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Interaction of D-Ala in the class A active site
The D-Ala molecule is well-fitted into the electron density map of the class A active site (Supplementary Fig. S5a online). When D-Ala was modeled in the class A active site (Data Ⅰ), the Ala substrate exhibited an orientation parallel to the PLP pyridine ring, similar to that of L-Ala. One carboxyl oxygen, located 3.1 Å away from O3A, occupied nearly the same position as the corresponding atom in L-Ala. However, the other carboxyl oxygen was positioned 0.3 Å closer to the mainchain amide of Met320′. The Cα atom of D-Ala was located 4.2 Å from the C4A atom of PLP. Notably, the Cα atom of D-Ala was positioned 0.6 Å nearer Tyr272′ compared to that of L-Ala; the amine group of D-Ala was positioned 3.0 Å away from Tyr291′. Binding of the D-Ala substrate was further stabilized through additional hydrogen bonds with the sidechains of Lys39, Tyr272′, Thr319′, and the O3A atom of PLP (Supplementary Fig. S5a online).

Interaction of D-Ala in the class A′ active site
In three A′ classes, the electron density map of the active site in classes A′ (Data Ⅰ) and A′ (Data Ⅱ) aligned well with D-Ala (Supplementary Fig. S5b, c online). In the active site of class A′ (Data Ⅰ), the carboxylate group of D-Ala interactions with Arg139, Tyr272′, Met320′, and O3A atom of PLP in the active site were identical to those observed for the corresponding L-Ala, as the carboxylate groups of the D-Ala molecule closely matched its L-Ala counterparts. The carboxyl oxygen and Cα atoms of D-Ala were 3.2 Å and 3.4 Å away from the O3A and C4A atoms of PLP, respectively. When observed along the Ala C-Cα axis, from Cα toward the carboxyl carbon atom, the amine group of class A′ (Data Ⅰ) D-Ala exhibited a 70° clockwise rotation compared to that of L-Ala. This resulted in the amine group of class A′ D-Ala (Data Ⅰ) being positioned 3.8 Å away from Tyr272′, while the amine group of the modeled L-Ala was 3.3 Å away from Tyr272′ (Supplementary Fig. S5b online). 
When D-Ala was modeled into the active site of class A′ (Data Ⅱ), one of the carboxyl oxygen atoms was positioned 3.0 Å away from the PLP O3A atom, while the Cα atom was located 3.3 Å away from the PLP C4A atom. The carboxylate group formed similar interactions with Arg139, Met320′, and PLP O3A as those observed for L-Ala. Similar to class A′ (Data Ⅰ), the amine group rotated 40° compared to L-Ala, while still interacting with Tyr272′ (Supplementary Fig. S5c online). Both D-Ala molecules in the class A′ had carboxylate groups in identical positions, but the Cα in class A′ (Data Ⅱ) was positioned 0.5 Å closer to Tyr272′ (Supplementary Fig. S5b, c online).
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[bookmark: _Hlk178583691]Supplementary Figure S1. Schematic drawing of the data collection for the reaction state of BsAlr. (a) XFEL data collection scheme of BsAlr crystals with L-Ala substrates in a fixed-target sample holder. Each crystal was exposed to X-rays only once. Splitting of the collected dataset into three sets provided information on the conformational changes of BsAlr. (b) A scheme illustrates the different reaction states of BsAlr over time, during data collection. 
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Supplementary Figure S2. The 2Fo-Fc electron density maps at the active sites of the BsAlr from Data Ⅰ, Ⅱ and Ⅲ. For some unclear maps, we did not fit the Ala substrates. The electron density maps are contoured at 1σ (blue mesh). The electron density maps for PLP, Arg139, Tyr291′ and substrate binding site are represented. The active site residues of Data Ⅰ, Ⅱ and Ⅲ are shown in sticks. The O, P, and N atoms are colored in red, orange and blue, respectively. Near active site residues are omitted for clarity including Lys39, Tyr272′.
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[bookmark: _Hlk178587942]Supplementary Figure S3. The active site structure of the BsAlr-RT (PDB ID: 8ZPE) and the BsAlr-100K (PDB ID: 6Q71). (a) The 2Fo-Fc electron density maps (contoured at 1σ) at the pyridoxal-5′-phosphate (PLP) of the BsAlr-RT and (b) BsAlr-100K. All atoms of the pyridine ring are labeled. (c) Active site residues of BsAlr-RT are shown as gray sticks and (d) BsAlr-100K are shown as magenta sticks. Chloride ions and water molecules are represented as green and red spheres, respectively. 
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Supplementary Figure S4. The Fo-Fc maps at the active site calculated after molecular replacement using apo- (a-d) and the entire dataset (e-h) of BsAlr. The Fo-Fc maps are contoured at 3σ (blue mesh). The PLP and active site residues (PDB ID: 8ZPE, a-d) for apo- (gray), and modeled L-Ala (lime PDB ID: 9JT7, e-h) for the entire dataset are shown in sticks. The O, S, P, and N atoms are colored in red, yellow, orange, and blue, respectively.
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Supplementary Figure S5. The active site structure with a modeled D-Ala substrate in reaction states A and A′. The PLP, active site residues, and modeled D-Ala are depicted as sticks. The 2Fo-Fc electron density of alanine, water molecules, and PLP. (a-c) Active sites of (a) class A, (b) class A′ (Data Ⅰ), (c) class A′ (Data Ⅱ) are shown (blue mesh, 1σ). Putative hydrogen bonds are indicated as black dashed lines, while water molecules are represented as red spheres. The O, S, P, and N atoms are colored in red, yellow, orange, and blue, respectively.
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Supplementary Figure S6. Structural comparison of the apo- and reaction-state of BsAlr. (a) Superimposition of monomers of the apo- (green) and reaction states (magenta) of BsAlr. Monomers of the apo- and reaction-state are represented as cartoons. (b) Close-up view of pyridoxal-5′-phosphate (PLP) molecules in the black box from figure (a). The PLP of the apo- (blue) and reaction state (orange) are depicted as sticks. The movement of active site residues of the reaction state is indicated as a dashed arrow. (c-d) Surface representation of the substrate entrance channels of the (c) apo- and (d) reaction state of BsAlr. The active site entrances are depicted from the outside view. The surface representation of the N-terminal domain is colored yellow and that of the C-terminal domain is colored green. PLP molecules are represented as orange (apo-state) and blue (reaction state) sticks.

[image: 텍스트, 지도이(가) 표시된 사진

자동 생성된 설명]
Supplementary Figure S7. Schematic diagrams of the active site of BsAlr class B structures. Hydrogen bonds within a distance of 3.5 Å are depicted as dashed lines and the distances of hydrogen bonds are indicated. The residues, water molecules and pyridoxal-5′-phosphate (PLP) are labeled.
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[bookmark: _Hlk178588021]Supplementary Figure S8. Structural comparison between the BsAlr class A′ and U1Alr (PDB ID: 7XLL). (a) Superimposition of active site of the BsAlr class A (purple) to those of A′ (green), B (orange) and U1Alr (salmon). Viewpoints for (b)-(d) are represented. Residue numbers of U1Alr are labeled in parenthesis. The active site forming residues are labeled, and residues from the other monomer labeled with prime symbols. The hydrogen bonds are indicated in dashed lines. (b) Close-up view of internal- and external aldimines of BsAlr class A-B and U1Alr. (c) Close-up view of the Ala substrates of BsAlr class A-B and U1Alr. (d) Comparison of the active sites between BsAlr class A′ and U1Alr.
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[bookmark: _Hlk178588031]Supplementary Figure S9. Superimposed structures showing the external aldimines of BsAlr class B modeled L-Ala (orange) and D-Ala (light blue). Interactions of the Cα of alanines with Tyr272′ and Lys39 in the two structures are presented as colored dashed lines. The observed distances (Å) and residue numbers are labeled. The residues from the other monomer labeled with prime symbols.


Supplementary Table S1. Comparison of the active site geometry between BsAlr class B and GsAlr complexed with PLP-Ala.
	
The distances between residues of BsAlr class B and GsAlr PLP-Ala (Å)

	
	BsAlr class B 
(Data Ⅲ)
	BsAlr class B 
(Data Ⅱ)
	GsAlr PLP-L-Ala
	GsAlr PLP-D-Ala

	Cα of Ala to Tyr272′(OH)
	3.6
	3.5
	3.6
	4.0

	Cα of Ala to Lys39(NH3)
	4.0
	4.1
	3.6
	3.5

	Carboxylate of Ala to Met320′
	3.2
	3.4
	2.8
	2.7

	Carboxylate of Ala to O3A of PLP
	3.3
	3.9
	3.6
	3.6

	Carboxylate of Ala to Tyr272′(OH)
	3.4
	3.5
	3.7
	2.8

	Carboxylate of Ala to Lys39(NH3)
	3.4
	3.9
	3.5
	4.5

	O3A of PLP to
Lys39(NH3)
	3.5
	3.4
	4.2
	3.1
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