSUX

N

ABEILMNOPQRSUVX

M
ABEFIKLMNOPQRSUVWX
FOU

E

EINRSUVX

FMN

AEKLMNRSVX

FOU
ABEKLMNORSUVWX
ABEHIKLMNOPQRSUX
RV

ABEFILMNOPQRSUVWX
AK

Enzyme! hi Recognition? Me Commercial®
Sequence site source
Tl GTAWTC N
Tspa51 GTSAC
TspEl AATT
Tth1111 GACNTNNGTC AEIKNPRUVX
Aspl GACNTNNGTC M
Tth11111 CAARCA(119)
Vspl ATTTAAT FKR
Asel ATTTAAT NSU
Asnl ATTTAAT M
Xbal TTCTAGA 6(6) ABEFHIKLMNOPQRSUVWX
Xeml CCANNNNNTNNNNTGG NU
Xhol CTTCGAG ABEFHIKLMNOPQRSUVX
Cerl CTTCGAG X
PaeR71 CTTCGAG 5(6) NSX
Xholl RTGATCY EMRVX
BstYl RTGATCY BNU
M RTGATCY AK
Xmalll CTGGCCG 45 BE
BstZl CTGGCCG R
Eagl CTGGCCG NS
EclXl CTGGCCG M
Eco521 CTGGCCG AFKORU
Xmnl GAANNTNNTTC ENUX
Asp7001 GAANNTNNTTC 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: 1-95, 1985) to represent ambiguity:

R =GorA H=AorCorT
Y =CorT B =GorTorC
M= AorC V =GorCor A
K=GorT D =GorAorT
S =GorC N =AorCorGorT

W =AorT

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 (2/92) O  Toyobo (6/91)

B  BRL (1/92) P PL-Pharmacia-LKB (9/91)

E  Stratagene (1/92) Q  Molecular Biology Resources
F  Fermentas (6/91) (10/91)

H  American Allied (1/92) R Promega Corporation (10/91)
I IBI (6/91) S Sigma (1/92)

K  Takara (10/91) U USB (10/91)

L  Northumbria Biologicals Ltd. (10/91) V  Serva (2/91)

M Boehringer Mannheim (9/91) W ILS (5/91)

N New England Biolabs (2/92) X  New York Biolabs (4/91)

5. Bcgl 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. Mbol isoschizomers fall into two classes based upon their sensitivity to
methylation. Mbol will not cleave when the recognition sequence contains
6-methyladenosine whereas Sau3Al will not cleave when its recognition sequence
contains 5-methylcytosine. Isoschizomers of Mbol that are like Sau3Al are indicated
by +.

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



