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Table S1. Oligonucleotide template used in this study

Label Sequence

DNA 5'-d(ACC TTA GAC CCA CCC CTC CTG GCG GGC ACA CCC CCT ACT GACCCACCCTTG TGA ATT CTC AGT TAATCC CGT
template CTA CCA GTC TCA CCA AGG CC)3'

DNA 5-d(AGC AAC AAATAC TTC TAG GTT CAC CAC GTT TCC AAC TTT TAA ATC AGG AAT ATG GTT CAA CAG GAA TGG GAT
template_1 AAA ACT TTAATATTT TTA AAA ATT AAG AAA AAG GCC GGG CGC GGT GGC CCACCCCTGTAATCCCA) 3




Table S2. Mutagenic oligonucleotides of active mutants
Table showing selected 12 target sites for site-specific shuffling to construct combinatorial library. Active single mutants of the respective target sites

were included for shuffling and the Mutagenic oligonucleotide of 173 active mutants were pooled in shuffling reaction.

N483 | E507 | S515 | K540 | A570 | D578 | V586 | V783 | 1614 | H639 | F667 | M747
Ala | v v v v n v v v v X N v
Cys | v v X 9 v v v v v X 9 v
Asp | ¥ v v X X + X v X x x x
Glu| v n v < v v v v v % < v
Phe x v X v v v v v v v + v
Gly | v v v v v v v v v X 9 v
His v X v v v v v v v + x v
e | v v % v v v v v ¥ % v v
Lys | v v v i v v v v v X N v
Leu | v v X v v v v v v X v v
Mot | v v v v v v v v v X v ¥
Asn |+ v v v v v v v v v < v
Pro v v X X X X X X X x X v
Ghn| VvV v v v v v v v v x x v
Arg | v v v v Vv Vv v < v < < v
Ser | v v ¥ v v v v v v % < v
Thr | v v v v v v v v v v < v
Val | v v v v v v ¥ ¥ v X 9 v
Tp | ¥ v X v v v » o v X 9 v
Tyr v v v v v v v X v v v
‘v Active mutant included in combinatorial library construction
‘+” Wild type
‘x’ Inactive variant




R728

Figure S1.
Expression profile of target sites Q754 (upper panel) and R728 (lower panel). 19 single site mutants for each position were overexpressed, and heat
denatured soluble fraction were analysed on SDS-PAGE gel. The mutants are represented in single letter notation of amino acids. “+” signifies wild type

KlenTaq DNA polymerase, “-” plasmid control without insert.
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GeCgGCCATCCGET aARC TGAATAGCCGTGATCAGCTGGAACGTGTTCTGTTTGATGAACTGGGTCTGCCAGCAATTGGTARARC
GCCGGCCATCCGTT a A TGAATAGCCGTGATCAGCTGGAACGTGTTCTGTTTGATGAACTGGGTCTGCCAGCAATTGGTARARARC(
GCCGGCCATCCGtEtTaARC TGAATAGCCGTGATCAGCTGGAACGTGTTCTGTTTGATGAACTGGGTCTGCCAGCAATTGGTARARAC
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GCCGGCCATCCGTTaAN TGAATAGCCGTGATCAGCTGGAACGTGT TCTGTTTGATGAACTGGGTCTGCCAGCAATTGGTARAAC
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GeCGGCCATCCGTTYaANC TGAATAGCCGTGATCAGCTGGAACGTGT TCTGCTTGATGAACTGGGTCTGCCAGCAATTGGTAAAAC
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CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAAC .
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAAC LCCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGCCGTCTGCATACCCGTTTTAATCAGACCGCAACHGARRCCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAAECAGACCGCAACOEEE'CCGGTCGCCTGAGCAGCAGC

CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAACG ARCCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAGCQGCARCCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGRECTGATTCATCCGCGTACCGGTCGTCTGCRTACCCGTTTTAATCRGACCGCAACCE!H'CCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAAC ﬁ
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CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAACHARR
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAACOQARR
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAACAARRCCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAACQARAMMCCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAACIE!H'CCGGTGGCCTGAGCAGCAGC
CTAT&TCGATCCGCTGCCGGATCTGATTCATCCGCGTRCCGGTCGTCTGCRTACCCGTTTTAATC&GACCGCRNCJ!!!'CCGGTCGCCTGAGCAGCAGC
CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCARCC % ACCGGTCGCCTGAGCAGCAGC

CTATATCGATCCGCTGCCGGATCTGATTCATCCGCGTACCGGTCGTCTGCATACCCGTTTTAATCAGACCGCAAC( ARCCGGTCGCCTGAGCAGCAGC
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Fecgaatcectgecagaatattecdgtthgtacacecgetgggtcagegtattegtegtgecatttattgecagaagaaggttggetgetggttgecactggatt
CCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
CCGRAATCTGCAGAATATTCCEEGTTEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGRAGAAGGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGRATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGRAAGRAAGGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGRAAGGT TGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCANTTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCCEETTEGTACACCGCTGEGTCAGCGTATTCGTCGTGCATTTATTGCAGRAAGARAGETTGEGCTGCTGEGTTGCACTGGATT
CCGAATCTGCAGAATATTCCEETTEGTACACCGCTGEEGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGAAGETTGGCTGCTGGTTGCACTGGATT
CCGRATCTGCAGAATATTCCHETTEGTACACCGCTGEGTCAGCGTATTCGTCGTGCANTTATTGCAGARGAAGETTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCCHEGTEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCCEETTEGTACACCGCTGEEGTCAGCGTATTCGTCGTGCANTTATTGCAGAAGARGETTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGARTATTCC TEGTACACCGCTGEGTCAGCGTATTCGTCGTGCANTTATTGCAGAAGAAGEGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
CCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCANTTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
GARCCGAATCTGCAGAATATTCCEETTEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGARGGTTGGCTGCTGGTTGCACTGGATT
CCGRAATCTGCAGAATATTCC FGTACACCGCTGGGTCAGCGTATTCGTCGTGCATTTATTGCAGAAGRAAGGTTGGCTGCTGGTTGCACTGGATT
FCGAATCTGCAGAATATTCC TEGTACACCGCTGGGTCAGCGTATTCGTCGTGCATCTATTGCAGAAGAAGGTTGGCTGCTGGTTGCACTGGATT
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RPEFIN NPSER [ ] S S I PRSI ISR PR IS ISR ISR SETTCA B R U PP NI RN 7 I SR IS I |
KTQ pol atagccadatapaactgecgtgttetggeccatectgageggtgatgaaaatectgattegegtgtttcaggaaggtegegatatfjcathccgaaaccgeaag
48HH35 ATAGCCAQF AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT CRCCGRRACCGCARAG
4BHH33 ATAGCCRGR AACTGCGTGTTCTGGCCCATCTGAGCGGCGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT TRCCGAAACCGCAAG
48HH47 ATAGCCAGATGEAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTCTCAGGAAGGTCGCGATAT CPCCGRRACCGCARG
48HHA4S5 ATAGCCAGPF AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATYCATACCGARAACCGCARG
48HH36 ATAGCCAQGE AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATYCATACCGARACCGCARG
48HH38 ATAGCCAQR AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAAAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT TRCCGAAACCGCARAG
48HH44 ATAGCCAQATALAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT TRCCGAAACCGCAAG
48HH39 ATAGCCAGAAAEAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATICATRCCGARACCGCARG
48HH29 ATAGCCAG ﬁ AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAAAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT PCCGARACCGCARG
48HH46 ATAGCCAGAAABAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAAAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATICATRCCGARACCGCARG
48HH28 ATAGCCAG ﬁ AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARRATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT CPCCGAAACCGCARAG
48BHH30 ATAGCCAGAAABAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATICATRCCGARACCGCAAG
48HH37 ATAGCCAGAAAEAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAARATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATICACRCCGARACCGCARG
4BHH34 ATAGCCRAGP AACTGCGTGTTCTGGCCCATCTGAGCGGTGATGARAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATYACCRCCGARACCGCAAG
4BHH40 ATAGCCAGATGEAACTGCGTGTTCTGGCCCATCTGAGCGEGTGATGAAAATCTGATTCCGCGTGTTTCAGGAAGGTCGCGATAT CGARACCGCARG
48HH31 ATAGCCAGATGEAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAARATCTGATTCGCGTGTTTCAGGAAGGTCGCGATAT CCGAAACCGCAAG
48HH32 ATAGCCAGAAALAACTGCGTGTTCTGGCCCATCTGAGCGGTGATGAAAATCTGATTCGCGTGTTTCAGGAAGGTCGCGATATYTACRCCGARACCGCARG
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KTQ pol ctggatgtttggtgttecgegtgaageagttgateccgetgatgegtegtgoageaaaaaccattaatfttthgggtgetgtatggtatgagegeacategt
48HH35 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCARARACCATTAANTTTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH33 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCARAAACCATTAANTTTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH47 CTGGATGTTTGGTGTTCCGCGTGARAGCAGTTGATCCGCTGATGCGTCGTGCAGCARARACCATTAAYTTTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH45 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCARAAACCATTAAYTTT TGCTGTATGGTATGAGCGCACATCGT
48HH36 CTGGATGTTTGGTGTTCCGCGTGARGCAGTTGATCCGCTGATGCGTCGTGCAGCAAARACCATTAATTTT) TGCTGTATGGTATGAGCGCACATCGT
48HH38 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCAAARACCATTAANYTI TTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH44 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCAAAAACCATTAANT TTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH39 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCAAAAACCATTAANITTTEGGGTGCTGTATGGTATGAGCGCACATCGT
4BHH29 CTGGATGTTTGGTGTTCCGCGTGAAGCAGT TGATCCGCTGATGCGTCGTGCAGCAARAACCATTAAYATCEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH46 CTGGATGTTTGGTGTTCCGCGTGARGCAGT TGATCCGCTGATGCGTCGTGCAGCARAAACCATTAATATGEGGGTGCTGTATGGTATGAGCGCACATCGT
4BHH28 CTGGATGTTTGGTGTTCCGCGTGAAGCAGT TGATCCGCTGATGCGTCGTGCAGCAAAAACCATTAAYT TGEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH30 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCARAAACCATTAAYT TTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH37 CTGGATGTTTGGTGTTCCGCGTGAAGCAGT TGATCCGCTGATGCGTCGTGCAGCAMAAACCATTAAYT TTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH34 CTGGATGITTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCAAAAACCATTAANYTACEGGGTGCTGTATGGTATGAGCGCACATCGT
48HHA40 CTGGATGTTTGGTGTTCCGCGTGARGCAGTTGATCCGCTGATGCGTCGTGCAGCAAAAACCATTAANT TTEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH31 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCARAAACCATTAATITACEGGGTGCTGTATGGTATGAGCGCACATCGT
48HH32 CTGGATGTTTGGTGTTCCGCGTGAAGCAGTTGATCCGCTGATGCGTCGTGCAGCAARAACCATTAAYTTTEGGGTGCTGTATGGTATGAGCGCACATCGT
clustal c°nsensus A A AT EAERA A AAAARAAARARTAAAAAAANRAAAAAANAARARAAAAAAAA A A A A AARTA A A A A A A A A A hh N EEAAAATARXAEAARAAAAA AT AAA A A A A A A AR
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KTQ pol ctgagccaggaactggcaattceocgtacgaagaagecccaggecatttategaacgttattttecagagettteccgaaagttecgtgectggattgaaaaaacce
48HH35 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGAAAGTTCGTGCCTGGATTGARAARACCC
48HH33 CTGAGCCAGGARCTGGCAATTCCGTACGAAGARGCCCAGGCATTTATCGAARCGTTATTTTCAGAGCTTTCCGRAARGTTCGTGCCTGGATTGARAGRACCC
48HHA47 CTGAGCCAGGAACTGGCAATTCCGTACGRARGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAAGTTCGTGCCTGGATTGARARRRRACCC
48HH45 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGAAAGTTCGTGCCTGGATTGARARARACCC
4BHH36 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAGTTCGTGCCTGGATTGAARARACCC
48HH38 CTGAGCCAGGAACTGGCAATTCCGTACGAAGARAGCCCAGGCATTTATCGARCGTTATTTTCAGAGCTTTCCGAAAGTTCGTGCCTGGATTGARRARAACCC
48HH44 CTGAGCCAGGAACTGGCAATTCCGTACGGAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGAAAGTTCGTGCCTGGATTGAAARRACCC
48HH39 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAAGTTCGTGCCTGGATTGARARARARCCC
48HH29 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAAGTTCGTGCCTGGATTGARARARACCC
48HH46 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGARACGTTATTTTCAGAGCTTTCCGARAGTTCGTGCCTGGATTGARRARACCC
4BHH28 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGARCGTTATTTTCAGAGCTTTCCGARAAGTTCGTGCCTGGATTGARARARACCC
48HH30 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGARACGTTATTTTCAGAGCTTTCCGARAAGTTCGTGCCTGGATTGARAARACCC
48HH37 CTGAGCCAGGAACTGGCAATTCCGTACGARAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAGTTCGTGCCTGGATTGAARAAACCC
48HH34 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGAAAGTTCGTGCCTGGATTGAARARACCC
48HH40 CTGAGCCAGGAACTGGCAATTCCGTACGARGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAGTTCGTGCCTGGATTGARAARACCC
48HH31 CTGAGCCAGGAACTGGCAATTCCGTACGARGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGARAGTTCGTGCCTGGATTGARRARACCC
48HH32 CTGAGCCAGGAACTGGCAATTCCGTACGAAGAAGCCCAGGCATTTATCGAACGTTATTTTCAGAGCTTTCCGRAAGTTCGTGCCTGGATTGARRRARARCCC
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KTQ pol tggaagaaggtegtegtegeggttatgttgaaacecetgtttggtegtegtegttatgttecggatetggaageacgtgttaaaagegttegtgaageage
48HH35 TGGAAGAAGGTCGTCGTCGCGGTTATGT TGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HH33 TGGAAGAAGGTCGTCGTCGLGGTTATGT TGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HHA47 TGGAAGAAGGTCGTCGTCGLGGTTATGT TGAAACCCTGTTTGGTCGTCGTCGTTATGT TCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HH45 TGGAAGAAGGTCGTCGTCGCGGTTATGT TGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HH36 TGGAAGAAGGTCGTCGTCGCGGTTATGT TGARACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HH38 TGGAAGAAGGTCGTCGTCGCGGTTATGT TGARACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
4BHH44 TGGAAGAAGGTCGTCGTCGCGGTTATGTTGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTARAAGCGTTCGTGAAGCAGC
48HH39% TGGAAGAAGGTCGTCGTCGCGGTTATGTTGAARCCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HH29 TGGAAGAAGGTCGTCGTCGCGGTTATGT TGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
48HH46 TGGAAGAAGGTCGTCGTCGCGGTTATGTTGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGCTCGTGAAGCAGC
48HH28 TGGAAGAAGGTCGTCGTCGCGGTTATGT TGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTARAAGCGTTCGTGAAGCAGC
48HH30 TGGAAGAAGGTCGTCGTCGCGGTTATGTTGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
4B8HH37 TGGAAGAAGGTCGTCGTCGCGGTTATGTTGAAACCCTGTTTGETCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
4BHH34 TGGAAGAAGGTCGTCGTCGCGGTTATGTTGARAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAARAGCGTTCGTGAAGCAGC
48HH40 TGGAAGAAGGTCGTCGTCGCGETTATGTTGAAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTARARAGCGTTCGTGAAGCAGC
48HH31 TGGAAGAAGGETCGTCGTCGCGGTTATGT TGAAACCCTGTITTGGTCGTCGTCGTTATGTICCGGATCTGGAAGCACGTGTTAARAGCGTTCGTGAAGCAGC
48HH32 TGGAAGAAGGTCGTCGTCGCGGTTATGTTGARAACCCTGTTTGGTCGTCGTCGTTATGTTCCGGATCTGGAAGCACGTGTTAAAAGCGTTCGTGAAGCAGC
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KTQ pol jcctttaatatgoccggttcagggcaccgecagecagatctgatgaaactggecatggttaaactgtttecgegtetggaagaaatgggtgea
48HH35 AGAACGT] CTTTAATATGCCGGTTCAGGGCACTGCAGCAGCA TGATGAACTGGCCATGGTTARAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH33 AGAACG] CCTTTRATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTARAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH47 AGAACGTA CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGARACTGGCCATGCTTARACTGTTTCCGCGTCTGGAAGARAATGGGTGCA
48HH45 AGARCGTA CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGARAACTGGCCATGGTTAAACTGTTTCCGCGTCTGGAAGARAATGGGTGCA
48HH36 AGAACGTR CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGETTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
4BHH38 AGAACGTA CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH44 AGRACGYF CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGECCATGETTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH39 AGAACGTF CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGARACTGEGCCATGEGTTARACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH29 AGARCGT] CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGARACTGEGCCATGEGTTARACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH46 AGAACGT CTTTRAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTAAACTGTTTCCGCGTCTGGAAGAARTGGGTGCR
48HH28 AGARCGET CCTTTRATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTARACTGTTTCCGCGTCTGEGAAGAAATGGGTGCAR
48HH30 AGAACGTR CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGARACTGGCCATGGTTARACTGTITTCCGCGTCTGGAAGAAATGGGTGCA
48HH37 AGAACGTA CTTTAATATGCCGGTITCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTARACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH34 AGAACGT CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH40 AGAACGTA CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH31 AGAACGTA CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGEGCCATGETTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
48HH32 AGAACGT CTTTAATATGCCGGTTCAGGGCACCGCAGCAGATCTGATGAAACTGGCCATGGTTAAACTGTTTCCGCGTCTGGAAGAAATGGGTGCA
Clustal Consensus V783(GT13
5 1530 1540 1550 1560 1570 1580 1590 1600

e . R R R B B Y I B ey PR P I B TN N O |
KTQ pol cgtatgctgetgea Fatgatgaactggtgcectggaagcaccgaaagaacgtgcagaagcagttgoccegtetggocaaaagaagttatggaaggegttt
48HH35 CGTATGCTGCTGCA CATGATGAACTGGTGCTGGARAGCACCGARAGAACGTGCAGAAGCAGTTGCCCGTCTGGCAAAAGAAGTTATGGRAAGGCGTTT
48HH33 CGTATGCTGCTGCA TEATGATGAACTGGTGCTGGARAGCACCGARAGAACGTGCAGARGCAGTTGCCCGCCTGGCAAARGARGTTATGGARGGCGTTT
48HH47 CGTATGCTGCTGCA TEATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGARGCAGTTGCCCGTCTGGCAAARGAAGTTATGGARGGCGTTT
48HHA45 CGTATGCTGCTGCAQGTTEATGATGARCTGGTGCTGGARGCACCGARAGAACGTGCAGAAGCAGTTGCCCGTCTGGCARAAGARGTTATGGARAGGCGTTT
48HH36 CGTATGCTGCTGCAQGTTEATGATGARCTGGTGCTGGARGCACCGARAGAACGTGCAGAAGCAGTTGCCCGTCTGGCARAAGARGTTATGGAAGGCGTTT
48HH38 CGTATGCTGCTGCAQGTTEATGATGARCTGGTGCTGGARGCACCGARAGAACGTGCAGAAGCAGTTGCCCGTCTGGCARAAGARGTTATGGARAGGCGTTT
48HH44 CGTATGCTGCTGCAHGTTEATGATGARCTGGTGCTGGAAGCACCGARAGAACGTGCAGRAAGCAGTTGCCCGTCTGGCARRAAGARGTTATGGRAGGCGTTT
48HH39 CGTATGCTGCTGCAQGTTLATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGAAGCAGTTGCCCGTCTGGCRAARAGRAAGTTATGGAAGGCGTTT
4BHH29 CGTAIGCTGCTGC;EEETJATGATGAACTGGTGCTGGAAGCACCGAAAGAACGTGCAGAAGCAGTTGCCCGTCTGGCAAAAGAAGTTATGGAAGGCGTTT
4BHH46 CGTATGCTGCTGC TEATGATGAACTGGTGCTGGARGCACCGAAAGAACGTGCAGAAGCAGTTGCCCGTCTGGCAAAAGAAGTTATGGARGGCGTTT
4B8HH28 CGTATGCTGCTGCAQGGTLATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGARGCAGTTGCCCGTCTGGCARRAGAAGTTATGGARGGCGTTT
48HH30 CGTATGCTGCTGCAQGTTEATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGARGCAGTTGCCCGTCTGGCAARAGAAGTTATGGARGGCGTTT
48HH37 CGTATGCTGCTGCAJGTTLATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGRRAGCAGTTGCCCGTCTGGCARRARAGAAGTTATGGARGGCGTTT
48HH34 CGTATGCTGCTGCAQGTTEATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGARGCAGTTGCCCGTCTGGCARARGAAGTTATGGAAGGCGTTT
48HH40 CGTATGCTGCTGC TEATGATGAACTGGTGCTGGAAGCACCGAAAGARCGTGCAGAAGCAGTTGCCCGTCTGGCARAAGAAGTTATGGARGGCGTTT
48HH31 CGTATGCTGCTGC TTEATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGAAGCAGTTGCCCGTCTGGCARRAGAAGTTATGGARGGCGTTT
4B8HH32 CGTATGCTGCTGCA FATGATGAACTGGTGCTGGAAGCACCGAAAGAACGTGCAGAAGCAGTTGCCCGTCTGGCAARAGAAGTTATGGAAGGCGTTT
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Figure S2.

Multiple sequence alignment of random 20 clones from the combinatorial library constructed through shuffling of 173 PCR active mutants. Wild type KlenTaq
DNA polymerase nucleotide sequence was also included in alignment. The mutational positions are labelled in single letter notation of amino acids with
their respective wild type codons in brackets. Black solid line boxes with red shade highlights the change of codons in respective clones. Note all the

positions got shuffled even for positions H639 and F667 with less number of active mutants. Ruler in the alignment is arbitrary number.
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Figure S3.
SDS-PAGE gel of affinity purified wild type KlenTag DNA polymerase and selected positive hits from allelic discrimination screening. Mutants were

labelled as M1, M2, M3, M4, M5, M6 and wild type KlenTag DNA polymerase as WT.
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Figure S4.

Primer extension assay of selected mutants purified to homogenity along with wild type KlenTag DNA polymerase. Mutants were labelled as M1, M2, M3,
M4, M5, M6 and wild type KlenTaq DNA polymerase as WT. 30nM purified enzymes were applied in matched (G) and mismatched (A) reaction containing
100uM dNTPs in 1X KlenTagq reaction buffer and the primer extension was stopped after 10min (Left). Plot showing the percentage of mismatched (A)
primer remain unextended in mismatch primer template reaction. Among mutants tested, mutant M4 had 40% of mismatch primer remained unextended

whereas WT had only 16% primer unextended. M4 was characterized further and named as Mut_ADL (Right).
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aacgtagcacdagegcagcagttetggaagecctgegtgaagecacatecgattgtggaaaaaattetgecagtategegaactgacqaaagtgaaaageac
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Figure S5.
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CGTATGCTGCTGCAGGTTCATGATGAACTGGTGCTGGAAGCACCGARAGAACGTGCAGARGCAGTTGCCCGTCTGGCARAAGARAGTTATGGARAGGCGTTT
cgtatgetgetgecaggttecatgatgaactggtgetggaagecaccgaaagaacgtgeagaageagttgecegtetggeaaaagaagttatggaaggegttt
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AtCCGCTGGCAGTTCCGCTGGAAGT TGRAAGTTGETATTGGTGAAGATTGGCTGTCTGCaAAAGaAtaall

atececgetggecagtteaegetggaagttgaagttggtattggtgaagattggetgtetgecaaaagaa

Multiple sequence alignment of wild type KlenTag DNA polymerase and Mut_ADL. The difference in nucleotide sequence at the target sites are marked in

red box with solid black line. The position of target residues that got mutated were marked above the red boxes. The numbering in alignment ruler are

arbitary.
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Figure S6. Sanger sequencing analysis of amplified products. The products that were amplified by respective enzymes (WT, Mut_ADL and Mut_RT)

were presented in sequence alignment. Section of electropherogram of sequencing reactions with forward primer [5-d(CTT GGT GAG ACT GGT AGA
CG)-3" (above sequence alignment) and reverse primer [5-d(TTA GAC CCA CCC CTC CTG GCG)-3"7 (below sequence alignment) respectively were
shown. A) WT — Amplificate from DNA dependent DNA synthesis B) Mut_ADL - Amplificate from DNA dependent DNA synthesis.
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Figure S7. Single nucleotide misinsertion assay for wild type KlenTaq DNA polymerase and Mut_ADL. The reaction (20 pl) contained 1X KlenTaq reaction
buffer, 250 nM template (5’-d(GAG GTA GCG AGA AAA GAA ACT GGA GAA ACT CGG TG)3"), 150 nM of 5’ radioactively labelled Match primer (5°-d(GTT
TCT CCA GTT TCT TTT CTC G)3’). After pre-incubation at 95°C for 2 min, the reaction mixture was cooled to 55°C. The reaction was performed in
presence of 10 nM of enzyme and individual all four nucleotides (0, 200, 400, 600, 1000 uM). The reactions were allowed to proceed for 10 min and
terminated with 2 volumes of stopping solution (80% [v/v] formamide, 20 mM EDTA, 0.25% [w/v] bromophenol blue, 0.25% [w/v] xylene cyanol). ‘P’ indicates

the unextended primer and ‘P + 1’ denotes the primer extended by one nucleotide, and so forth. Full-length gel is given in Supplementary Fig. S18.
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Figure S8. Improved allelic discrimination on different sequence context. (A) Sequence of employed primer-template pair. The 3’ end of primer either
terminates with a matched (G) or mismatched (A) nucleotide. Primer extension reaction was performed as indicated in material section for allelic
discrimination, by employing the indicated DNA substrates along with wild-type (WT) and mutant DNA polymerase Mut_ADL, respectively. Reactions were
stopped at different time points, as indicated. Full-length gel is given in Supplementary Fig. S19. (B, C) Real time PCR reaction (20 pl) contained 1X
KlenTaq reaction buffer, 200 yM dNTPs,50 mM betaine (Sigma), 50 nM Taq DNA polymerase aptamer [5’-d(CGA TCA TCT CAG AAC ATT CTT AGC GTT
TTG TTC TTG TGT ATG ATC G)3'] and 0.6X SYBR® Green | (Sigma). As template, 139nt [sequence of promoter region of Homo sapiens Nanog
homeodomain transcription factor (NANOG) gene]' 100 pM DNA template_1 (sequence in Supplementary Table S1) was used with 200 nM primer either
Match_case [5’-d(ATT ACA GGG GTG GGC CAC CG) 3] or Mismatch_case [5’-d(ATT ACA GGG GTG GGC CAC CA) 3] and 200 nM Rev_primer [5'-
d(GGT TCA CCA CGT TTC CAA CTT TTA AAT CAG G) 317 in two separate reactions. After an initial denaturation at 95°C for 1 min, two step thermal
cycling was repeated for 35 cycles (95°C for 10 s and 68°C for 60 s) and the reaction was analysed by real-time PCR curves and melting curve measurement
within the Light Cycler® 96 instrument (Roche). Real time PCR experiments with purified enzymes (200 nM), showing the discrimination property of (B)
wild-type KlenTaq DNA polymerase and (C) mutant DNA polymerase Mut_ADL respectively. Insert plot showing their corresponding melting peaks.
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cgtatgetgetgeaggttecatgatgaactggtgetggaageacegaaagaacgtgecagaageagttgecegtetggeaaaagaagttatggaaggegttt

1610 1620 1630 1640 1650 1660
T T T T T L T L e L
ATCCGCTGGCAGTTCCGCTGGAAGTTGRAAGTTGGTATTGGTGAAGATTGGCTGTCTGCaAARAGaAtaa

atcegetggeagttecgetggaagttgaagttggtattggtgaagattggetgtetgecaaaagaa

Nucleotide sequence alignment of wild type KlenTaq DNA polymerase and Mut_RT. Red boxes with solid black line marks the target sites of mutations

and the change in codon. The numbering in alignment ruler are arbitary. Position E734 marked in green box without border line, was not a target site for

mutagenesis and a silent mutation (A—G) had occurred during PCR ampilifcation.
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SDS-PAGE of Ni-NTA purified 6X-His tagged WT (left) and Mut_RT (middle).
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Figure S11.
Specific activities. (A) ANTP conversion rate plotted against the amount of Mut_RT applied on RNA template. dNTP conversion rate of Mut_RT (B) and
wild type KlenTag DNA polymerase (C) plotted against the amount of enzyme applied on DNA template. Error bars describe SD (n = 3).
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DNA_Template ACCTTAGACCCACCCCTCCTGGCGGGCACACCCCCTACTGACCCACCCTT
Mut_RT_Reverse_primer
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Mut_RT_Forward_primer
DNA_Template GTGAATTCTCAGTTAATCCCGTCTACCAGTCTCACCAAGGCC
Mut_RT_Reverse_primer ATTCTCAGTTAATCCCGTCTACCAG
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Mut_RT_Forward_primer GTGGTCGCTA

MS2_Template ATCGCTCGAGAACGCAAGTTCTTCAGCGAAAAGCACGACAGTGGTCGCTA
Mut_RT_Reverse_primer CTCGAGAACGCAAGTTCTTCAGCGAAAAGCACGACAGTGGTCGCTA
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Mut_RT_Forward_primer CATAGCGTGGTTCCATACTGGAGGTGAAATCACCGACAGCATGAAGTCCG
MS2_Template CATAGCGTGGTTCCATACTGGAGGTGAAATCACCGACAGCATGAAGTCCG
Mut_RT_Reverse_primer CATAGCGTG
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Figure S12. Sanger sequencing analysis of Mut_RT amplified products. A) Amplificate from DNA dependent DNA synthesis was presented in
sequence alignment. Section of electropherogram of sequencing reactions with forward primer [5'-d(CTT GGT GAG ACT GGT AGA CG)-3'] (above
sequence alignment) and reverse primer [5-d(TTA GAC CCA CCC CTC CTG GCG)-3'] (below sequence alignment) respectively were shown. B)
Amplificate from RNA dependent DNA synthesis. Sequenced with primers RT_For (forward primer) and RT_Rev (Reverse primer) of MS2 template.



Figure S13 (Full image of 4A)
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Figure S14 (Full image of 5C)




Figure S15 (Full image of 5E)
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Figure S16 (Full image of 6B)
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Figure S17 (Full image of 6D)




Figure S18 (Full image of S7)
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Figure S19 (Full image of S8)
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