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Table S1. The numbers of the ligand-coordinated macrocycle side of (B)Chl molecules examined in our previous studies based on 42 pigment-protein complexes (asymmetric units) [1–3].
	Proteins
	-side
	-side
	Ligand unidentified
	Notes

	Purple bacterial RC
	4/4
	0/4
	0/4
	Including RCs with BChl-a and BChl-b a)

	Purple bacterial LH
	1/3
	2/3
	0/3
	Including LH1, LH2, and LH3 b)

	FMO
	5/7
	2/7
	0/7
	The 6-coordinated ‘BChl-8’ is excluded.

	Peridinin-Chl-protein 
	1/1
	0/1
	0/1
	Including complexes of Chl-a, Chl-b, Chl-d, and BChl-a

	PS1 RC
	6/6
	0/6
	0/6
	

	core antenna
	74/90
	14/90
	2/90
	Based on 1JB0

	PS2 RC
	6/6
	0/6
	0/6
	

	PS2 core antenna
	20/29
	9/29
	0/29
	Based on 3ARC

	LHCII
	11/14
	3/14
	0/14
	

	Cyt b6f
	1/1
	0/1
	0/1
	

	WSCP
	0/1
	1/1
	0/1
	

	Protochlorophyllide a reductase
	0/1
	1/1
	0/1
	


a) RC with BChl-a (geranylgeranyl ester) has also been resolved later [4].
b) LHs with BChl-a (geranylgeranyl ester) and BChl-b have also been resolved later [4,5].



Table S2a. Ligand coordination in normal LHCIIs (1RWT [10] and 8Y15 [11]).
	1rwt
	　
	　
	8y15
	　
	　

	pigment
	macro-cycle side of ligand coordi-nation
	ligand
	pigment
	macro-cycle side of ligand coordi-nation
	ligand

	
	
	
	
	
	
	

	CHL601
	b
	a-C=O-Tyr24
	CHL601
	b
	a-C=O-Tyr24
	

	CLA602
	a
	Glu65
	CLA602
	a
	Glu65
	

	CLA603
	b
	His68
	CLA603
	b
	His68
	

	CLA604
	a
	HOH7631
	CLA604
	a
	HOH706
	

	CHL605
	a
	a-C=O-Val119
	CHL605
	a
	a-C=O-Val119
	

	CHL606
	a
	HOH7632
	CHL606
	a
	HOH703
	

	CHL607
	a
	HOH7630
	CHL607
	a
	HOH713
	

	CHL608
	a
	HOH7624
	CHL608
	a
	HOH728
	

	CHL609
	a
	Glu139
	CHL609
	a
	Glu139
	

	CLA610
	a
	Glu180
	CLA610
	a
	Glu180
	

	CLA611
	a
	PO4-LHG2630
	CLA611
	a
	PO4-LHG1005
	

	CLA612
	b
	Asn183
	CLA612
	b
	Asn183
	

	CLA613
	a
	Gln197
	CLA613
	a
	Gln197
	

	CLA614
	a
	His212
	CLA614
	a
	His212
	


CHL: Chl-b, CLA: Chl-a. 



Table S2b. Ligand coordination in LHCII and its analog (8YEE: reconstituted LHCII [11], 9UC6: a LHCII-like complex containing Dvp from prasinophyte [12]).
	8yee
	　
	　
	9uc6
	　
	　

	pigment
	macro-cycle side of ligand coordi-nation
	ligand
	pigment
	macro-cycle side of ligand coordi-nation
	ligand

	
	
	
	
	
	
	

	CHL601
	b
	a-C=O-Tyr24
	– a)
	
	　
	

	CLA602
	a
	Glu65
	CLA301
	a
	Glu61
	

	CLA603
	b
	His68
	CHL302
	a
	His64
	

	CLA604
	a
	HOH704
	CLA303
	a
	HOH442
	

	CHL605
	a
	a-C=O-Val119
	CHL304 b)
	a
	a-C=O-Leu112
	

	CHL606
	a
	HOH710
	CHL305
	a
	HOH441
	

	CHL607
	a
	HOH717
	CHL306
	a
	HOH406
	

	CHL608
	a
	HOH714
	CLA307
	a
	HOH420
	

	CHL609
	a
	Glu139
	A1LOF308 c)
	a
	Glu137
	

	CLA610
	a
	Glu180
	CLA309
	a
	Glu181
	

	CLA611
	a
	PO4-LHG618
	CLA310
	a
	Glu37
	

	CLA612
	b
	Asn183
	CLA311
	b
	His184
	

	CLA613
	a
	Gln197
	CLA312
	a
	Gln198
	

	CLA614
	a
	His212
	CHL313
	a
	His213
	

	　
	　
	　
	CHL314 b,d)
	a
	a-C=O-Pro106
	


CHL: Chl-b, CLA: Chl-a. 
a) b601 in normal LHCII is absent.
b) On the loop between A and C-helices.
c) Dvp.
d) Not exists in normal LHCII.
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6a2w-A-KC1408: β-Chl-c1 with Gln143

[image: ]
6a2w-A-KC2403: β-Chl-c2 with His39

Fig. S1. Chl-c1/c2 molecules with axial ligands in FCP (PDB ID: 6A2W) [6].
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9kqb-1-315: α-Chl-c with Gln124
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9kqb-1-316: α-Chl-c with Glu173
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9kqb-2-313: β-Chl-c with Gln128

Fig. S2. Chl-c1/c2 molecules with(out) axial ligands in FCPII (PDB ID: 9KQB) [7].
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9kqb-2-314: α-Chl-c with Glu194
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9kqb-2-315: β-Chl-c with His75
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9kqb-2-316: β-Chl-c with Asn197

Fig. S2. (continued)
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9kqb-4-306: α-Chl-c with Leu103
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9kqb-4-307: β-Chl-c with Glu138
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9kqb-4-308: α-Chl-c with His128

Fig. S2. (continued)
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9kqb-4-309: α-Chl-c with Gln89
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9kqb-5-313: β-Chl-c with His163
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9kqb-5-314: β-Chl-c with Gln124

Fig. S2. (continued)
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9kqb-5-315: Chl-c and Gln162 (α-side)
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9kqb-6-311: α-Chl-c with Asp98
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9kqb-6-312: β-Chl-c with His128

Fig. S2. (continued)
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9kqb-6-313: α-Chl-c with Gln89

Fig. S2. (continued)
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9kz9-c-310: β-Chl-c2 with His183
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9kz9-d-311: β-Chl-c2 with Asn184
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9kz9-d-312: α-Chl-c2 with His198

Fig. S3. Chl-c2 molecules with(out) axial ligands in ACPI (PDB ID: 9KZ9) [8]. 
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9kz9-e-309: β-Chl-c2 with Asn170
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9kz9-f-611: β-Chl-c2 with Asn181
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9kz9-g-313: β-Chl-c2 with Asn194

Fig. S3. (continued)
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9kz9-g-314: α-Chl-c2 with His208
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9kz9-g-315: α-Chl-c2 with KC2314
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9kz9-i-310: β-Chl-c2 with Asn183

Fig. S3. (continued)
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9kz9-i-318: α-Chl-c2 with His137
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9kz9-j-312: β-Chl-c2 with Asn181

[image: ]
9kz9-k-611: β-Chl-c2 with Asn196

Fig. S3. (continued)
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9kz9-k-612: α-Chl-c2 with His210

[image: ]
9kz9-k-613: Chl-c2 and KC2612 (α-side)
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9kz9-l-311: β-Chl-c2 with Asn178

Fig. S3. (continued)
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9kz9-m-611: β-Chl-c2 with Asn181
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9kz9-n-611: β-Chl-c2 with Asn195
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9kz9-n-612: α-Chl-c2 with His209

Fig. S3. (continued)
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9kz9-s-401: β-Chl-c2 with Leu128
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9kz9-s-404: β-Chl-c2 with His146

Fig. S3. (continued)
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8wb4-1-610: β-Chl-c2 with Asn196
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8wb4-2-610: α-Chl-c2 with His184
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8wb4-4-610: β-Chl-c2 with Asn195

Fig. S4. Chl-c2 molecules with axial ligands in ACPII (PDB ID: 8WB4) [9].
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8wb4-5-311: b-Chl-c2 with His177

[image: ]
8wb4-6-605: a-Chl-c2 with Gln131

[image: ]
8wb4-6-609: b-Chl-c2 with Gln187

Fig. S4. (continued)


a) 
[image: ]

b)
[image: ]
Fig. S5. Chl molecules at the a603 site (green). a) A normal LHCII (PDB ID: 1RWT) [10] and b) a normal LHCII (PDB ID: 8Y15) [11]. Neighboring Chls-a/b (a602, b607, and b609, yellow), lutein (orange), and peptidyl residues (gray) are also shown. 

c)
[image: ]

d)
[image: ]
Fig. S5. (continued) Chl molecules at the a603 site (green). c) A reconstituted LHCII (PDB ID: 8YEE) [11]. Neighboring Chls-a/b (a602, b607, and b609, yellow), lutein or fucoxanthin (orange), and peptidyl residues (gray) are also shown. d) An LHCII-like complex containing Dvp (sky blue) from prasinophyte (PDB ID: 9UC6) [12]. Chl-b (CHL306 corresponding to a603, green; CHL307 corresponding to a607, pink), Chl-a (CLA302 corresponding to a602, yellow), lutein or fucoxanthin (orange), and peptidyl residues (gray) are also shown. 
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