
Figure S1. Singlet oxygen emission post illumination of porphyrins. Equal concen-

trations of porphyrins were irradiated with the same intensity of light but at their 

corresponding Soret peak. Steady state oxygen emission was determined between 

1220 and 1330 nm, and absorbance was corrected. As shown in Figure S1, PdT4 

showed enhanced singlet oxygen generation over the same porphyrin without a 

metal ion (TMPyP) at their relative Soret peaks. The addition of the palladium ion 

enhances spin-orbit coupling,[1] resulting in greater singlet oxygen generation. Since 

photophysical properties are mostly dictated by the porphyrin ring, we would expect 

a similar relationship between C14 and PdC14. 

 

Figure S1. Singlet oxygen emission for TMPyP and PdT4. 



Figure S2. Porphyrin and blue light control tests. Controls were conducted to evalu-

ate bacteriophage inactivation from blue light or porphyrins independently. In the 

absence of porphyrin, blue light alone did not inactivate bacteriophages, as shown in 

Figure S2. Some minor inactivation of bacteriophage fr in TMPyP was observed in 

the porphyrin controls, as shown in Figure S3. Bacteriophage fr inactivation was 

likely due to genotoxicity of TMPyP, or the effect of ambient light, despite tests being 

conducted in a darkened room. For this reason, inactivation was quantified using the 

porphyrin controls as a baseline. However, no other bacteriophages were signifi-

cantly inactivated by exposure to porphyrins in the absence of light. 

 

Figure S2. Bacteriophage concentrations after exposure to blue light (405 nm, 60 mW 

cm-2). No bacteriophages were inactivated by blue light alone. Values represent 

means of triplicate independent experiments; error bars represent one standard de-

viation. 



Figure S3. Bacteriophage concentrations after dark incubation with and without 

porphyrin (10 µM). Values represent means of triplicate independent experiments; 

error bars represent one standard deviation. 

 

S3. Porphyrin/phage binding indicated by absorbance spectra of PdT4 and bacteri-

ophages. Absorbance spectra of 10 µM PdT4 were measured with and without con-

tact with bacteriophages, as shown in Figure S4. Though phage concentrations (~108 

PFU/mL) were higher than those used for photoinactivation tests in this study, no 

apparent shift in the PdT4 absorbance was observed, even after 60 min dark incuba-

tion. However, at lower concentrations of PdT4 (2 µM), obvious shifts in the Soret 

peak were observed (see Figure 1 of the main text). 



Figure S4. Absorbance spectra of PdT4 both alone (‘None’) and after dark incubation 

with bacteriophage ΦX174, P22, or fr at a HIGH PdT4:bacteriophage ratio (10 µM 

PdT4 : ~ 108 PFU/mL). Soret peaks (~417 nm) did not shift after contact with bacteri-

ophages, indicating an excess of PdT4 at these concentrations. 

 

Absorbance spectra were subsequently used to assess the incubation time for por-

phyrin binding to viruses using a low PdT4:bacteriophage ratio of 2 µM PdT4 incu-

bated with bacteriophages phiX174, P22, or fr (~ 1010 PFU/mL). A shift in the Soret 

peak was apparent after 5 min incubation, and no further shift was observed after 15 

min incubation, as shown in Figure S5. Therefore, 5 min incubation was deemed 

sufficient to achieve porphyrin/virus contact. The results of the absorbance spectra 

confirmed observation of an immediate color change in porphyrin solutions on ad-

dition of high bacteriophage titers. 



Figure S5. Absorbance spectra of PdT4 both alone (‘None’) and after incubation with 

bacteriophage ΦX174, P22, or fr at a LOW PdT4:bacteriophage ratio (2 µM PdT4 : ~ 

1010 PFU/mL). Samples were incubated in the dark for 5 or 15 minutes prior to ab-

sorbance measurements. No additional shift in PdT4/phage Soret peaks was ob-

served between 5 and 15 minutes. 

 

 



S4. Calculation of inactivation rate constants from the literature 

To compare efficiency of photodynamic inactivation from reports in the literature, inactivation rates were esti-

mated, as reported in Table 2 of the main text. Pseudo-1st order log10 inactivation rates were calculated assuming lin-

ear log reduction over reported exposure durations. If inactivation data were available at multiple exposures, the 

longest duration showing a linear semi-log trend in reduction over time was selected. Normalized rate constants were 

calculated by dividing pseudo-1st order rate constants by the concentration of porphyrin (µM) and the light intensity 

(mW cm-2), thus giving an indication of relative treatment efficiency. All inactivation values were rounded to the 

nearest log10 removal to avoid reporting a misleadingly high level of precision. 

Table S1. Photodynamic inactivation exposure and intensity values used to calculate approximate pseudo-1st order rate constants. 

Source Virus Compound 
Intensity (mW 

cm-2) 

Conc. 

(µM) 

Expo-

sure 

(min)  

Ap-

prox. 

log10 

re-

moval 

(to 

near-

est 

log) 

Pseudo- 1st order rate constant  

(log10 s-1) 

Normalized rate constant (log10 L cm2 

µmol-1 mJ-1) 

Enveloped mammalian viruses 

Obrien 1992 [2] 

Herpes 

simplex 1 

virus 

Merocyanine 

540 
7 26 4 4 2E-02 9E-05 

Käsermann 1997 [3] 

Vesicular 

stomatitis 

virus 

Fullerene 

29 

1400  

(1 

mg/mL) 

180 5 5E-04 1E-08 

Semliki 

Forest virus 
  180 5 5E-04 1E-08 

Moor 1997 [4] 

Vesicular 

stomatitis 

virus 

AlPcS4 
46 

1 5 4 1E-02 3E-04 

 Pc4 0.005 10 4 7E-03 3E-02 

Silva 2005 [5] 

Herpes 

simplex 1 

virus 

Pyridylvinyl- 

substituted 

tetraphenol 

porphryin 

50 0.5 15 2 2E-03 9E-05 

Peddinti 2008 [6] 

Vesicular 

stomatitis 

virus 

ZnTMPyP 80 
1% wt 

film 
60 6 2E-03 NA 

Nikolaeva-Glomb Influenza Hemato-porphy 100 20 30 1 6E-04 3E-07 



2017 [7] virus A rin 

Bovine viral 

diarrhea 

virus 

 3 2E-03 8E-07 

 GaPc1 2 1E-03 6E-07 

 GaPc2 4 2E-03 1E-06 

 InPc1 3 2E-03 8E-07 

Remichkova 2017 

[8] 

Bovine viral 

diarrhea 

virus 

ZnPcMe 

100 0.58 

5 2 7E-03 1E-04 

Herpes 

simplex 1 

virus 

 5 3 1E-02 2E-04 

Vaccinia 

virus 
 5 2 7E-03 1E-04 

Newcastle 

disease 

virus 

 5 0 NA NA 

Bovine viral 

diarrhea 

virus 

ZnPcS 5 5 2E-02 3E-04 

Herpes 

simplex 1 

virus 

 5 3 1E-02 2E-04 

Vaccinia 

virus 
 5 2 7E-03 1E-04 

Newcastle 

disease 

virus 

 5 1 3E-03 6E-05 

Nonenveloped mammalian viruses 

Schagen 1999 [9] 

Recombi-

nant ade-

novirus (E1 

deficient) 

Methylene blue 

106 

1.3 5 5 2E-02 1E-04 

 Rose bengal 10 10 4 7E-03 6E-06 

 Uroporphyrin 20 10 3 5E-03 2E-06 

 AlPcS4 10 20 4 3E-03 3E-06 

Peddinti 2008 [6] 

Human 

adenovirus 

5 

ZnTMPyP4+ 80 
1% wt 

film 
60 4 1E-03 NA 

Nikolaeva-Glomb 

2017 [7] 

Human 

adenovirus 

5 

GaPc1 100 20 30 3 2E-03 8E-07 



Poliovirus 1  30 2 1E-03 6E-07 

Human 

adenovirus 

5 

GaPc2 30 4 2E-03 1E-06 

Poliovirus 1  30 1 6E-04 3E-07 

Human 

adenovirus 

5 

Hemato-porphy

rin 
30 2 1E-03 6E-07 

Poliovirus 1  30 1 6E-04 3E-07 

Human 

adenovirus 

5 

InPc1 30 2 1E-03 6E-07 

Poliovirus 1  30 1 6E-04 3E-07 

Remichkova 2017 

[8]  

Cox-

sackievirus 

B1 

ZnPcMe 100 0.58 20 0 0 0 

 

Human 

adenovirus 

5 

   20 1 8E-04 1E-05 

Majiya 2018 [10] 
Murine 

norovirus-1 
TMPyP 32 5 20 2 2E-03 1E-05 

    10 20 2 2E-03 5E-06 

 

Bovine 

enterovi-

rus-2 

  5 60 1 3E-04 2E-06 

    10 60 3 8E-04 3E-06 

Nonenveloped bacteriophages 

Cho 2010 [11] MS2 phage 
Amine-function

alized fullerol 
0.165 20 30 2 1E-03 3E-04 

   0.19 10 30 2 1E-03 6E-04 

Costa 2012 [12] 
T4-like 

phage 
Tri-Py+-Me-PF 40 5 90 4 7E-04 4E-06 

 
Aeromonas 

phage 
  5 90 1 2E-04 9E-07 

 
Vibrio 

phage 
  5 90 2 4E-04 2E-06 

 

Pseudo-

monas 

phage 

  5 90 2 4E-04 2E-06 

 MS2 phage   0.5 15 4 4E-03 2E-04 

 
Qbeta 

phage 
  0.5 15 4 4E-03 2E-04 

 LAIST_PG0   0.5 15 6 7E-03 3E-04 



02 

Majiya 2018 [10] 
Qbeta 

phage 
TMPyP 32 0.5 6 6 2E-02 1E-03 

Majiya 2019 [13] MS2 phage TMPyP 32 0.5 0.7 7 2E-01 1E-02 

This study 

phiX174 

phage 
TMPyP 

60 10 

6 1 4E-03* 7E-06 

P22 phage  1.5 3 4E-02* 6E-05 

fr phage  0.1 4 5E-01* 8E-04 

phiX174 

phage 
PdT4 1.5 1 1E-02* 2E-05 

P22 phage  0.4 3 1E-01* 2E-04 

phiX174 

phage 
C14 1.5 1 8E-03* 1E-05 

 PdC14 3 2 1E-02* 2E-05 

* Pseudo 1st-order rate constants were calculated from linear trend in multiple exposure values  
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