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Table S1. List of all the primers used in this study.
	
	Primer name
	Sequence

	1
	But BamHI Fwd
	5‘-CCCCCCGGATCCATCCGTGATGATTTTCTGCGTCTG-3‘

	2
	But HindIII Rev
	5‘-CCCCCCAAGCTTTTAAACGCTAAAACCGGCATGCAG-3‘

	3
	Butelase AY Fwd
	5‘-CAGCTGGgcgtacTATTGTCCGCTGCAG-3‘

	4
	Butelase AY Rev
	5‘-CAATAgtacgcCCAGCTGCTTTCACCGGTATCG-3‘

	5
	Δ24 ASN NdeI Fwd
	5‘-TTTTCATATGCTACCGAACACCGGTGTGGCAGAAGCAGC-3‘

	6
	Δ24 ASN XhoI Rev
	5‘-GGGGCTCGAGTTAGGCTTCAGGTTCGTAGTCTTGATAC-3‘

















[bookmark: _Hlk171081332]Table S2. List of calculated and experimental average molecular masses of peptides and proteins used in this study. FAM, MetAla, Aib, and NorVal indicate 5(6)-carboxyfluorescein, N-methyl-L-alanine, -aminoisobutyric acid, and L-norvaline, respectively.
	Peptide/protein
	Calculated average molecular masses (Da)a
	Experimental average molecular masses (Da)

	GLPVSTKPVATRNHV
	1575.83
	1576.56

	GLGKYb
	535.63
	536.42

	GVGKYb
	522.60
	523.10

	G(MetAla)GKYb
	507.58
	509.33

	G(Aib)GKYb
	507.58
	508.33

	G(NorVal)GKYb
	521.61
	522.37

	YKLANGL
	777.92
	777.81

	YKVINHV
	872.03
	872.16

	FAM-GKYINHV
	1187.27
	1188.96

	Δ24_ASN
	11,911.11
	11,911.80

	GFPc 
	27,848.28
	27,848.68

	Butelase AYd
	38,002.50
	d

	OaAEP1_C247Ad
	33,814.28
	d


a Masses were calculated using the ExPASy tool, https://web.expasy.org, and ChemDraw Ultra 7.0 software.
b Peptide is amidated at the C-terminus.
c The amino acid sequence of the full protein is provided in Figure S1. Note that the molecular mass of the maturated GFP is lower by 20.03 Da compared to the amino acid sequence due to fluorophore formation.
d Cleavage occurs at multiple sites and the resultant purified enzyme is a mixture of different constructs having very similar masses.








Table S3. List of calculated and experimental average molecular masses of ligation products obtained in this study. FAM, MetAla, Aib, and NorVal indicate 5(6)-carboxyfluorescein, N-methyl-L-alanine, -aminoisobutyric acid, and L-norvaline, respectively.
	Peptide/protein
	Calculated average molecular masses (Da)a
	Experimental average molecular masses (Da)

	GLPVSTKPVATRN (cyclic)
	1321.56
	1320.16

	FAM-GKYIN-GFPc
	29,973.63
	29,979.46

	FAM-GKYINGVGKYb
	1455.58
	1456.15

	FAM-GKYIN-Δ24_ASN
	12,845.11
	12,848.10

	YKVINGVGKYb
	1139.34
	1139.87

	YKVINGLGKYb
	1154.37
	1155.85

	YKVINGIGKYb
	1154.37
	1156.21

	YKVING(MetAla)GKYb
	1125.32
	1126.21

	YKVING(Aib)GKYb
	1125.32
	1126.18

	YKVING(NorVal)GKYb
	1139.35
	1139.89

	YKLANGLGKYb
	1125.32
	1126.04

	YKLANGVGKYb
	1111.29
	1113.40

	YKLANGIGKYb
	1125.32
	1126.32

	YKLANG(MetAla)GKYb
	1097.27
	1097.56

	YKLANG(Aib)GKYb
	1097.27
	1097.28

	YKLANG(NorVal)GKYb
	1111.29
	1112.10


a Masses were calculated using the ExPASy tool, https://web.expasy.org and ChemDraw Ultra 7.0 software.
b The peptide is amidated at the C-terminus.
c Note that the molecular mass of the maturated GFP is lower by 20.03 Da compared to the amino acid sequence due to fluorophore formation.








a)
[image: ] 
b) Amino acid sequence of GFP used in this study:
GLPHHHHHHSRKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERTISFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKNGIKANFKIRHNIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGLVPRGSTRNAL

Note: The molecular mass of GFP decreases by 20.03 Da after fluorophore formation. 

c) Amino acid sequence of Δ24_ASN used in this study:
GVAEAAGKTKEGVLYVGSKTKEGVVHGVATVAEKTKEQVTNVGGAVVTGVTAVAQKTVEGAGSIAAATGFVKKDQLGKNEEGAPQEGILEDMPVDPDNEAYEMPSEEGYQDYEPEA

Figure S1. (a) Multiple sequence alignment of amino acid sequences for Butelase AY and OaAEP1_C247A. Both signal peptide and prodomain (cap) region sequences are included in the sequence alignment. The mutated gate-keeping residues V237A and T238Y are represented by bold letters and stars. Different colors represent the physiochemical properties of amino acids. Red colors present small and hydrophobic, blue presents acidic, magenta indicates basic, and green shows hydroxyl, sulfhydryl, and amine residues. Amino acid sequences of expressed proteins (b) GL-GFP and (c) Δ24_ASN. 
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Figure S2. The comparison of crystal structures of butelase 1 (PDBID: 6DHI, blue color) and OaAEP1 (PDBID: 5H0I, sandy color) in a channel region of both enzymes. Highlight presents three amino acid residues discussed in this study, gatekeeper position (Val237/Cys247) and gatekeeper neighboring residues Thr238/Tyr248 and Trp236/Trp246. UCSF Chimera 1.13.1 was used to visualize structures.
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Figure S3. SDS gel profile of purified Butelase AY enzyme (MW 38,002 Da). It was expressed and purified from E. coli by Ni2+-NTA affinity purification followed by desalting on PD-10 columns. The final activation was reached after 6 h.
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Figure S4. SDS gel profile of purified OaAEP1_C247A enzyme (MW 33,814.28 Da). It was expressed and purified from E. coli by Ni2+-NTA affinity purification followed by desalting on PD-10 columns.




















Figure S5.  A comparison of RP-HPLC profiles of no enzyme (red) and Butelase AY-catalyzed (black) reaction a) between YKVINHV and GLGKY peptides, b) cyclization of peptide GLPVSTKPVATRNHV. See Figure 2c and 2e for the experimental details.
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[bookmark: _Hlk182912082][bookmark: _GoBack]Figure S6. The Michaelis–Menten plot for the cyclization of GLPVSTKPVATRNHV at different concentrations ranging from 0.1 mM to 5 mM. Assays were performed twice (points are averaged) at 37°C for 60 min with 25 μM Butelase AY. These are preliminary results, and additional kinetic studies should to be done for the complete characterization of the kinetic parameters of Butelase AY.















Figure S7. RP-HPLC profiles for the ligation reaction of model peptides, a peptide mixture of 0.25 mM N-terminal YKLANHV and 0.5 mM C-terminal G*GKY, where * indicates leucine (a), valine (b), Aib (c), MetAla (d), and NorVal (e) with 25 μM butelase AY monitored during the reaction at 37°C after 1 h. YKVIN is the hydrolysis product. Peptides (substrates and products) were separated on a C18 column (250 mm×4.6 mm, 5.0 μm) in the gradient of 5−35% of MeCN in 40 min and 35−85% of MeCN in the next 20 min, and absorbance was recorded at 220 nm.


Figure S8. RP-HPLC profile for the ligation reaction of model peptides, a peptide mixture of 0.25 mM N-terminal YKLANGL and 0.5 mM C-terminal G*GKY-NH2, where * indicates leucine (A), valine (B), Aib (C), MetAla (D), NorVal (E) with 25 μM OaAEP1_C247A monitored during the reaction at 37°C after 1 h. YKLAN-OH is the hydrolysis product. Peptides (substrates and products) were separated on a C18 column (250 mm×4.6 mm, 5.0 μm) in the gradient of 5−35% of MeCN in 40 min and 35−85% of MeCN in the next 20 min, and absorbance was recorded at 220 nm.



Figure S9. A comparison of RP-HPLC profiles of no enzyme (red) and OaAEP1_C247A catalyzed (black) reaction between YKLANG and a) G(MetAla)GKY, b) G(Aib)GKY, c) and G(NorVal)GKY peptides after 24 h of reaction. See Figure 4 for the experimental details. 
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