Restriction enzyme

Definition of active unit

A unit is an enzyme activity that completely digests 1 pg of A DNA in 50 pl of the reaction mixture in 60 minutes.
Enzymes that are difficult to test under these conditions are indicated.

Quality control

(1) Mixed Nuclease: It is confirmed that the electrophoresis pattern after reacting 20 units of restriction enzyme with 1 ug of
substrate DNA for 5 hours (100-fold overdigestion) matched that of the short-term digestion.

(2) Ligation/Recutting: It is confirmed that the electrophoresis pattern after digesting ADNA with four fimes units of the restriction enzyme
for 2 hours and ligating the fragments with T4 DNA ligase matched that before ligation and recutting.

(3) Nickase: It is confirmed that there is little conversion to form Il and Ill, after reacting 10 - 35 units of restriction enzyme with 1 pg of
appropriate supercoiled DNA (e.g., @X174RF |,pBR322)for 5 hours. However, this check is only performed on enzymes that have the
appropriate supercoiled DNA.

(4) Phosphatase: It is confirmed that there is little free p-nitrophenol after reacting 20 - 200 units of restriction enzyme with p-
nitrophenyl phosphate for 48 hours.

Supplied buffer list

A restriction enzyme reaction buffer is supplied with 1 ml (1 tube) of each restriction enzyme.

Supplied buffer | Label color Composition Enzyme name
100 mmol/I Tris-HCI ( pH 7.9 at 25°C
/T (P ) Alw44 | (BSA supplied)*, Apa |, Kpn |, Mbo Il, Nar
10 x L Buffer Yellow 100 mmol/l MgClz I, Nci |, NspV, S 1S I
10 mmol/I DTT ,Ncil, NspV, Sac |, Sac

Acc ll, Age |, Alu |, Ava |, Ava ll, Axy |, Dra |,
I/l N |
?88 2232 TriSl—ci:Cl (pH 7.9 at 25°C) EcoO109 I, EcoR Il, EcoT38 |, Fok |, Hae I, Hae I,
10 x M Buffer Light blue 100 mmol/l MgCla : Hinc I, Msp I, Nhe |, Pvu ll, Rsa |, Sau3A |, Sau%é 1,

10 mmol/l DTT Sfil, Spe I, Stul, Xba |

1,000 mmol/l NaCl Ase |, Bcl |, Bgl'l, Bgl ll, BstE Il, BstX |, ECOR |, ECOR V,

X Hinf 1, Mlu I, Nco I, Nde |, Not | (Triton X-100
500 mmol/I Tris-HCI (pH 7.9 at 25°C e N
10 x H Buffer Red 100 mmol/l MgCla (P ) supplied)*, Nsil, Pst |, Sal |, ScrF I, Sph |, Sty 1, Swa |

10 mmol/l DTT (BSA supplied)*, Xho |

500 mmol/lI Potassium acetate
200 mmol/I Tris-acetate(pH 7.9 at 25°C) Acc |, Afl ll, Bsp1286 1, Fsp I, Sma |, Tag |
100 mmol/l Magnesium acetate

10 mmol/I DTT

10 x A Buffer Purple

1,000 mmol/I NaCl
100 mmol/l Tris-HCI (pH 8.5 at 25°C) Acc Il (BSA supplied)*, Acy |, BamH |, Bsm |,

10 x B Buffer Gray 100 mmol/l MgCl» BssH Il, Hha |, Hind lll, Ssp |

10 mmol/l DTT

10 x Dedicated White 10 x concentration of condition for digesting with Ball, Hpal, Nde I, Nru |, Sca |
Buffer each restriction enzyme

The supplied reaction bufferis 10 x concentration of reaction condition and 1/10 of the reaction volume (5 ulin the case of 50 pl
reaction volume) is used in the enzyme reaction
*Acc ll, Aw44 | and Swa | have 1mg/mi BSA separately, and Not 1has 0.1% TritonX-100 separately. During enzyme reactions, 1/10 of the reaction
volume of BSA or Triton X-100 are added



List of Relative Activity by Restiriction Enzyme Reaction Buffer

Nippon Gene measures the activity of restriction enzymes using the five restriction enzyme reaction buffers (L, M, H, A, and B)
(supplied reaction buffer * ‘:- ). The relative activities of restriction enzyme using other reaction buffers are shown below. The
activity is 100 % when this enzyme reacts in supplied buffer. ( ) shows reaction buffers that are susceptible to star activity, efc.

For Bal |, Hpa |, Nde II, Nru |, and Sca |, each dedicated buffer *! was used. In addition, the reaction was conducted without
adding BSA*2 for Acc lll, Alw44 |, and Swa |, and without Triton X-100 *3 for Not I.

*1 The composition of the supplied reaction buffer and dedicated bufferis 10 x concentration of the enzyme reaction conditions.

*2 The relative activity is 100% when BSA solution is added to a final concentration of 0.1 mg/ml.
*3 The relative activity is 100% when Triton X-100 is added to a final concentration of 0.01%.

Restriction L Dedic Restriction L i) H A B Dedic
enzyme ated enzyme ated
Acc 50 — e )| s | 25 [ o[ (0o [[GON
Accll (75) — | Kpnl <5 —
Acc i <5 — | Mboll 25 —
Acy | <5 — | Ml 50 —
Afl 1l 50 — | Mspl 50 —
Age | (75) — | Narl <5 —
Alul 100 — | Ncil <5 —
Alw44 | — [ Ncol (150) —
— | Ndel 100 —
Ase | (10) — | Ndell T
Avall 10 — | Nhel 10 —
Avall (75) — | Not| 50 —
Ball 25 Nsi | 100 —
BamH | (75) — | NspVv <5 —
Bl (100) — | Pstl 50 —
Bgl | (10) — | Pwil 5 —
Bgl Il (10) — | Rsal 50 —
Bsml (25) — | Sacl 10 —
Bsp12861 75 — | Sac S —
BssH Il (50) — | Sall S —
BstE Il (25) — | Sau3Al 50 -
Bst X | <5 — | Sau9sl 150 —
Dral 75 — | Scal ﬂ-
EcoO109 1| (100) — | ScrFi (150) —
EcoR|1 — — | sfil S —
EcoRIl <5 — | Smal <5 —
EcoR V (10) — | Spel 75 —
EcoT381 150 — | Sphl 100 —
Fok| (200) — s BRI
Fsp 25 — | stul 100 —
Hae ll 100 — | sty1 (75) —
Hae il 75 — | swal 75 —
Hha'l (75) — | 1aq1 100 —
Hincll 50 _ | Xbal 25 _
Hind Il <5) _ | xhoi 150 _
Hinf | 10 —




Restriction enzyme

Effect of salt conceniration on restriction enzyme activity

The effect of salt concentration (KCl and NaCl) on restriction enzyme activity was shown below as relative activity. The
condition of enzymatic response in this test is 10 mmol/| Tris-HCI (pH7.5), 10 mmol/I MgClz, 1 mmol/I DTT and various
concentrations of KCl or NaCl.

Because EcoRl is prone to star activity under the above condition, the activity of EcoRI was measured under the condition
(100 mmol/I Tris-HCI (pH 7.5), 7 mmol/I MgCla, 7 mmol/I 2-Mercaptoethanol and various concentrations of KCI or NaCl) that
does not exhibit star activity .

Relative activity indication I :100~70% [ : 70~40% [ 1: 40~0%
Concentration (mmol/l)
0 80 100 120 40 60 180

Restriction enzyme Salt

KCl
NaCl

Acc |

KCI

Acc ll

KCI

Acclll NaC

Acy | KCI

AflI

Age |

Alu |

Alw44 |

Apal

KCI

Ase | NaCT

Ava |

Avall

Axy |

Ball

BamH |

Bcl

Byl |

Bg! Il

Bsm |

Bsp1286 |

BssH Il

BstE Il

BstX |

Dra |

EcoO109 |

EcoR |

EcoR I

EcoR V

EcoT38 1

Fok 1

Fsp |

Hae ll

Hae ll

Hha' |

Hinc Il




Restriction
enzyme

Salt

Concentration (mmol/I)

Hind Il

Hinf |

Hpa'l

Kpn 1

120

Mbo ll

Miul

Msp |

Nar |

Nci |

Nco |

Nde |

Nde Il

Nhe |

Not |

Nru |

Nsi |

Nsp V

Pst |

KCI

Pvu ll

Rsa |

Sac |

Sac ll

Sall

Sau3Al

Sau96 |

Scal

ScrF |

Sfil

Small

Spe |

Sph |

Ssp i

Stu'l

Sty |

Swal

Tag |

Xbal

Xho'|




Restriction enzyme

Quality Criteria of Ligation/Re-cutting Efficiency

Nippon Gene's restriction enzymes meet the quality criteria in the following table for ligation/re-cutting tests. As the
substrate for ligation, ADNA is used for almost all restriction enzymes. ¢ 105 DNA for Nar | and Sac |, Ad2 DNA for Not |, §fi |, and
Spe |, M13mp19DNA for Swa | and T7 DNA for Xba I.

Restriction Ligation Re-cutting Restriction Ligation Re-cutting Restriction Ligation Re-cutting
e efficiency (%) | efficiency (%) SnEyme efficiency (%) | efficiency (%) SnEyme efficiency (%) | efficiency (%)
Acc | 90 100 EcoRrl 95 100 Nsi | 90 100
Acc I 90 100 Ecorili 95 100 Nsp vV 95 100
Acc lll 95 100 EcoR V 90 100 Pst | 95 100
Acy | 90 100 EcoT381 95 100 Pvull 90 100
Afl 1l 40 100 Fok I 90 100 Rsall 90 100
Age | 95 100 Fsp | 80 100 Sacl 90 100
Alul 90 100 Hae I 90 100 Sac i 95 100
Alw44 | 95 100 Hae lll 90 100 Sal'l 80 100
Apal 95 100 Hha'l 90 100 Sau3A | 90 100
Ase | 80 100 Hinc Il 80 90 Sau9é | 90 100
Ava l 90 100 Hind Il 90 100 Scal 90 100
Ava ll 90 100 Hinf 1 90 100 Scrf | 60 95
Axy | * — — Hpa'l 90 100 Sfi 1 80 100
Ball 90 100 Kpn'l 90 100 Small 90 100
BamH | 90 100 Mbo i 95 100 Spe | 80 100
Bell 95 100 Miul 90 100 Sphl 95 100
Bgll 90 100 Msp | 90 100 Ssp 90 95
Bglll 90 100 Nar | 95 100 Stul 80 100
Bsm | 90 100 Nci | * - - Sty | 95 100
Bsp1286 | 95 100 Nco | 90 100 Swa | 75 75
BssH Il 95 100 Nde | 90 100 Taqgl 90 100
BstE Il 95 100 Nde |l 90 100 Xba | 90 100
BstX | 90 100 Nhe | 90 100 Xho | 80 100
Dral 90 100 Not1 90 100

EcoO109 | 80 100 Nru | 90 100

* Fragments cut by Axy | and Nci | are rarely bound by T4 DNA Ligase

List of Conditions for cutting of chromosomal DNA (Saccharomyces cerevisiae) by Restriction Enzymes

When restriction enzymes are used to cut giant DNA embedded in agarose gels, a large amount of enzyme is often required
for complete degradation. Therefore, we measured the minimum amount of enzyme required for complete degradation of the
chromosomal DNA of yeast (Saccharomyces cerevisiae*!), a eukaryotic organism, by reacting each restriction enzyme at
different enzyme levels for 5 and 20 hours, and by performing pulsed-field electrophoresis.

Restriction enzyme Recogpnition sequence*? Reaction buffer Temf)i?gttfg (°c) Total enzyme requirement (uni)
5-hour reaction 20-hour reaction

Bgll GCCNNNNNGGC H 37 5 5
BssH Il GCGCGC B 50 5 5
Dral TITAAA M 37 25 25
Fsp 1 TGCGCA A 37 5 5
Miu | ACGCGT H 37 5 5
Nhe | GCTAGC M 37 50 10
Not1 GCGGCCGC H + Triton *3 37 20 20
Nru | TCGCGA Dedicated 37 50 20
Nsp V TICGAA L 37 5 5
Sall GTCGAC H 37 5 5
Small CCCGGG A 30 > 50 > 50
Spe | ACTAGT M 37 100 100
Ssp | AATATT B 37 5 5
Xba | TCTAGA M 37 50 50
Xho | CTCGAG H 37 5 5

*1 The ranges of molecular weight of Saccharomyces cerevisiae are from 245 to 2,500 kbp
*2 N denotes any of the bases A, C, G, T
*3 0.01% Triton X-100 is added to the reaction solution for Not |



List of heat inactivation conditions for restriction enzymes

Heat freatment is often used fo stop restriction enzyme reactions. The following table shows the residual activity after
incubation of restriction enzymes at 65°C for 30 minutes or at 70°C for 30 minutes. 30 units of restriction enzyme digest 2 ug of
appropriate substrate DNA in 40 ul of reaction solution for 1 hour, and then were incubated at 65°C for 30 minutes or at 70°C for 30
minutes. 20 ul of the DNA solution was added 1 pg of DNA and was digested for additional 150 minutes. The residual activity in
such solution was investigated by agarose gel electrophoresis.

-: Residual activity < 5%

+: residual activity 2 5%

Restriction 65°C 70°C Restriction 65°C 70°C Restriction 65°C 70°C
enzyme 30 minutes 30 minutes enzyme 30 minutes | 30 minutes enzyme 30 minutes 30 minutes

Acc | + + EcoR | + — Nsi | —
Acc ll + — EcoR Il — Nsp V + +
Acc ll + + EcoR V + + Pst | + +
Acy | + — EcoT38 | — Pvu ll + +
Afl I — Fok | — Rsa | + +
Age | — Fsp | — Sac | —
Alu | Hae ll — Sac |l —
Alw44 | — Hae lll + — Sal l —
Apa | — Hha'l + — Sau3A | —
Ase | — Hinc 1l — Sau%6 | + —
Ava | — Hind 1l + + Scal + —
Aval ll — Hinf | + — ScrF | —
Axy | — Hpa | — Sfil + +
Bal | — Kpn | Sma'l
BamH | — Mbo ll — Spe | + —
Bcl | + + Miu| + + Sphl —
Bgl'l — Msp | + — Ssp | —
Bg! li + + Nar | — Stul + +
Bsm | + + Nci l — Sty | —
Bsp1286 | — Nco | — Swa l — —
BssH II Nde | — Tag | + +
BstE Il + + Nde Il — Xba | —
BstX | — Nhe | — Xho | + +
Dra | + — Not | —
EcoO109 | — Nru | + —

Heat resistance varies depending on the enzyme. Considering the DNA denaturation temperature, Heat treatment alone
may not be enough to completely inactivate. Phenol freatment is recommended to ensure complete inactivation. Enzymes with a
residual activity of 5% or more after heat treatment at 70°C for 30 minutes are not inactivated by heat treatment. The phenol
freatment is required to inactivate such enzymes.

Listing of Cutting Conditions for Plasmids by Restriction Enzymes

Cutting a supercoiled plasmid with a restriction enzyme requires more enzymes than cutting generally a stranded DNA, such
as A DNA. Concemning the most commonly used restriction enzymes for cloning, the following table shows the numbers of units
required for complete digestion of 1 ug of pBR322 DNA and pUC19 DNA under Nippon Gene restriction enzyme reaction conditions.

pBR322

Restriction | Number of Total enzyme Restriction | Number of Total enzyme Restriction | Number of Totd enzyme
enzyme | cutting sites requirement (unit) enzyme | cutting sites requirement (unit) enzyme | cuttingsites requirement (unit)

Ase | 1 1 Nru | 1 >10 Fsp | 2 3
Aval 1 1 Pst | 1 1 Hinc Il 2 7
Ball 1 >10 Pvu ll 1 1 Alw44 | 3 10
BamH | 1 1 Sal'l 1 6 Bgl'l 3 2
Bsm | 1 1 Scal 1 1 Dra | 3 1
EcoR | 1 2 Sph | 1 1 Rsal 3 2
EcoR V 1 2 Ssp | 1 1 Nar | 4 1
Hind 1l 1 1 Sty | 1 5 EcoO109 | 4 3
Nde | 1 1 Acc | 2 1
Nhe | 1 2 EcoT38 | 2 2




Restriction enzyme

pUC19

Restriction | Number of Totalenzyme Restriction | Number of Totdlenzyme Restriction | Number of Totdlenzyme

enzyme |cutting sites requirement (unit) enzyme |cutting sites requirement (unit) enzyme |cutting sites requirement (unit)

Acc | 1 1 Nar | 1 >10 Bgl 2 2
Aval 1 2 Nde | 1 1 Pvull 2 1
BamH | 1 2 Sac | 1 3 Acy | 3 1
EcoO109 | 1 5 Sall 1 9 Alw44 | 3 > 10
EcoR | 1 3 Scal 1 2 Ase | 3 1
EcoT38 | 1 1 Sma l 1 2 Dra | 3 3
Hinc |l 1 5 Sph 1 2 Hae ll 3 2
Hind lll 1 2 Ssp | 1 1 Rsa 3 1

Kpn | 1 >10 Xba | 1 1 Fsp | 4 10

Pst | 1 1 Ava ll 2 1 Tag 4 1




Classification of restriction enzymes by recognition sequence
| Recognizing palindromes of 4, 5, and 6 base

AATT ACGT

AGCT

ATAT

CATG

CCGG

CGCG

CTAG

GAIC

GCGC

GGCC

GTAC

TATA

TCGA

TGCA

TTAA

YO000

Sau 3Al

Nde I

0oY000

Mae I

Msp |

Hpa Il

Mae |

SciN |

Taq |

0000

Alu |

Acc Il

Dpn |

Hae 1l

Rsa |

0000

Hha |

0000"

Nia il

YOONOO

(Mae II)

OYONOO

(Dde 1)

(Hinf 1)

(Cr131)

(Sau/96 1)

OOYNOO

(SerF 1)

(FnudH 1)

OONYOO

OONOYO

OONOOY

YOO" 00

(EcoR 1)

oY0" 100

(Ava I1)

(EcodT 1)

00400

(BstN 1)

(Mva 1)

00*/1"00

00"0Y0

00*/:00Y

Y00%/c00

070%/c00

00%¢/c00

(Nei 1)

00°/cY00

(Ban 1)

00%/coY0

00°/c00"

AYOOOOT

Hind Il

(Af 1)

Age |

(Af 1)

(Bel 1)

Miu |

Spe |

(Xno 1)

AOYOOOT

Ban 1l

Cla |

Ase |

AOOYOOT

Ssp |

EcodT I

Aat |

Hae |

Stu |

Sca |

AOOOYOT

ACOOOTT

(Nsp 1)

(Hae 1)

Ava lll

EcoT22 1

Nsi |

cY0000G

Neo |

(Ava 1)

Xma |

Avr 1l

(Crr 1)

Ecob52 |

Xma Il

(Ava 1)

Xho |

Aff 1l

CcoY000G

Nde |

[elele)Melele}

PmaCl

(NspB 11

Pvu I

Sma |

(NspB Il)

Sci |

Cc000"0G

Sac Il

Pvu |

Sst I

Xor 1l

C0000'G

Pst |

GY0o000C

EcoR|

(cfr101)

BssH I

Nhe |

BamH |

Bst |

(Xho II)

(Ban 1)

AspT18 |

(Ban 1)

Sal |

Alw4s |

GOYO0OC

(Acy 1)

(Acy 1)

Nar |

(Acc 1)

(Acc 1)

GOOYOOC

EcoRV

Nae |

(Hinc 1)

(Hinc I1)

Hpa |

GOOOYOoC

GOO0O'C

Aat Il

(EcoT38 1)

(HeiA 1)

(Nsp 1)

Sac |

Sph |

Bbe |

Apa |

(Hae Il)

(£coT38 )

Kpn |

(HgiA 1)

TYOOO0A

(Acc l1)

Mro |

Xba |

Bel |

(Cfr 1)

TOYOOO0A

Nsp V

TOOYOOA

SnaB |

Nru |

Fsp |

Bal |

(Hae 1)

Dra |

TOOOYOA

TOOOOYA

( )The enzymes in parentheses recognize multiple base sequences.

Enzymes sold by Nippon Gene




Restriction enzyme

Il Recognizing palindromes of 7,8 bases

CCYTNAGG Axyl Eco81 |
CGYG(*))CCG Rsrll

GCYTNAGC Espl

GGYTNACC BstE 1l

PuGYG(*;)CCPy Ppu\ |

PuGYGNCCPy Eco0109 |

GCYGGCCGC Notl

[l Recognizing an interrupted palindrome

CACNNNYGTG Dralll
CYCNNGG Secl
CCANNNNNYNTGG BstX |
GAANNYNNTTC Xmn|
GACNYNNGTC Tth11l 1
GCCNNNNYNGGC Bgll
GGNYNCC Nia Vv
GGCCNNNNYNGGCC Sfil

IV Recognizing sequences that are not palindromes

ACCTGC(N),Y CTCCAG(N),,Y GACGC(N)5Y GGATC(N),” )
BspM I Gsu | Hga | Bin |
TGGACG(N)g, GAGGTC(N);a CTGCG(N);0, CCTAG(N)s4
CAAPuCA(N),Y GAAGA(N)gY GCAGC(N)gY GGATG(N)"Y
Tth111 11 Mbo I Bbv | Fok |
GTTPYGT(N)g, CTTCT(N);, CGTCG(N);5, CCTAC(N) 34
CCTC(N)," v GCATC(N)s" GGTGA(N)gY
Ny Mnl | GAATGCN Bsm Il (N)s SfaN | (N)s Hph |
GGAG(N); CTTACLGN CGTAG(N)ga CCACT(N);a

| Enzymes sold by Nippon Gene



V Recognizing multiple sequences

ACYACGT
AC ATGT
AC GCGT
AC GTGT

ACATGYC
ACATG T
GCATG C
GCATG T

AVGATCC
A GATCT
G GATCC
G GATCT

AGCGCYC
AGCGC T
GGCGC C
GGCGC T

AGGYCCA
AGG CCT
TGG CCA
TGG CCT

AGYGACCT
AG GACCC
AG GTCCT
AG GTCCC
GG GACCT
GG GACCC
GG GTCCT
GG GTCCC

AfLIN

NspC |

Xho 1l

Hae |

PpuM |

AGYGACCT

AG
AG
AG
AG
AG
AG
AG
GG
GG
GG
GG
GG
GG
GG
GG

GACCC
GCCCT
Gccce
GGCCT
GGCccC
GTCCT
GTCCC
GACCT
GACCC
GCCCT
GCccC
GGCCT
GGCCC
GTCCT
GTCCC

AGGACYCT
AGGAC CC
AGGCC CT
AGGCC CC
AGGGC CT
AGGGC CC
AGGTC CT
AGGTC CC
AGGAC CT
AGGAC CC
AGGCC CT
AGGCC CC
AGGGC CT
AGGGC CC
AGGTC CT
AGGTC CC

(Dra 1)

Pss |

CAYGCGG
CA GCTG
CC GCGG
CC GCTG

CYCAAGG
C CATGG
C CTAGG
C CTTGG

CYCCGAG
C CCGGG
C TCGAG
C TCGGG

CYGGCCA
C GGCCG
T GGCCA
T GGCCG

CYGGCCG
T GGCCG

GAYCGCC
GA CGTC
GG CGCC
GG CGTC

GAGCAYC
GAGCT C
GTGCA C
GTGCT C

BspB Il

Cfr

Gdi ll

HgiA |

GAGCA'C
GAGCC C
GAGCT C
GGGCA C
GGGCC C
GGGCT C
GTGCA C
GTGCC C
GTGCT C

GAGCCYC
GAGCT C
GGGCC C
GGGCT C

GYGCACC
G GCGCC
G GTACC
G GTGCC

GTYAGAC
GT ATAC
GT CGAC
GT CTAC

GTCYAAC
GTC GAC
GTT AAC
GTT GAC

(Ban )

Ban |

Hinc

| Enzymes sold by Nippon Gene




Restriction enzyme

List of DNA methylation and restriction enzyme reactivity

Escherichia coli has two types of methylases that recognize and methylate specific sites in the DNA. One is dam methylase, which
recognizes "GATC" and methylates N6 of adenine. The other is dcm methylase, which recognizes the "CC(A/T)GG' and methylates the inner
cytosine C5. Therefore, DNA-such as plasmids prepared from Escherichia coli is methylated by the two methylases. Restriction
enzymes whose recognition sites match or overlap with the recognition sites of these methylases cannot cut the DNA
methylated by these methylases. However, because these methylations are incomplete, some of the DNA is cut and a partial digestion
pattemn is obtained.

Restriction Recognition y that exert infl o] inhibited | Restricti R ition y that exert infl (o] inhibited
enzyme sequence and their recognition sequences [base sequence enzyme sequence and their recognition sequences |base sequence
Accl |GTI () 0AC M. Tag | TCGA GTC(;AC Hind Il |A | AGCTT M. Hind I AAGCTT ; AGCTT
M * . M *
Acclll [T | CCGGA dam GATC TCCGOATC Hinfl |Gl ANTC M. Tag | TCcoA GANTCGA
M * M *
PO . M. Al | AGeT AGCT Hpal |GTTIAAC M. Hpa | GTTAAC GTTAAG
’ M. Pst | g * dam " *
- CTGCAG CTGCAGCT GATC GATC
M * M *
Apal |GGGCC | C M. Hae Il ceec GGOCCC Ndell | |GATC M. Cla | ATCOAT ATCOATC
M m M *
Apyl [cCl (GG dem CC6G CCCGG M. 7aq | TCGA TCGATC
M * L *
e M. 7aq | TCGA CTCGAG Mbo Il | GAAGAN | dam GATC GAAGATC
Aval C ! ("9CG(*e)G - M " . - -
M. Hpa Il CCGG CCCGGG mfil |(e) | GATC( o) dem GATC (*JGATC(0)
M * M *
PRI PP dem CCAIGE  |GGAICC()GE M. Msp | e tcac
AT m * m *
M. Hpa Il CCGG GG(;)CCGG Msp | C | CGG M. Hae lll GGCC GGCCGG
M * M *
Ball  |TGG | CCA M. Hae Il ceec TGGCCA M. BamH | GGATCC GGATCCGG
" * ) A ™ *
samb1 o1 catce M. BamH1  GgaTCC GGATCC Neil |CC | (GG M. Ben | CCC)GG CCC)GG
) ™M * M *
M. Msp | CCGG GGATCCGG R C | CATGG M. Hae Ill GGCC GGCCATGG
M * M *
st |atoscey ¢ M. Al 1 AGCT GAGCTC R C6 | CGA dem GATC TCGCGATC
6 L M * M *
M. Hae Il conc aGecCe Pstl  |CTGCA |G M. Al | AGeT AGCTGCAG
M * M *
Bell  |T1GATCA dam ente TGATCA Sall |Gl TCGAC M. Tag | TCoA aTceAC
M. Ben | Yo : M. Msp | u *
CCGG GATCCGG
EC( GG CS(GC)GG Sau3A| || GATC } !
G
Ben | CcC() | GG M. Msp | CCGG CCCGGG M. BamH | GGATCC GGATCC
M * M *
M. Hpa Il CCGG CCGGG dem CCGG GGNCC(*)GG
* M *
Bzl |GCCN, INGGC  |M. Hae Il . M. Hpa Il
GGCC Gec*cwseecc e | CCGG GGN*CCGG
B . )ccoco L c M. Al | AGCT GAGCTC M. Hae Il GGCC GGGCC
T, T. M . w .
M. Hae Ill GGCC GGGCCC M. Msp | CCGG GGNCCCGG
M * M *
dem CCCGG GGNCC()GG soFl e nee M. Hpa 1l CCGG CCGGG
™ * N " *
Cfr131 |G|l GNCC M. Hpa Il CCGG GGNCCGG M. Msp | CCGG CCCGG
M * M *
M. Msp 1 CCGG GGNCCCGG Smal |CCC |GGG M. Hpa Il CCGG CCCGGG
M * " *
M. Cia | ATCGAT ATCGAT R /G | ccT dem CCCGG AGGCCTGG
M * M *
Clal  |AT1CGAT M. Tag | TCOR ATCOAT M. Tag | Tcon TcoA
M « Taq | " N
dam GATC ATCGATC (TtnHBaY) | CGA dam GATC TCGATC
M * M *
ol |C | TNAG M. Al 1 AGCT AGCTNAG M. Cla | ATCGAT ATCGAT
M m M *
Dpn | GA|TC dam GATC GATC Xba | T CTAGA dam GATC TCTAGATC
M * M *
M. Clal ATCGAT ATCGATC Xho| |C | TCGAG M. 7aq | TCGA CTCGAG
M * c M *
Donll |GA I TC M. Tag | TCGA TCOATC Xho Il |9 |GATCC,) M. Msp | 6Caa (JGATCCGE
M * M *
dam GATC GATC Xma| |C|CCGGG M. Msp | CCGG CCCGGG
m * M *
. dem CC*)GG (".)GGCCAGG M. Hae Il GGCC CGGCCG
Eael [(0) ! GGCC(e) . " Xmalll |C|GGCCG . N
M. Hap 11 CCGG ()GGCCGG M. Msp | CCGG CGGCCGC
L * L *
Eco01091 |PuG | GNCCPy dem CcC*)GG PuGGNCCTGG Xmn | GAAN; | N,TTC M. Taq | TCGA TCGAAN,TTC
M. EcoR | Y "
GAATTC GAATTC
£EcoR| G AATTC M. Msp | m * m: If it is not methylated. it will not be cleaved
- Visp CCGG GAATTCCGG
A ™ * *: Inhibited by methylation
EcoR 1l L ccyaa dem CcC()GG ccty)Ge
" * | : Cutting site
EcoRV |GAT | ATC M. 7aqg | TCGA TCGATATC
A T " * M: Base to be methylated
Hae Il *o)GCGC | (o) M. Hha | GCGC (*GCGC(o)
M. Hae Il ™ * The sequence affected by methylation represents only the base sequence
Haelll |cGglcc fGCC GGSC of one DNA strand.
M. Msp 1 CCGG GGCCGG For example, in the case of Alu I-M.Pst |, in addition to the sequence
M. Hpa | ™ * 5'...CTGCAGCT...3', the sequence 5'...AGCTGCAG...3' is also included.
Hhal |Gcaic fcec Gcef
M. Msp | CCGG GCGCCGG
” " >
pinelt |6TCy 1 Goac M. Hind Il Ge(ot9AC  |GCIICIAC
" .
M. 7aq | TCGA GTCGAC




List of star activity of restriction enzymes

Certain restriction enzymes are known to cut sequences that are similar to, but not identical to, their fixed recognition
sequences. Fluctuations in the specificity of this recognition sequence are called star activity. In general, star activity is
caused by changes in reaction conditions, such as the use of large amounts of enzymes relative to the substrate, the
presence of different metal ions, lower salt concentrations, pH higher than the standard and the addition of organic
solvents such as Glycerol or DMSO. The relatively well-known star activity is shown on the table.

Restriction |Normal recognition| Recognition sequence cause References Restriction |Normal recognition| Recognition sequence cause References
enzyme sequence for star activity u enzyme sequence for star activity u
Excessive enzyme Excessive enzyme
Aval C | PyCGPuG Increase in glycerol 1 Sall G TCGAC Increase in glycerol 4
concentration concentration
GGNTCC Excessive enzyme Addition of DMSO
GGANCC Increaste |r:'glycerol GAGC Excessive enzyme
concentration
Sau3A| | | GATC 16
BamH | |G| GATCC GPUATCC Substitution of Mg** and 1,234 CATC Increase in glycerol
Mn?* concentration
Decrease in salt Secal AGT L ACT
concentration B
Excessive enzyme Excessive enzyme
Bstl Gl GATCC NGATCN Increase in glycerol 5 Sstl GAGCT . C Increase in glycerol 4
concentration concentration
Excessive enzyme Addition of DMSO
Increase in glycerol 6 Excessive enzyme
BsuR1 |GG!CC NGCN concentration St CaC | GG .
High pH Increase in glycerol
concentration
— vy
High pH NACNNNGTC fﬂulﬁtltutlon of Mg?* and
ZDl C L TNAG Decrease in salt 7 -
. Tth11ll |GACN | NNGTC [GACNNNNTC High pH 17
concentration
Excessive enzyme GACNNNGNC Icr::::::;:iz:n
Increase in glycerol Excessive enzyme
concentration
EcoR1 |G| AATTC NAATTN Substitution of Mg™ and | 4891011 | Xbal [T!CTAGA Increase in glycerol 14
Mn?* concentration
High pH Addition of DMSO
Decrease in salt
concentration
PuATATC Reference:
GNTATC
1) Nath, K. and Azzolina, B. A. : /n Gene Amplification and Analysis, Vol. 1, 113 (1981)
GANATC
EcoR V [GAT|ATC Addition of DMSO 12
GATNTC 2) George, J. et al. : /. Biol. Chem., 255, 6521 (1981)
GATANC 3) George, J. and Chirikjian, J. G. : Proc.Natl. Acad. Sci. USA, 19, 2432 (1982)
GATNPy 4) Malyguine, E. et al.: Gene, 8, 163 (1980)
Excessive enzyme 5) Clarke, C. M. and Hartley, B. S.: Biochem. J., 177, 49 (1979)
Hae lll |GG !|CC F 1
Increase in glycerol 6) Heininger, K. et al.: Gene, 1, 291 (1977)
concentration
Excessive enzyme 7) Makula, R. A. and Meagher, R. B. : Nucleic Acids Res ., 8, 3125 (1980)
Hhal |GcGlc Increase in glycerol 4 8) Polisky, B. et al.: Proc. Natl. Acad. Sci. USA, 72, 3310 (1975)
concentration
Addition of DMSO 9) Tikchonenko, T. I. et al.: Gene, 4,195 (1978)
PuAGCTT 10) Hsu, M. and Berg, P.: Biochemistry, 17, 131 (1978)
— 2
A(*GpGCTT :nunb:tltutlon of Mg* and 11) Woodbury, C. P. et al.: J. Biol. Chem., 255, 11534 (1980)
Hind 11l [A | AGCTT AA(G)CTT 10,13 12) Halford, S. E. et al.: Gene, 41, 173 (1986)
AAGCNT 13) Nasri, M. and Thomas, D.: Nucleic Acids Res., 14, 811 (1986)
Addition of DMSO
AAGCTPy 14) Gingeras, T. R. and Brooks, J. E.: Proc. Natl.Acad. Sci. USA, 80, 402 (1983)
Excessive enzyme 15) Nasri, M. et al.: FEBS Letters, 185, 101 (1985)
feal |GTT L ARC Increase in glycerol ! 16) Pech, M. et al.: Cell, 18, 883 (1979)
concentration
Kpn | GGTAC | C _ 17) Shinomiya, T. et al.: J. Biochem., 92, 1823 (1982)
Increase in glycerol
PaeR7 |C|TCGAG concentration 14
Decrease in salt
concentration
Excessive enzyme
Ppstl CTGCA | G Increasem-glycerol 14
concentration
Addition of DMSO
CCGCTG
Excessive enzyme
CATCTG
Pvull  [CAG!|CTG CAGATG Increase in glycerol 15
CAGGTG concentration
CAGCGG Addition of DMSO




Restriction enzyme

List of restriction enzymes available for multicloning sites of M13 phage, plasmid puC

Restriction enzymes that produce Restriction enzymes that produce
Restriction enzymes [Sequence of the |ligatable cleavage sites Restriction enzymes | Sequence of the |ligatable cleavage sites
for cloning sites cleavage site*1) Restriction  [Recognanition for cloning sites cleavage site*1) Restriction  |Recognanition
enzyme sequence enzyme sequence
EcoR| | AATT EcoR| G | AATTC [pst1 ] TGCA | Pst 1 CTGCA | G
Sac | AGCT | GAGCT | C SalP | CTGCA | G
Sstl GAGCT | C sfl CTGCA | G
GTAC | GGTAC | C ATGCA | T
Xma| | CCGG Xma | C | CCGGG CATG | GCATG ! C
cfrl C | CCGGG Nsp7524 | PuCATG | Py
Xey | C | CCGGG EspH | PuCATG | Py
cfr101 Pu | CCGGPy Nia 1l CATG |
BamH | | GATC BamH | G| GATCC Hind 1l | AGCT Hind 1Nl A | AGCTT
Ali | Gl GATCC EcoV Il A LAGCTT
Bst | G| GATCC Hsu | Al AGCTT
T1GATCA Small blunt(CCC | GGG)| [ Sma | cCC | GGG
A | GATCT blunt(GTC | GAC) GTPy | PuAC
Xho 1l Pu | GATCPy Hin)C | GTPy | PuAC
Bce243 | | GATC Hind 11 GTPy | PuAC
Cof1 | GATC GTT | AAC
FruC | | GATC Aos | TGC | GCA
FruE | | GATC Fdi I TGC | GCA
L GATC Mst | TGC | GCA
| GATC TGG | CCA
L CTAG T CTAGA Aha 1l TTT | AAA
Avrll C | CTAGG TTT | AAA
G | CTAGC TCG | CGA
[Spel_] A | CTAGT SnaB | TAC | GTA
| TCGA G| TCGAC Gdi | AGG | cCT
HgiC 1l Gl TCGAC Hae | *DGG | CC(Ty)
HgiD 1l G| TCGAC AGT | ACT
Nop | G| TCGAC AGG | CCT
Blu | C | TCGAG GAT | ATC
PaeR 7 C | TCGAG Nae | GCC | GGC
Pan | C | TCGAG Nia IV GGN | NCC
C | TCGAG CAG | CTG
Xpal C | TCGAG NspBII CtIG L C(0G
LcG GT . (9 CGpAC BspR1 GG | CcC
Aha ll GPu | CGPyC crt GG | CC
Aos Il GPu | CGPyC FunD|1 GG ! CC
AstW | GPu | CGPyC GG | CC
Asu 1l GPu | CGPyC Sfal GG ! CC
HgiD | GPu | CGPyC AGlCT
HgiG | GPu | CGPyC CG | CG
HeiH 1l GPu | CGPyC Tha | CG!CG
Nar | GG | CGCC GT | AC
Nda | GG | CGCC Asp700 GAANN | NNTTC
Nun I GG | CGCC Xmn | GAANN | NNTTC
Asu ll TT | CGAA
Fsp Il TT | CGAA *1)Sequence of the cleavage site
Clal AT | CGAT ex. BamH | 5 G\% c3 BamH| slﬂisc 3
Hpa ll ClCGG | GATC 3'CCTAGGHS'
Mno | C | CGG The base sequence of the BamH | restriction site (| GATC) shows the bolded
Msp | C | CGG protruding portion.
HinP | Gl CGC I:l Enzymes sold by Nippon Gene.
SciN | GlcGe
TICGA
TthHBS | T1CGA
Mae Il ALl CGT




