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Fig. S1 Cyro-TEM image of LH2@liposome with lipid : protein = 2000 :1 mole ratio. 






Table S1. Zeta potential of LH2@liposome interaction with PLL
	
	Without PLL
	With PLL

	LH2@liposome
	－27.2 mV
	19.5 mV
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Fig. S2 TEM morphology of (A) LH2@liposome. (B) Detail image of LH2@liposome. (C) LH2@liposome /PLL
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[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Fig. S3 Transient spectra for the LH2@micelle (A), LH2@liposome (B) and LH2@liposome/PLL (C), λex = 850 nm. 
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Fig. S4 (A) Molecular structure numbering of BChl a. (B)FT-Raman spectra for the LH2@micelle (black), LH2@liposome (red) and LH2@liposome/PLL (blue). The excitation wavelength was 1064 nm.





Table S2. Raman shifts obtained from the FT-Raman spectra of BChl a (Fig. S3) and the corresponding assignments. ‘Crt’ indicates that the Raman lines of BChl a overlap with carotenoid.
	Raman shift / cm−1
	LH2@micelle
	LH2@liposome
	LH2@liposome /PLL
	Assignments

	1640-1680
	1677
	1678
	1679
	νC131=O, νC132=O

	*1630-1660
	1627-1651
	1626-1651
	1623-1651
	νC31=O

	1608-1609 (R1)
	1607
	1605
	1605
	as νCaCm (α, β, γ, δ)

	1570-1590
	1590
	1589
	1588
	as νCaCm (γ, δ)

	1567
	1565
	1564
	1561
	as νCaCm (α, β)

	1530-1537 (R2)
	Crt
	Crt
	Crt
	νCbCb, νCaCm(γ), νCN(Ⅲ)

	1456
	1455
	1451
	1451
	s νCaCm (α), νCN(Ⅱ)

	*1444-1445 (R3)
	1444
	1441
	1439
	CH3 bend, s νCaCm(δ), νCN(Ⅳ)

	*1406-1409
	1404
	1406
	1409
	CH3 bend, νC13C14

	1408-1415
	1414
	1410
	1415
	νCN(Ⅰ), δCmH(α, δ), CH3 bend

	1385-1396
	1389
	1389
	1387
	δCmH(δ), CH3 bend

	1371-1376
	1374
	1374
	1374
	νCN(Ⅲ), δCmH(β), CH3 bend, δ defs

	*1346-1348
	1348
	1348
	1351
	νCN(Ⅲ), δCmH(β), CH3 bend,

	1284-1288
	1286
	1285
	1286
	CH2 bend, CH bend

	1273-1277
	1272
	1272
	1274
	CH3 bend, CH bend

	*1252-1257
	1257
	1259
	1257
	νCN(Ⅳ), νC16C17, δdefs

	1235-1237
	1244
	1244
	1245
	δCmH(δ), νCaCb(Ⅱ), CH2 bend,

	1209-1212
	1214
	1215
	1213
	CH bend

	1173-1175 (R4)
	1172
	1172
	1172
	δCmH(β)

	1142 (R5)
	Crt
	Crt
	Crt
	νCN(Ⅲ), νC12C12a, CH bend

	1116-1119
	1118
	1118
	1119
	νCN(I)

	1090-1095
	1080
	1082
	1083
	

	1065-1066
	1066
	1066
	1066
	δ(Ⅳ), CH3 bend, CH2 bend

	1024 (R6)
	1017
	1017
	1017
	CH3 bend, νCC (saturated)

	1000-1003
	1005
	1005
	1005
	CH3 bend, νC31=O

	967-969
	969
	967
	969
	νC133O, νC132C133


*Significant difference among different samples as shown in Fig S3B
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