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RESTRICTION ENZYME PROPERTIES

Composition of Takara Universal

Restriction Enzyme-Universal

Restriction Enzyme Buffers Buffer Compatibility

L M H K T+BSA
10X L 100 mM Tris-HCI (pH 7.5) Afal Accl Ban I Afal Aat Il
100mM M, WSl Al amgool Gl Al
Wid) WE Apal AfI* BspT1071  Banll Afal
10X M 100 mM  Tris-HCI (pH 7.5) Apal | Al BssH Il Ben Affl
100 mM  MgCl, Avall Aor51H | BstP | Bin| Al
10mM  Dithiothreitol BspT1041  Aval BstX1  BmeT1101 Aori3H|
500 MM NaCl Bsp12861  Avall Bst11071  BspT1071 Aor51H]
10X H 500 MM Tris-HCI (pH 7.5) BssH I BspT104 | Clal Bst1107 | Apal |
O LE Dl Bl Dl Cal Al

s . ra S. ra a va
1 0218 m ng'lomre'to' Eael Bst1107 | Eco0851F  Cpol Avil
' : Eco01091  Cf31 EcoR | Dral Benl
10X K 200 mM  Tris-HCI (pH 8.5) Hae ll Clal EcoRV  EcoT14 1 Bpul 1021
100 mM  MgCl, Hae I Dral EcoT14 | Fbal BspT104 1
10 mM  Dithiothreitol Hap Il Eael EcoT22 | Haell  Bsp1286 |
1,000mM  KCl Hhal Eco0109 | Hae I Haelll Bsp1407|
10X T* 330mM Tris-acetate (pH 7.9) Z;va : Eﬁgﬂ*' ZZ;: /-mf |||| g?rﬁl-:l-s ':
102 m mfrﬂzfﬁr'g&lacetate Mbo | Fsel Mbo! Hirf | Clal
660 mM  Potassium acetate vt Bl G Hpal 2zl
*BSA should be added 1o a final concentration of 0.01% to obtain 100% ViU Has ll Mval Mbo! Ea|
actity. ’ Msp | Hap Il Nde | Mspl  Eco0109 |
10X Loading Buffer % DS Nae | Hha| Not I** Mval — Eco8l|
0.05%  Bromophenol blue g ma|C ' Il-l-llrrr)g Illll g s’;: I)\I/Cz;) ': ; sel:

0, ac I d el ae
50% _ Gycerol Stul Hirt | SaBAl  PshAl  Haell
Him I* Scal Pst | Hap |l
Kpn | Spe | Pvu I* Hhal
Mbo I Sph Spel Hinc I
M Stul Sphl Hirtf |
Mful Swal Stul Hint |
Msp | Taq | Taq | Mbo ll
Mun I* Vamo11l  Ttmi11 M
Nhe 1 VpaK11B|  Van911 Miu |
PmaC | Xhol Xhol Msp |
Psp1406 | Xspl Mun'|
Pvull Nae |
Sac | Nde
SauA | PmaC |
Sfil Pst1406 |
Spel PshA |
5568387 I* Sac|
Stul Sac ll
Taq | Sfil
Tth111 1 Smal
Xba I Stu'l
Xhol Taq |
Xspl Xbal
Xho!

*+0.01% BSA  ** +0.01% BSA+0.01% Triton X-100

Xsp |
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RESTRICTION ENZYME PROPERTIES

Recommended Buffers for Double Digests

Takara provides optimized buffers with each restriction enzyme and has determined the relative activity of each enzyme in these buffers (see page
7-6). In some situations, it may be necessary to perform a digestion with more than one restriction enzyme simultaneously or sequentially. This
table provides information on the optimal buffer for a “double digest” application. The recommended buffer is shown for each combination of
enzymes commonly used in cloning procedures. Some enzymes will function optimally at buffer concentrations other than 1X; these concentra-
tions can be achieved by dilution or by adding more buffer as indicated.
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Enzyme — I = _ x x = = = = = _ _ — — _ = — — — —
™lels |5l |85 lel2|slelelzs|s|z|3|3lelzlsle]s
< Q Q O w w T I X = = = Q Q (%] (%] %] (%) %) X x
Supplied 10x K 10X L 10X K 10X T 10X M
Buffer |10 M[10x K[ 10x H|10x Ml 10x H[10x Hf10x Ml10x mf10x LU f10x 1] +BsA fr0x I TEE ox L frox K| TGS f10x M 10x k[N 10x 1
Accl — osx k] ax T [1xm]|1xmfosx k[ 1xm|rx M| axm| TN ax T [O8X K] 1x M osx k[ 1x m|1sx 7| XX [1x m|osx k[ 1x M| 1x m
BamH | fosx k| — |1xk[1xK|1xk[1xk[o5x k| 1x Kk [o5x k| IXK|1x K [23X K] 1x k| 1x K [o5x k[15x T[23E,T] 1x K | 1x K [05x K| 1x K
Bgl Il 1xT [axk| — Jaxu|axn|axnfax e[ ixe[ax T [IXK x| DX oxon [ ix k fosx k[ 1x v ] IXE | axn ] ax ] 2x T 1xH
Clal ix M| x| axH[ — JaxH[axH[1xm]oxm]axm | IXK D cn [ Tocn ok [axm ] axcn | X faxm] axw ] ixm|1x
EcoRI f1xm|1xk[axn[axu| — [1xu|ixm|axm|axm| XK axn] XM oxn]axc]ixm]ixn|[IXx[1xn]1xu]ixm]|1xn
EcoRV fosx k| 1x k[ 1xn[1xn|1xn]| — |2x7|1xk[osxkf LXK [1xn]IXH ] 1x ] 1xKosx k] 1xH[P3E8[ 1x v 1xH]2x 1| 1x 1 g
Hincll  [1x M Josx k| 2x k [1xm|1xmfax T — Joxm[1xm| XM a7 [O8X K 1x mosx k[ 1xm|1sx k| XM [1xm]2xT[1xm|1xm 5
Hind I 1x m [ 1x k[ axkaxm]ixm|axk|ixm| — [1xm|IXKFaxk|03%E 1xm|1x k[ 1xmfisx k[ XA [1xm]1xKk]1xm]1xm E;
Kpn | 1x M Josx k| 1x T [1xm]|1xmfosxkf1xm]ixm| — [23X K 4x 7 [O98X Kl 1x mosx k[ 1x L |TEX T IXT f1x mfosx k[ 1xm|1xm (u]
-—
Neo | ix M 1x k] 1x k| ix k| axk|1xk|[1xmfixkfosx k|l _ [1xK]|osx k| 1x k| 1xk[o5x k|15x T[ 1x T [1x K[ 1xK[1xM]|1xK 0]
+BSA | +BSA | +BSA [ +BSA | +BSA | +BSA | +BSA | +BSA | +BSA +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BsA [ +BsA [ +BsA [ +Bsa m
Nde | 1x T [axk | axu ] axn ] axn [ axnfaxr[axefax T [IXK] — PIXH T axn [ oxw [ oxm [axn] XK ix ] ax ] axTixH -
Not | 05x Kfosx Kl 1x H | 1x H|1x H | 1x H|osx K|osx Klosx klosx k| 1x H| _ [1xH]|2xK|o5x K| 1x H|o5x T| 1x H [ 1x H[o5x k[ 1x H 1]
+BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA +BSA | +BSA | +BSA | +BSA | +BSA | +BsA [ +BsA [ +BSA [ +BsA C
Pst | IxM [ ax k| axH ] axH L axcH [ axon [axom [ axom oo [ 3K oxon | IXET — faxok faxom [ax 02X T ax s ax s axm | 1xH :||1.|
Pvul 05x K| 1x K[ 1x k| 1xKk[1xk]|1xK[o5x K| 1x K |osx k| IXK T 1x k[ 2XKax k| — Josx k[USX K] 1XK T x k[ 1x Kk |osx k| 1x K
+BSA ¥BSA +BSA | +BSA
Sac | 1x M Josx Klosx K[ 1x M| 1x M [osx k[ 1x M| 1x M| 1x L [03% K] 4x 7 [O8X K] ax mosx k[ — |TEX T 1IXTf1xmlosx k[ 1xm|1xm
15 T[15x T 1X H 15x K[15x T 15% T
Sal | 15X T 16X T) AX H | 1XH[1XH [ 1X H 15X K[1.5X K| Joea'| 4gsa | TX H | sgsa | "X H | ssa | +Bsa | — | +gsa | "X H| 1XH[15X Tl 1xH
smal | 1xT fosx Tl ax T ax T axT|osx Kkl 1xTf1xT[1xT1xT|1xT]osx Tlosx T[1x k[ 1x T [15xT| _ |axT]osx T|1xT|1xT
+BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA [ +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA | +BSA +BSA | +BSA | +BSA | +BSA
Spel IxM [ ax k| axH [ ax M ax H [ axn [axom [ axom [ aoxem [ IXK P axon | IXE T oon [ axok [axm [ax ] IXT ) — [ axH]axm]ixH
Sph 05x K| 1x K| axH[1xH | 1xH[1xn]|2x T 1xk[osx k] IXK[axn[ DX 1xn] 1xkfosx k| 1x w1 [935 T 1x 1| — [2xT1]1xH
a 1x M fosx k| 2x T 1xm|1xm|2xT|1xm|1xm[1xm 1x 7% 1x Mfosx k| 1x M [15x T ixmlexT| — [1xm
Xbal LA 8¢ *B5A
0 X X X X X X X X X X X X X X X X X =
Xho | 1x M [k axH [ axcH ] axcH [ axon faxom [ axom [ aoxem [ XK axon | IXE T on [aoxok faxem [ax ] IXT P ax ] axoH ] 1xom
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7 RESTRICTION ENZYME PROPERTIES

X Residual Enzyme Activity Following Inactivation Treatment
0
p 4 Heat treatment is generally applied to inactivate restriction enzymes after completion of a reaction. Heat tolerance varies depending on the
1] kind of enzyme; however, in some cases heat treatment is insufficient to inactivate restriction enzymes completely. Therefore, four kinds of
1} inactivation treatment were used for each enzyme, and the residual enzyme activity was measured to determine the best conditions for complete
1] inactivation.
< Restriction 60°C 70°C Ethanol Phenol Restriction 60°C 70°C Ethanol Phenol
i | Enzyme 15 min. 15 min. Precipitation Extraction Enzyme 15 min. 15 min. Precipitation Extraction
< Aatll + - - NT Hha| + - - NT
0 Accl + - - NT Hinc I + - - NT
— Accll + + - NT Hind Il + - - NT
2 Accli NT -~ - NT Hinf 1 + - - NT
I Afal + - + - Him | - NT + -
0 Affl - NT - NT Hpal - NT - NT
11] Al - NT + - Kpn| - NT - NT
- Aori3H| NT + + - Mbo + - - NT
AorsiH | - NT - NT Mbo Il + - - NT
Apa| - NT - NT Mfl| + + -
Apal | + - - NT Miu 1 + - NT
Aval + - - NT Msp| - NT + -
Avall + - + - Mun| + - + -
Avill + - + - Mval - NT + -
Ball - NT + - Nae| - NT - NT
BamH | - NT - NT Neol + - + -
(1)) Ban|i - NT - NT Nde | + - - NT
w Bbel - NT + - Nhe|l + - - NT
I: Benl + + - NT Not | + + + -
o Bgl - NT + - Nru1 - NT + -
W Bgll + - + - Pmac | - NT - NT
o Binl + + - NT PshA | - NT - NT
0 Bpu102 1 + + + - PshB | + - - NT
o Bsp1286 | - NT - NT Psp1406 | - NT + -
[} Bsp1407 | + - + - Pst1 - NT - NT
BspT107 | - NT - NT Pvul - NT - NT
w BssH I + - - NT Pyl N N N -
E BstP | NT + - NT Sac| - NT - NT
> BsiX | - NT - NT Sacl + - + -
N Bst1107 | + + + - Sall - NT - NT
4 Cfro | + + + - SalBA | + - - NT
w Cfr31 - NT - NT Scal - NT - NT
Cla| - NT - NT Sfil + - + -
2 Cpol - NT - NT Smal - NT + -
g Dral - NT - NT SnaB | - NT - NT-
= Eael - NT - NT Spel - NT - NT
0 Eami105 | - NT + - Sphi - NT - NT
E Eco0109 | - NT - NT Ss68387 | - NT - NT
= Eco065 | + - + - Sspl - NT - NT
() Ecor | - NT - NT Stu | - NT + -
L EcoRV + - + - Swal - NT + -
o Ecot141 - NT - NT TthHBS | NT + -
Ecot221 - NT - NT Tt 111 (Taq ) NT + - NT
Ecos52 1 - NT + - Vang1 | - NT + -
Ecos | + - - NT VpaKi1B | - NT - NT
Fbal + + - NT Xbal - NT + -
Fok1 - NT + - Xhol + + - NT
Fsel - NT - NT Xspl + + + -
Haell -~ NT -~ NT Resicual ity remain
+ esiaual activity remainini
Zzz ::l :: : J_r N_T - No residual activity ’
NT:  Not tested
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Star Activity of Restriction Enzymes

Some restriction enzymes may cleave different base sequence than their recognition sequence, under sub-optimal reaction conditions. These con-
ditions generally include high salt concentrations, impure templates, or a large excess of enzyme compared to substrate DNA. This reduced speci-
ficity is called star activity. The table below lists enzymes for which star activity may be observed together with the experimental conditions
required to induce star activity. The alternative base sequences cleaved are noted where these data are available.

Restriction Normal recognition Reaction Recognition  Reference Restriction Normal recognition Reaction Recognition  Reference
Enzyme Sequence conditions* Sequence** Enzyme Sequence conditions* Sequence**
Aatll GACGT C D 22 Pvull CAG CTG A D NAGCTG 15,16,22
Aor3H | T CCGGA A C,D 22 CNGCTG
Aval C YCGRG A, D 1 CANCTG
Avall G GWCC A D 22 CAGNTG
Avill TGC GCA C,D 22 CAGCNG
BamH | G GATCC A, B,D,E GRATCC 1,234 CAGCTN
GGNTCC Sac| GAGCT C AD 22
GGANCC Sall G TCGAC A D 4,22
GGATYC SausA | GATC A D SATC 17,22
Banli GRGCY C ADE 22 GMTC
Bgll GCCNNNN NGGC E 22 GAKC
Bglll A GATCT D 22 GATS
BspT104 | TT CGAA A D 22 Scal AGT ACT B,C,E 21
BstP | G GTNACC AE 22 Sfil GGCCNNNN NGGCC B,D 22
Bst1107 | GTA TAC E 22 Spel A CTAGT D, E 22
Eam1051  GACNNN NNGTC ACE 22 5568387 | CCTGCA GG D,E 22
Eco065 | G GTNACC D, E 22 Sspl AAT ATT A CD,E 22
EcoR | G AATTC A B,D,E NAATTN 4,8,9,10,11 Swal ATTT AAAT D, E 22
EcoRV GTA ATC D RATATC 12,22 TthHBS | T CGA C,DE 22
GNTATC Tthi11 1 GACN NNGTC B,C,F NACNNNGTC 19
GANATC GNCNNNGTC
GATNTC GANNNNGTC
GATANC GACNNNNTC
GATATY GACNNNGNC
Ecot221 ATGCAT E G 22 GACNNNGTN
Fbal T GATCA A CD,E 22 Val | CCANNNN NTGG A 22
Hae lil GG CC A 1 VpaK11B | G GWCC A CD,E 22
Hhal GCG C A D 4 Xbal T CTAGA A D 1,4
Hinc Il GTY RAC D 22
Hind 1Ii A AGCTT B,D RAGCTT 10,13,22 References
ANGCTT 1. Nath, K. and Azzolina, B. A. (1981) Gene Ampilif. Anal. 1:113-30.
AAKCTT 2. George, J., et al. (1980) J. Biol. Chem. 255:6521-4.
AAGMTT 3. George, J. and Chirikjian, J.G. (1982) Proc. Natl. Acad. Sci. USA 79:2432-6.
AAGCNT 4. Malyguine, E. et al. (1980) Gene 8:163-77.
AAGCTY 5. Clarke, C.M. and Hartley, B.S. (1979) Biochem. J. 177:49-62.
Hpal GTT AAC AD 1,22 6. Heininger, K. et al. (1977) Gene 1:291-303.
Kon1 GGTAC C D 22 7. Makula, R.A. and Meagher, R.B. (1980) Nucl. Acids Res. 8:3125-31.
Muni C AATTG AE 22 8. Polisky, B. et al. (1975) Proc. Natl. Acad. Sci. USA 72:3310-4.
Ncol C CATGG AD 2 9. Tikchonenko, T.. et al. (1978) Gene 4:195-212.
Nhel G CTAGC AC,D.E 29 10. Hsu, M. and Berg, P. (1978) Biocﬁemistry17:131 -8.
Psp1406 | A CGTT D 2 11. Woodbury, C.P. et al. (1980) J. Biol. Chem. 255:11534-46.
Pstl CTGCAG AD 1422 12. Halford, S.E. et al. (1986) Gene 41:173-81.

13. Nasri, M. and Thomas, D. (1986) Nucl. Acids Res. 14:811-22.
14. Gingeras, T.R. and Brooks, J.E. (1983) Proc. Natl. Acad. Sci. USA 80:402-6.
*Reaction Conditions 15. Nasri, M. et al. (1985) FEBS Lett. 185:101-4.

A: high levels of glycerol; B: in the presence of Mn>; C: alkaline pH; 16. Nasri, M. and Thomas, D. (1987) Nucl. Acids Res. 15:7677-87.

D: in the presence of DMSO; E: low ionic strength; F: high ionic strength; G: in the 17. Pech, M. et al. (1979) Cell 18:883-93.

presence of 2-mercaptoethanol 18. Barany, F. (1988) Gene 65:149-65.
19. Shinomiya, T. et al. (1982) J. Biochem. 92:1823-32.
**Key 20. Kessler, C., unpublished observations.
M=AorC;K=GorT;N=AC,G,orT; 21. Grosskopt, R. and Kessler, C., unpublished observations.
R=AorGY=CorTTW=AorT;S=GorC 22. Takara Shuzo Co., Ltd., unpublished observations.

7

-
m
0
I
<
0
>
<
>
T
L)
m
2
0
X




07-Technical.gxp 7/4/2005 8:55 AM Page 7-10 $

7 RESTRICTION ENZYME PROPERTIES

X Restriction Enzyme Sensitivity to CpG Methylation
0 . S . o
2 Many prokaryotes and eukaryotes contain enzymes known as DNA methyltransferases, which modify DNA by methylating cytosine in the CpG
T} sequence. While these enzymes are know to play a role in protecting host DNA from cleavage by corresponding restriction endonucleases in
1} prokaryotes, their role in eukaryotes is not clear. However, several restriction enzymes will be unable to cleave eukaryotic DNA at sites that have
o been methylated by CpG methylation. These Takara enzymes are listed below. Methylation may occur at CpG sequences either within the recog-
< nition site (indicated by boldface color type), or overlapping it (indicated by boldface type).
al Enzyme Site Enzyme Site Enzyme Site
U Aatll GACGTC cM3| GGNCC PmaC | CACGTG
— Accl GTMKAGC Clal ATCGAT PshA | GACN,GTC?
% Accll CGCG Cpol CGGWCCG Psp1406 | AACGTT
U Afal GTAC Eael YGGCCR! Pvul CGATCG
W Aor13H | TCCGGA Eco52 | CGGCCG Sac |l CCGCGG
= Aor51H | AGCGCT EcoR | GAATTCG Sall GTCGAC
Apal GGGCCC Fsel GGCCGGCC Sau3A | GATC
Apal | GTGCAC Haell RGCGCY Sfil GGCCN,GGCC®
Aval CYCGRG Hap Il CCGG Smal CCCGGG
Avall GGWCC Hhal GCGC SnaB | TACGTA
Avill TGCGCA Hin | GRCGYC VpaK11B | GGWCCG
Bbel GGCGCC Miul ACGCGT
Bgl| GCCN.GGC Nae | GCCGGC onlywhenR=G _
BssH I GCGEGC Nhe GCTAGC arggthylatlon at multiple sites required to block cleav-
Bst1107 | GTATACG Not| GCGGCCGC sinternal site methylated only when the adjacent N =
ol RCCGGY Nrul TCGCGA G

Restriction Enzyme Sensitivity to dam and dem Methylation

DNA prepared from most common strains of E. coli may prove resistant to cleavage by certain restriction enzymes. This can often be caused by
site-specific methylation. Two types of methylases are commonly encountered: the dam methylase, which methylates the N° position of the ade-
nine residues in the sequence GATC, and the dcm methylase, which methylates the internal cytosine residues in the sequences CCWGG at the C°
position. The sensitivity of Takara’s enzymes to these types of methylation is listed below.
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o

Enzymes blocked by overlapping dam methylation Enzymes blocked by overlapping dcm methylation
Enzyme Site Enzyme Site
Acc il TCCGGATC Apal GGGCCC(WGG)
Cclal ATCGAT(C) Avall GGWCC(WGG)
Fbal TGATCA Bal TGGCCA(GG)
Mbo | GATC Ccm3l GGNCC(WGG)
Mbo Il GAAGA(TC) Eael YGGCCA(GG)
Mfl RGATCY Eco0109 | RGGNCCT(GG)
Nrul TCGCGA(TC) Sfil GGCCN,GGCC(WGG) or GGCCWGGN,GGCC
TthHBS | TCGA(TC) Stul AGGCCT(GG)
Xbal TCTAGA(TC) Van9a1 | CCAGGN,TGG
VpaK11B | GGWCCWGG
Enzymes NOT blocked by overlapping dam methylation Enzymes NOT blocked by overlapping dem methylation
Enzyme Site Enzyme Site
BamH | GGATCC BamH | GGATCC
Baglll AGATCT Bbel GGCGCC
Pvul CGATCG BstP | GGTNACC
Sau3A | GATC BsiX | CCAN4CCTGG
Eco065 | GGTNACC
M=AorG;K=GorT,N=AC,G,orT: Zzg”l' ggggm
R=AorG;Y=CorT,W=AorT;S=GorC Kon| GGTACE
Mval CCWGG
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. 4 . -
Restriction Enzyme Activity in Takara Buffers ﬂ
The table below displays the activity of Takara’s restriction enzymes in each of the buffers supplied by Takara. The activity in each of the standard %
Takara buffers (L, M, H, K, or T) is expressed relative to the specific buffer supplied with the enzyme, indicated by boldface type. Fourteen enzymes -
(Acclll, Ball, Bbel, Ben|, Bgll, Bou1102 1, Cfr10 |, Eam 1105 |, Eco52 |, Nrul, PshB |, SnaB |, Ssp | and VpaK 11B 1) are supplied with customized 0
“basal” buffers, whose composition varies with the enzyme. In general, when performing double digests, select a buffer in which both enzymes >
have close to optimal activity. However, some enzymes may display star activity in certain buffers (indicated by parentheses), and these buffers r
should be avoided. >
Restriction Relative Activities (%) Restriction Relative Activities (%) Iu
Enzyme L M H K T+BSA Basal Enzyme L M H K T+BSA Basal 'U
Aatll <20 <20 <20 <20 100 120 Hint | 40 80 <20 20 60 160 m
Acc| 20 100 <20 (<20) 160 80 Hinc I 20 100 20 40 100 80 2
Accll (260) 100 <20 20 200 160 Hind | (60) 100 <20 200 (100) 80 O
Acc il (<20) (<20) 20 (80) (<20) 100 Hind I (60) 100 <20 200 (100) 80 >_<
Afal 60 60 40 60 100 100 Hirf | 80 100 100 160 60 100
Aflll 20 80* <20 <20 140 120 Hpal <20 (40) 20 100 (80) 100
Alu| 100 100 <20 40 200 120 Kpn| 100 60 <20 <20 (100) 80
Aor51H | 80 100 <20 20 120 120 Mbo'l 20 40 60 100 40 100
Apal 100 <20 <20 <20 <20 120 Mbol 100 60 <20 <20 60 100
Apal | 100 20 <20 <20 120 120 M| 100 80 <20 <20 80 100
Aval (<20) 100 20 40 100 120 Miu 60 60 100 (100) 60 100
Avall 80 100 <20 20 100 100 Msp| 80 80 <20 100 100 100
Avill <20 40 100 (140) 100 200 Mun | (200) 100* <20 <20 160 100
Ball 20 20 <20 <20 40 100 Mval (<20) (40) 80 100 (20) 120
BamH | (<20) <20 40 100 (<20) 80 Nae| 100 <20 <20 <20 100 120 b1
Banll (120) (120) 100 80 (100) 100 Neo | (40) (60) 20 60* (60) 160 m
Bbe <20 <20 <20 <20 <20 100 Nele | <20 40 100 100 80 100 )]
Ben| <20 20 40 (60) (60) 100 Nhe | (120) 100 <20 <20 (160) 100 -
Bgl| <20 <20 20 40 <20 100 Not| (<20) (<20) 20+ <20 (<20) 100 ;1|
Bglll <20 20 100 (100) (60) 100 Nru| 0 <20 20 20 <20 100 —
Bin| <20 20 40 100 20 120 PmaC | 100 80 <20 <20 100 100 0
Bpu1102 | <20 <20 <20 40 (60) 100 PshA | 20 40 <20 100 60 160 :l
Bsp1286 | 100 20 <20 <20 60 100 PstB | (20) (40) 20 40 40 100 0
Bsp1407 | 20 60 20 20 100 100 Psp1406 | 20 60 <20 <20 100 100 b4
BspT107 | <20 20 80 100 20 100 Pst| (<20) (60) 100 80 (20) 80
BssH |l 100 100 60 20 140 100 Pl (<20) (20) (40) 80* (40) 120 m
BsPP | (<20) (60) 100 (100) (100) 100 Pl (80) 100 40 <20 (40) 120 4
BsiX | <20 40 100 <20 <20 120 Sac| 100 60 <20 <20 80 80 N
Bst1107 | (<20) 60 100 100 40 100 Sacl 40 20 <20 <20 100 100 <
o1 (<20) (<20) (<20) 40 (20) 100 Sall <20 <20 100 (20) <20 120 Z
c3| 60 80 <20 100 80 100 SausA | (60) 80 100 <20 (80) 100 m
Clal 40 100 120 100 60 100 Scal (<20) (<20) 100 (60) (<20) 100 T
Cpo <20 <20 80 100 <20 100 Sfil (40) 100 <20 <20 100 100 1
Dral 100 100 60 100 80 80 Smal <20 <20 <20 <20 100 100 0
Eael 60 100 <20 <20 120 160 SnaB | (20) (40) <20 <20 (40) 100
Eam1105 | (<20) (40) 20 40 40 100 Spel (80) 100 80 100 (80) 100 R
Fco065 | (20) (60) 60 40 40 100 Sphl (20) (40) 100 120 (20) 100 T
Eco0109 | 100 60 <20 <20 100 160 S5e8387 | (120) 60* <20 <20 (60) 100 r
EcoR | (20) (100) 100 (120) (80) 120 Sspl (<20) (60) 40 (100) (80) 100 -—
EcoRV (<20) (40) 100 (120) (40) 100 Stul 60 100 60 80 140 100 m
EcoT141 (<20) (40) 100 120 (60) 100 Swal <20 <20 100 20 <20 100 0
EcoT22 | <20 20 100 (140) (20) 120 TthHBS | (Taql) 40 80 60 60 80 100
Eco52 <20 <20 <20 <20 <20 100 Tth1 11 (20) 80 40 100 (80) 120
Eco81 | <20 100 <20 <20 100 160 Van91 | <20 (20) 60 100 (60) 100
Fbal (<20) (<20) (80) 100 (20) 100 VpaK 11B | <20 <20 60 (40) <20 100
Fok| (20) 60 <20 <20 (200) 100 Xbal <20 80 20 <20 120 120
Fsel (120) 100 <20 <20 80 100 Xhol <20 60 100 160 60 100
Haell 80 100 <20 80 140 100 Xspl <20 60 <20 100 160 100
Hae lll 60 100 100 60 100 100
Hap I 100 60 <20 <20 100 80 * BSA should be added to a final concentration of 0.01% to obtain 100% activity.

Hhal 30 100 100 120 120 100 ** BSA and TRITON® X-100 should be added to a final concentration of 0.01% each to

obtain 100% activity.
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7 RESTRICTION ENZYME PROPERTIES

Restriction Enzyme Isoschizomers and Neoschizomers

E Isoschizomers are restriction enzymes having the same recognition sequence specificity. Neoschizomers (denoted by an asterisk) are restriction
Z enzymes that recognize the same site but cleave at different locations within the recognition sequence. Not all enzymes have a commercially
| available isoschizomer (indicated by NA). Takara and enzymes are denoted by boldface type.
1]
& Aatll Zral Ball Mis| cm3| AspS9 |
Accl Fbil MIuN | BsiZ |
| Xmil Msc| PspP |
q Accll Bsi236 | Msp20 | Saudb |
0 BsEN | BamH | NA Clal Ban |l
= Bs | Ban| AccB1 | Bsa29 |
2 Mun| Bshil | Bscl
I Thal BspT107 1 BseC |
0 Accll BseA | Ecop4 | gz’)g '06 |
w BsM | Banll Eco24 | BSPD |
= Bspi3| EcoT38 | BSPX |
BspE | Fi0 | BSZ1 5|
Mro| Bbe | Eng I* BsuTU |
Kpn2 | Ehe I*
AccB5l Asp7181 Kas| Zhol
C Sp as
Kon I* Miy113 I Cpol gz‘r’ i
AccB7I PiM | Nar* Rer2 |
AccBT | o} Dral NA
Van91 | Bbu'l Pagl
Adl| Psp1406 | SpaH | Eael cfr|
Ji] a
Al R Sphl Eanm 105 | Ahd |
sal
w Copb I* Ben AsuC2 | AspE |
— Ncil EcHK |
= Aflll Birl NAG |
18 BspT | Bg/] A Eco52 | Bsex3 |
T} Bsto8 | Bgll NA € S6
BstZ |
o MspC | Bin| Avrll Fag|
0 Vhad64 | BspA2 | EoiX |
o Ahd| AspE | Xmal | Xmall
o Ean105 1 Bpun 1021 Bip! Eco81 | Aoc
EcHK | Bsp1720 | Axy
w NnG cell
Bse21 |
> Alu NA Bsp1286 | By Bsu36 |
>- Alwh4 | Apal | Sdu | Cvnl
N Vne | Bsp1407 | Aau| Eco065 | BstEl
2 Aor51H | Eco47 Il BsiG | BstP |
T] Funl SspB | Eco9 |
Afe| BspT107 | AccB I PspE |
2 Apal Bsp120 I* Ban| Eco0109 | Drall
0 PspOM I* BsiN | EcoR | NA
- Apal | Alwa4 | Eoob4 | EcoR V Fco32 |
u Vnel BssH I BseP | EcoT4 1 Bsst] |
- Ase | Asn | PaeRT1
Eco130 |
E PshB | Pau Erhl
- Vsp| glﬂz|741 o
a
H} Aval gz;af ! Tiil EcoT221 BB |
o 508 | Xhol Mph103 |
508 Nsil
Eco88 | Bst1107 1 BssNA | "
Pput0 |
Nsp i BstZ17 | Zsp2 |
Avall Bmet8 | BstP Bst I Foal Bell
Ecod7 | Eco91 | Bsia |
HgiE | Eco065 | Ksp22 |
avill Acc16 | PpE | ok BB I
BstX | NA 0 S
Fspl BstF5 I*
Nsb | cfrol Bsel18 | ool NA
Avrll Binl BsiF | o e
BspA2 | BssA | e sp143
Ymel | Bst2 |
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Hae lll

Hap 1l

Hhal

Him |

Hinc 1l
Hind 1l
Hinf |
Hpal

Kpn

Mbo |

Mbo Il
mill

Miul
Mspl

Mun|
Mval

Nael

Neol
Ndel
Nhe |
Not1

Bshl
BstR |
Pall

BsiS |
BshF |
Hpall
Msp |
AspLE |
BstHH |
Cfol
Hing |
HinP1 |
HspA |
Acy |
BsaH |
BstAC |
Hsp92 |
Msp17 |
Hind Il
NA

NA

BstHP |
KspA |
Acc65 I*
Asp718 I*

BscF |
Bsp143 1
BsEN I
BsKKT |
Dpn i
Kzo9 |
Nde ll
Sau3A |
NA

BsiX2 |
BstY |
Psul
Xholl
NA
BsiS |
Hap 1l
Hpall
Mrfe|
BseB |
BsiL |
BsiN |
Bst0 |
Bst2U |
EcoR II*
PspG I*
MroN I*
NgoA \v*
Ngom Iv*
Pdil
Bsp19 |
FauND |
ASUNH |

CeiN |

Nrul
PmaG |

PshA |
PshB |
Psp1406 |

Pst1
Pvul

Pvull
Rsal

Sacl

Sacll

Sall
SausA |

Scal
Sfil
Smal

SnaB |
Spel

Sphl

5568387 |

Sspl
Stul

Swal
TthHB8 |

Bsp68 |
Acvl
BbiP I*
Ecor2 |
Pml|

Box|
BstPA |

Asel
Asn
Vspl
Acll
BstMA |

BspC |
Ple19 |

NA

Afal
Cspb I*
Ech36 I
EcolCR I*
Psp124B |
Sst

Cfrd2 |
Kspl
SgB |
Sfr303 |
Sstll

NA

BscF |
Bsp143 1
BsEIN Il
BsKT |
Dpnll
Kzo9 |
Mbo |
Nde Il
Accl13 |
NA

Cf I*
PspA I*
Xmal*
XmaC I*
BsiSN |
Eco105 |
AcN |
Beul
Bbul
Pael
SpaH |
Sbf |
Sdal

NA

Aat |
Eco147 |
Pcel
SseB |
Smil
Taql

Tth111 1

Van91 |

VpaK11B |

Xbal
Xhol

Aspl
PAF |
Psyl
Tell
AccB7 |
Pfim |

Afl
Avall
Bme18 |
EcoA7 |
HgiE |
Sinl

NA

BssH |
PaeR7 |
Sr274 |
Slal
Tl
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