Come progettare un biocatalizzatore combinato per degradare la
plastica

1l batterio Ideonella sakaiensis (Piscinibacter sakaiensis) ¢ in grado di utilizzare il PET come fonte
di carbonio attraverso 1’azione degli enzimi PETasi e MHETasi che idrolizzano il PET.
Per produrre un biocatalizzatore combinato, la sequenza codificante della PETasi di /. sakaiensis
deve essere fusa alla sequenza codificante della MHETasi di 1. sakaiensis.

1. Progettare la fusione

2. Progettare la strategia di clonaggio

3. Progettare i primer da utilizzare nelle PCR per generare la fusione e clonarla nel vettore di

espressione

11 sito di clonaggio multiplo del vettore ¢ mostrato nell’allegato 1

La sequenza codificante della PETasi e della MHETasi ¢ mostrata nell’allegato 2 e 3 insieme alle
mappe di restrizione

Il codice genetico ¢ mostrato nell’allegato 4

Progettare la fusione:
¢ In quale ordine vuoi unire le due sequenze codificanti?
e Aggiungeresti un tag (dove e perche)?
e Aggiungeresti una sequenza linker?

Progettare la strategia di clonaggio basata sulla PCR:
e Scelta degli enzimi di restrizione
e Clonaggio sequenziale
e Clonaggio simultaneo mediante overlap extension PCR

Progettare i primer
e Porzione che appaia sul templato (20-25 basi)
e Estensioni al 5’ (lunghezza variabile)

Ricordarsi di verificare che la traduzione della sequenza codificante della proteina di fusione sia
corretta!

Strutture cristallografiche
PETasi FAST PDB: 9LMV
MHETasi PDB: 6QGA

Lista dei siti da consultare:

Banca dati di sequenze di proteine UNIPROT https://www.uniprot.org/
Banca dati di strutture di proteine PDB https://www.rcsb.org/

Grafica molecolare https://pymol.org/



https://www.uniprot.org/
https://www.rcsb.org/
https://pymol.org/

Allegato 1

(5765) Zral AatlI (5767)

(5686) BsrBI AVFII (376)

(5;52)3;(:a1 BSPF?I -ISapI (437)
(5497) Bsu asI (487)
(5450) Hpal Eagl (505)

oot PshAI (537)
(4915) Ssp

(4858) PIuTI | PsiI (883)
(4856) Sfol EcoRI (955)
(4855) Narl Eco53kI (963)
(4854) KasI BanlII - SacI (965)
(4848) Bmtl Acc651 (967)
(4844) Nhel KpnI - TspMI - XmalI (971)
Smal (973)
BamHI (976)
Spel (982)
PaeR7I - XholI (988)
PstI (998)
SphI (1004)
HindIII (1006)
Agel (1058)

Pcil (1295)
AleI (1296)

(4407) Sall
(4326) Stul

(4285) EcONI—

(3967) Dralll - PfIMI
(3952) BtglI - Ncol

(3740) BspEI

Asel (2360)

FspI (2410)
(3379) PpuMI
(3286) BsrGI Pvul (2558)

Scal (2668)

I1 sito di clonaggio multiplo di pIBS

Acc651 KpnI
Xmal
Sacl
BanII TspMI
EcoRI  Eco53kI |S"“'I BamHI
ctaaagaagaaggggtatctttggataaaagagaggctgaagctgaattcgagctcggtacccggggatc
1 l I 1 1 l 1 1 1 l 1 1 i 1
t 1 1 T t 1 1 T t T 1 T 1 T 980
gatttcttcttccccatagaaacctattttctctccgacttcgacttaagctcgagccatgggcccctag
1 ! 80 1 ! ! . 85 ! ! ! f 90 ! f
Ala Lys Glu Glu Gly Val Ser Leu Asp Lys Arg Glu Ala Glu Ala Glu Phe Glu Leu Gly Thr Arg Gly Ser
pOstl-proaF ZEEEEE (in frame with pOstl-proaF) ----- >
Xhol
Spel PaeR71I Pstl‘ Sph:[| HindIII
cactagtctcgagctgcaggcatgcaagcttcttagacatgactgttcctcagttcaagttgggcactta
1 L 1 1 1 L 1 1 1 1 1 1 1 1
} 1 1 T t 1 1 T t T 1 T t T 1050

gtgatcagagctcgacgtccgtacgttcgaagaatctgtactgacaaggagtcaagttcaacccgtgaat

Thr Ser Leu Glu Leu GIn Ala Cys Lys Leu Leu Arg His Asp Cys Ser Ser Val GIn Val Gly His Leu
----------------------------------------- (in frame with pOstl-proaF) ----------------ccmmmem—



Allegato 2

>sp |AOAOK8P6T7 | PETH PISS1 Poly(ethylene terephthalate) hydrolase
OS=Piscinibacter sakaiensis 0X=1547922 GN=ISF6 4831 PE=1 SvV=1
MNFPRASRLMQAAVLGGLMAVSAAATAQTNPYARGPNPTAASLEASAGPFTVRSEFTVSRP
SGYGAGTVYYPTNAGGTVGAIAIVPGYTARQSSIKWWGPRLASHGFVVITIDTNSTLDQP
SSRSSQOMAATLRQVASLNGTSSSPIYGKVDTARMGVMGWSMGGGGSLISAANNPSLKAAA
POQAPWDSSTNEFSSVTVPTLIFACENDSIAPVNSSALPIYDSMSRNAKQFLEINGGSHSCA
NSGNSNQALIGKKGVAWMKREFMDNDTRYSTFACENPNSTRVSDFRTANCS

PETase 873 base pairs

BstZI BsiEI
EclXI BsaOI
EcoNI CfrI Sfil Ecob52I
atgaactttccccgegettceccgectgatgcaggecgecgttetecggegggetgatggecgtgtecggecgecgee base pairs
tacttgaaaggggcgcgaagggcggactacgtccggecggcaagagceccgeccgactaccggcacagecggeggegg 1 to 75

Eael BglI EaeI Bshl1285I
XmaIII BstMCI
CfrI Eagl
SstII MroNI BstH2I
NspBII Cfrl0I Nael
Dsal SacII NgoMI Bsell8I

accgcccagaccaacccctacgcccgcggecccgaacccgacagccgectcactcgaageccagegecggeccgtte base pairs
tggcgggtctggttggggatgcgggecgecgggecttgggetgtecggeggagtgagettecggtecgeggecgggcaag 76 to 150

BstDSI Sfr303I BssAI Bspl43II
MspAlI BsrFI HaeIl
KspI Cfr42I NgoAIV
Aval KasI BsaHI EheI NgoAIV Nael SgrAI
Ama87I BstD102I AcyIl NarI BsrFI Bspl43II NgoMI
BcoI BglI BanI Mspl7I NgoMI Bsell8I AccBlI Cfrl

accgtgcgctegttcaccgtgageccgecccgageggctacggegecggcaccgtgtactaccccaccaacgecgge base pairs
tggcacgcgagcaagtggcactcggcgggctecgeccgatgecgeggecgtggcacatgatggggtggttgeggecg 151 to 225
Eco88I BsrBI BshNI Hsp92I Cfrl0I HaeII BshNI BsrF
BsoBI AccBSI Eco64I HinlI MroNI BstH2I Eco641
AccBl1I BbiII BssAI Bbel Banl BssAI

Bsell8I Banl AcyI NarI HaeIl BanII
NgoAIV Dsal BshNI Hsp92I BstH2I Bspl20I
0I AccBlI KasI BsaHI Ehel BsePI DralIl FriOI

ggcaccgtgggcgccatcgceccatecgtgeccgggectacaccgegegecagtcgagecatcaaatggtggggeccgege base pairs
ccgtggcacccecgecggtagecggtagcacggeccgatgtggegegeggtcagetegtagtttaccacceecgggegeg 226 to 300

I BanI BstDSI Mspl7I Bbel BssHII PspOMI Apal
MroNI BshNI AccBlI BbiII Bspl43II Eco0109I
Nael Eco64I Eco64I HinlI Eco241
Eaml1105T AccBSI
AspEI BsrBI

ctggcctcgcacggcecttecgtggtcatcaccatcgacaccaactccacgctcgaccagecgtccagecgetegteg base pairs
gaccggagcgtgccgaagcaccagtagtggtagetgtggttgaggtgecgagetggtcggcaggtecggegagecage 301 to 375

AhdI BstD1021I
EclHKI
BshNI HincII
CfrI BanT Sall

cagcagatggccgcgctgcgccaggtggectegectcaacggcaccagcagcageccgatctacggcaaggtcgac base pairs
gtcgtctaccggcgcgacgecggtccaccggagegagttgeegtggtegtegtecgggetagatgecgtteccagetg 376 to 450
Eael AccB1I AccI
Eco641 HindII



Msl1lI CfrI
accgcccgcatgggegtgatgggectggtecgatgggecggtggeggectegetgatctecggeggeccaacaacccgteg base pairs
tggcgggcgtacccgcactacccgaccagctacccgeccaccgecgagcgactagagecgecggttgttgggecage 451 to 525

Eael
SstII AccBlI Hsp92I HaeIIl BstDSI BstEII
NspBII BanI Eco64I HinlI Dsal Eco91I
Dsal SacII BshNI BbiII Bspl43II Eco065I

ctgaaagccgcggcgcecgcaggccccgtgggacagetcgaccaacttctegtecggtcaccgtgeccacgetgate base pairs
gactttcggcgccgeggegtecggggcaccctgtecgagetggttgaagagcagecagtggcacgggtgegactag 526 to 600
BstDSI Sfr303I Mspl7I Bbel Eco0109I BstPI
MspAlI KasI AcyIl NarI BstH2I PspEI
KspI Cfr42I BsaHI EhelI Drall

NspI
Eaml11051
HincII AspEI
ttcgcctgcgagaacgacagcatcgecceceggtcaactecgtecgecctgecgatctacgacagecatgtecgegcaat base pairs
aagcggacgctcttgctgtecgtageggggeccagttgagcaggegggacggctagatgetgtegtacagegegtta 601 to 675

HindII AhdI
EclHKI
PaeR71
Eco88I Haell
BsrDI XmnI Bcol Sfr2741I NspBII AlwNI

gcgaagcagttcctcgagatcaacggtggctcecgcactcctgegeccaacagecggcaacagcaaccaggcgcectgate base pairs
cgcttcgtcaaggagctctagttgeccaccgagegtgaggacgeggttgtegecgttgtegttggtececgegactag 676 to 750

Asp700I Aval MspAlI Bspl43II
Ama871I BstH21I
BsoBI Xhol
Asp700I
XmnI BstH2I
Aor51HI

ggcaagaagggcgtggcctggatgaagcgcttcatggacaacgacacgcgctactccaccttecgectgegagaac base pairs
ccgttcttccegecaccggacctacttcecgegaagtacctgttgetgtgecgegatgaggtggaageggacgetettg 751 to 825
Afel HaelI

Ecod47III
Bspl43II
MspAlI
PstI
Msl1lI SfcI Pvull

ccgaacagcacccgcgtgtcggacttccgecaccgecgaactgcagectga base pairs
ggcttgtcgtgggcgcacagectgaaggegtggegettgacgtcgact 826 to 873
BstSFI
NspBII

Table by Enzyme Name

Enzyme No. Positions Recognition
name cuts of sites sequence
AccBl1I 6 190 196 226 235 415 537 g/gyrcc
AccBSI 2 185 371 gagcgg

AccI 1 446 gt/mkac

AcyI 3 191 236 538 gr/cgyc

Afel 1 778 agc/gct

AhdI 2 357 663 gacnnn/nngtc
AlwNI 1 744 cagnnn/ctg
Ama871 2 177 688 c/ycgrg



Aor51HI
Apal
Asp700I
AspET
Aval
BanI
BanIT
Bbel
BbiII
Bcol
BglI
BsaHI
BsaOI
Bsell8I
BsePI
Bsh12851
BshNI
BsiEI
BsoBI
Bspl20I
Bspl43II
BsrBI
BsrDI
BsrFI
BssAI
BssHII
BstD102I
BstDST
BstEII
BstH2I
BstMCI
BstPI
BstSFI
BstzI
Cfrl0I
Cfrd21
CfrI
Drall
Dsal
Eael
Eagl
Eaml1051I
EclHKI
EclXI
Eco241
Ecod47III
Eco521
Eco64I
Eco88I
Eco91I
EcoNI
Eco01091I
Eco065T
Ehel
FrioI
Haell
HinlI
HincII
HindII
Hsp921I
KasI
KspI
MroNI
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778
295
682
357
177
190
295
194
191
177

778
663
688
196

239
236
688

64 182

191
68

139
265
68

190
68

177
291
140
185
676
139
139
265
185

236

193

196

688

194
371

193
193

371

226 235 415 537
541
538

538

220

226 235 415 537

239 541 745 780

220
220

99 230 533 550

579

140 194 239 541 745 780

68
579
864
65

139 193 220

102

536

56 65 383 509

291

546

99 230 533 550
56 65 383 509

65

357
357
65

295
778
65

190
177
579
28

291
579
192
295
140
191
447
447
191
190
102
139

663
663

196
688

546

237

194
236
633
633
236
235
536
193

226 235 415 537

539

239 541 745 780

538

538

537

220

agc/gct
gggcc/c
gaann/nnttc
gacnnn/nngtc
c/ycgrg
g/gyrcc
grgcy/c
ggcgce/c
gr/cgyc
c/ycgrg
gcennnn/nggc
gr/cgyc
cgry/cg
r/ccggy
g/cgcgc
cgry/cg
g/gyrcc
cgry/cg
c/ycgrg
g/ggccc
rgcgc/y
gagcgg
gcaatg
r/ccggy
r/ccggy
g/cgcgce
gagcgg
c/crygg
g/gtnacc
rgcgc/y
cgry/cg
g/gtnacc
c/tryag
c/ggccg
r/ccggy
ccge/gg
y/ggccr
rg/gnccy
c/crygg
y/ggccr
c/ggccg
gacnnn/nngtc
gacnnn/nngtc
c/ggccg
grgcy/c
agc/gct
c/ggccg
g/gyrcc
c/ycgrg
g/gtnacc
cctnn/nnnagg
rg/gnccy
g/gtnacc
ggc/gcc
grgcy/c
rgcgc/y
gr/cgyc
gty/rac
gty/rac
gr/cgyc
g/gcgcc
ccge/gg
g/ccggce



Ms1I
Mspl7I
MspAlI
Nael
NarI
NgoAIV
NgoMI
NspBIT
Nspl
PaeR7I
PspET
PspOMI
PstI
Pvull
SacIT
Sall
SfcI
SfiT
Sfr2741
Sfr3031
SgrATl
SstII
Xhol
XmallT
XmnI

463
191
101
141
191
139
139
101
666
688
579
291
868
869
102
445
864
64

688
102
220
102
688
65

682
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838
236
535
195
236
193
193
535

536

536

536

778

538
725 869
222
538
220
220
725 869

caynn/nnrtg
gr/cgyc
cmg/ckg
gcc/ggce
gg/cgcc
g/ccggce
g/ccggce
cmg/ckg
rcatg/y
c/tcgag
g/gtnacc
g/ggccc
ctgca/g
cag/ctg
ccge/gg
g/tcgac
c/tryag
ggccnnnn/nggcc
c/tcgag
ccge/gg
cr/ccggyg
ccge/gg
c/tcgag
c/ggccg
gaann/nnttc

The following endonucleases were selected but don't cut this sequence:

AatI, AatII, Accll3Ii,

Afl1III,
AspHI,
Bbv121,
BpuldI,
Bse8I,
BsmBI,
BspCI,
BssSI,
Bsulb5I,
DralIlTl,
Eco311,
EcoT22I

HpaI, Kpn2I, KpnI, Ksp22I,

Mph1103

NsiI, NspV, PacI, Pael,

AgeI, Alw2lTI,

AccleI,
Alwi44T,

AspI, AtsI, AviIlT,

Bbv16II, BcgI,
BpuAI, Bsa29I,

BseAI, BseCI,
BsmI, BsplO6I,
BspDI, BspEI,

BclI,
BsaAIl,
BseRI, BsgI,
Bspll9T,
BspHI,

BssT1I, Bstll1l071,

Bsu36I, CciNI,
DrdI, Eamll04T1,
Eco32I, Ecob7I,

, ErhI, Espl396I,

I, MroI, MscI,

PmlI, PpulOI, PpuMI,

PsplI,
SgfI,
Sspl, S

PstNHI, PvuIl,

MspCI,
Pf12311,
PshAI, PshBRI,

Rcal,

, SmiI, SnaBI,

stI, Stul, StyI,

Xbal, XcmI, XhoII, Xmal,

Spel,
sSunT,
Zsp21

AvrII,
BfrI,

BsaBI,
Bsh1l36571,
Bspl4071,

RsrlII,

Acc65I,
AocT,

Bspl3I,
BspLU11lTI,
Bst981I,
CelIl,
EarT,
Eco721,
Esp3I,
Ksp6321,
MunT,

Cfr9oI,
Ecll1l361I1I,
Eco811,
FauNDI,

Mval2691,
Pspl24BI,

SphiI,
Swal,

AccIII, AclINI, AcsI, AflII,
AscI, AseI, AsnI, Asp718I,
BanIII, BbrPI, BbsI, BbulI,
BlpI, BpiI, BpmI, BpullO2I,
BsaWI, BscI, Bse2lI,
BsiHKAI, BsiI, BsiMI, BsiWI,
Bspl720I, Bspl9I, Bsp68I,

BspXI, BsrBRI, BsrGI,

BstSNI, BstX2I, BstXI, BstYI,
Csp45I, CspI, CvnI, DraI,
Ecol30I, Ecold4d7I, Eco255I,
EcoRI, EcoRV, EcoTl4I,

FspI, GsuI, HindIIT,

MfeI, MflI, MluI, MLuNI,
NdeI, NheI, NotI, NruIl,
Plel9I, PmaCI, Pmeb55I, PmeI,
Pspl406I, Psp5II, PspAI, PspALI,

Scal, SexAI, Sful,

SseB8387I, SseBI, SspBI,
Van91I, Vhad464I, VneIl, VspI,



Allegato 3

>sp |AOAQOK8PBE7 |[MHETH PISS1 Mono (2-hydroxyethyl) terephthalate hydrolase
OS=Piscinibacter sakaiensis 0X=1547922 GN=ISF6 0224 PE=1 SV=1
MOTTVTTMLLASVALAACAGGGSTPLPLPQQOQOPPQOQEPPPPPVPLASRAACEALKDGNGD
MVWPNAATVVEVAAWRDAAPATASAAALPEHCEVSGAIAKRTGIDGYPYEIKFRLRMPAE
WNGREFFMEGGSGTNGSLSAATGSIGGGQIASALSRNFATIATDGGHDNAVNDNPDALGTV
AFGLDPQARLDMGYNSYDQVTQAGKAAVARFYGRAADKSYFIGCSEGGREGMMLSQREPS
HYDGIVAGAPGYQLPKAGISGAWTTQSLAPAAVGLDAQGVPLINKSFSDADLHLLSQAIL
GTCDALDGLADGIVDNYRACQAAFDPATAANPANGQALQCVGAKTADCLSPVQVTAIKRA
MAGPVNSAGTPLYNRWAWDAGMSGLSGTTYNQGWRSWWLGSENSSANNAQRVSGFEFSARSW
LVDFATPPEPMPMTQVAARMMKEDFDIDPLKIWATSGQFTQSSMDWHGATSTDLAAFRDR
GGKMILYHGMSDAAFSALDTADYYERLGAAMPGAAGFARLFLVPGMNHCSGGPGTDREDM
LTPLVAWVERGEAPDQISAWSGTPGYFGVAARTRPLCPYPQIARYKGSGDINTEANFACA
APP

MHETase 1812 base pairs

BstYI
Mf1lT
PshAT MslI XcmI BstI
atgcagacaacagtcaccacgatgctgctggcgtcggtggecctagecgegtgegetggecggeggatccacgecg base pairs
tacgtctgttgtcagtggtgctacgacgaccgcagccaccgggatcggecgcacgecgaccgecgectaggtgegge 1 to 75

BamHI
BstX21
XhoII

Ecol30I

BssT1I

StyI BsePI

ctgccgctgccgcagcagcagccgecgcagcaggagecteecgecgeeccceggtgeccttggettegegegecgeca base pairs
gacggcgacggcgtcgtcecgtcecggecggegtegtectcggaggecggecgggggccacgggaaccgaagcecgegeggegt 76 to 150
ErhI BssHII
EcoT1l4r1

PaeI Ball

SphI Ecob7I MI1uNI
tgcgaggctctgaaggacggaaatggcgacatggtgtggccaaatgeccgecgacggtegtggaagtecgetgectgg base pairs
acgctccgagacttcectgectttaccgectgtaccacaccggtttacggecgetgecagecaccttcagecgacggace 151 to 225

NspI MscI

Bbul

Ehel
KasI Bsp681
cgtgacgccgcgcecccgcecaccgcatctgeggectgegetgeccgaacactgecgaggtgtccggegecatecgecgaag base pairs
gcactgcggcgcgggcggtggcecgtagacgccgacgcgacgggcecttgtgacgectccacaggecgeggtagegette 226 to 300
NarI Nrul
Bbel

AccIIT
BseAI
Bcgl AcsI MroIl BsaWI
cgcaccgggatcgacggctatccctacgaaatcaaattccgecteccggatgececgecgaatggaacggtegttte base pairs
gcgtggceccctagcectgeccgatagggatgetttagtttaaggecggaggectacgggeggettaccttgecagcaaag 301 to 375
Apol Kpn2I BsiMI
BspEI
Bspl3I

KspI BssAI
Sfr303I
Dsal Cfr42I



ttcatggaaggcggcagcggaactaacggctcgctgtccgeggctaccggcagecattggtgggggacagatcgea
aagtaccttccgceccgtcgecttgattgeccgagecgacaggecgeccgatggececgtegtaaccaccecectgtcectagegt
BstDSI Cfrl0I
SstII Bsell8I
SacII BsrFI

BsePI
agcgcgctgtctcgcaatttcgecaccatecgcaacggatggaggtcacgacaacgcagtgaacgacaatcccgac
tcgcgcgacagagcgttaaagcggtggtagegttgectaccteccagtgetgttgegtcacttgetgttagggetg

BssHII

BstYI BsiWI
Mf1I SunlI
BstI BsmBI Spll

gcgctcggcaccgttgeccttecggattggatccgcaggeeccgtcectcgatatgggectacaactecgtacgatcaggtce
cgcgagccgtggcaacggaagcctaacctaggecgteccgggcagagectatacccgatgttgagecatgectagtceccag

BamHI Esp3I Pf123II
BstX2I PspLI
XhoII

KspI Sfil

Sfr303I Ball
Dsal Cfr421
acgcaggcaggcaaggccgcggtggeccaggttctacggacgecgectgeccgacaagtcectatttcatecggetgtteg
tgcgtccgteccgttccggegeccaccggtccaagatgectgecgegacggectgttcaggataaagtagecgacaage
BstDSI BglI
SstII MIuNI

base pairs
376 to 450

base pairs
451 to 525

base pairs
526 to 600

base pairs
601 to 675

SacII MscI
CciNI Alwéd4r
NotI Afel Bsell8I AspHI
EclXI BglI Aor51HI Cfrl10I Alw2lI

gagggcggccgcgagggcatgatgctctecgcagegetteccttecccactacgacggcatcgttgeccggtgcacca

base pairs

ctccecgecggegeteccegtactacgagagegtcgecgaagggaagggtgatgetgecgtagcaacggecacgtggt 676 to 750
Eagl XmalIII Eco47I1II BssAI Vnel
Eco521 BsrFI BsiHKATI
BstzI ApalI Bbv12I

DrdI
ggctaccagttgccgaaggccgggatcagecggtgecgtggaccacacagtcecceccttgegeccgecgetgteggtttg
ccgatggtcaacggcttccggccecctagtcgeccacgcacctggtgtgtcagggaacgcgggcggcgacageccaaac

BspMI
gatgcacaaggcgtgccgcttatcaataagtctttctctgacgeccgacctgecaccttectttcacaggcaatectyg
ctacgtgttccgcacggcgaatagttattcagaaagagactgcggctggacgtggaagaaagtgtccgttaggac

Bsgl

NspI
Af1TII Bcgl HindII BglI
ggcacatgtgacgccctcgacggccttgecggatggcatcgttgacaattaccgggectgccaggcagectttgac
ccgtgtacactgcgggagctgccggaacgectaccgtagcaactgttaatggecccggacggteccgtecggaaactg
BspLU11lI HincII

BstXI
Dsal BpmI KasI
cccgccacggcagccaatcecctgcaaacggeccaggcecgctceccagtgegttggegecaagactgecggattgectgage
gggcggtgccgtcggttaggacgtttgeccggtccgecgaggtcacgcaaccgeggttctgacgectaacggactecg
BstDSI Gsul NarI
Ehel

Bbel

base pairs
751 to 825

base pairs
826 to 900

base pairs
901 to 975

base pairs
976 to 1050



FriOI Apol
Eco24I PspOMI Apal SspBI
FrioI BsePI Eco0109I EcoRI BsrGI
cccgtccaggtcactgecgatcaagecgegegatggecggggeccgtgaattcggecgggaacgecgttgtacaacaga base
gggcaggtccagtgacgctagttcgecgegectaccgecccgggecacttaagecgeccttgeggcaacatgttgtet 1051

BanII BssHII DralIl Ecoz24I Bspl4071
Bspl20I AcsI
BanII
AccBSI
BstD1021 BsiI

tgggcttgggacgctggcatgagcggactgagtggcacgacctataaccaggggtggcgectecgtggtggectecggt base
acccgaaccctgcgaccgtactcgectgactcaccgtgectggatattggtccccaccgecgagecaccaccgageca 1126
BsrBI BssSI

AccBSI BssHIT

BstD1021I
agcttcaacagcagtgccaacaacgcccagecgegtgageggettecteggegegetectggectggtecgatttegee base
tcgaagttgtcgtcacggttgttgecgggtcgecgcactcgecgaagageccgecgecgaggaccgaccagetaaagegg 1201

BsrBI BsePI

BsulbI
Bsa291
BspMI AcsI BanIII BspXI
acaccgcccgaaccgatgceccatgacgcaggttgeccgegecggatgatgaaattcgatttcgacatcgatececgttg base
tgtggcgggcttggctacgggtactgecgtccaacggegegectactactttaagetaaagectgtagetaggcaac 1276
Apol BseCI Clal
BscI BspDI
Bspl06I

aagatttgggcgaccagcggacagttcacccaatccagcatggactggcacggtgcaacttctactgaccttget base
ttctaaacccgctggtecgectgtcaagtgggttaggtcgtacctgaccgtgeccacgttgaagatgactggaacga 1351

XmalIT
Plel9I Ecob521
BspCI Dsal NspI EclXI

gccttececgecgatcecgeggeggcaagatgatecctgtaccacggcatgteccgacgecgegttectcageecctggacacg base

cggaaggcgctagcgceccgceccgttctactaggacatggtgecgtacaggectgeggegcaagagtecgggacctgtge 1426
Pvul BstDSI Eagl
SgfI BstzI

AlwNI BsePI
gccgactattacgagagacttggcgcagcgatgeccaggtgectgectggattcgegegectttttctggtgecgggt base
cggctgataatgctctctgaaccgegtecgectacggtccacgacgacctaagecgegecggaaaaagaccacggecca 1501

BssHII
Xmal Bcol BssAI Agel Ecol30I
BsoBI Bsell8I BssT1I
BsrDI PspAI PspALI BsrFI NspI StyI
atgaatcattgcagcggcggt accgaccggttcgacatgctgacgcccttggtcecgectgggtcgagege base
tacttagtaacgtcgccgecca tggctggccaagctgtacgactgcgggaaccagecggacccagetegeg 1576
Eco881I Cfrl0I ErhI
Aval Cfr9I BsaWI EcoT141
Ama871I PinATI
XhoII

EheI BglII

pairs
to 1125

pairs
to 1200

pairs
to 1275

pairs
to 1350

pairs
to 1425

pairs
to 1500

pairs
to 1575

pairs
to 1650



KasI Mf1T
ggcgaggcgccggatcagatcteccgectggtecgggcacgeccagggtacttcggggtggeggcacgcacgeggeca base pairs
ccgctceccgeggectagtcectagaggecggaccagececgtgeggteccatgaagecccaccgecgtgegtgegeecggt 1651 to 1725

NarI BstX21I
Bbel BstYI

BglI
ctttgcccgtatccccaaatcgececgectacaagggtagtggagacatcaacaccgaagcgaacttecgectgegeg base pairs
gaaacgggcataggggtttagcgggcgatgttcecccatcacctetgtagttgtggettegettgaagecggacgege 1726 to 1800

NarI

Bbel
gcgcctccctga  base pairs
cgcggagggact 1801 to 1812

KasI

Ehel

Table by Enzyme Name

Enzyme No. Positions Recognition
name cuts of sites sequence
AccBSI 2 1151 1241 gagcgg
AccIII 1 344 t/ccgga
AcsI 3 334 1095 1324 r/aatty
Afel 1 709 agc/gct
Af1TIII 1 904 a/crygt
Agel 1 1607 a/ccggt
Alw21I 1 747 gwgcw/c
Alwd4l 1 743 g/tgcac
AlwNI 1 1540 cagnnn/ctg
Ama871 1 1597 c/ycgrg
Aor51HI 1 709 agc/gct
Apal 1 1091 gggcc/c
ApalI 1 743 g/tgcac
ApoI 3 334 1095 1324 r/aatty
AspHI 1 747 gwgcw/c
Aval 1 1597 c/ycgrg
Ball 2 189 625 tgg/cca
BamHI 2 64 552 g/gatcc
BanII 2 1051 1091 grgcy/c
BanIII 1 1340 at/cgat
Bbel 4 290 1028 1660 1804 ggcgc/c
Bbul 1 152 gcatg/c
Bbv12I 1 747 gwgcw/c
Bcgl 2 313 929 cgannnnnntgc
Bcol 1 1597 c/ycgrg
BglI 4 622 689 961 1798 gccnnnn/nggc
BglII 1 1667 a/gatct
BpmI 1 1017 ctggag
Bsa29TI 1 1340 at/cgat
BsaWI 2 344 1607 w/ccggw
BscI 1 1340 at/cgat
BsellS8I 3 421 739 1607 r/ccggy
BseAl 1 344 t/ccgga
BseCI 1 1340 at/cgat
BsePI 5 141 452 1074 1249 1552 g/cgcge



BsglI
BsiHKATI
BsiI
BsiMI
BsiWI
BsmBI
BsoBI
BsplO6I
Bspl20I
Bspl3I
Bspl4071
Bsp681I
BspCI
BspDI
BspEI
BspLU11lI
BspMI
BspXI
BsrBI
BsrDI
BsrFI
BsrGI
BssAI
BssHII
BssSI
BssT1I
BstD102I
BstDST
BstI
BstX2I
BstXI
BstYI
BstzI
Bsulb5I
CciNI
Cfrl0I
Cfrd21
Cfrol
Clarl
Drall
DrdI
Dsal
Eagl
EclXI
Ecol30I
Eco241
Ecod47III
Eco521
Eco571I
Eco88I
Eco01091I
EcoRI
EcoT1l4I
Ehel
ErhI
Esp3I
FrioI
Gsul
HincII
HindII
KasI
Kpn2I
KspI

N BEFRRPRPNNRPNNAENNRERPREPRPNNRNONNNNNNN SRR RRPNWORRPNNWORONAENNROOWRWRNRNRRRRRRERRRRRRR R PR

879

747

1190

344

587

570

1597

1340

1087

344

1115

295

1437

1340

344

904

877 1307
1340

1151 1241
1587

421 739 1607
1115

421 739 1607

141 452 1074 1249 1552

1190

131 1628
1151 1241
413 617 980 1461
64 552

64 552 1667
1021

64 552 1667
681 1499
1340

681

421 739 1607
416 620

1597

1340

1087

795

413 617 980 1461
681 1499

681 1499

131 1628
1051 1091
709

681 1499

165

1597

1087

1095

131 1628

288 1026 1658 1802
131 1628

570

1051 1091
1017

942

942

286 1024 1656 1800
344
416 620

gtgcag
gwgcw/c
ctcgtg
t/ccgga
c/gtacg
cgtctc
c/ycgrg
at/cgat
g/ggccc
t/ccgga
t/gtaca
tcg/cga
cgat/cg
at/cgat
t/ccgga
a/catgt
acctgce
at/cgat
gagcgg
gcaatg
r/ccggy
t/gtaca
r/ccggy
g/cgcgce
ctcgtg
c/cwwgg
gagcgg
c/crygg
g/gatcc
r/gatcy
ccannnnn/ntgg
r/gatcy
c/ggccg
at/cgat
gc/ggccgce
r/ccggy
ccge/gg
c/ccggg
at/cgat
rg/gnccy
gacnnnn/nngtc
c/crygg
c/ggccg
c/ggccg
c/cwwgg
grgcy/c
agc/gct
c/ggccg
ctgaag
c/ycgrg
rg/gnccy
g/aattc
c/cwwgg
ggc/gcc
c/cwwgg
cgtctc
grgcy/c
ctggag
gty/rac
gty/rac
g/gcgcc
t/ccgga
ccge/gg



Mf1I
M1uNI
Mrol
MscI
MslI
NarI
NotI
Nrul
Nspl
Pael
Pf123I1I
PinAI
Plel9I
PshAT
PspATI
PspALI
PspLI
PspOMI
Pvul
SacIT
SfiT
Sfr3031
SgfI

SphI
SplI
SspBI
SstII
Styl
Sunl
Vnel
XcmI
XholII
Xmal
XmallT

64 552 1667
189 625

344
189
19
287
681
295
152
152
587
1607
1437
10
1597
1599
587
1087
1437
416 620
622

416 620
1437

625

1025 1657 1801

908 1470 1620

FNNRPNNRRPRPRRRPRRERREREEAMPRPRENSRLNDERENDW

152

587

1115

416 620
131 1628
587

743

24

64 552 1667
1597

681 1499

R WRERREPENDN R & e

r/gatcy
tgg/cca
t/ccgga
tgg/cca
caynn/nnrtg
gg/cgcc
gc/ggccgc
tcg/cga
rcatg/y
gcatg/c
c/gtacg
a/ccggt
cgat/cg
gacnn/nngtc
c/ccggg
cce/ggg
c/gtacg
g/ggccc
cgat/cg
ccge/gg
ggccnnnn/nggcc
ccge/gg
gcgat/cgc

gcatg/c
c/gtacg
t/gtaca
ccge/gg
c/cwwgg
c/gtacg
g/tgcac
ccannnnn/nnnntgg
r/gatcy
c/ccggg
c/ggccg

The following endonucleases were selected but don't cut this sequence:

AatI,
AocI,
BbrPI,
BsaATl,
Bspl720
BstPI,

Eaml1104
Eco311,
EcoT22I
Ksp6321I
NaeT,
PmaCTI,
PspEI,
SexATI,
Sspl, S
Zsp2I

AatII,
AscI,

NcolI,

Accll3I, AccleéI,
AseI, AsnI, Asp700I,
BbsI, Bbv1l6II, BclI, BfrI,
BsaBI, Bsal, BsaMI, Bse2lI,
I, Bspl9I, BspHI, BspTI,
BstSFI, BstSNI, Bsu36I,
I, Eaml105I, EarI, Ecll36II,

Eco32I, Eco72I, Eco81I,
, Espl396I, FauNDI, Fbal,
, LspI, MamI, MfeI, MluI,
NdeI, NgoAIV, NgoMI,
Pme55I, PmeI, PmlI, PpulOI,
PstI, PstNHI, PvulIIl, RcaIl,
SfcI, Sfr2741, Sful, SgrAIl,
stI, Stul, Swal, TthlllI,

Acc65I,
Asp7181I,
BlnI,

Bse8I,

AccB7I,

BsrBRT,
CelII, CpoI,
EclHKI,
Eco911,

FseI,

Mphll1031I,

Nhel,

PpuMI,
RsrlI,

SmiT,
Van91lI,

AccI, AcINI, Af1II, AhdI,
AspEI, AspIl, AtsI, AviII, AvrII,
BlpI, BpiI, Bpull02I, BpuldI, BpuAI,
BseRI, Bshl365I, BsmI, Bspll9I,
Bst1107I, Bst98I, BstBI, BstEII,
Csp45I, CspI, CvnI, Dral, Dralll,
Ecol05I, Ecold4d7I, Eco255I,
EcoICRI, EcoNI, Eco065I, EcoRV,
FspI, HindIII, HpaI, KpnI, Ksp22I,
MroNI, MspCI, MunI, Mval269I,
NsiI, NspV, PacI, PaeR7I, Pfl1MI,
PshBI, Pspl24BI, Pspl406I, PspbII,
SacI, Sall, SapI, SbfI, ScalIl,
SnaBI, SpeI, SrfI, Sse8387I, SseBI,
Vhad464I, VspI, XbaI, XhoI, XmnI,



Allegato 4

The Genetic Code
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