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Supplementary Figures
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Figure S1: Schematic representation of the cell wall of Gram (+) and Gram (-) bacteria, fungi, and bacterial biofilm indicating the biopolymeric barriers for PS internalization in each case.
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Figure S2: Molecular structure, absorption spectra, and singlet oxygen quantum yield () of representative organic photosensitizers (PS) with light-absorbing properties in the visible region 
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Figure S3: Schematic representation of the thermodynamically controlled formation of a supramolecular photosensitizer (SPS), where individual components, such as puzzle pieces, will fit together if their shapes are complementary (molecular recognition), while the best fit of the pieces will be obtained from the right way if the process is dynamically reversible (non-covalent interactions) until the most energetically stable SPS is obtained, producing the greatest decrease in free energy ΔG (co-assembly). Adapted from (Albrecht, 2007).
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Figure S4: Number of articles published since 1985 in Scopus database obtained by searching of the terms “molecular photosensitization” and ‘‘supramolecular photosensitization”, respectively.




Supplementary Tables
Table S1. Basic chemical structure, solvent, excitation wavelength, and singlet oxygen quantum yields of selected photosensitizers
	PS structure
	Photosensitizer
	Solvent
	ex (nm)
	(Ref)

	[image: ]Perylenequinones
	Hypericin
Hypericin
Hypericin
Di-cupper hypericin
Calphostin C
	Brij35 micelles
EtOH
DMF
EtOH
EtOH
	308
308
550

436
	0.72(a) 
0.73(b) 
0.23(a)
0.90(a)
0.74(a)

	[image: ]Flavins
	Lumiflavin
6-methylalloxazine
Riboflavin
Flavin monocleotide
	EtOH
CH3CN
PBS pH 7.4
PBS pH 7.4
	436
355
445
445
	0.80(a) 0.78(a)
0.49(a) 
0.49(a) 

	[image: ]Xanthenes
	Fluorescein
Erythrosin
Eosin Y
Rose Bengal
4,5-diBr-rhodamine methyl ester
	MeOH
H2O
H2O
PBS pH 7.4
MeOH
	504

500
540
514
	0.09(a) 
0.63(a) 
0.50(a) 
0.75(a) 
0.47(a) 

	[image: ]Phenothiazines 
	Methylene Blue
Methylene Blue
Thionine
4-Iodomethylene Violet
Toluidine Blue
	EtOH
PBS/TX100
H2O
EtOH
H2O
	577
630
580
630
660
	0.50(a) 
0.49(b)
0.58(a)
0.49(a)
0.60(b)

	[image: ]Tetrapyrroles


Porphyrins
with C=C at * and ** 

Bacteriochlorins
without C=C at * and **

Chlorins
with C=C only at ** 

Phthalocyanines 
with benzene ring at * and **


	Hematoporphyrin 
Hematoporphyrin 8 M
Hematoporphyrin 400 M
Hematoporphyrin 30 M
Photofrin®
Photofrin®
Photofrin® II
Photofrin® II
Tetrakis(4-sulfonatophenyl)porphyrin
Uroporphyrin IX

Bacteriochlorin
Chlorin e6
Chlorin e6 dimethyl ester
Tin (IV) chlorin e6
Zinc chlorin e6

Phthalocyanine
Phthalocyanine sulfonate
Phthalocyanine tetrasulfonate
Mg (II) phthalocyanine 
Zn(II) sulfo-phthalocyanine 
Zn(II) bis(pyridine) phthalocyanine
Zn(II) bis(pyridine) phthalocyanine
	EtOH
H2O
H2O
EPC liposomes
PBS/TX100
Polystyrene microspheres
D2O
H2O/EPC liposomes
D2O
PBS pH 7.4

MeOD/air sat
EtOH
EtOH
PBS/D2O
D2O

MeOD
D2O 
MeOD
C5H5N/O2
H2O pH 7
EtOH
DPPC vesicles
	632
576
576
546
630
514

632
532
532

355
532
532
355
532

347
670
347
669
670
600
600
	0.57(a)
0.42(a)
0.19(a)
0.77(a)
0.25(a)
0.84(a)
0.16(a)
0.19(a)
0.64(a) 
0.52(a) 

0.62(a)
0.65(a)
0.70(a)
0.82(a)
0.82(a)

0.16(a)
0.14(a)
0.17(a)
0.40(b) 
0.45(b)
0.53(b)
0.70(b)
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Ruthenium (II)-tris-bipyridyls
	[tris(bipyridine)Ru(II)]Cl2
[tris(bipyridine)Ru(II)]Cl2
[tris(bipyridine)Ru(II)]Cl2
[tris(bipyridine)Ru(II)]Cl2
	CH3CN
H2O
CTAC micelles
SDS micelles
	450
355
450
450
	0.57(c)
0.29(d)
0.30(e)
0.34(e)


References: (a) (Redmond and Gamlin, 1999); (b) (Wilkinson et al., 1993); (c) (Abdel-Shafi et al., 2001); (d) (Giménez et al., 2016); and (e) (Gutierrez et al., 2003)
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Table S2: Summary of properties some of supramolecular photosensitizers (SPS) used in antimicrobial photodynamic therapy (aPDT)
	Photosensitizer (PS)
	Supramolecular template
	Type of 
interaction
	Microorganism/
antimicrobial
efficiency
	Experimental 
conditions
	Reference

	Supramolecular photosensitizers containing inorganic materials

	Toluidine blue O 
	Silver nanoparticles
	Electrostatic 
	S. mutans 4 logp[footnoteRef:1] 99%ba [1: p= reduction on CFU counts from planktonic cultures.
ba= prevention of biofilm adhesion/growth.
mb= reduction on CFU counts after treatment of mature biofilm.
n.s.: not specified.] 

	360 nm laser light
Output power: 100 mW/cm2
Energy dose: 9.1 J/cm2
	(Misba et al., 2016)

	Methylene blue 

Toluidine blue O 
	Gold nanoparticles
	Electrostatic 
	C. albicans ≈0.5 logp, ≈80%ba, mb
in vivo: 50% reduction of CFU
	Visible light source with filters: 662 nm for MB and 635 nm for TBO
Output power: 120 mW
Irradiance: 180 W/m2
Energy dose: 21.6 J/cm2
in vivo a mouse model
	(Sherwani et al., 2015)

	Methylene blue 
	Gold nanoparticles
	Non-covalent 
	S. aureus from impetigo lesions 97%p
	660 nm laser diode
Output power: 200 mW
Energy dose: 24 J/cm2
	(Tawfik et al., 2015)

	Methylene blue
	Gold nanoparticles
	Electrostatic 
	MRSA >5 logmb
	650 nm laser diode
Output power: 30 mW
Energy dose: 22.9 J/cm2
	(Darabpour et al., 2017)

	Indocyanine green 
	Nano-Graphene Oxide 
	π-π stacking
hydrophobic 
	E. faecalis 2.81 logsp
99.4%ba
	810 nm diode laser 
Output power: 250 mW 
Irradiated area: 038 cm2
Irradiation time: 60 s
	(Akbari et al., 2017)

	Toluidine blue 
	Multiwalled carbon nanotube
	n.s.
	P. aeruginosa 4.91 logp, 69.9%ba
S. aureus 5.5 logp ,75.54%ba
	670 nm laser, 125 mW 
Irradiated area: 0,384 cm2
Irradiation time: 3 min
	(Anju et al., 2019)

	Indocyanine green 
	Carnosine-GO conjugates + hydroxyapatite
	n.s.
	S. mutans 95.5%p, 63.8%ba
	810 nm Diode laser system
Output power: 250 mW
Energy dose: 31.2 J/cm2
	(Gholibegloo et al., 2018)

	Methylene blue
	Silicone 
	n.s.
	S. epidermidis 44%ba
	660 nm laser 
Output power: 230 mW
Total Energy dose: 117 J/cm2
	(Perni et al., 2010)

	Ru(II) polypyridyl complexes
	Porous silicone
	Hydrophobic 
	E. faecalis
Total disinfection
	150 W Xe lamp
Irradiance: 20 W/m2 (360-700 nm), Irradiation time: 9 h
	(Manjón et al., 2014)

	

	Supramolecular photosensitizers containing organic materials

	Cationic porphyrin derivative
	Block Polymer Backbone + cucurbit[8]uril
	Host-guest complexation
Metal coordination
	S. aureus ≈100%mb
	White light (halogen lamp)
Irradiance: 20 mW/cm2
Irradiation time: 3 min
	(Chen et al., 2019)

	Methylene blue 
	β-cyclodextrin-modified hyaluronic acid
	Host-guest complexation 
	MRSA ≈2 logsp
	660 nm laser
Energy dose: 30 J/cm2
Φ∆= 0.55  0.02[footnoteRef:2] [2: 1 The values informed here correspond to the higher quantum yields of singlet oxygen Φ∆ achieved by the SPS measured in aqueous media unless otherwise noticed.] 

	(Yao et al., 2019)

	Cationic porphyrin derivative
	Cucurbit[7]uril
	Host-guest complexation 
	E. coli 97%p
	White light
Irradiance: 25 mW/cm2
Energy dose: 1 J/cm2 (40 s)
	(Liu et al., 2013)

	Cationic porphyrin derivative
	Captisol 
	Host-guest complexation
	E. coli ≈81%p
	White LED, ≈50 mW/cm2
Irradiation time: 5 min
Φ∆= 0.95 (DMF)
	(Khurana et al., 2019)

	Hydrophilic and hydrophobic porphyrinoids
	Amphiphilic calix[4]arene
	Host-guest complexation
	P. aeruginosa and 
S. aureus
100%p
	470 W Xenon lamp with a cut-off filter at 400 nm
Irradiation time ≤30 min
	(Di Bari et al., 2016)

	Chlorin e6 
	Polyethylene glycol bound to Magainin I
	Host-guest complexation
	P. aeruginosa 6.72 logmb
MRSA 6.59 logmb
	660 nm laser
Irradiation time: 8 min
	(Gao et al., 2019)

	Cationic porphyrin
	Cucurbit[7]uril
	Host-guest complexation
	E. coli >90%p
	White light
Irradiance: 40 mW/cm2
Irradiation time: 1 min
	(Chen et al., 2017)

	Anionic porphyrin (TPPS)
	Polypropylene fabric with citrate-hydroxypropyl-βCD polymer
	Host-guest complexation
	S. aureus 99.98%p
	50 W halogen lamp with a cut-off filter at 340 nm and water-filled 1 cm cell
Energy dose: ≈5 J/cm2
Irradiation time: 30 min
	(Castriciano et al., 2017)

	Rhodamine 6G 
	Liposomes from hen egg-extracted lipids
	Encapsulation
	Multi-drug resistant P. aeruginosa OD600 drop from 0.9 to 0.1-0.3p
	150 W Xe arc lamp in the visible region (KI + pyridine cut-off filters)
Irradiance: 30 mW/cm2
Irradiation time: 10 min
Φ∆= 0.61
	(Vimaladevi et al., 2016)

	Aluminum-chloride- phthalocyanine 
	Cationic liposomes
	Encapsulation
	Infected cariogenic dentine isolates≈50%p 
Clinical: 82% average reduction of total cariogenic bacteria in dentin carious lesions
	660 nm continuous laser
Energy dose: 20.6 J/cm2
Clinical: 10 human patients presenting class I cavitated carious lesions.
Energy dose 180 J/cm2.
	(Longo et al., 2012)

	Chlorophyll derivatives 
	Zwitterionic DPPC liposomes
	Encapsulation
	S. aureus ≈3 logp
	Diode laser (659 nm, 100 mW)
Energy dose: 153, 306, and 459 J/cm2
	(Gerola et al., 2019)

	Aluminum Chloride Phthalocyanine
	Tri-block copolymers 
	Hydrophobic with co-polymer sites
	S. aureus 
3 log 15 minp
E. coli: no effect
C. albicans 
<1 logp
	659 nm diode laser
Output power: 100 mW
Irradiated area: 1.77 cm2
Irradiance: 70.7 mW/cm2
Irradiation time: 15 min
	(Vilsinski et al., 2015)

	Chlorophyll derivatives 
	Non-ionic polymers
	Encapsulation
	S. aureus ≈2 logp
	Diode laser (λmax=659 nm, 100 mW)
Energy dose: 153, 306, and 459 J/cm2
	(Gerola et al., 2019)

	Chlorin e6 
	Poly(HDDA-co-DBPA—mPEG)
	Encapsulation
	S. aureus and E. coli
Complete inhibitionp
in vivo: Improved photodynamic therapeutic efficacy of NPs compared to free Ce6
	660 nm laser light 
Irradiance: 50 mW/cm2
Irradiation time: 10 min
in vivo: Mouse acute cystitis model 
	(Liu et al., 2015)

	Methylene blue 
	Poly(lactic-co-glycolic acid) 
	Encapsulation
	Bacteria isolated from dental plaque 0.71 logp 0.69 logmb
Clinical: improvement on clinical parameters after 1 month of treatment
	660 nm diode laser
Irradiance: 100 mW/cm2
Energy dose: 20 J/cm2
Clinical: Human patients with moderate to advanced chronic periodontitis 
	(de Freitas et al., 2016)

	Hypericin
	Amphiphilic block co-polymers 
	Encapsulation
	Clinical MRSA isolates <40%p
20-100%mb variable among isolates
in vivo: Increased wound healing potential, better epithelialization, and keratinization of skin layers compared to free PS
	Halogen lamp
Output power: 20 W
Irradiation time: variable
in vivo: Infected wounds in female Winstar rats.
Energy dose: 25.5 J/cm2.
	(Nafee et al., 2013)

	Cationic Zinc phthalocyanines
	Cellulose nanocrystals
	Electrostatic 
	S. aureus: 6-3 logp
E. coli: 8-6 logp
C. albicans: 6.5 logp
	Red light (620-645 nm)
Irradiance: 18 mW/cm2
Irradiation time: 60 min
	(Anaya-Plaza et al., 2017)

	meso-tetraaryl porphyrins
	Chitosan film 
	Electrostatic and H-bonding
	L. innocua ≈2.5 logp
2-3 logba , 1.5-2 logmb
	White LED (400-800 nm)
Irradiance: 10 mW/cm2
Irradiation time: 24 h
	(Castro et al., 2017)



Abbreviations: 
DBPA: 3-(Diethylamino)-1-propylamine; 
DPPC: dipalmitoylphosphatidylcholine; 
C. albicans: Candida albicans; 
E. coli: Escherichia coli; 
E. faecalis: Enterococcus faecalis; 
HDDA: 1,6-hexanediol diacrylate; 
L. innocua: Listeria innocua; 
MRSA: methicillin-resistant S. aureus;  
mPEG: methyl poly(ethylene glycol); 
P. aeruginosa: Pseudomona aeruginosa 
S. aureus: Staphylococcus aureus,
S. epidermidis: Staphylococcus epidermidis; 
S. mutans: Streptococcus mutans
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