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Table S1: Primer Sequences

5’ Xbal pBla:

3’ Kpnl AmpR:

5’ AmpR mid-Spe-Hind:
3’ AmpR mid-Spe-Hind:

5-Xbal C4-20G-GFP:
3-Hind 11l C4-20G-GFP:
3-HindIll C4-20T-GFP:
5-Xbal C4-20E-GFP:
3-Hind 11l C4-20E-GFP:

ResGin-cat fol priml:
3-ZF SS-AXEX prim2:

5'-CACCACTCTAGAACCCCTATTTGTTTATTTTTC-3"'
5'-CACCACGGTACCTTACCAATGCTTAATCAGTG-3"'
5'-ACTAGTCACCACCACAAGCTTACTTACTCTAGCTTCCCGGCAAC-3"'
5' -TAAGCTTGTGGTGGTGACTAGTTAGTTCGCCAGTTAATAGTTTG-3"'

5' -TTAATTAAGAGTCTAGAGCGGGAGGCGTGTCCAAAACCATGGTTTACAGCACGCCTCCCGCAGATCTAGGAGGAATTTAAAATGAG-3!
5'-ACTGACCTAGAGAAGCTTGCGGGAGGCGTGCTGTAAACCATGGTTTTGGACACGCCTCCCGCCTGCAGTTATTTGTACAGTTCATC-3"
5' -ACTGACCTAGAGAAGCTTGCGGGAGGCGTGCGAAATATTATAAATTATCACACGCCTCCCGCCTGCAGTTATTTGTACAGTTCATC-3!
5'-TTAATTAAGAGTCTAGAGCGGGAGGCGTGGTGAGCACCATGGAGCTGGCCACGCCTCCCGCAGATCTAGGAGGAATTTAAAATGAG-3"
5' -ACTGACCTAGAGAAGCTTGCGGGAGGCGTGGCCAGCTCCATGGTGCTCACCACGCCTCCCGCCTGCAGTTATTTGTACAGTTCATC-3!

5'-ACCACGATGACTGACCTAGAGCTCAGGAGGAATTTAAAATGCTGATTGGCTATGTAAGGG-3 !
5'-CAGTATCACCTCGAGGAATTCTCTAGAGGCGCGCCTTATTGGCCGGCCTGGCCACTAG-3"
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Supporting Information Figure S1: Sequences of Evolved Gin Variants on GE Substrate
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Gin MLIGYVRVSTNDQNTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMKHL ISI
GinL7CML1GYVRVSTNGQSTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHLISI
Gin-GE1 (9ML IGYVRVSTSDQSTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSEKHLISI
Gin-GE8 (5 ML 1GYVRVSTNDONTDLQRNALVCAGCEQI FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMEHL1SI
Gin-GE9 (HML 1GYVRVSTSDQSTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSEKHL IS
Gin-GE13(4MLIGYVRVSTNDONTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMEHL 1SI
Gin-GE17MLIGYVRVSTNDONTDLQRNALVYAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMKHL ISI
Gin-GE20 (ML 1GYVRVSTNDQNTDLQRNALVCAGCEQI FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSYKHLISI
Gin-GE24 (ML 1IGYVRVSTNDONTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMKHL S|
Gin-GE27 (ML 1GYVRVSTNGQNTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSEKHL I S|
Gin-GE3IML IGYVRVSTNGONTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMEHLISI
ConsensusML IGYVRVSTNDQNTDLQRNALVCAGCEQ I FEDKLSGTRTDRPGLKRALKRLQKGDTLVVWKLDRLGRSMKHL1SI
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Gin LVGELRERG INFRSLTDSIDTSSPMGRFFFYVMGALAEMEREL IIIERTMAGLAAARNKGR | GGRPPKSGSGEKPY-
GinL7C7_VGELRERG INFRSLTDSYDTSSPMGRFFFHVMGALAEMEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY-
Gin-GE1 (9LVGELRERG INFRSLTDSIDTSSPMGRFFFYVMGALAEMEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY:
Gin-GE8 (5)_VGELRERG I NFRSL TDSEDMSSPMGRFFFYVMGALAEMEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY-
Gin-GE9 (4)_VGELRERG INFRSLTDS IDTSSPMGRFFFYVMGALAEMEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY]
Gin-GE13 (4)LVGELRERG INFRSL TDSEDMSSPMGRFFFYVMGALAEMEREL 1 IERTMAGLAAARNKGR I GGRPPKSGSGEKPY]
Gin-GE17_VGELRERG INFRSLTDS IDTPSPMGRFFFYVMCALAEMEREL IMERTMAGLAAARSKGR I GGRPPKSGSGEKPY|
Gin-GE20 (2)LVGELRERG INFRSLTDSIDTSSPMGRFFFYVTGALAEMEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY|
Gin-GE24 (2)LVGELRERG INFRSLTDS IDTSSPMGRFFFYVMGALAEMERGL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY]
Gin-GE27 (2)LVGELRERG INFRSLTDSIDTSSPMGRFFFYVMGALAEMEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEKPY]
Gin-GE31LVGELRERG IHFRSLTDSIDTSSPMGRFFFYVMGALAEMEREL IIERTMAGLAAARNKGR I GGRPPKSGSGEKPY]
Consensut. VGELRERGINFRSLTDS IDTSSPMGRFFFYVMGALAEMEREL I IERTMAGLAAARNKGRI GGRPPKSHG_’SGﬁYI
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Figure S1. Individual sequences of isolated variants from round 3 of evolutions of the Gin catalytic
domain on the GE substrate, as shown in Figure 4. The number in parentheses indicates the number of
sequenced colonies in which that particular sequence was repeated. The activities of Gin-GE1 and Gin-
GES8 were tested independently, as shown in Figure 5A. Several mutations were repeated and/or similar
in chemistry and are highlighted in Figure 6. Additionally, many selected residues showed chemical
homology to mutations selected in previous evolutions, such as those in the GinL7C7 variant (D12G,
N14S, M70V/L, 194V/L, M114V) (10).
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Supporting Information Figure S2: Sequences of Evolved GinL7C7 Variants on EE Substrate
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GinL7C7ML IGYVRVSTNGQSTDLQRDALVCAGCEQI FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHL IS
GinL7C7-EEIML IGYVRVSTNGQSTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHL IS
GinL7C7-EE2ML IGYARVSTNGQSTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHL IS
GinL7C7-EEML IGYARVSTNGQSTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQEGDTLVVWKLDRLGRSVKHL IS
GinL7C7-EEAML 1GYARVSTNGQSTDLQRDALVCAGCEQI FEDKLSGTRTDRPGLERALERLQKGDTLVVWKLDRLGRSVRHLIS
GinL7C7-EESML IGYVRVSTNGQRTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHL IS
GinL7C7-EEBML IGYVRVSTNGQSTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHL IS
GinL7C7-EETML 1GYVRVSTNGQSTDLQRDALVCAGCGQI FEDKLSGTRTDRPGLKRALERLQRGDTLVVWKLDRLGRSVKHL 1S
GinL7C7-EESML IGYVRVSTNGQSTDLQRDALVCAGCEQ I FEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHLIS

MLIGYVRVSTNGQSTDLQRDALVCAGCEQIFEDKLSGTRTDRPGLKRALERLQKGDTLVVWKLDRLGRSVKHLIS
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GinL7C7SLVGELRERG INFRSLTDSVDTSSPMGRFEFHVMGALAEVEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEMPY
GinL7C7-EESLVGELRERGINFRSLTDRVDPSSPMGRFEFHVMGALAEVEREL I IERTMAGLAAARNKGR I GGRPPKSGSGERPY
GinL7C7-EESLVGELRERG INFRSLTDSVDTSSPMGRFEFHVTGALAEVEREL IIIERTMAGLAAARNKGR I GGRPPKSGSGEMPY
GinL7C7-EEBLVGELRERG INFRSLTDCVNTSSPMGRFFFHVMGALAEVEREL IMERTMAGLAAARSKGR | GGRPPKSGSGEMPY
GinL7C7-EEASLVGELRERG INFRSLTDSVDTSSPMGRFEFHVTGALAEVEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEMPY
GinL7C7-EES|L VGELRERG INFRSLTDSVDTSSPMGRFSFHVMGALAEVEREL I IERTMAGLAAARNKGR I GGRPPKSGSGEMPY
GinL7C7-EE6SLVGELRGRG INFRSLTDSVDTSSPMGRFCFHVMGALAEVEREL IIIERTMAGLAAARNKGR I GGRPPKSGSGEMPY
GinL7C7-EEBLVGELRERG INFRSLTDSVDTSSPMGRFCFHVMGALAEVEREL IMERTMAGLAAARNKGR I GGHPPKSGSGEMPY
GinL7C7-EESLVGELRERG I DFRSLTDSVDMSSPMGRFEFHVMGALAEVEREL I EERTMAGLAAARNKGR I GGRPPKSGSGEMPY

SLVGELRERGINFRSLTDSVDTSSPMGRFFFHVMGALAEVERELIIERTMAGLAAARNKGRIGGRPPK§$§GEM§Y
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Figure S2. Individual sequences of isolated variants from round 3 of evolutions of the GinL7C7
catalytic domains on the EE substrate, as shown in Figure 4. All sequences were unique among the
colonies that were sequenced. The activities of GinL7C7-EE2 and GinL7C7-EE3 were tested
independently, as shown in Figure 5B. Several mutations were repeated and/or similar in chemistry and
are highlighted in Figure 6.
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Table S2: Summary of Mutations Conserved Among the Serine Recombinase Family

Gin-GE Gin-GE GinL7C7 GinL7C7-EE
total sequences | unique sequences unique sequences
V6A - - - 3/8
N11S 13/30 2/9 - -
N14S 13/30 2/9 X NA
N20D --- --- X NA
K50E - - X NA
M70L/V 17/30 4/9 X NA
N86H 1/30 1/9 1/8 (N86D)
DI5N 1/8
M114V 2/30 1/9 X NA
1120V 1/30 1/9 --- 2/8
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