Biochemical and structural bioinformatics studies of fungal CutA nucleotidyltransferases explain
their unusual specificity towards CTP and increased tendency for cytidine incorporation at the

3’-terminal positions of synthesized tails

Kamil Kobytecki, Krzysztof Kuchta, Andrzej Dziembowski, Krzysztof Ginalski & Rafat Tomecki

SUPPLEMENTAL MATERIAL
SUPPIEMENTAI FIGUIE.....o ettt ettt sttt ettt eeae et ste st s e e s et et et essateste st steseenenbesbenantansersans 2
SUPPIEMENTAL TADIES......eitietieteecee ettt ettt stesbeebeete st eab e s aebaesbe s e ae et e e sbesbesnsensesassaessansannnnsn 12



SUPPLEMENTAL FIGURE

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

AnCutA
AnCutA opt

protein

ATGGTGACCGTGACCGATGGCAACGATCGCCTGAGCAGCCGCCCGGGCGAACAGAGCCCG
ATGGTCACCGTCACCGATGGTAACGACCGCCTGTCCAGCCGCCCGGGCGAACAAAGTCCG
Kokokkk kxkkk khkkrkxAkk Kkkkk Kkkkkk Ak kkkkkkkxxkkkkkkk xk  kokok

M v T Vv T D G NDU RUL S S R P G E Q S P

ATTGCGAGCGCGAAACTGAGCACCATGCCGTGGCGCAGCAGCAACGAAGAAAGCAGCGAA
ATTGCCTCAGCCAAACTGTCCACGATGCCGTGGCGTAGCTCTAACGAAGAAAGTTCCGAA

* Kk Kk kK Kk Kk kkKk Kk kkhkk KAkhkkkikkkhkkhkkhkkk kkk kkkk Kk Kk kK kKK * Kk Kk Kk

I A S A KL S T M P W R S S N EE S S E

ACCCCGAACCGCCCGGCGCTGACCAGCCAGCAGAGCAACAGCCTGCCGAGCACCCCGTAT
ACCCCGAATCGCCCGGCACTGACGTCACAGCAATCGAACAGCCTGCCGTCGACCCCGTAT

khkkhkkhkhkhkk, Fhkhkkhkhkkhkkhk *hkkkk * Kk k kK khkk kKA kK Kk kKKK KAk KkKhkKk KKk Kk

T P N R P A L T S Q Q S N s L P S T P Y

CAGCATGCGCGCAAAATTAGCTTTCATAGCCGCAGCCCGAGCCCGCGCCATGGCAGCACC
CAGCATGCTCGTAAAATTAGCTTTCACTCTCGTAGTCCGTCCCCGCGTCATGGTTCAACG
Kokokkkkkk kk kokokkkkok ok ok ok ok ok ok x *k kk xxkk kkkkrk kokokokok * %

Q H A R KI S FH S R S P S P R HG S T

AGCCCGCGCAGCACCCATAGCGAAAGCACCCATATTCCGCCGAGCGCGCGCAAACAGTTT
TCGCCGCGTAGCACCCATAGCGAATCTACGCACATCCCGCCGTCTGCACGCAAACAGTTC

kAhkkkk KAhkAkkkAkAkAk kA kA kA kA kKK k Kk kk kk kkkk k%K Kk KAk AkKkkKkAkA Kk kK

S P R S T H S E S T H I P P S A R K Q F

ACCGGCTGCAAATATGAAACCGCGATGAGCTTTTTTCGCCGCCGCATGCCGTATAGCATT
ACCGGCTGCAAGTATGAAACGGCTATGTCATTTTTCCGTCGCCGTATGCCGTACTCGATT
Kok kkkkxxkkk Khkkxxrkk KKk Kxx kokokokk  xkk kokkokKk Kk Kk okok koK * kK

T 6 C K ¥ ETAM S F F R RURMUP Y s I

GGCGCGGATGTGCTGCCGGAAGAAAAAGAAGGCCTGAAACAGCGCCTGCGCCCGGAAGAA
GGTGCGGATGTGCTGCCGGAAGAAAAAGAAGGCCTGAAGCAGCGTCTGCGCCCGGAAGAA

KKk KA AKAKRKAIAAAAAAKRAXAAA AR AR AR A I A A XA AN K A, *Ahkhhkk *khkrAkhkhk A Ahkk kA khx k%

G A DV L P EE K EGUL K Q R L R P E E

GAACGCAAACTGACCGCGGATATGCTGGAAGTGTATGAACGCCTGCTGCCGAGCGCGGAA
GAACGTAAACTGACCGCGGATATGCTGGAAGTTTATGAACGCCTGCTGCCGAGCGCCGAA

KAk Akk KAKRAIAAAAAAKRAXAKAAAA XA KA XA I A AKX Ak A hAAA XA I A A AR I A A A A A X, * k%

E R KL T ADMTLE V Y ERUL L P S A E

AGCGAAAGCCGCCGCCGCCGCCTGGTGCGCAAACTGGAAGATCTGTTTAACCGCCAGTGG
AGTGAATCCCGCCGTCGCCGTCTGGTCCGTAAACTGGAAGACCTGTTTAACCGCCAGTGG

*x ok xk khkhkkhkrk khkhkhkkhk hkhkhkhkkhk hk hhkkkhkhkkrhkkhkx krxkkhkkhkhkhkrhkhkxkhkkxkxk

S E S R R R RL V R KULEUDTU LUV FNIRQ W

CCGGGCTGCGATATTAAAGTGCATGTGTTTGGCAGCAGCGGCAACAAACTGTGCAGCAGC
CCGGGTTGCGACATTAAAGTGCATGTTTTCGGTTCATCGGGCAATAAGCTGTGTAGCTCT

khkkhkkk KAhkhkkk Khhkkkhkkkhkkhkkhkkhkikkhkkkk Kkk Kkx *kAhkKkkk kk kkkkk Kkkk

P G C DI K V HV F G S S G N KL C s s

GATAGCGATGTGGATATTTGCATTACCACCACCTGCAAAGAACTGGAACATGTGTGCCTG
GACAGTGATGTGGACATTTGCATCACCACGACCTGTAAAGAACTGGAACATGTTTGCCTG

khk Kk Ak hkAhkAkhk khkAkhkAkkhkhk KAkhkhkhkk Ahkhkkhhk kAhkhkAkhkhkxAhkhAkkhkhAkhhkk Kk khkkk%k

b s bpvDICTITTTTCI KEULEUHV C L

CTGGCGGATGTGCTGGCGAAAAACGGCATGGAACGCGTGGTGTGCATTAGCCATGCGAAA
CTGGCGGATGTCCTGGCCAAGAACGGCATGGAACGTGTGGTTTGTATCTCTCACGCGAAA

khkkhkhkkhkhkhkkhkhkkhk Khhkkhkkhk *k KAkhkkkkkhkhkkhkhkkhkrkhkkhkk *hkkkk Kk K%k * Kk Kk Kk Kk kK

L A DV L A KNGMEUZRV V CI S H A K

GTGCCGATTGTGAAAATTTGGGATCCGGAACTGCGCCTGGCGTGCGATATGAACGTGAAC
GTGCCGATTGTTAAGATCTGGGATCCGGAACTGCGCCTGGCGTGTGACATGAACGTGAAC

khkkhkhkkhkhkhkkhkhkkhk Khk Khk khkkhhkkhkhhkkhhkkhhkhkkhrkhhkhkkhhkhkhrkhkhhk |k *hkkhhkkhkhrkhxk%k
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AACACCATGGCGCTGGAAAACACCCGCATGGTGCGCACCTATGTGGAAATTGATGAACGC
AATACCATGGCCCTGGAAAATACCCGTATGGTGCGCACGTATGTTGAAATTGATGAACGT

kk khkkkhkhkhkk hAhkkhkhkkhkhkk hhkkhkkkhk khkrkhkkhkrkhkkhkrkhkk Khhkhkkhkx Kkrkkrhkkhkkkkkxk

N T M A L ENTURMV R T Y V E I D E R

GTGCGCCCGCTGGCGATGATTATTAAACATTGGACCAAACGCCGCATTCTGAACGATGCG
GTTCGCCCGCTGGCGATGATTATCAAACATTGGACCAAGCGCCGTATCCTGAACGACGCC

KKk KA IAKAAKRAIAAAAAA KA XAAAAA KA XA dAAhhkAhhhAkhh *hkk kk K% Kk hkkhkkhkk,*x %%

vV R P L A M I I K HWTI KU RIRTIULND A

GGCCTGGGCGGCACCCTGAGCAGCTATACCTGGATTTGCCTGATTATTAACTTTCTGCAG
GGTCTGGGCGGTACCCTGAGTTCCTACACGTGGATTTGCCTGATTATCAATTTTCTGCAG

*k kkkkrkkkk Ak krkkkkk khkk kk kkkkkkhkhkkkrkkhkhkhkkhkrk kkhk kkrxkkkkkx

G L G G T L S s Y TWwWTIOCULTITINU FUL Q

ACCCGCGAACCGCCGATTCTGCCGAGCCTGCAGGCGCGCCCGCATAAAAAACGCCTGACC
ACCCGTGAACCGCCGATCCTGCCGAGCCTGCAAGCACGTCCGCACAAAAAGCGCCTGACG

AKhkkhkk KAkhkAhkAkAkhAhkk Ak *hk kA Ahkhkkdhkhkkhkhkh* **k K,k *hkk kkk *kkAkkkk* K(hkkkhAkxkkx

T R E P P I L P S L Q A R P H K KR UL T

GCGGATGGCCTGGTGTGCAGCTTTGATGATGATCTGGATAGCCTGGTGGGCTATGGCAAA
GCCGATGGCCTGGTCTGTAGTTTCGATGACGATCTGGACTCCCTGGTGGGTTATGGCAAA

kk kkkkkkkhkkhkkhkk kk kk kk kkkkk kkkkkkokk khkkhkkkkhkhkk Khkkxkhkkxkxk

A D G L V C s F DDDULD S L V G Y G K

CAGAACAAACAGAGCCTGGGCGAACTGTTTTTTCAGTTTTTTCGCTATTATGGCCATGAA
CAGAATAAGCAATCTCTGGGTGAACTGTTTTTCCAGTTTTTCCGCTATTACGGCCATGAA

*xkkkhkkx kx kx hhkhkhkk hhkhkkhkrhkkhkrhkkhkkx dhhkkhkhkhkkhkrk *hkkhkrkhkhkkk *hkrkkxkhkkx

Q N K Q S L G E L F F Q F F R Y Y G H E

CTGGATTTTGAAAAATATGTGATTAGCGTGCGCGAAGGCCGCCTGATTAGCAAAGAAGGC
CTGGATTTCGAAAAGTACGTCATTAGCGTGCGTGAAGGTCGCCTGATCTCTAAAGAAGGT

khkkhkhkkhkhkhkkh Khkhkk kk Khk kk KAk kAkhkkhkhkhkk Ak Kkhkkhkkkk KAAkkkkkkk*X Kk kk kK kKK

L D F E K Y VvV I s V REGURTULTI S K E G

AAAGGCTGGCATCTGCTGCAGAACAACCGCCTGTGCGTGGAAGAACCGTTTAACACCATT
AAAGGTTGGCACCTGCTGCAGAACAATCGTCTGTGCGTGGAAGAACCGTTTAACACCATT

khkhkkhkk hkhkkhkk Ahkkhkrhkhkrhkhkrkhkhkhkh hk hhkhkhhkrkhkhkhkhkrhkkhkrhkkhkhkhkhkrkhkrhkhkxkhkkxk*k

K G W HULUL Q NNIRULUCV EE P F NTTI

CGCAACCTGGGCAACACCGCGGATGATACCAGCTTTCGCGGCGTGCATATGGAACTGCGC
CGCAACCTGGGTAATACGGCGGACGATACCAGTTTCCGTGGCGTTCATATGGAACTGCGC

khkkhkhkkhkkkkkhkhkkk K*Kk K*k khkkhkhkk KAhAkhkkhkkhkhkk Kk k(k kk *hkkhkhkk KAk AkhAkkAkhkAkhkk Ak kK

R N L G N TADTUDT S F R GV HME L R

CGCGCGTTTAAAGCGCTGAGCGATGGCAACTTTGAACTGTGCTGCGAACAGTATGAATAT
CGTGCATTTAAAGCTCTGTCCGATGGCAATTTCGAACTGTGCTGTGAACAGTATGAATAC

Ak Kk Kk kAkkhkkk Kk Kk KAk hkkhkkhkhkk Kk *hk hhkkhkhkkhhkhkhkhhk, FShhAkhkhkhAkhkhkkxhhkhrxk

R A F K A L S D GNUFETULTCUCEQ Y E Y

CCGCCGGAAGCGGAACGCAGCTGGGAACGCCCGGCGCCGCAGCCGCGCCCGGTGGTGACC
CCGCCGGAAGCAGAACGTTCATGGGAACGCCCGGCTCCGCAACCGCGCCCGGTCGTGACG

kAhkkhkk kA khkk K*hkkx AKhkhkkhkhkhkhkhkhkhkhkhk *hkkiAk *AhAkkrAkkiAkkiAkhkrkx *rxkkk

P P E A E R S W EUZRPAUPOQUPIR P V V T

ACCGCGCCGCCGCCGAGCCGLCGGLGGLCGCGGLGGLCGGCCGCGGCGGCCGCCATAGCAAL
ACCGCACCGCCGCCGTCCCGTGGCGGTCGCGGCGGTGGCCGTGGTGGCCGCCATAGTAAC

kkkhkkk KAk khkkkkkKk kAhkk hhkkhkkk kkhkkhkkkhkkhkkkhk KAhkkkhkk kk khkkhkhkkhkkhkkhkrkkk Kk k

T A P P P S R G G R G G G R G G R H S N

CAGTATAGCCGCGGCGGCCATAGCGGCGGCCGCCGCAGCAGCAACGCGGCGAACAAAAAC
CAGTATTCCCGTGGTGGCCACAGTGGTGGCCGCCGTTCATCGAATGCGGCCAACAAAAAT

Kk Kk kK Kk k khkk Ak Kkkkkk kk kk KAk AkkKkkK kk KAk Akk AhkkkkAkkk
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CATTTTCGCCAGGCGAACAACGGCATGAGCGCGAGCGAACTGAGCCTGCAGGCGCAGCAT
CATTTTCGCCAGGCGAACAATGGCATGTCAGCCTCGGAACTGAGCCTGCAGGCGCAACAC

krxkkhkrhkkrhkkhkhkhkhkkrhkkhkkh K*kxkkx * % krkkkhkrkhkkrhkkkhkkrxkkkkhkkxkx *%*

H F R Q A NNGMS A S E L S L Q A Q H

GCGCAGTATCTGCTGCATGATCATCTGTATCAGCAGATTCAGATTCTGCAGGCGCAGGAA
GCCCAGTATCTGCTGCATGATCACCTGTACCAGCAAATTCAAATCCTGCAGGCACAAGAA

KAk KAAKAAKNAIAAAAAAA XA KRA A Kk khhkk K*hkhkk Kk )k k*xk *%k K k)khkk kkkk*kk **k **k%

A Q Y L L HD HL Y Q Q I @ I L Q A Q E

CAGGAACTGCGCCTGCAGCTGCAGAACCAGGCGCTGATTACCGGCCGCCCGCCGLCCGGTG
CAGGAACTGCGTCTGCAACTGCAGAACCAAGCTCTGATTACCGGTCGTCCGCCGCCGGTT

krkhkkhkhkhkkhkrhkhkk dhhkkhkhk dhkkrhkhkhkhhkhk *k hhkrkhkhkhkkhhkhkhkx **x K(rxkkkkkkkxk

Q E L R L Q L. Q N Q A L I T G R P P P V

CTGATTCGCCAGCCGTTTATTCAGTTTCCGGTGCCGGCGCAGGAAACCAGCGGCGATGAT
CTGATTCGTCAGCCGTTTATCCAATTCCCGGTCCCGGCACAGGAAACCAGCGGTGACGAT

KAk Akkhkhkk, K hkhkkhkhAkkAkkhkhkk khk * Kk *k K khkhkkk K hkkhkkk *AkhkhkkAkkkhkkkhAkkhkhkkk Kk *kx *k%k

L I R Q P F I Q F P V PAQET S G DD

AGCAGCCGCAGCCGCAGCGGCAGCCGCAGCGGCGCGGTGAACCATCAGCCGATTAGCGTG
AGCTCTCGTAGCCGCTCTGGTAGTCGTTCCGGCGCGGTGAATCATCAGCCGATCAGTGTG

* % % * ok kkkkx ok *x  kx k% khkrhkhkhkhkhkhkkhkhrk *rhkkhkrxkhkhkkhkhkrk *k Kkkx

S S R S R S G S R S G A V N HOQ P I s V

CCGAGCCGCCAGAACGTGTATTATAACAGCACCTATCTGCCGGTGGCGGTGCCGGGCGGC
CCGTCCCGCCAAAACGTTTATTACAATTCAACCTATCTGCCGGTCGCAGTGCCGGGTGGC

* % * khkrhkkk khkkkk Krhkkrk kK khxkhkkhkrkhkkhkrhkkhkhkhkkhkx Kk *Ahkkrxkkxk Kxk*k

P S R Q NV Y ¥ N S T Y L P V A V P G G

CCGGGCAGCAACACCAACCCGCCGAGCCCGAGCGCGGCGGCGGCGATGCCGGATCTGCGC
CCGGGTTCGAACACGAATCCGCCGTCACCGTCGGCAGCTGCAGCAATGCCGGATCTGCGC

* Kk Kk kK kAhkKkkk Kk kkkkKk*k * Kk Kk kk Kk kk Ak KkkkkkAkrkAkAkhk Ak Kk kK

P G S N T NP P S P S A A A A MUP DL R

CGCAACCCGCGCCGCAGCAGCGTGGCGAACGGCAGCCCGAACGGCAGCCTGCGCGCGCAT
CGTAACCCGCGCCGTAGTTCCGTGGCCAACGGTTCACCGAATGGCTCGCTGCGTGCACAT

*x kxkkrkkkkkk kK *xkkkhkxk kkkkk *kkkx kxk *xkkkhkx kx kkk

R N P R R S S VA NG S P NG S L R A H

AGCCAGCCGGCGCGCCCGGTGAACAGCCTGCCGAACTTTGCGCCGCTGTATAGCATTAGC
AGTCAGCCGGCACGTCCGGTTAACTCCCTGCCGAATTTTGCGCCGCTGTACAGCATTTCT

Ak kkhkkkkhkkhkkk kk Kkkkkk KkKk*k AKhkkkhkkhkhkhkk Kk hhkk kA kAkhkk kkkhkkhkrkk* K(Khkkkk%k

S Q P A R P VN S L PNV FAUPUL Y s I s

CAGCCGACCGAAACCAGCCAGAGCAGCAAACAGCGCCATCCGAGCGGCGCGAGCGATGAT
CAACCGACGGAAACCAGCCAGTCATCGAAACAACGCCACCCGTCAGGTGCCTCGGACGAT

kkhk KAk Akk KAhkAkkhkAkKkkkhkk Kk KkhkKhkAkk Khkhkkk Kk *k Kk k%K * Kk Kk K

Q P TETS QS S K QU RUHZPS GO aASDD

AGCCTGAGCGAAGAAGATGGCACCAGCATGCCGAACAGCCTGCCGAACCGCACCCTGTTT
AGTCTGTCCGAAGAAGATGGCACCAGCATGCCGAACTCTCTGCCGAATCGTACGCTGTTT

* Kk Kk K KAR A A I ARk A ARk ARk Ak dA kA kA Ak Ak h kK KAk Akkhkhkk Kk Kkhk kk KAk kkk

s L s E ED G T S M P N S L P NIRTUL F

ATTGATGAAGCGCGCAGCAACGATTATATGACCTATTATTTTGGCGGCAGCCCGCAGCTG
ATCGATGAAGCGCGCAGTAACGACTATATGACCTATTACTTCGGTGGCTCCCCGCAGCTG

Kk KAk AkAkhkAhkhkAkAkhAkAkhhk khkkhhk KAhkhkkkhkhkkhkrkkkhkhkkhkkhkkx *k kK Kk*k Ak kk Kk kK Kk kK

I b EA R S NDYMT Y Y F G G S P Q L

CATGCGTATCATCAGAACGCGATGCTGAGCCCGATGAGCGCGAGCCTGGGCCTGGCGCTG
CATGCATACCACCAAAATGCTATGCTGTCTCCGATGTCAGCATCGCTGGGTCTGGCACTG

khkkhkk Kk kk kk Kkk kk Khkkkkk Kk Kk kK Kk k * K KAhkhkkAkk KAhkkhkkk Kk *k

H A Y HQ N A ML S PMSA S UL GUL A L
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CCGAACGGCGGCATTGTGCCGTGGGTGGGCAACCCGCAGGAATATATGAGCGCGGCGCCG
CCGAACGGTGGCATTGTTCCGTGGGTCGGCAATCCGCAGGAATATATGAGTGCAGCTCCG

krkhkkhkhkhkkhkkx Khhkkhkhkhkkhkrk Khkkhkhkhkhkhkkh hhkrkhk hhkrkhkkhkkhkrhkkrhkkhkhkkhkhkx **k **k (k%

P N G G I V P WV G NP Q E Y M S A A P

GGCGCGGAAAGCTATGGCCATAGCTTTGATAACGGCAGCATTACCAGCCCGAAAAGCGGC
GGTGCGGAAAGTTACGGCCATTCCTTTGATAATGGCAGCATCACCTCTCCGAAAAGTGGC

Kk kAkkAkkhkhkk Kk kk KAk kkkk KAk khkkhkhkkhkkhk *Akkhkkkkkkkk kkk khkkhkkkhkkk Kkk

G A E S Y G H S FDDNG S I T S P K S G

CAGAGCCAGCAGCGCATGGGCAGCCGCACCGCGGCGAGCAGCGATCGCGGCGGLLLGLTG
CAGTCCCAGCAACGTATGGGTAGCCGTACGGCAGCAAGCTCTGATCGTGGTGGCCCGCTG

* % % khkhkhkkk kk khkkhkkk KAkkkk kk kk kk kkx *kkkhkk kk  kkkkkkkokk

Q S Q Q R M G S R T A A S S DR G G P L

ATTGTGGATGGCAGCGTGCCGCCGAGCGAACAGCGCATGAGCATTCCGGCGGATCATTAT
ATTGTCGACGGTTCAGTGCCGCCGTCGGAACAGCGCATGAGCATCCCGGCAGATCATTAT

*kkkkk Kk k%K kAhkkKkKk Kk kK KAkKkKAAkKAkKAXkAAk Ak ARk hkk *,k *khkkhkkk, **khkk k*kk k%

I v D G s VvV P P S E Q R M s I P A D H Y

GAACATTATGGCCTGATGAGCCATTGCCCGAGCAACAGCGATGATCAGAACACCGATACC
GAACACTACGGCCTGATGTCTCACTGTCCGAGCAACTCTGACGATCAGAATACGGATACC

*kkkhkk kk Kk kkkkxokk kK kK kA kkxkkkk *k kkkkhkkkk kkx krxkkkk

E H Y G L M s HC P S N S DD QNTODT

CCGGCGAGCGTGAGCGATAGCTTTAGCCAGGATTTTCAGGATAGCAGCAGCGTGGAAATT
CCGGCCAGTGTCTCCGACTCATTTTCGCAGGATTTCCAAGACAGTTCCTCAGTGGAAATT

*xkkkhkkx kx kx * % * * K x khkrxkkkkhkk kx kx kx * * ok kok ok ok ok ok ok

P A S VvV s DS F S Q D F Q D s s s VvV E I

GATCCGAGCCCGTTTTTTAGCCGCCAGGGCTTTGATAGCCATGCGATGGGCGGCCCGGCG
GATCCGAGCCCGTTTTTCTCTCGTCAGGGTTTTGATAGCCATGCAATGGGTGGCCCGGCT

Akhkkkkkk kA hkkhkhk kA kA kKK Kk Kk kkhkk KhAhkAkkkAkhkAkhkAkAkhkkhkkh KAhkkkhkk Ak AhkkkkhkKk Kk

D P S P F F S R Q G F D S HAMGG P A

GATGTGTTTGTGAACGGCCATAGCGGCAAACAGAGCCTGCTGAGCAGCCGCCTGCAGGGC
GACGTTTTCGTCAACGGTCACAGTGGCAAACAGTCCCTGCTGTCGAGCCGCCTGCAAGGT

kk kkx kkx kk kkkkk kk kk kkkkkkkkx * ok kk ok kK *hkxhkkkkkkkx Kkx

D VvV F V N G H S G K Q s L L S s R L Q G

CTGCATCTGAGCAACGGCGAAAAAGTGGATATTGCGAGCAAAAGCGCGCAGGATAAACCG
CTGCATCTGTCTAATGGCGAAAAAGTGGATATTGCAAGCAAGTCTGCTCAGGACAAACCG

Ak kk Kk Kk kKK Ak KAk KkAkhkAhkAkAkAkAAkk A Ak Ak hk KAk k*k k Kk Kkhkkkk khkkkk*k

L H L S NG E KV D I A S K S A Q D K P

AAAGCGGTGGTGCCGCATAACGATGCGGTGGAACGCGAAGCGCCGCGCGCGAAAAACCAT
AAGGCAGTTGTCCCGCACAACGATGCTGTGGAACGTGAAGCACCGCGCGCTAAAAATCAT

Ak Kk Ak Ak Ak khkkhkhk khkkhkAKhkhkk AkhkAkhkAkhkhk khkkhkkAk kA hkAkhkkAkKk Kkhkkkk Kk Kk

K A Vv P H ND AV E REAUPURAI KN H

CATGCGGTGGATAAAGGCCCGAGCGCGAGCAGCTTTAGCCATGCGGCGGATAGCCATATT
CACGCGGTTGATAAGGGCCCGAGCGCCTCTAGTTTTTCTCATGCAGCTGACTCACACATC

kkhk KAk Akk Ahkhkkk KAk khkAkAkhAK * Kk Kk K Kk KkAkk KKk kK * Kk kK

H A VvV D K G P S A S S F S H A A D S HI

GCGAGCCCGAACGGCCGCCGCCGCCATCATGGCAGCGATACCAGCGAAAAAGTGAACGGC
GCATCGCCGAACGGTCGCCGTCGCCATCACGGCTCAGATACCTCGGAAAAAGTTAACGGT

* * khkkhkhkkhkkhkkkh Khkhkk Kk Khhkkkkkhkkrk Kk*k * Kk ok Kk k Kk kAhkkkkhkhkkhk Krkkkk

A S P N G R R R H H G S DT S E K V N G

ACCGCGCATAAAGGCAAACCGCGCAACCAGACCAGCAGCACCGCGAGCAACGATCAGAAA
ACGGCACATAAAGGCAAGCCGCGTAATCAGACGTCCTCAACCGCAAGCAACGATCAAAAA

kkhk Kk Ak kAkhkAkhkAKhkk khkkhkk Ak KAk hkkk * KAhkhkkhkk KhkAkkAkAkkkAkk kK Kkk

T A H K G K P R N Q T S S T A S N D Q K
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GAACGCAACGCGGGCGGCCCGCGCAAACCGAACGCGGCGGGCCTGACCCCGCAGGATAGC
GAACGTAATGCGGGTGGCCCGCGTAAGCCGAATGCAGCAGGTCTGACCCCGCAGGACAGC
Kokokkk kk kkkokk KxkkkkkKk kk kkkkk Kk Ak Kkk kkkrxAkkkkkkrkxk  kokok

E R NA G G P R K P N AA G L T P Q D S

AACCATAGCCATGCGAACAGCGGCTGGCAGACCACCAAACGCAAAAACAAAAAAAACAAC
AACCATTCTCACGCGAATTCAGGCTGGCAAACGACCAAGCGTAAGAACAAAAAGAACAAC

* Kk kK Kk Kk *k Kk Kk Kk kK kKAhkhkkhkkhkhkk Kk K*Kk Kkhkk kkk kk kk KFAhkhkkAkkkhkkhkk *AkkKkk*K

N H S H A NS G W Q T T KR KN K KN N

AAACTGTTTAGCGATCATCGCCATGGCCTGCAGAACGGCGCGGAACCGCTGCCGATTGAT
AAGCTGTTCTCGGATCATCGCCACGGTCTGCAGAATGGCGCCGAACCGCTGCCGATTGAC
*k Kkxkk Kokokkkkkxkkk hk Krkkkkokkk krkxkk  kokokkkkkk ok kokokokkkxx

K L F s D H RHGILO QNG AEU?PULU®PTID

GAAAGCCTGCGCAAAGGCGGC
GAAAGCCTGCGCAAAGGTGGC

kkhkkkkAkkAkkAkAkhkk XAk kAkkhkhAkkhkk*k *k%

E S L R K G G
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ATGGATAGCCAGCCGGCGACCGCGGAAAGCAAACATCATTATCAGAGCTATCCGTGGCCG
ATGGACTCGCAACCGGCAACCGCAGAATCAAAGCATCACTACCAATCATATCCGTGGCCG

* ok k kK Kk kKkhkkkk Kkhkkkk KKk Kk kkkkk KKk k% Ak kkkkhkk Kk kKKK

M D S Q P A T A E S K HH Y Q S Y P W P

GGCGCGCCGAGCGCGGGCACCACCAGCCGCGTGAAACCGGCGCCGGTGCCGGAAAGCAGC
GGCGCTCCGTCAGCAGGCACCACCAGCCGCGTGAAACCGGCACCGGTTCCGGAAAGCTCT
*okokkk  Kx %k Kk kA kA k ok ok khk kA XAk kkkhkhkkxkk ok khkkxkx  kkkkkkkxx

G A P S A G T T S RV K P A P V P E S S

CCGGGCTATTTTCCGGCGCAGCTGGATCTGCTGCCGATTCTGTTTCCGCAGCAGCTGTAT
CCGGGTTATTTCCCGGCCCAGCTGGATCTGCTGCCGATTCTGTTTCCGCAGCAACTGTAT

khkhkkhkk hkhkkhkk Ahkkhkrk khhhkrhhkhkhkhhhkhkrhkhkrhhkrkhkhhhkrhkhkrhkkhkhkhhkrkhkrxkhx *kkxk*k

P G Y F P A Q L DL L P I L F P Q Q L Y

CAGGATAAACTGCTGCAGTATAACAAACTGGTGAGCGCGGGCCGCGGCGGCGGCGGLCGGL
CAAGACAAGCTGCTGCAGTACAACAAACTGGTCAGCGCAGGTCGTGGCGGTGGCGGTGGC

Ak kk Kk KAhkhkAkAkAAkhkAKAkAk KAAkAkhkAkhAkAhkhkkhkk Ahkkhkkkk Ak Kk kkhkkkk Akkkk K*Kk*k

Q DK L L Q Y NKILV S A G R G G G G G

CTGCAGACCCCGCCGCATCCGCCGGTGCTGAGCAGCCCGCAGAGCAAAAGCAGCACCCGC
CTGCAGACGCCGCCGCACCCGCCGGTTCTGAGTTCCCCGCAGAGTAAATCATCGACCCGC

KAk hkkhAkhhkk, K hkhAkhkhkhkkhk *hkkhkhkhhkk K*Khkhkx% KAk hkAkkkhkkKkk Khk*k Kk Kk k Kk k Kk

L Q T P P H P P V L S S P Q S K S S T R

AGCCGCAGCAGCAGCAAAGTGAGCAACAAAGATAACAGCGCGCAGGCGAAAAGCGCGCCG
TCCCGTAGCTCTAGTAAGGTGTCTAACAAAGATAATTCCGCCCAAGCAAAAAGCGCGCCG

* Kk Kk Kk k *k kK kkk Kk Kk kkk Kk kK kKK kkk KAk kk khkkkkkhkkkkk kK

S R S S S K V S N K D N S A Q A K S A P

CAGAGCTGCCATGGCAACAAACCGGCGAAAAACAGCGAACCGGCGGAACGCGCGCTGATG
CAGTCTTGCCATGGTAACAAGCCGGCCAAAAATTCAGAACCGGCAGAACGCGCTCTGATG

* Kk kAhkkkhkkhkhhkk, K hkhkkk K*hkkhkkk KAk k%k KAk Ak kkhkhkk Kkhkhkkhkhkhkk Kk kA kkk%k

Q S C H G N K P A KNS E P A ERA ATLM

AAAAGCGGCAAAGAACCGAGCAGCAAAATGAGCGCGAAAAAACCGAGCGAACAGGCGGTG
AAGTCGGGCAAAGAACCGTCCTCAAAAATGTCAGCAAAAAAGCCGTCGGAACAGGCTGTC

* K kA Kk kkkkkhkkkk * Kk Kk kK Kk k Kk Akkkk kkKk Ak Kk Ak Kkkk Kk

K S G K E P S S KM S A KK P S E Q A V
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GATGGCGATGCGGCGGTGCGCCAGCCGCCGGCGAGCCGCCAGGGCGCGCCGGCGACCGLG
GATGGTGACGCGGCCGTGCGTCAACCGCCGGCATCACGTCAGGGTGCTCCGGCAACCGCC

kxkkkhkk kk kkkhkkk kkkkk kk kkkkkxkokk *k kkkkk kk kkkkk kkkkxk

D G DA AV R QP P A SR QG A P AT A

ACCCAGAGCAGCAGCGTGCCGAGCACCCCGCATCAGCATCCGCGCAAATTTAGCTTTGAA
ACGCAATCGAGCTCTGTTCCGTCGACCCCGCATCAGCACCCGCGCAAATTTTCCTTCGAA

* Kk kK * KKk *k Kk Kk Kk KAk hAkAkhk kA khkkhkkhkhkk * *hkkhkkkhkkhkrkkxkk% *kk Kk Kk Kk

T Q S S s vV P S T P H Q H P R K F S F E

AGCCGCGAACAGAGCCCGGGCGCGGCGCAGAACCATAGCCCGCGCAGCGCGTATAGCGAA
TCACGTGAACAAAGTCCGGGTGCAGCTCAGAACCATTCGCCGCGCAGCGCCTATTCTGAA

kk kkkkhkk kk krkkkk kk kk KAk kkkkrkokk kAhkrkhkkkkkkkx Kkkxkk * K %

S R E Q S P G A A Q N H S P R S A Y S E

ACCAACGGCAACGTGCCGAGCCTGCGCCCGCTGCCGCCGCGCCTGGGCGGCTGCCGCTTT
ACCAACGGTAATGTGCCGAGCCTGCGTCCGCTGCCGCCGCGTCTGGGTGGCTGTCGCTTC

KAk hkkhkhhkk Kk KAAAAAkAIAAAAAAh, KA AAkhhkA kA hkhkk hk *,khkkkkk, | * kkk *x **xk*%

T NG N V P S L R P L P P RL G G CR F

GAAACCGCGATTCCGTTTAGCCGCCGCCGCATGCCGTATAGCCTGGGCACCGATAAACTG
GAAACGGCAATTCCGTTTAGCCGTCGCCGTATGCCGTACTCTCTGGGCACCGATAAGCTG

khkhkkhkk kk khkkhkhkkrkhkkhkrhkkhkrk khkhkkk kkhkrkkxkk kxhkkhkrkkkhkrxkkkkhkxk *k*k

E T A I P F S R R R MUP Y S L G T D K L

GAAAAAGTGGATCCGGATAAAATTAAAAGCAAACTGAGCGAAGATGTGGAACGCAAACTG
GAAAAAGTGGATCCGGACAAAATCAAGAGTAAACTGTCCGAAGACGTTGAACGTAAACTG

krxhkkhkrkhkkhkrhkkhkhkhkhkhkhkxk *khkkhkrxk *k *k Kkkrxkkx kxkkhkrk kk kkkkk kkxkkx

E K v D P D K I K S KL S E DV E R K L

GAAACCGATATGCGCGAACTGTATGATCGCCTGCTGCCGACCGAAGCGATTGAAGTGAAC
GAAACGGATATGCGTGAACTGTATGACCGCCTGCTGCCGACCGAAGCGATTGAAGTTAAC

AKhkkhkhkk KAhkAhkAk A, (A AIAAAAAAh*, KhAAXAAANAAIAAA XA AR A A A A A A XA A AKX XK X k%

E T b M R EUL Y DI RULULUPTE ATIE V N

CGCCGCGAACTGGTGAGCAAACTGGAACGCCTGTTTAACACCGAATGGCCGGGCCATGAT
CGCCGTGAACTGGTCAGCAAACTGGAACGCCTGTTCAATACCGAATGGCCGGGTCATGAT

khkhkkhkk hhkhkhkhkkhhkh dhkhkrkhhkrhkhkhkhkhhkhkrhkhkrkhk *x K(rxhkhkrkhkrkkhhkrkhkrxkx *kkxk*k

R R E L V S K L ERL F NTEWP G H D

ATTCGCGTGCATCTGTTTGGCAGCAGCGGCAACCTGCTGTGCAGCGATGATAGCGATGTG
ATCCGTGTTCACCTGTTTGGTAGTTCCGGCAATCTGCTGTGCTCAGATGACTCGGATGTT

Xk kk kk kk Kk kkhkkkhkkkk KKk kkkkkk KAhkkkkkk k%K * Kk kKK * Kk Kk kK

I RV HL F G S sS G NULLULTCS DD SsSs D V

GATATTTGCATTACCACCCCGTGGCGCGAACTGGAAAGCGTGTGCATGATTGCGGAACTG
GACATTTGTATCACCACGCCGTGGCGCGAACTGGAAAGCGTCTGCATGATTGCAGAACTG

khk KAk hkk kAk AhkAkhkhk KA KAAIAAAARAA XA A hAA XA XA A AAxhhAkkhkhAkhhk Kk khkhk%k

D I ¢C I TTPWURETULE S V CMTIAE L

CTGGATCGCCATGGCATGGAAAAAGTGGTGTGCGTGAGCAGCGCGAAAGTGCCGATTGTG
CTGGATCGTCATGGCATGGAAAAGGTGGTTTGTGTGTCATCGGCGAAGGTGCCGATTGTT

KAk Akkhkhhkk K hkAkhkhhAkhkhkkhhkhkkhkhk K,k kkk Kk *k%k kAhkkhkk KAk kAkhkrkkhkkkkk

L DR HGMEI KV YV C VS S A KV P I V

AAAATTTGGGATCCGGAACTGAAACTGGCGTGCGATATGAACGTGAACAACACCCTGGCG
AAAATCTGGGATCCGGAACTGAAACTGGCATGCGACATGAACGTTAACAATACCCTGGCT

Akhkkhkhkk KAk khkhkAArAAAkhkkhhkhAdrdhkhkkhhhkh *hhk k *hkk hkhkhhkk Kk kxk*k **xkkhkrxk*k*x

K I w Db P E L K L A CDMNUVNNTL A

CTGGAAAACACCCGCATGGTGCGCACCTATGTGAGCATTGATGATCGCGTGCGCCCGCTG
CTGGAAAATACCCGCATGGTCCGTACGTATGTGAGCATTGATGACCGCGTGCGTCCGCTG

KAk AkAkhhkk  FhkAkhkhkhAkhkhkkdhh *k Kk KAhkAkhAkhhAkhkhkkhAhkhAkhkhhAkhhk, KAkhkhkkhkhhkxk *rkxk%k

L E N T RMV RT Y V s I D DU RV R P L
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GCGATGATTATTAAATATTGGACCCGCCGCCGCGTGGTGAACGATGCGGCGTTTGGCGGC
GCGATGATTATCAAATACTGGACCCGCCGTCGCGTCGTGAACGATGCAGCCTTCGGTGGC

krkhkkhkrkhkhkhhkhkk dhhkkhkrk *hkkhkrkhkhkhkkhhhk hhkhkhk khkkhkrhkkrkhkkkx **x **k **k (k%

A M I I K Y WTURURIRV V NDA AW AUF G G

ACCCTGAGCAGCTATACCTGGATTTGCATGATTATTGCGTTTCTGCAGCTGCGCGATCCG
ACCCTGAGCTCTTACACGTGGATCTGTATGATTATCGCATTTCTGCAGCTGCGTGATCCG

Kk kkkk Kk kK Kk Kk Kk Ak kkhkk Ak kAhkAAkAAkAkA kk AhkAkAkAkAkAkhkAIkAAKAA KAk XAk kK

T L s S Y T w I C M I I A F L Q L R D P

CCGGTGCTGCCGGCGCTGCATCAGCAGCATGATCTGAAACTGGTGAAACAGGATGGCGCG
CCGGTCCTGCCGGCTCTGCATCAGCAACACGACCTGAAGCTGGTGAAACAGGATGGTGCG

khkhkkhkk KAhkkkhkhkkhkkhkk Khkkhkrkhkkrhkkhkhkkh *k kkhk khkhkkk hkhkrhkkhkhkkhkhkhkhAkkrhkkhx *k*

P VvV L P AL HQ Q H DL KL V K Q D G A

CTGAGCGATTTTGCGGATGATATTCCGAAACTGCGCGGCTTTGGCGCGAAAAACAAAGAT
CTGTCTGACTTCGCCGATGACATTCCGAAACTGCGTGGTTTTGGCGCGAAGAATAAAGAT

* Kk Kk Ak kk kk KAkhkkhkk KAhkAAkAkAkAkAAkAkAAkAKk KAk AhkkhkhkhkAkhkAkkhkhkk KAk KAk kkhkkKk

L S D FADUDTIU®PI KU LIRGU FGA AI KNIKD

AGCCTGGCGGTGCTGCTGTTTCAGTTTTTTCGCTTTTATGCGCATGAATTTGATTATGAT
AGTCTGGCCGTGCTGCTGTTTCAGTTTTTCCGCTTCTATGCACACGAATTTGATTATGAC

kk khkkkhkk khkkhkhkkrAhkkhkrkhkkhkrhkhkhkkhkhkhk hhkrkhk hhkhkkhk K*x krxkhkkhkrkhkhkkhkkkxk

s L AV L L F Q F F R F Y A HE F D Y D

AAATATACCCTGAGCATTCGCATGGGCACCCTGCTGACCAAAGCGGAAAAAAACTGGCAG
AAATACACCCTGAGCATCCGTATGGGCACCCTGCTGACGAAGGCAGAAAAGAACTGGCAG

khkhkkhkk hhkhkhkkhkhkhkkhkrkhk *khk dhkhkhkkhkhkhkkhkrkhkhkrkhhkrkhkkx **x **x dkhkkhkkx *kkrkkxk*k

K ¥y T L 8Ss I R M GG T L L T K A E K N W Q

TATCTGGTGAACAACGCGCTGTGCGTGGAAGAACCGTTTAACGATGGCCGCAACCTGGGC
TACCTGGTGAACAATGCTCTGTGCGTTGAAGAACCGTTTAATGATGGTCGCAACCTGGGC

Ak KAk AKAkAkhkAhkAA Kk Khk *AhkAkAAhhkk, KhkAArAAAkhkkhhkhAk rk *kk kkk *hkk khkkhkkhkkxkhxk%

Y L V. N N AL CV EE P FND G RNUL G

AACACCGCGGATGAAACCAGCTTTCGCGGCCTGCATATGGAACTGCGCCGCGCGTTTGAT
AATACCGCCGACGAAACGAGCTTCCGTGGTCTGCATATGGAACTGCGTCGCGCATTTGAT

kk kkkkhkk kk hAkkhkk kkkhkkk kk kk kkkkkkkkhkkhkrhkkhkrhkkhkk khkkkk xkkxokk

N T A D E T S F R GLHMETLURIRATFD

CTGATTGCGGAAGGCAAACTGGAAGAATGCTGCGAACAGTATGTGTTTCCGAAAGAAGAA
CTGATTGCTGAAGGCAAACTGGAAGAATGCTGTGAACAGTATGTGTTTCCGAAAGAAGAA

KAAkAKAAKA A KAAKAAAAAKRAXAKAAAA AKX AR A hAA AKX Ak A hA A A A A AR A A A A A AR A AR AR A XKk

L I A E G KL EE CCE Q Y V F P K E E

GAACGCGTGTGGCAGAAACCGCCGCCGGCGCCGCGCCCGATTCTGCTGCGCAGCAGCAGC
GAACGCGTTTGGCAGAAACCGCCGCCGGCACCGCGTCCGATCCTGCTGCGCAGTTCCTCA

KAk AAkhhkk, FAhkAAkhAkhkhAhhAhkhkAhkhkkdhhk Khkhhkk Kk khkhkkhk *hkkkhkhAkhkkxkkk *

E R V W Q K P P P A P R P I L L R S S s

CAGCAGCATGGCAACAGCGGCAACCGCCTGCGCGGCGGCGGCTTTCGCGGCAACCGCCAG
CAGCAACACGGTAACAGCGGCAATCGCCTGCGTGGTGGCGGTTTCCGCGGTAACCGTCAG

kkhkkhkkhk hkhk Kkk kkhkkkhkkkhkkhkkhkkhkkhkk khkkkhkkhkkhkkk kk khkkkhkk kk kkkkk kkkkk Kkkk

QO Q HGNSGNUZ RTLIU RGT GG GT FT RTGNTR Q

TTTCATCGCAACGGCGGCGCGGGCCGCCGCAGCAGCAGCAGCGTGACCTATGATCCGAAC
TTTCATCGTAATGGCGGTGCAGGTCGTCGCTCGAGCTCTAGTGTCACGTATGATCCGAAC

khkkkkhkkkkkh Kk khkkkhkk kk kk kK Kk*% * K Kk * Kk Ak kk khkkkkkhkhkk kK kK

F H R N G G A G R R S 8 s s v T Y D P N

AGCGTGTATAGCCAGGCGGGCATGCCGCCGACCATGAGCCCGCAGGATCTGCTGTGGTAT
AGCGTGTACTCTCAAGCCGGTATGCCGCCGACCATGAGCCCGCAGGATCTGCTGTGGTAT

Kk ok ok ok ok k kK Kk Kk Ak AR A A A A A A AKX AA A AR A A I AR A A XA A A A Ak A ARk A d kA kK

s vy s Q AGMUPUPTMS P QD L L W Y



TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

TtCutA
TtCutA opt

protein

CAGGCGCAGAGCCCGCAGCTGAGCGTGCCGCAGGAAATTCTGACCACCAGCCTGAACGCG
CAAGCTCAGAGTCCGCAACTGTCCGTGCCGCAGGAAATTCTGACCACGTCACTGAACGCG

*k  kk kkkkk kkkkk kkKk kA rkhkkhkhkhkhkkrhkkhkhkhkrkhkkkhkkhkk*k * Kk ok ok ok ok ok ok ok

Q A Q S P Q L s VvV P Q E I L T T S L N A

CTGGCGGCGCAGGAAAGCATGCGCTTTCAGCTGTATACCCAGCTGAACCAGCAGCAGGTG
CTGGCAGCTCAGGAATCGATGCGCTTTCAACTGTACACCCAGCTGAATCAGCAACAGGTT

kkhkkhkk kk KAhkhkkKhKk KAk hkk kA khkk Kk *hkkhkkhk *hkkkhkkhkhhkk hkkk *hxkk,kkx XAk k%

L A A QE SMURTPFOQTLTZYTOGQTLNG QU QUOQ V

CTGGCGCATGCGCAGCGCGTGCAGCAGGGCGCGAGCACCACCGATCGCAGCCGCACCAAC
CTGGCACACGCTCAGCGTGTCCAACAGGGCGCCAGCACCACGGATCGCTCACGTACGAAC

kkkkhkk kk kk kAkkikk kk kk kkhkkkrkkk khkkkkkkhkk krxkkkk * Kk kK kkx

L A HA Q RV Q Q G A S T TDU R S R TN

AGCCTGGATAACCCGCCGCTGACCGCGCCGGTGCGCCCGGAACTGATGTATGGCATTGGC
TCGCTGGACAATCCGCCGCTGACCGCACCGGTTCGTCCGGAACTGATGTACGGTATTGGC

kAhkhkkk Kk KAhkEAAkKkAAkAIkAAhhkk, Khhkhkkhk *k *hkkAkkAkkAkkhkhkAkhAkhkkhkhkkhkk K*Kk khkkkk*k

s L b N P P L TAUPVIRUPETILMMY G I G

TTTCCGATTCAGCATGCGCCGTATTTTCATCCGGGCTTTACCACCTATCCGAGCAGCCCG
TTCCCGATCCAGCATGCGCCGTATTTTCACCCGGGTTTCACCACGTACCCGTCCTCACCG

kk kkkkhkk khkkhkhkkhkhkkhkrhkkhkrhkkhkhkhkkhkrk hkhkhkkhkk kk khkrkkx Kkkx kxk * * K x

F P I Q H A P Y F H P G F T T Y P S S P

GCGACCGCGGCGCCGCCGAGCAACGGCCAGCCGGAATTTCGCCGCAGCCTGCATCGCACC
GCAACCGCAGCACCGCCGAGCAACGGCCAGCCGGAATTTCGTCGCTCTCTGCATCGTACC

kk kkkkhkk kk AkkAkkkrhkhkrhkkhkhkhkhkhkkrhkkhkrkhkkhkrhkkhkkhkkx Kkxk *xkhkkxkkx Kkkk

A T A A P P S N G Q P E F R R S L HIRT

GCGGCGGCGAGCGATAGCGGCGTGAGCCCGGGCAGCGGCGCGCTGCGCAGCCAGAGCCAG
GCAGCTGCGTCAGATTCGGGTGTGAGTCCGGGTTCCGGTGCACTGCGTAGCCAATCTCAG

Xk Kk kkk * Kk Kk Xk Kkkhkkkk KAhkkkk kkhkk kk kkkkk Kkkhkkk*k * Kk Kk

A A A S D S GV SsS P G S G A L R S Q s Q

CCGGCGAGCCGCACCACCCTGCCGCCGCATAGCATGGCGGTGTATAGCACCAGCAGCCAG
CCGGCTTCTCGTACCACGCTGCCGCCGCATAGCATGGCGGTTTATTCTACCTCGAGCCAG

* % Kk Kk x kkhk hkkhkkkhkk hkrxkkrkhkhkrkhkhkhkhkrkhkkhkrhkkhkhkhkkhkrk Kkkx * % % * % Kk Kk ok Kk

P A S R T TUL P P H S M A V Y S T S S Q

AGCCATACCGGCATTGGCGCGAGCCAGAGCCGCCAGGTGCATGATGTGGCGGTGCCGAGC
AGTCACACGGGTATCGGCGCGAGTCAATCCCGCCAGGTGCATGATGTTGCCGTCCCGAGC

Xk kk kk kk kk Kkkkhkkkkhkkk k% KAk KAkAhkhkkhkhkhkk kA hkhkk hkk **k *Kk kkkkk*k

S H T G I G A S Q S R Q V HD V A V P S

TTTATGCCGGATGAACGCGGCGATCTGGGCTTTGATGATGTGCCGACCAAACCGATTAGC
TTCATGCCGGATGAACGTGGTGACCTGGGCTTTGATGACGTTCCGACCAAACCGATTTCA

hhk KAk AAkhkAhkAk kA hk *hk *k KAk AkhkhkkhAkhhkkhkhkhkhh *k *hkhkhhkkhkhhAkkhkrkxhkhkrk

F M P D EURGDULGVF D D V P T K P I S

GATAGCCCGCCGGAAAACGATGGCCCGCGCTTTATTGGCTATTATGTGAACGGCCATAGC
GATTCGCCGCCGGAAAATGACGGTCCGCGCTTCATCGGCTATTACGTGAACGGTCACAGC

* Kk kkhkkhkkhkkhkkhkkhkkhkkhkkhk hk Kkk kkhkkkhkkkhkkhkk kk khkkkkkhkkk khkkkhkkkikk kk kkk

D s P P ENDGUPURVF I G Y Y V NG H s

GGCAGCAGCCGCCCGGCGAACGGCTTTCCGAGCGTGGGCGTGGCGAGCGCGGAAAGCAGC
GGCTCTAGTCGTCCGGCCAATGGTTTTCCGTCCGTGGGCGTTGCGTCAGCCGAATCCTCA

* kK *kk Kk Kkkhkkkk kk kk kkkkk*k kkkkkkkkk Kk ki Kk *k kKK *

G S S R P A NGVF P S V GV A S A E S S

CAGAGCGGCCAGGGCGGCGGCCGCCGCCGCCTGAGCACCGATCAGCTGCCGCAGAGCGTG
CAATCTGGTCAGGGCGGTGGCCGTCGCCGTCTGAGTACGGATCAACTGCCGCAGTCCGTG

* K hhk KAk Akkhkhkhkk kAhkhkkhkhk khhkkhkhkkhk kkhkkhkk kk Kkhkkkkk kAAkkhkkhkhkkk * Kk Kk Kk

Q S G Q9 G G G R R RUL S TD QL P Q S V
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CTGGATCGCCGCATGAAACGCACCAGCCGCAGCCCGAGCCCGATGGGCCATGCGCGLGCG
CTGGACCGCCGTATGAAACGCACCAGCCGTTCTCCGAGTCCGATGGGTCATGCACGTGCT

krkkkhkk KAhkkkk Ahkkrkkhkkkkkkkkhkkk*k khkkkk hhkkkrkkkhkx Krkkk kk kK

L D RRMI KU RT TSR S P S PM G HA AR A

CTGAGCGTGGGCGTGAACAGCGCGCCGCTGCTGAGCGCGCCGTTTGCGCAGAGCAACGGC
CTGTCGGTCGGCGTGAACAGCGCACCGCTGCTGTCTGCACCGTTTGCACAGTCAAACGGC

* Kk Kk Kk KAk KkAkhkAKhkAkAkhkhkk Kk *hkkAkrkkhkhkkk Kk Kkhkkkkkhkkk kkKk kK kKKK

L S VvV G V N S A P L L S A P F A Q S N G

AAACTGCCGAGCAAACCGCTGGTGGTGAACGGCACCGCGCCGAAAACCGCGAGCACCCCG
AAGCTGCCGTCGAAACCGCTGGTTGTCAATGGTACCGCACCGAAAACCGCAAGCACGCCG

* Kk Kk ok ok ok ok ok kxkkhkrkhkkhkrkhkhkk kk kk kk khkkkkhk kkrkkkhkhkkrkkhkk KhAkkkx Kkkrk

K L P S K P L V.V NG T AUPKTA S T P

GGCAGCGGCCGCCCGACCGTGGTGACCGAAAGCCTGGTGAGCGATGATAGCCTGCATGAT
GGTTCTGGTCGTCCGACCGTGGTTACGGAATCACTGGTGTCGGATGACAGCCTGCATGAT

* K Xk kk KkAkkkkhkAkkkkkhkk kk kk*k Kk ok Kk ok Kk Kk khkkhkhkk KAk kAkkkAk AKXk kKk Kk

G S G R P TV VTE S L V S DD S L H D

AACGCGCTGCATATTCATCAGGGCGTGAGCCCGAGCAGCAGCTGGCCGGAACAGCAGCCG
AATGCCCTGCATATTCACCAGGGTGTTTCCCCGTCGAGCTCTTGGCCGGAACAACAGCCG

*k kk krxkkkkkkkikk Kkkrk kK * K x Kk * % * kxkkkkhkkkkkk kkkxokk

N A L H I HQ GV S P S S S WUPEJOQJOQP

ACCCCGCCGAGCAGCGCGGCGGAAAGCGTGGCGACCCGCGTGCCGGAACGCCCGGTGATT
ACGCCGCCGAGTTCCGCAGCAGAAAGCGTGGCAACCCGTGTCCCGGAACGTCCGGTTATC

* Kk kK kkkokkkx kkk kk kkkkkhkhkkrhkkhk hhkrkkk kk krxkkrkhkkhkkx kkkkk kK

T P P S S A A E S V A T R V P E R P V I

GTGAACGGCAGCAGCACCAACCGCAGCCCGAGCGCGACCGTGCCGAACCTGCTGGATACC
GTCAACGGCTCATCGACCAATCGCTCCCCGTCAGCCACGGTTCCGAACCTGCTGGATACC

Kk KAk kKK kkhkKkkk Kk *k * Kk Kk Kk Kk kK kk KAkAkKAAkAkAAkKAAAAAKA AKX KK

vV N G S S T N R S P S A TV P NUL L D T

AGCTTTCAGCAGCGCGTGGCGATGGGCGCGGGCCTGCATCTGCCGTATAGCGCGGTGGTG
AGCTTCCAACAGCGTGTCGCAATGGGTGCTGGCCTGCACCTGCCGTATAGTGCGGTCGTG

khxkhkkhkk kk kkkkk kk kk kkkkk khk khkhkkkkhkkkhkk hkrhkkkhkrkkhkkhkkhkk Kkkkrk xkKk

s F Q Q RV A MGAGULHULUPY S A V V

GGCGATCCGAACGGCCTGGCGGGCTTTAGCCGCGCGCATACCCGCCAGCAGCTGGCGCCG
GGTGATCCGAATGGTCTGGCGGGCTTTTCCCGCGCCCATACGCGTCAACAGCTGGCACCG

Ak kkhkkkkhkkhkkk KAk AhkkkkkAkrkkAkkkk kAhkkkkhkKk khkkhkkk kk kk Khkkkhkkkkk K*Kk*k

G D P N GLAGVF S R AHTURQQUL A P

CTGGATCTGGCGACCGGCGATTATGCGGCGCATCAGGATCTGCCGCATCTGAGCCCGGTG
CTGGATCTGGCTACCGGCGACTATGCTGCGCATCAGGATCTGCCGCACCTGAGTCCGGTC

KAk Akk kA khhk *hkhAkhkhkkhhh *hkkhhkk AkhkhkhAkhhkdhkhAhkhkhkhkhkkhkhkhhkhk, kdkhhkk *xkkx

L DL A TGD YA AUHIOQUDTLUPHUL S P V

TATGAACATCGCACCCCGAGCCCGACCGTGCCGCGCAAATTTGAACCGAGCCCGATTAGC
TACGAACACCGTACCCCGTCCCCGACGGTGCCGCGTAAGTTTGAACCGTCTCCGATTAGT

Ak kkhkkkk Ak AkkkkKk kAhkkhkkk K hkkhkhkhAkhkkk kK KkhkhkkAkkkkkxkhk Kk ok ok Kk ok ok k

Y E H R TP S P TV P R KU F E P S P I s

CAGCTGAGCGGCGCGGGCGCGAAAGATTTTCGCAGCGATTTTAGCCCGAAAGCGACCCAG
CAGCTGTCCGGTGCGGGCGCCAAAGATTTTCGCTCAGACTTCTCGCCGAAGGCAACCCAG

* Kk ok Kk k Kk khkk KAkhkkAhkkhkkhkhkk *AkkhkhkkkkAhAkrk kK * Kk kK kAhkkkk kk khkkk kK

Q L S G A G A KD UF R S D F S P K AT Q

AAAGCGCCGAGCAGCCGCAGCCCGAACGGCGGCGCGCCGACCCGCCAGCAGGATAGCGCG
AAAGCTCCGAGCTCTCGTAGCCCGAATGGTGGCGCACCGACGCGTCAACAGGATTCTGCA

kAhkkhkk Kk Kkk kK Kk AkhkkAkhkAkkhkKk khk khkkhkkhk kkhkkhkk kk kk kA k Kk kK * K

K A P S S R S P NG G AP TURQ QD S A

10



TtCutA ACCAGCCGCAGCCCGGCGCAGGATCAGCGCATTAACGGCCTGGCGCGCGAAAACGGCCAT

TtCutA opt ACCTCGCGTAGCCCGGCACAAGACCAGCGTATCAACGGTCTGGCGCGCGAAAATGGCCAT

* Kk * Kk kkhkkkkkhkkhkk kk kk kkkkk kk khkkkk Kkhkkkkkkhkhkhkhkhkkk khkkkkk

protein T S R S P A Q D Q R INGTULAWRENTGH

TtCutA GTGCGCGCGGCGAAAAGCCAGACCGAAAGCTTTAGCGGCTGGCAGAAAACCAAAACCCGC

TtCutA opt GTGCGTGCCGCAAAAAGTCAAACCGAATCTTTCAGTGGTTGGCAGAAGACCAAAACGCGC

kkhkkhkkhkk kk kk khkhkkkk kk Kkkhkkkkk Kk kk kk khkkkhkkhkkhkhkk Khkhkkkkkhkkhkk Kkkhkk

protein V R A A K S Q T E S F S G W Q K T K T R

TtCutA AAAAAAGGCGGCGCGGCGGCGGCGGAACTGAAACAGAGCAGCGCGGCGAACGGCTTTCCG

TtCutA opt AAAAAGGGTGGCGCTGCAGCAGCAGAACTGAAACAAAGTTCCGCTGCGAACGGCTTTCCG

kkkkk Kkk Kkkhkkkk Kkk kk Kkk Kkkkkkkkkkkk k% XAk AAkAkAkAk kA Ak Ak Ak Ak kK

protein K K G G A A A A EUL K QS S A A NG F P
TtCutA CAGAGCGAACCGCCGCCGAAAAACGAAGCGGATCGCAAAGGCGGC
TtCutA opt CAGAGCGAACCGCCGCCGAAGAATGAAGCGGATCGTAAAGGTGGC
- khkkhkkhkhkhkhkkhkkhkhkhkhkkhkkhkhkhrkhkkhkkhkx *k *hxkkkhkkhkhhkkhkhk,kx *khkkh*x*x **xx%
protein Q S E P P P K N E A DR K G G

SUPPLEMENTAL FIGURE 1. Alignments of the native (AnCutA/TtCutA) and recoded
(AnCutA_opt/TtCutA_opt) open reading frames corresponding to AnCutA and TtCutA proteins.
Nucleotides unchanged during recoding are marked with asterisks. Amino acid sequences of the
proteins are shown in bold.
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SUPPLEMENTAL TABLES

SUPPLEMENTAL TABLE 1. Frequency of nucleotide incorporation into the tails synthesized by full-
length wild-type AnCutA and TtCutA depending on the identity of 1 or 2 preceding nucleotides at
the primer’s end. Higher and lower frequencies, as compared to the average values (marked in grey),

which are discussed in the main text, are indicated with green and red colors, respectively.

AnCutA TtCutA
primers $522-Ag ss22-Us $522-As 5s22-Ug
A G C u A G C U A G C U A G C U
Average frequency of nucleotide incorporation [%]
* 309 05 528 159 202 1.0 657 131 483 05 435 76 367 11 563 5.9
Frequency of nucleotide incorporation depending on 1 preceding nucleotide

*A 422 03  47.0 105|280 06  63.0 84 585 04 361 49 | 459 07 501 | 33
*G 280 40 | 503  17.7 186 15 | 683  11.6 394 22 458 125 | 309 28 598 | 65
*C - 06 525  21.8 226 14 557 | 203 - 0.7 | 486 113 337 13 569 | 80
*U - 04 766 84 111 07 808 | 7.4 - 05 760 51 | 192 |09 754 45

Frequency of nucleotide incorporation depending on 2 preceding nucleotides

*AA 489 | 03 | 394 115|313 04 618 65 604 | 04 339 53 | 479 07 485 | 29
*AG 287 | 29 | 534|151 157 3.1 | 731 81 | 425 14 438 | 122 | 307 | 2.7 | 59.7 @ 6.9
*AC 259 | 03 | 560 178 186 0.6 | 655 154 392 05 509 94 | 299 09 626 | 6.6
*AU 203 02 715 | 79 114 03 | 8.9 44 | 212 04 737 | 47 | 192 |08 | 766 @ 3.4
*GA 265 24 627 | 84 181 | 20 | 727 72 | 552 15 368 | 65 | 534 |09 | 424 34
*GG 19.2 1 327 | 96 385 349 | 140 419 | 93 232 270 | 295 204 272 66 579 83
*GC 245 | 0.8 | 484 | 263 206 1.6 | 564 214 | 377 15 478 | 130 | 410 | 1.5 | 529 46
*GU 147 61 | 632 160 158 | 3.7 666 | 139 205 3.7 | 683 74 242 30 671 57
*CA 321 03 596 | 81 288 0.7 |615 9.0 |532 04 424 41 | 440 |08 | 518 3.4
*CG 267 | 14 | 556 163 242 1.1 | 627 120 372 13 | 497 118 | 316 26 602 | 5.6
*CC 251 06 | 495 | 248 177 | 1.5 | 53.7 | 27.0 | 39.1 07 | 477 | 124 | 292 | 1.6 | 604 @ 87
*CU 121 04 794 81 105| 07 813 75 167 04 777 52 | 189 K 09 754 48
*UA 314 04 582|100 236 0.6 | 675 83 |51.6 04 427 | 53 | 476 | 0.7 | 475 @ 4.2
*UG 256 | 11.0 439 | 195 150 1.9 | 684 148 | 330 73 | 432 | 165 | 311 | 3.4 | 583 7.2
*UcC 229 | 09 | 551 | 212 229 1.8 | 539 215|406 09 | 448 | 137 441 15 | 429 115
*Uu 139 08 | 766 88 | 117 | 1.0 784 89 178 09 | 752 61 172 10 773 @ 45
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SUPPLEMENTAL TABLE 2. Plasmids used in this study.

Plasmid Source or genotype

pPET28M N-6xHis-SUMOTag (Lebreton et al, 2008; Malakhov et al, 2004)

pPET28 C-6xHisTag pET-28b(+) from Novagen

pUC57-AnCutA this study; recoded AnCutA ORF synthesized by Genscript
pUC57-TtCutA this study; recoded TtCutA ORF synthesized by Genscript
pCC1 [PET28 C-6xHisTag] AnCutA™T, full-length

pCC2 [PET28 C-6xHisTag] AnCutAP2034/D205A (DADA), full-length
pCC3 [PET28M N-6xHis-SUMOTag] AnCutA_tr'"T

pCC4 [PET28 C-6xHisTag] TtCutA™T, full-length

pCC5 [PET28M N-6xHis-SUMOTag] TtCutA_tr1WT

pCC6 [PET28 C-6xHisTag] TtCutA_tr2WT

pCC7 [PET28 C-6xHisTag] TtCutA_tr3WVT

pCC8 [PET28 C-6xHisTag] TtCutA_tr3Rf557A (PAP1)

pCC9 [PET28 C-6xHisTag] TtCutA_tr3R5>7Q pPAP2 (PAP2)

pCC10 [PET28 C-6xHisTag] TtCutA_tr3ES51D/NSS4E/RSS7A (pAP3)
pCC11 [PET28 C-6xHisTag] TtCutA_tr3ESS1T/RSS7A/LSSSS (pAP4)
pCC12 [PET28 C-6xHisTag] TtCutA_tr3Ro57N/NS6IR (pApS)

pCC13 [PET28 C-6xHisTag] TtCutA_tr3 ES510/RSSIN/NSGIR (pApPG)
pCCl4 [pET28 C-6xHisTag] TtCutA_tr3R>>™" (PUP1)

pCC15 [PET28 C-6xHisTag] TtCutA_tr3Es51P/RSS7H (pyp2)

pCC16 [PET28 C-6xHisTag] TtCutA_tr3ES51D/NSS4E/RSSTH (pyp3)
pCC17 [PET28M N-6xHis-SUMOTag] Cid1""

pCC18 [PET28M N-6xHis-SUMOTag] Cid1P3308/E333N/H336R (pCp)
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SUPPLEMENTAL TABLE 3. Oligonucleotides used in this study.

Oligonucleotide

Sequence (5’-3’)

Purpose

Oligonucleotides for cloning and site-directed mutagenesis

278F ttttgtttaactttaagaaggagatataccATGGTCACCGTCA | cloning of AnCutA WT ORF
CCGATGG into pET28 C-6xHisTag
278R atctcagtggtggtggtggtggtgetegagGCCACCTTTGCGC | cloning of AnCutA WT ORF
AGGCTTTC into pET28 C-6xHisTag
280F ttttgtttaactttaagaaggagatataccATGGACTCGCAAC | cloning of TtCutA WT ORF
CGGCAAC into pET28 C-6xHisTag
280R atctcagtggtggtggtggtggtgetegagGCCACCTTTACGA | cloning of TtCutA WT ORF
TCCGCTTC into pET28 C-6xHisTag
CUCUmutF CTCTGACagegctGTGGCCATTTGCATCACCACGACCTGTAAA | site-directed mutagenesis
GAACTGG (AnCutA D203A D205A)
CUCUmutR TGCAAATGGCCACagegctGTCAGAGCTACACAGCTTATTGCC | site-directed mutagenesis
CGATGAACC (AnCutA D203A D205A)
278sumoF gaagtctaccaggaacaaaccggtggatccAGCACCCATAGCG | cloning of AnCutA_tr into
AATCTAC pET28M N-6xHis-SUMOTag
278sumo?2 tcagtggtggtggtggtggtgetegagt taACGGGACGGCGGC | cloning of AnCutA_tr into
GGTGCGG pET28M N-6xHis-SUMOTag
280sumoF gaagtctaccaggaacaaaccggtggatccAGCGCCTATTCTG | cloning of TtCutA_trl into
AAACCAAC pET28M N-6xHis-SUMOTag
280sumo?2 tcagtggtggtggtggtggtgetegagt taGCGCAGCAGGATC | cloning of TtCutA_trl into
GGACGCG pET28M N-6xHis-SUMOTag
12.280S_F ttttgtttaactttaagaaggagatataccatgAGCGCCTATT | cloning of TtCutA_tr2 into
CTGAAACC pET28 C-6xHisTag
12.280sI_R atctcagtggtggtggtggtggtgetegagGCGACCATCATTA | cloning of TtCutA_tr2 into
AACGGTTC pET28 C-6xHisTag
280slIIF ttttgtttaactttaagaaggagatataccatgAAGCCGGCCA | cloning of TtCutA_tr3 into
AAAATTC pET28 C-6xHisTag
280slIIR atctcagtggtggtggtggtggtgetegagCAGCGTGGTACGA | cloning of TtCutA_tr3 into
GAAGCCG pET28 C-6xHisTag
280PAP1F GTTTAATGATGGTGCCAAcctaggCAATACCGCCGACGAAACG | site-directed mutagenesis
TtCutA WT->PAP1 (R557A)
280PAP1R CGGCGGTATTGecctaggTTGGCACCATCATTAAACGGTTCTTC | site-directed mutagenesis
TtCutA WT->PAP1 (R557A)
280PAP2F GTTTAATGATGGTCAGAAcctaggCAATACCGCCGACGAAACG | site-directed mutagenesis
TtCutA WT->PAP2 (R557Q)
280PAP2R CGGCGGTATTGectaggTTCTGACCATCATTAAACGGTTCTTC | site-directed mutagenesis
TtCutA WT->PAP2 (R557Q)
280PAP3F GCGTTGAAGACCCGTTTGAGGATGGTGCCAACCteggCAATAC | Site-directed mutagenesis
CGCCGAC TtCutA PAP1->PAP3
(E551D N554E R557A)
280PAP3R ATTGccgaggTTGGCACCATCCTCAAACGGGTCTTCAACGCAC | site-directed mutagenesis
AGAGCATTG TtCutA PAP1->PAP3
(E551D N554E R557A)
280PAP4F TTGAAACACCGTTTAATGATGGTGCCAAcageggCAATACCGC | site-directed mutagenesis
CGACGAAAC TtCutA PAP1->PAP4
(E551T R557A L559S)
280PAPAR TTGccgetgTTGGCACCATCATTAAACGGTGTTTCAACGCACA | site-directed mutagenesis
GAGCATTGTTC TtCutA PAP1->PAP4
(E551T R557A L559S)
280PAPSF TTTAATGATGGTAACAAcctaggCAGGACCGCCGACGAAACGA | site-directed mutagenesis
GCTTCC TtCutA WT-PAP5
(R557N N561R)
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280PAPS5R TTTCGTCGGCGGTCCTGeectaggTTGTTACCATCATTAAACGG | site-directed mutagenesis
TTCTTC TtCutA WT->PAPS
(R557N N561R)
280PAP6F TTTAATGATGGTAACAACCt tggCAGGACCGCCGACGAAACGA | site-directed mutagenesis
GCTTCC TtCutA PUP2->PAP6
(E551D R557N N561R)
280PAP6R TTTCGTCGGCGGTCCTGccaaggTTGTTACCATCATTAAACGG | site-directed mutagenesis
ATCTTC TtCutA PUP2->PAP6
(E551D R557N N561R)
280PUP1F GTTTAATGATGGTCACAAcctaggCAATACCGCCGACGAAACG | site-directed mutagenesis
TtCutA WT->PUP1 (R557H)
280PUP1R GCGGTATTGectaggTTGTGACCATCATTAAACGGTTCTTC site-directed mutagenesis
TtCutA WT->PUP1 (R557H)
280PUP2F GCGTTGAAGATCCGTTTAATGATGGTCACAAcctaggCAATAC | site-directed mutagenesis
CGCCGACGAAAC TtCutA WT->PUP2 (E551D
R557H)
280PUP2R GCGGTATTGectaggTTGTGACCATCATTAAACGGATCTTCAA | site-directed mutagenesis
CGCACAGAGCATTG TtCutA WT->PUP2 (E551D
R557H)
280PUP3F AGATCCGTTTGAAGATGGTCACAACCcteggCAATACCGCCGAC | site-directed mutagenesis
GAAACG TtCutA PUP2->PUP3
(E551D N554E R557H)
280PUP3R CGGTATTGccgaggTTGTGACCATCTTCAAACGGATCTTCAAC | site-directed mutagenesis
GCACA TtCutA PUP2->PUP3
(E551D N554E R557H)
Cid1SumoF tgattgaagtctaccaggaacaaaccggtggatccATGAACAT | cloning of Cidl WT ORF
TTCTTCTGCACAA into pET28M N-6xHis-
SUMOTag
Cid1SumoR cggatctcagtggtggtggtggtggtgetegagtcaCTCAGAA | cloning of Cidl WT ORF
TTGTCACCATCGG into pET28M N-6xHis-
SUMOTag
Cid1PCPF GCGATTGAAgagcceTTCAATATTTCACGTAATGTGGGTAGGA | site-directed mutagenesis
CAGTTAG Cid1 WT->PCP
(D330E E333N H336R)
Cid1PCPR TACCCACATTACGTGAAATATTGAAGggCtcTTCAATCGCAAG | site-directed mutagenesis
AATATAC Cid1 WT->PCP
T7promoter TAATACGACTCACTATAGGG Sequencing of inserts in
pET28 C-6xHisTag
SumoF TCATACTGTCAAAGACAGGG Sequencing of inserts in
PET28M N-6xHis-SUMOTag
T7terminator TGCTAGTTATTGCTCAGCGG Sequencing of inserts in
pET28 C-6xHisTag and
pET28M N-6xHis-SUMOTag
278seq 1 GAACAATACCATGGCCCTGG Sequencing of AnCutA
278 seq 2 AGTAACCAGTATTCCCGTGG Sequencing of AnCutA
12_107_s1 ACATTTGCATCACCACGACC Sequencing of AnCutA
12_107_s2 AACACCATTCGCAACCTGGG Sequencing of AnCutA
12_107_s3 CAATTCAACCTATCTGCCGG Sequencing of AnCutA
12_107_s4 GCTGATTGTCGACGGTTCAG Sequencing of AnCutA
280seq5 CAGCATTCTTCCAGTTTGCC Sequencing of TtCutA
12 109 si1 GCAGCGCCTATTCTGAAACC Sequencing of TtCutA
12_109 s2 TATCAAATACTGGACCCGCC Sequencing of TtCutA
12109 s3 CCGCGGTAACCGTCAGTTTC Sequencing of TtCutA
12 109 s4 GAGCTTCATGCCGGATGAAC Sequencing of TtCutA
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RNA oligonucleotides

5’-FAM-ss17-Ass | FAM-r (CCCCACCACCAUCACUUAAAAAAAAAAAAAAAA RNA substrate used in
AAAAAAAAAAAAAAAAAAR) biochemical assays

5-FAM-ss17- FAM-r (CCCCACCACCAUCACUUAAAAAAAAAAAAAAAA RNA substrate used in
As1Us AAAAAAAAAAAAAAAUUUU) biochemical assays

5-FAM-ss17- FAM-r (CCCCACCACCAUCACUUAAAAAAAAAAAAAAAA RNA substrate used in
A31Ca AAAAAAAAAAARARAACCCC) biochemical assays

5’-FAM-ss22-As | FAM-r (CGACUGGAGCACGAGGACACUGAAAA) RNA substrate used in
biochemical assays

5'-FAM-ss22-Us | FAM-r (CGACUGGAGCACGAGGACACUGUUUU) RNA substrate used in
biochemical assays

5'-FAM-ss22-Cs | FAM-r (CGACUGGAGCACGAGGACACUGCCCC) RNA substrate used in

biochemical assays

Oligonucleotides used in the 3’-RACE-seq procedure

RA3 TGGAATTCTCGGGTGCCAAGG Adapter oligonucleotide
RTP GCCTTGGCACCCGAGAATTCCA Reverse transcription
primer

RAS_ss22 GTTCAGAGTTCTACAGTCCGACGATCCGACTGGAGCACGAGGA | First-round PCR primer
CACTG (forward)

RP1 AATGATACGGCGACCACCGAGATCTACACGTTCAGAGTTCTAC | Second-round PCR primer
AGTCCGA (forward)

RPI_X CAAGCAGAAGACGGCATACGAGATNNNNNNGTGACTGGAGTT PCR primer with RNA-seq
CCTTGGCACCCGAGAATTCCA index (reverse)




SUPPLEMENTAL TABLE 4. Summary of protein purification strategies.

CutA variant | Epitope Purification | SUMO cleavage + | Buffering [NaCl] Additional Figure
scale desalting + agent purification
second nickel
column
An FLWT C-6xHisTag | Small - Na-phosphate | 300 mM | - Figs. 2-4
An FL DADA pH=8.0
Tt FLWT
An_tr WT N-6xHis- Large Yes Na-phosphate | 300 mM | Gel filtration Fig. 5
Tt_trl WT SUMOTag pH=4.5 (Superdex S200)
20 mM Na-phosphate;
150 mM NaCl
Tt_tr3 WT C-6xHisTag | Large - Na-phosphate | 300 mM Gel filtration Fig. 5
pH=4.5 (Superdex S200)
20 mM Na-phosphate;
150 mM NaCl
An_tr WT N-6xHis- Small No Na-phosphate | 300 mM | - Fig. 6
Tt_trl WT SUMOTag pH=4.5
An FLWT C-6xHisTag | Small - Na-phosphate | 300 mM | - Fig. 6
Tt FLWT pH=4.5
Tt_tr3 WT
Tt_tr3 C-6xHisTag | Large - Na-phosphate | 300 mM | Gel filtration Figs. 8-13
(WT, PAP1- pH=4.5 (5200)
PAP6, PUP1- 20 mM Na-phosphate;
PUP3) 150 mM NaCl
Cid1 (WT, N-6xHis- Large Yes Tris-HCI 150 mM | Gel filtration Fig. 14
PCP) SUMOTag pH=8.0 (S200)
20 mM Tris-HCl
150 mM NaCl
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