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Figure S1. Intact protein mass spectra of SSB mutants made with TMSK after cleavage with TEV protease. The calculated masses are shown in red. (a) SSB Q16/TMSK. (b) SSB P24/TMSK expressed with 2 mM TMSK. The additional peak at 19669.57 Da corresponds to glutamine suppression (expected mass is 19669.72 Da). (c) SSB P24/TMSK expressed with 3 mM TMSK, which eliminated the glutamine suppression peak. 
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Description automatically generated]Figure S2. Intact protein mass spectra of SSB P24/TMSNK expressed in growth medium supplied with (a) 2 mM TMSNK, and (b) 4 mM TMSNK. The calculated masses are shown in red. The calculated mass for glutamine in place of TMSNK is 20549.63 Da. The mass spectra were recorded prior to cleavage with TEV protease. All NMR spectra in this work were recorded after cleavage with TEV protease, but mass spectra were not repeated for all cleaved products to minimize the chance of protein precipitation during storage.
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Figure S3. Intact protein mass spectra of SSB mutants made with fluorinated ncAAs. The calculated masses are shown in red. (a) SSB Q16/TFAK (recorded after cleavage with TEV protease). (b) SSB F60/mCF3Phe (prior to TEV cleavage). (c) SSB W54/4FTrp (before TEV cleavage). The peak at 20,553.82 Da is indicative of the incorporation of two 4FTrp residues. (d) SSB W54/5FTrp (before TEV cleavage). (e) SSB W54/6FTrp (before TEV cleavage). The calculated mass for glutamine in place of 6FTrp is 20460.53 Da. (f) SSB W54/7FTrp (after TEV cleavage). (g) SSB Y22/2,6-diFTyr (after TEV cleavage). (h) SSB Y22/3,5-diFTyr (before TEV cleavage). The mass calculated for glutamine instead of the ncAA is 20483.57 Da. (i) SSB F60/3,5-diFPhe (after TEV cleavage). (j) SSB F60/3,5-diFPhe (before TEV cleavage).






Table S1. Mutations found in twelve G1PylRS variants selected for activity with 2,6-diFTyr and 3,5-diFTyr.
	RS Variants
	Randomized Sites
	　

	G1PylRS wild-type
	L124
	Y125
	N165
	V167
	Y204
	A221
	W237

	26dFY16
	A
	C
	T
	C
	F
	V
	L

	26dFY25
	L
	F
	A
	F
	F
	S
	L

	26dFY36
	L
	Y
	A
	F
	F
	S
	L

	26dFY40
	L
	L
	V
	F
	W
	S
	I

	26dFY56a
	C
	M
	T
	F
	W
	S
	S

	35dFY05a
	L
	Y
	A
	V
	Y
	A
	R

	35dFY06
	L
	Y
	A
	V
	Y
	A
	R

	35dFY19
	L
	Y
	A
	V
	Y
	A
	R

	35dFY23
	L
	Y
	A
	V
	Y
	A
	R

	35dFY35
	L
	Y
	A
	V
	Y
	A
	R

	35dFY41
	L
	Y
	A
	V
	Y
	A
	R

	35dFY42
	L
	Y
	A
	V
	Y
	A
	R



a The mutants 26dFY56 and 35dFY05 were used for all following applications and named G1-2,6-diFTyrRS and G1-3,5-diFTyrRS, respectively.


Table S2. DNA and corresponding amino acid sequences of the proteins used in the current work.1

	Protein
	DNA sequence
	Amino acid sequence

	SSB-Tev-His61
	ATGGCCAGCAGAGGCGTAAACAAGGTTATTCTCGTTGGTAATCTGGGTCAGGACCCGGAAGTACGCTACATGCCAAATGGTGGCGCAGTTGCCAACATTACGCTGGCTACTTCCGAATCCTGGCGTGATAAAGCGACCGGCGAGATGAAAGAACAGACTGAATGGCACCGCGTTGTGCTGTTCGGCAAACTGGCAGAAGTGGCGAGCGAATATCTGCGTAAAGGTTCTCAGGTTTATATCGAAGGTCAGCTGCGTACCCGTAAATGGACCGATCAATCCGGTCAGGATCGCTACACCACAGAAGTCGTGGTGAACGTTGGCGGCACCATGCAGATGCTGGGTGGTCGTCAGGGTGGTGGCGCTCCGGCAGGTGGCAATATCGGTGGTGGTCAGCCGCAGGGCGGTTGGGGTCAGCCTCAGCAGCCGCAGGGTGGCAATCAGTTCAGCGGCGGCGCGCAGTCTCGCCCGCAGCAGTCCGCTCCGGCAGCGCCGTCTAACGAGCCGCCGATGGACTTTGATGATGACATTCCGTTCGAAAACCTGTATTTTCAGGGCCACCATCACCATCACCATTAA

	MASRGVNKVILVGNLGQDPEVRYMPNGGAVANITLATSESWRDKATGEMKEQTEWHRVVLFGKLAEVASEYLRKGSQVYIEGQLRTRKWTQSGQDRYTTEVVVNVGGMQMLGGRQGGGAPAGGNIGGGQPQGGWGQPQQPGGNQFSGGAQSRPQQSAPAAPSNEPPMDFDDDIPFENLYFQGHHHHHH
                       

	G1-2,6-diFPheRS
	ATGGTGGTGAAATTTACCGATAGCCAGATTCAGCATCTGATGGAATATGGTGATAATGATTGGAGCGAAGCCGAATTTGAAGATGCAGCAGCACGTGATAAAGAATTTAGCAGCCAGTTTAGCAAACTGAAAAGCGCCAATGATAAAGGCCTGAAAGATGTTATTGCAAATCCGCGTAATGATCTGACCGATCTGGAAAACAAAATTCGCGAAAAACTGGCAGCCCGTGGTTTTATTGAAGTTCATACCCCGATTTTTGTGAGCAAAAGCGCACTGGCAAAAATGACCATTACCGAAGATCATCCGCTGTTCAAACAGGTGTTTTGGATTGATGATAAACGTGCACTGCGTCCGATGCATGCAATGAATTGTATGAAAGTTATGCGTGAACTGCGCGATCATACCAAAGGTCCGGTTAAAATCTTTGAAATTGGTAGCTGCTTTCGCAAAGAAAGCAAAAGCAGTACCCATCTGGAAGAATTTACCATGCTGACCCTGTTCGAAATGGGTCCTGATGGTGATCCGATGGAACATCTGAAAATGTATATTGGCGATATCATGGATGCCGTTGGTGTTGAATATACCACCAGTCGTGAAGAATCAGATGTTTGGGTTGAAACCCTGGACGTGGAAATTAATGGCACCGAAGTTGCAAGCGGTAGTGTTGGTCCGCATAAACTGGATCCGGCACATGATGTGCATGAACCGAGTGCAGGTATTGGTTTTGGTCTGGAACGTCTGCTGATGCTGAAAAATGGTAAAAGCAATGCACGCAAAACCGGCAAAAGTATTACCTATCTGAATGGCTACAAACTGGATTAA

	MVVKFTDSQIQHLMEYGDNDWSEAEFEDAAARDKEFSSQFSKLKSANDKGLKDVIANPRNDLTDLENKIREKLAARGFIEVHTPIFVSKSALAKMTITEDHPLFKQVFWIDDKRALRPMHAMNCMKVMRELRDHTKGPVKIFEIGSCFRKESKSSTHLEEFTMLTLFEMGPDGDPMEHLKMYIGDIMDAVGVEYTTSREESDVWVETLDVEINGTEVASGSVGPHKLDPAHDVHEPSAGIGFGLERLLMLKNGKSNARKTGKSITYLNGYKLD

	G1-3,5-diFPheRS
	ATGGTGGTGAAATTTACCGATAGCCAGATTCAGCATCTGATGGAATATGGTGATAATGATTGGAGCGAAGCCGAATTTGAAGATGCAGCAGCACGTGATAAAGAATTTAGCAGCCAGTTTAGCAAACTGAAAAGCGCCAATGATAAAGGCCTGAAAGATGTTATTGCAAATCCGCGTAATGATCTGACCGATCTGGAAAACAAAATTCGCGAAAAACTGGCAGCCCGTGGTTTTATTGAAGTTCATACCCCGATTTTTGTGAGCAAAAGCGCACTGGCAAAAATGACCATTACCGAAGATCATCCGCTGTTCAAACAGGTGTTTTGGATTGATGATAAACGTGCACTGCGTCCGATGCATGCAATGAATCTGTATAAAGTTATGCGTGAACTGCGCGATCATACCAAAGGTCCGGTTAAAATCTTTGAAATTGGTAGCTGCTTTCGCAAAGAAAGCAAAAGCAGTACCCATCTGGAAGAATTTACCATGCTGGCCCTGGTCGAAATGGGTCCTGATGGTGATCCGATGGAACATCTGAAAATGTATATTGGCGATATCATGGATGCCGTTGGTGTTGAATATACCACCAGTCGTGAAGAATCAGATGTTTATGTTGAAACCCTGGACGTGGAAATTAATGGCACCGAAGTTGCAAGCGGTGCGGTTGGTCCGCATAAACTGGATCCGGCACATGATGTGCATGAACCGAGGGCAGGTATTGGTTTTGGTCTGGAACGTCTGCTGATGCTGAAAAATGGTAAAAGCAATGCACGCAAAACCGGCAAAAGTATTACCTATCTGAATGGCTACAAACTGGATTAA

	MVVKFTDSQIQHLMEYGDNDWSEAEFEDAAARDKEFSSQFSKLKSANDKGLKDVIANPRNDLTDLENKIREKLAARGFIEVHTPIFVSKSALAKMTITEDHPLFKQVFWIDDKRALRPMHAMNLYKVMRELRDHTKGPVKIFEIGSCFRKESKSSTHLEEFTMLALVEMGPDGDPMEHLKMYIGDIMDAVGVEYTTSREESDVYVETLDVEINGTEVASGAVGPHKLDPAHDVHEPRAGIGFGLERLLMLKNGKSNARKTGKSITYLNGYKLD


1 The TEV protease recognition site and His6 tag are highlighted in blue and red, respectively. The arrow identifies the TEV cleavage site in the protein.
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