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Supplementary Figure S1. Alignment of proteins homologous to I-Anil.

Multiple sequence alignment of proteins homologous to I-Anil found using NCBI BLAST’s
blastp and tblastn (1) that have putative (denoted by suffix P (2)) endonuclease activity as of
March 2011. The repository of data from new protein sequences and their characterizations is
continuously growing (e.g. the recently elucidated maturase activity of the [-Anil homologue
2ABS5 (3)). The most distant homologue in this alignment, I-MfalP, has 47% sequence identity
and 70% similarity. Alignments with less than 40% identity were predicted to have significantly
divergent putative target site sequences (data not shown) and were not chosen for examination.
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1-Anil AGDLTY=-AYLVGLFE--- 1 KD-VOLIYKIKKILGIGIV -1 EMVALRIRDKNHLKSFILPIFEKYPMFSNK

I-Nfilp AGDLTY=-AYLVGLFE==-~ I KD=VOLIYKIKDILGIGIV ~VEMVALRIRDKNHLKNFILPIFDKYPMF K

I1-AbriP AGDLTY=-AYLVGLFE=---~ 1 KD-VOLIYKIKNILGVGVV ~VEMVALRIRDKSHLKNFILPIFDKYPMFSNK

I-Anil AGDLTY-AYLVGLFE--- ---GDGYF5S| KD=-VOLIYKIKKILGIGIV -~ 1 EMVALRIRDKNHLKSFILPIFEKYPMFSNK

I-NfilP AGDLTY-AYLVGLFE=-=-~- ---GDGYFS 1 KD=-VOLIYKIKDILGIGIV -~VEMVALRIRDKNHLKNFILPIFDKYPMF K

1-AbriP AGDL Y=-AYLVGLFE=--- | KD=-VOLIYKIKNILGVGVV ~VEMVALRIRDKSHLKNFILPIFDKYPMESNK

1-Anil AGDLTY-AYLVGLFE=-=-~- 1 KD=-VOLIYKIKKILGIGIV - | EMVALRIRDKNHLKSFILPIFEKYPMF K

I-NFilP AGDLTY-AYLVGLFE=-=-- I KD=-VOLIYKIKDILGIGIV ~VEMVALRIRDKNHLKNFILPIFDKYPMF K

1-AbriP AGDLTY-AYLVGLFE--- | KD=-VOLIYKIKNILGVGVV ~VEMVALRIRDKSHLKNFILPIFDKYPMFSNK

1-AcalP AGDLKY=-AYLVGLFE=-=-- I RD=-VOLIYKIKNILGVGIV LRIRNKNHLKNFILPIFDKYPMF K

I-HjelP AGDLTY=-AYLVGLFE--- | KD=-VOLIYKIKDILGVGKYV LRIRDKNHLKNFILP I FDKYPMLSNK

1-GzelP AEDLTY-AYLVGLFE-=-- I KD-VOLIYKIKALLGIGVV LRIRDKKHLKNFILPIFDKYPMF K

1-Mfrip AEDLTY-AYLVGLFE--- 1 KD-VOLIYKIKALLGVGVV LRIRDKNHLKNF I 1P IFDKYPMFSIK

I-LmalP AGDLYY=-AYLVGLFE-=-- \ RD-VOLIYKIKNFLGVGVI LRIRNKDHLKNFILP IFDIYPMFSNK

I-PnolP AEDLSY-AYLVGLFE=-=-~ v KD=-VOLIYKIKNLLAVGVV LRIRKKDHLKEFILPIFDKYPMF K

I-MialP AGDLTY-AYIVGLFE--- ! RD-AKLIYKIKSLLGVGVV LRIRDKNHLKNFILPIFDKYSMFSNK

I-AchiP AGDLVY=AYLVGLIE=-=-~ v RD-VELIYKIKKLLGVGIV LRVRNKDHLKKFIVPIFDKYPLF K

1-Mfilp AGDLTY-AYLVGLFE--- 1 KD-VOLIYKIKALLGIGVVRFRT | ~SEMVALIIRDINOLKSFILPIFDKYPMFSDK

1-ViniP ANDLTY=-AYLVGLFE=-=-~ v KD=-VOLIYKIKDLLGVGVVGFRDRTLVSGVVEKMVY FKVRKKDHL | ILPIFDNYPPF K

1-TinlP AGDL Y-AYLVGLIE=--- 1 RD- 1OLLYKIKAWLGRGI I I IHKDNNDN===PKSRTYRIRNKSHLKNIILPIFDOYP I LSMK

1-GpulP -AENLY=-AYLVGLIE=-=-~- | RD=1OLLYKIKAWLGRGI I | I HKD DO===PKSRTYRIRNKSHLKNIILPIFDOYP I LSMK

I-TasIP AENLY-AYLVGLIE-=-~ 1 RD=-IKLLYKIK LGRGV 1| I HRDK -=-=-PKSRTYRIRNKSHLKNIILPIFDOYPILSMK

I-Tbrip ~AENLY-PYLVGLIE=--- 1 RD=1OLLYKIKSWLNVGV I I IRKGKNGE===EKRRIYRVRNKTHLKNIILPIFDKYPMLSMK

1-ApalP HNDOVFNPYLVGLVE-=-- I RDCITYIWDLK-YLGVGVNRFCPTEGR=- ~SETILLRIRNKSHLIKYILPIF YPML K

I-ScelP DNPIY-AYIGGLFE=-=-- | YLLYELGIEMHIRD=1OLLYKIKNILGIGKVT IKKLKMKDGT IKEMCKFNVRNKNHLKN T IP I FDKYPMLTNK

1-SdolP DPIY-AYIVGLFE=-=-~- 1 YLLYELGIEIHIRD-TOLLYKIKNILGIGKVS IKKLKIKDGT IKEICKFNVRNKNHLKN TP IFDKYP ILTNK

1-SpaiP DNPIY-AYIVGLFE=-~-- I YLLYELGIEINIRD=IKLLYKIKNTIITGVGKTISITKKIKNKDGT IKEITCKYNVRNKNHLINTLIIPIFDKYPIL K

2AB5 DNPIY-AYIVGLFE--- - 1 YLLYELGIEMHIRD-1OLLYKIKNILGIGKVT IKKLKMKDGT IKEMCKFNVRNKNHLKN TP IFNKYPMLTNK

1-vliip LDELYK-AYIVGLIEAFPPLLSWDRRGEKAMOEADCWV S | YLIYEVGIELHIRD=IOLLYKIKOILGVGITKTYKRSKNLNETYEYCRYNIRNKKHLKDVILPIFDKYPML K

I1-MfalP YHUDY IY=AY VG ME--oomommommaammmo o GDGWFSMSKKGK==YLTYELGLELNIRD=-IKLLYKIKNMLGVGMMK THTKKNIKGLDLEFAILSMRNKKHLKDVMMP | FDKYPMLT LK
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I-Anil YDYLRFRNALLSGI I SLEDLPDYTRSDEP =~ YFSAWLVGFIEAEGCFSVYKLNKDDD=-YLIASFDIAGRDGDILISA IRKYLSF KV

I-NfilP YDYLRFKDALLSGIIYSEDLPEYVRSNEP-- YFSAWLVGFIEAEGCFSVYKLNKDDD-YLVASFDVAORDGY ILISA IRKYLSF 1

1-Abrip YDYLRFRNALLSGIIYLEDLPKY IR EP -~ YFSAWLVGFIEAEGCFSVYKLKKDDD=-YLIASFDVAORDGDILISA IROYLSF I

I-Anil YDYLRFRNALLSGI I SLEDLPDYTRSDEP-- YFSAWLVGFIEAEGCFSVYKLNKDDD-YLIASFDIAORDGDILISA IRKYLSFTTKV

1-NFfilP YDYLRFKDALLSGIIYSEDLPEYVRSNEP =~ YFSAWLVGF I EAEGCFSVYKLNKDDD=-YLVASFDVAORDGY ILISA IRKYLSF 1

1-Abrip YDYLRFRNALLSGIIYLEDLPKY IR EP-- YFSAWLVGFIEAEGCFSVYKLKKDDD-YLIASFDVAGORDGDILISA IROYLSF 1

I-Anil YDYLRFRNALLSGI I SLEDLPDY TRSDEP =~ YFSAWLVGF I EAEGCFSVYKLNKDDD=-YLIASFDIAORDGDILISA IRKYLSFTTKV

I-NfilP YDYLRFKDALLSGIIYSEDLPEYVR EP-- YFSAWLVGFIEAEGCFSVYKLNKDDD-YLVASFDVAGRDGY ILISA IRKYLSF I

1-AbriP YDYLRFRNALLSGIIYLEDLPKY IRSNEP == YFSAWLVGF I EAEGCFSVYKLKKDDD-YLIASFDVAORDGDILISA IROYLSF 1

I-AcalP YDYLRFRNALLSDIIYSACLPEYTRSNES =~ YFSAWLVGF I EAEGCFSVYKLNKDNP-YLVASFDIAOKDGY ILISA 1SKYLSF L

I-HjelP YDYLRFKDALL I1Y-DDLPEYAR ES-- YFSAWLVGFIEAEGCF YKLNKDDD-YLIASFDIAGKDGDILISA IHKYLSF K1

1-GzelP YDYLRFRSALLSGIIYSEDLPEYTRSNVP -~ YFSAWLVGFIEAEGCFSIYKLKKDND-YLVASFDIAOKDGDILIKA 1SKYLSF \

1-Mfrip YDYLRFK LLSGIIYSKDLSEYTR EP-- YFPAWLVGFIEAEGCFSVYKLKKDGD=-YLVASFDIAOKDGDILISA IRKYLSF Al

I-LmalP YDYLRFKEALLSGIIYYEDLVLYSRSIVP -~ YFSAWLVGFIEAEGCFSTYKNN=-=DS-YPIASFDI 11SA - IKKYLSFTTAV

1-PnolP LDYLRFKDALLSGT IYPENLSEYIRDSKP == YFPAWLVGFIEAEGCFSIYKLHKEED=-YLVASFDIA LISA -IREYLSF Al

I-MialP YDYLRFKDALISNLIYSADLPEY IRSNEP-- I SADYFPAWLVGFIEAEGCFSIYKLK--ED-YLVASFDI IILA - IREYLSF v

I-AchiP YDYLFFRSCLFSDIIYYKDLPLYRRELDP S~ LNKSYFEAWLVGFIEAEGCFSIYNTKKDTATYLAASFDI A - IRKHLSFTTKI

1-Mfilp YDYLRFRNALVSGIIYFKDLPEYTKSNLLWI --LIFPLDWWDLWKLKVAFSIYKLKKNDN=YLIASLYIA SISTYLSFTTGI

1-ViniP FDYLRMRTILL VLYNDIPKYVRP SLA-- LKTPYFSAWLVGFMEAEGCFSVYKRSKPDN-YDVASFEI - IRKFLSLTPKV

I-TinlP KYDYLRFRDCLLSGIIMSVNLIPYVRPREVVEFDE MLSLSYFSAWLVGFIEAEGCFSIYTR HFS==KIASFDIA =VKIKLGLKOKV

1-GpulP KYDYLRFRDCLLSGIIMSVNLRPYVRPREVVSFDESN-=-SMLSLSYFSAWLVGFIEAEGCFSIYTRINHFS--KIASFDIA -VKIKLGLKOKV

I-TasIP KHDYLRFRYNLLSGVIMSVNLRPYVRPKEIVSLDEAN= MLALSYFSAWLIGFIEAEGCFSIYTRTDH --KIASFDIA =VKFKLGFKOK I

1-TbriP HNDYLRFRENLLSGVI LRDYSRAITET IDPNKVO-= ILSVPYFSSWLIGFIEAEGCFSIYKA HP S==NIRSFEI -IKEYLGL RV

I-ApalP YNYLRFOOMLLAGV I HYDKLP RLIEF==LNSVS===Fl INVNYFWSYLLVLLKOK==VALVSINRKKI | LWWOSFH=-DKPMGF | = TAKYLSLMVK I

1-ScelP HYDYLYFKDNLLKDIKYYNDLSYYLRPIKP=-=F E- DILNKNYFSSWLIGFFEAE FSIYKPMNKKM=--KTASFEV - IKSYLKI 1

1-SdoiP YYDYLYFKDNLLKNIKYYNDLDYYLRP IKP==FNTLE===DILNKNYFSS-LIGFFEAESYFSIYKPINKKI=-=KLASFEV S IKSYLKI 1

1-Spaip YYDYLFFKDNLLKDIKYYNDLPKYKRP IKS==LYNLE- ILNKNYFSYWLIGFIEAEGYFNIYT-LK I--KLASFEV -IKIYLKI v

2AB5 HYDYLYFKDNLLKDIKYYNDLSYYLRP IKP=-=-F E---DILNKNYFSSWLIGFFEAKSCFSIYKPMIUKKM==KTASFEVSM - IKSYLKI 1

1-Ylilp KYDYMRFKHHLINGT IYSENLEDYKRPLET--EISTEAI ILNIDYLPYWLIGFIEGEGSFSSYL=-=NKDO--RECSFEV KLIIEAFPPLLSWDRRGEKATOEAIKEYLKFNVKV

1-Mfalp HDYLRFK LLNDIMYYEDLMPYKR I P==LYKKE===-EMMNKDYFPSWLVGFIEAEGSFGTY TV DNS==0OVAYFEM YDMLILES===creccecccccccccax IKOYLKI M
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I-Anil YLDK KLKVTSVRSVENIIKFL ==-PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIPSNY

I-NfilP Y LDK LKV VREVENITIKFL ===PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIP Y

1-AbriP Y LDK KLKVTSVRSTENTIKFL ===PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIPSNY

I-Anil YLDK KLKV VRSVENITIKFL ===PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIP Y

I1-NFfilP Y LDK LKVTSVRSVENTIKFL ~==PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIPSNY

1-AbriP Y LDK KLKV VRSITENIIKFL ===PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIP Y

1-Anil YLDK KLKV VREVENITIKFL -==-=-PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIP Y

I-NfilP Y LDK LKV VREVENITIKFL ===PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIP Y

1-AbriP Y LDK KLKV VRSITENITIKFL ===-PVKLLGNKKLOYLLWLKOLRKISRYSEKIKIP Y

I-AcalP Y I DK KLKITSVRSITENTIKFL ===PVKLLGNKKLOYLLWLKOLRKISRYNEIITKIPSNY

I-HjelP Y LDK RLKVTGVRSVKNVVKF I -===-PVKLLGNKKLOYLLWIKOLRKISRYSEKIOQLP Y

1-GzelP YLDKYD RLKV VRS ITE INFLDRA==-=-==PVKLMGNKRLOYLLWIKOLRTISRYAEKIKIPS1Y

I1-MfriP Y LDK KLKVGGVRSVENVVKFLHNA=====PVKLMGNKKLOYLLWIKOLRT IPRYSEKFKIPPV-

I-Lmalp Y LDK KLKV ARSITENVIKFLAKA====-PVKLLGNKRLOYLL===eeeecmcccmmmmcccm o

1-PnoiP Y 1DK RLKVTGVRS I ENVINFLOKA=====PVKLLGNKKLOYLLWIKOLRT IPRYSEKIKIPSNY

1-MialP Y LDK FKLKV VRSTENILKFLNKA=====OIKLLGYKKLEYLLWIKOLRTISRYSKKIDIP Y

I-AchiP 1 VDK RLKVSGIRS I I IKFLHKA====-PVKLOGNKKLOYLLWVKOLRKINRYSDKINIPSNY

1-MfilP YLDKSY LKVIGIRSIE INFLDKA=====PVKLMGNKRLOYLLWIKOLRTIPRYSENIKIPSI1Y

I-ViniP YKDK FKLKVSSVRSLENVIKFIDRA-=-=-==-PVKLLGNKKLOY I IWIKKLRTIPRYSDKINIP Y

1-Tinlp 1 VDK KLKVSSVRS TENVIHFMONA=====PFKLOGYKKLOYLLWLKELRRITRYSSKFNIPOKY

1-Gpuip 1 VDK KLKV VRS ITENVTHFM A--=---PFKLOGYKKLOYLLWLKKLRRITRY KFNITPOKY

I-TasIP 1 VDK KLKV VRSTENVIHFMKNA=====-PFKLOGHKKLOY LLWLKELRRITRY KFNITPKKY

1-TbriP HMDKKDTYKLKV VRSITENVIKFLKNA=====PCKLOGHKKLOYLLWLKELR PRYSAKFKIPEDY

1-ApalP DK YHLKV VRY I ENVIKFMOKA=====PVKLLRYKRLOYLL-L LRTIPRY KFKI1PDRY

I-Scelp YTDKF RMTTKSINGIKNVVMF | =====PIKLLGYKKLOYLLFLKDLRT I TKYNNYFKIPPKY

1-SdolP YTDKF RITLKSINGIKNVVIFI =====PIKLLGYKKLOYLLFLKDLRLILKY FKIPNKY

I-SpalP YTNKD RITLKSIRGIENIVKFINKN=--===PIKLLGYKRLOYLLFLKELRLISKY LNIPQNY

2AB5 YMNEF KM KSTNDIKNVVMF | =====PIKLLGYKKLOYLLFLKDLRTITKY YFKIPSKY

1-Ylitp YTNKD RVKITSVNDMKILLNFMKYN===--PVKLLGYKRLOY ILFLKELRSIEKYSKNIKIPSNY

1-Mfaip Heoooo YKLK IRGMEN LMK FM KVTYGGIKLLGYKKMOYLYFTKSLRSIPKYNNKLNMPNTY



Supplementary Table S1. Percent identity and similarity to I-Anil for each homologue
previously identified and aligned in Figure S1.

Homologue Name Accession Number Percent Identity to I-Anil Percent Similarity to I-Anil

I-Anil pdb|2Q0J|Z 100% 100%
[-NfilP gbl|AAX39426.1 93% 98%
I-AbrIP dbj|AB026120.1 92% 97%
I-AcalP gblEER36338.1 88% 95%
I-HjelP gb|AF447590.1 86% 95%
1-GzelP gblABC86634.1 84% 93%
[-MfrIP gb|GU952815.1 81% 90%
I-LmalP emb|CBX89979.1 79% 89%
I-PnolP gblABU49435.1 78% 91%
I-MlalP gb|GU933642.1 72% 86%
[-AchIP gbl|AAX34413.1 71% 86%
I-MfilP gb|AF343070.1 69% 79%
[-VinIP gblAAB95258.1 64% 79%
[-TinIP dbj|AB175764.1 59% 75%
[-GpulP dbj|AB175779.1 59% 75%
I-TasIP dbj|AB175746.1 57% 74%
I-TbrIP dbj|AB175750.1 57% 76%
[-ApalP gb|AF538047.1 52% 67%
I-ScelP emb|CAA32785.1 51% 70%
I-SdoIP emb|X59280.1 50% 72%
I-SpalP gb|EU852811.1 50% 72%
2ABS5 (maturase) pdb|2ABS|A 49% 67%
I-YLiIP emb|AJ307410.1 49% 66%
[-MfalP emb|CAY39274.1 47% 70%




Supplementary Figure S2. Example putative target site identification for I-PnolP, an I-
Anil homologue. An intron (approximately spanning positions 8073 through 9092) within the
cytochrome B gene of the complete annotated Phaeosphaeria nodorum SN15 mitochondrion
genome (gb|EU053989.1) is observed to encode a LAGLIDADG endonuclease from position
8108 through 9037 (bold text), the homologue ORF. The flanking nucleotide sequences were
examined and aligned as shown to each half of the native [-Anil target site. The resulting
predicted sequence of the target site for I-PnolP is colored yellow.

Pno genome 8041 aggacaagatattgttgaatttatttgaggtggtttaaacacagttggac 8090
————————————————————————— ;égééééé$$$—————————————— & (-) half of I-Anil site
8091 cacattacggtgacgtaatgttaaaaattttgcttaatgctggaaaatccec 8140
8141 cccaatttagtatttgcatacgatttattcttgattttaacaacaattat 8190
8191 ttacgtaaaaattgcattgacatggggacaatcagcaggggtgagaagta 8240
8241 tacacacttcagaagcctctcagagactacatgcagaagatctctcatat 8290
8291 gcttatttagtaggtttatttgaaggtgacggtttttttactgttacaaa 8340
8341 aaaaggtaaatatctagcctatgaattaggtattgaattgtctattaaag 8390
8391 acgttcaattgatatataaaattaaaaatcttttagctgtaggtgtagta 8440
8441 agttttagaacaagaaatgaaattgaaatggtatctttaagaattagaaa 8490
8491 aaaagaccatttaaaagaatttattctacccatatttgataaatacccta 8540
8541 tgttttctaataaacaacttgattacttaagatttaaagacgcactatta 8590
8591 tctggtactatatatccagagaatttatctgaatatattagagatagtaa 8640
8641 acctataaattcgatagaatctattacaagtgcttcttattttccegett 8690
8691 gattagtaggatttatagaagctgaaggttgtttcagtatttacaaatta 8740
8741 cacaaagaggaagattatttagtggctagtttcgatattgctcaaagaga 8790
8791 tggagaggtattaatatctgctattcgtgagtatttatcttttactaatg 8840
8841 ctatatacatagataaaactaattgttccagactgaaagttacaggtgta 8890
8891 agatctatagaaaatgttattaattttttacaaaaggctcctgtaaaatt 8940
8941 attgggtaataaaaaattacaatatttattatgaattaaacaattacgta 8990
8991 ctatacctagatattcagagaaaattaagataccttcaaattactaaaga 9040
9041 gagatcaagatatagtccgatcaataaagaaatttattgagcgtaacgat 9090
9091 agtttgtttcaaatgaagttaccaacacaaatgctctgttaacaatgcta 9140

FEEEEE 1l
————————————————————————————————— CTCTGTAAA-------- € (+) half of I-Anil site



Supplementary Table S2. ECysmax (nM) cleavage efficiencies and cleavage plateaus (fiux »
the maximal fraction of site cleavage) for homologue-based I-Anil variants tested on singly-
substituted target sites. Variants are grouped into categories (C-terminal loops, K200, Central 4
loops, Core Mutations) dependent on the location and theorized role of the mutations transferred
to the I-Anil scaffold. All variants include the F8OK and L233K mutations for solubility, with
the exception of the K24N/T29K variant that only includes F8OK. The base activity column
indicates whether the variant was made with the activating F13Y or S111Y mutations. ECp smax
values are the mean (nM) * coefficient of variation (%CV) of two independently determined
enzyme cleavage profiles chosen (via inspection for substrate degradation and experimental
error) from at least two separate in vitro cleavage assays on plasmid DNA substrates containing
single base-pair substitutions from the [-Anil wild-type target site. The CV is given as a
percentage measure of variability estimated through dividing the standard error from the mean
(SEM) by the mean. Values of EC smax >750nM are too high to allow accurate quantitative
determination, and therefore no cleavage plateau is reported. f,..x = 1 designates a cleavage
plateau at its greatest allowable value, meaning the substrate can be completely cleaved with no
remaining uncut fraction.

Base Cleavage
Variant Mutations Activity Position ECo.s5max (M) Plateau
C-terminal loops
wild-type 4+ 3% 0.980
C 3+28% 0.987
+8A G 19 +40% 0.938
T 3+41% 0.975
I-PnolP V1531, N157H, D159E, D160E, 1164V F13Y ¢ 70£23% -1
+9A G 41 +23% ~1
T 15+£31% 0.987
A 6+ 9% 0.981
+10G C 8+27% 0.960
T 5+42% 0.974
wild-type 8+ 6% 0.977
A 8+31% 0.995
+7T C 74 £ 5% 0.965
G 328 £ 7% ~1
C 8+ 4% 0.985
V1531, K155N, L156T, N157K, D160T A . 12 6% nIA
I-AchIP inserted A after 160, DI6IT, 1164A F13Y Tl 6£27% 0.980
C 10 + 8% 0.981
+9A G 11+ 8% 0.986
T 9+3% 0.981
A 8 +20% 0.966
+10G C 8+ 13% 0.957
T 8+23% 0.974
wild-type 86 £35% 0.941
A 20+ 32% 0.934
e | KISTLSENST | gy |7 L] swean |
g > > G 459 +41% 0.752
18A C 48 + 18% 0.856
G 6+13% 0.942




T 35+13% 0.910
C 6+1% 0.857
+9A G 81+ 13% 0.864
T 79+11% 0.925
A 139 +25% ~1
+10G C 15+ 22% 0.928
T 80 + 5% ~1
K200
wild-type 6+ 5% 0.981
A 146 + 4% 0.854
+3T C 14 +39% 0.925
I-NfilP 1164V, K200N F13Y G 155 + 8% 0.670
A 260 + 7% 0.565
+4C G 205 = 14% ~1
T 155 +32% 0.612
wild-type 7+15% 0.977
A 140 + 7% ~1
+3T C 358 £27% 0.929
G 42 + 9% 0.996
I-PnolP K200R FI3Y Al T18+4% ~1
+4C G 116 + 8% ~1
T 18+17% 0.962
A 5+28% 0.951
+5T C 17+31% 0.950
G 9 +24% 0.933
Central 4 loops
wild-type 7 £28% 0.919
A 100 + 7% ~1
+2C G 348 + 7% 0.717
I-GzelP* R172K, T196Y, N197D S111Y T 27 +£25% 0.954
A 212+ 6% ~1
+3T C 315+ 6% 0.860
G 156 + 6% ~1
wild-type 18 + 4% 0.956
I AchIP K60T, R6 213( 11\16642TK,EE66§<D,1\216sg£ted G after SH1Y A 6+ 2% 0.953
> g > 2T C 40 + 6% 0.987
G 10+ 16% 0.979
o wild-type 32+ 9% 0.962
1-VinIP Loop et :(fti(r)lzzl,l\IEﬁGzSTK: ]?\663;YI ?_tg%?g;]()\lf Sy A 2625% 0927
171V 2T C 21 £24% 0.929
G 23 +28% 0.932
Core mutations
wild-type >750 N/A
A >750 N/A
-6G C >750 N/A
I-VinIP w/o core A68Y, R70K T >750 N/A
C >750 N/A
-SA G >750 N/A
T >750 N/A
[-VinIP w/ core A68Y, L69F, R70K, 171V wild-type 428 £ 2% ~l
-6G A >750 N/A




C >750 N/A
T >750 N/A
C >750 N/A
-SA G 721 + 5% ~1
T >750 N/A
wild-type 68 + 16% ~1
A 182 = 45% 0.229
-6G C >750 N/A
I-VinIP-S111Y w/o core A68Y, R70K S111Y T 245 + 15% ~1
C 523 +3% ~1
-5A G 111 +23% ~1
T 424 + 4% 0.955
wild-type 31+ 34% ~1
A 176 = 24% 0.310
-6G C >750 N/A
I-VinIP-S111Y w/ core A68Y, L69F, R70K, 171V S111Y T 135 + 13% 0.983
C 362 + 0% ~1
-SA G 89 + 10% 0.996
T 404 + 1% ~1
wild-type 32+ 9% 0.962
A 208 +22% 0.995
S57G, K60D, N62T , E63L, 164V, SGVVS -6G C| 112+19% 0.996
I-VinIP Loop insert after 64, E65K, A68Y, L69F, R70K, S111Y T 28 +13% 0.994
71V C 67+ 1% 0.989
-SA G 31+ 8% 0.957
T 38 +15% 0.969
wild-type >750 N/A
K24N/L28V/T29K K24N, L28V, T29K c =750 NA
-8A G 23 +£15% 0.939
T 750 + 9% ~1
wild-type >750 N/A
K24N/T29K K24N, T29K, lacking L233K ¢ >750 NA
-8A 23 + 8% 0.873
T >750 N/A
I-Anil Base Activity Comparison
wild-type 10+31% 0.996
A 194 +35% 0.982
+2C G 608 £ 11% 0.310
T 17 +23% 0.900
A 343 +26% 0.950
+3T C 503 +20% 0.869
G 214 + 7% ~1
I-Anil-F13Y FI3Y FI3Y A 393+13% 0.921
+4C G 437 £25% 0.898
T 236 = 19% 0.943
A 11+ 24% 0.934
+5T C 60 +35% 0.967
G 27 +40% 0.987
A 119 +28% 0.949
+7T C 140 £21% ~1
G 189 +26% ~1




C 9 +28% 0.964
+8A G 36+ 11% 0.983
T 9 +26% 0.956
C 101+ 1% ~1
+9A G 25+ 10% 0.971
T 23 +44% 0.981
A 54+9% 0.959
+10G C 12 +35% 0.950
T 9 +36% 0.944
wild type 9+21% 0.969
A >750 N/A
-6G C 379 £21% ~1
T 173 + 5% ~1
I-Anil-S111Y SIY SIY c 55+2% ~1
-5A G 21 £21% 0.989
T 27 +25% 0.985
A 7 +20% 0.959
-2T C 12+ 1% 0.967
G 11 +3% 0.975

* This variant contains an additional 1248V mutation that does not affect cleavage efficiency, as
it is at the end of the C-terminal domain far from the interface.



Supplementary Figure S3. Specificity profile of I-NfilP and I-Anil-S111Y at 25nM and
250nM enzyme concentration. Cleavage fractions of wild-type (denoted by asterisk) and
singly-substituted target sites for all 20 positions are shown. Assays were performed in triplicate,
with error bars representing the SEM. A fraction of 1 indicates complete cleavage of the
substrate with no remaining uncut fraction. Since the sequence of homologue I-NfilP contains
the activating mutation S111Y, its profile is compared to that of [-Anil-S111Y. Though the
specificity pattern is similar overall, the observed novel +3C specificity was later confirmed in a
variant containing the [-NfilP-derived K200N transfer (Figure 2b).
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Supplementary Figure S4. Cleavage profiles for the C-terminal loop transfers and I-Anil-

F13Y at positions +7 through +10.
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I-AchIP C-terminal loop at +7
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Supplementary Figure SS. Cleavage profiles for the K200 variants and I-Anil-F13Y at +3,
+4, and +5.
-Anil-F13Y at +3
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Supplementary Figure S6. Cleavage profiles of variants affecting the central four target
site positions. Results for [-Anil-F13Y at position +2 and [-Anil-S111Y at -2 are provided here
for comparison; the plot for [-Anil-F13Y at +3 can be seen in Supplementary Figure S5.
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Supplementary Figure S7. Cleavage profiles for I-Anil-S111Y at positions -6 and -5. The
corresponding ECy smax (nNM) were shown previously (Figure 3b) along with the cleavage plots
for the [-VinIP derived variants (Figure 3a) evidencing the important role of core mutations.
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Supplementary Figure S8. Cleavage profile for I-PnoIP N-terminal transfer at the -5
position. The -5T substitution is preferred over the wild-type -5A. This result is in accordance
with the -5T of the predicted I-PnolP target site given in Figure 1c.
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Supplementary Table S3. Sequences of target sites near disease-causing genes that contain
the novel +3C, +7A, and -6T specificities.

Feasibly targetable cleavage sites in DNA sequences of disease-causing genes were identified
computationally according to previously validated methods (4). For the site sequences given
below, bases in lower case lettering differ from the native I-Anil target site. Colored bases

indicate the substitutions that could not be cleaved prior to this study: -6T (yellow), +3C (blue),
and +7A (green).

14



Human CCRS, a coreceptor for HIV-1, has been successfully targeted and modified by zinc-
finger nucleases (5) and is now undergoing clinical trials (6), but there is potential for further
modification with homing endonucleases. Nine target site positions differ from that of I-Anil,
and we found homologue-derived mutations that can be grafted onto the I-Anil scaffold to target
the thymine substitution at position -6 and the adenine at +7. Two target sites found in the
murine fumaryl acetoacetate hydrolase gene (FAH, mutations can lead to tyrosinemia (7)) are
also shown to have sets of substitutions relative to I-Anil that contain +3C, +7A, and -6T. Lastly,
recent work has addressed gene delivery in large animal models that shows great potential in
preclinical studies, especially canine models. Pyruvate kinase (PK) deficiency in dogs is
associated with severe hemolytic anemia that can be treated via allogeneic transplantation, and in
vivo gene delivery through transduced cells can sufficiently correct the XSCID disease
phenotype (8). Both genes contain targetable sites that can benefit from our novel specificities.

Gene Target Site
CCRS ccAGtAtGTTgCcCacaAAA
FAH (Target Site 1) TGAGccectTTeCeCecTAge
FAH (Target Site 2) TGAGtAGCTTTCTCataAgt
PK cGtGGecaTTgCeCTGgACA
XSCID g2ctGetGeTTetTCTGaccA
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