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SUPPORTING TABLES

Table S1. TEM size, Hydrodynamic size, and ζ-potential for AgNPs and PpIX-AgNPs in 
DPBS (1 mM).

Sample Name TEM size (n= 150) 
(nm)

Hydrodynamic 
Size (nm)

ζ-potential 
(mV)

AgNP 42.2 ± 7.8 37.8 ± 0.3 -47.1 ± 3.6
PpIX-AgNP 42.2 ± 8.9 64.1 ± 0.6 -56.7 ± 3.0

Table S2. Summary of ζ-potential for PpIX-AgNPs in various culture media and DPBS at 
0 and 24 hours.

Sample Name 0 hour 24 hours
DPBS (1 mM) -38.4 ± 0.8 mV -34.4 ± 4.1

DPBS (10 mM) -21.4 ± 1.5 mV -24.1 ± 1.8
NB -17.8 ± 0.4 mV -19.1 ± 0.7

TSB -23.1 ± 1.8 mV -21.1 ± 1.0
LB -18.7 ± 1.3 mV -16.5 ± 1.3

Table S3. Composition of bacterial culture media, adjusted to 1.0 L solution.
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Table S4. Salt and protein content (in w/v %) in varying media conditions. The % of protein 
content includes peptone, tryptone, soytone, and yeast extract. In the case of % of the 
salt content includes sodium chloride, dipotassium phosphate, and potassium chloride.

Culture 
media

w/v % of 
salt

w/v % of 
protein

DPBS 0.95 0.0
NB 0.60 1.8

TSB 0.80 2.0
LB 1.00 1.5

Table S5. ICP-OES digestion results in varying concentrations of PpIX-AgNPs.

Total Ag+ amount 
(µg/L)

Sample Name

Average Std Dev

1.5 PpIX-AgNPs 2749.92 45.91

1.0 PpIX-AgNPs 1786.24 195.93

0.5 PpIX-AgNPs 931.56 25.98



Table S6. Kinetic release rates for dual-step irradiation of varying PpIX-AgNP 
concentration.

Media Phase Slope R2
Burst_1 21.50 1.001.5 ug/mL
Burst_2 7.58 0.95
Burst_1 18.68 0.991.0 ug/mL
Burst_2 9.87 1.00
Burst_1 12.31 0.990.5 ug/mL
Burst_2 7.20 0.98

Table S7. Kinetic release rates for single irradiation in varying culture media.

Media Phase Slope R2

Burst 8.26 0.99Water
Steady 0.02 0.90
Burst 23.66 0.97DPBS

Steady 0.07 0.98
Burst 17.83 0.99NB

Steady 0.06 0.98
Burst 12.34 0.98TSB

Steady 0.14 0.89
Burst 22.21 0.98LB

Steady 0.39 0.99

Table S8. Kinetic release rates for DIR irradiation in varying culture media.

Media Phase Slope R2

Burst_1 4.13 0.92Water
Burst_2 3.55 1.00
Burst_1 9.93 1.00DPBS
Burst_2 6.61 0.82
Burst_1 12.59 0.98NB
Burst_2 7.79 0.94
Burst_1 7.77 1.00TSB
Burst_2 6.25 0.99
Burst_1 10.64 1.00LB
Burst_2 7.79 0.94



SUPPORTING SCHEMES

Scheme S1. Schematic demonstrating the multi-step irradiation setup (MIS) employed 
for Ag+ release and bacterial inactivation experiments.

Determination of number of PpIX molecules per silver nanoparticles (AgNP)

By assuming that AgNPs are spherical in shape, the mass of each nanoparticle (mAgNP) was 
calculated based on average diameter determined from TEM and density value of 8.578 g/mL 
obtained from Tadjiki et al [1]. The number of PpIX molecules per nanoparticle of 241,831 was 
calculated using the Equation (3).

Equation 3

𝑃𝑝𝐼𝑋 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑝𝑒𝑟 𝐴𝑔𝑁𝑃 =
𝑚𝐴𝑔𝑁𝑃 𝑥 𝑀𝑓(𝑃𝑝𝐼𝑋:𝐴𝑔𝑁𝑃) 𝑥 𝑁𝑎

𝑀𝑊𝑐𝑦𝑠𝑃𝑝𝐼𝑋

Where, mAgNP is the mass of each AgNP, Mf is mass fraction PpIX:AgNP (0.448:0.552) for 
PpIX-AgNP, Na is the Avogadro’s constant and MWcysPpIX is the molecular weight of cysPpIX.



SUPPORTING FIGURES

Figure S1. UV-Vis (DMF), FT-IR, MALDI-MS spectra for PpIX (black), sePpIX (red) and 
cysPpIX (blue). Expected m/z: [PpIX]+ = 562.66 / Observed: m/z: [PpIX+1]+ = 563.22; 
Expected m/z: [sePpIX]+ = 756.84/Observed: m/z: [sePpIX+1]+ = 757.73; Expected m/z: 
[cysPpIX]+ =  680.93/ Observed: m/z: [cysPpIX-2]+ = 678.76.

Figure S2. Characterization of AgNPs and PpIX-AgNPs using Transmission electron 
microscope (TEM) images. 



Figure S3. UV-Vis plot for supernatants collected before (control) and after (Supernatant 
1-4) the reaction between cysPpIX and AgNPs. (inlet) Calibration curve for the 
quantification of cysPpIX (generated using absorbance at 500 nM).

Figure S4. Colloidal stability of PpIX-AgNPs in water. Time-resolved hydrodynamic size 
and PdI for 12 hours. UV-Vis of PpIX-AgNPs in water (right).



Figure S5. Qualitative assessment of protein content on PpIX-AgNPs surface incubated 
in bacterial culture conditions post 24-hour incubation calculated using BCA assay.

Figure S6. Cumulative Ag+ release kinetics for varying concentrations of PpIX-AgNPs 
under multi-step irradiation (MIS) setup.



Figure S7. Kinetic release linear fitted plots for varying concentrations of PpIX-AgNPs in 
DPBS under dual-step irradiation setup.

Figure S8. Kinetic release linear fitted plots for PpIX-AgNPs in DPBS and bacterial 
culture conditions under single irradiation setup. 



Figure S9. Ag+ release kinetics in the absence of light PpIX-AgNPs in DPBS and bacterial 
culture conditions under the single irradiation setup.

Figure S10. Comparison of Ag+ release kinetics for PpIX-AgNPs (1.5 µg/mL) under single 
and dual-step irradiation setup for water, DPBS and bacterial culture conditions.



Figure S11. Kinetic release linear fitted plots for PpIX-AgNPs in DPBS and bacterial 
culture conditions under dual-step irradiation setup.

Figure S12. Control experiments in DPBS for MRSA inactivation (single irradiation) using 
AgNPs and PpIX-AgNPs (1.5 µg/mL) in the absence (left) and presence (center) of light.  
(right) MRSA inactivation under single irradiation in DPBS using cysPpIX (1 µM) in the 
absence (Dark) and presence of light (Light).



Figure S13. The antibacterial activity of varying concentrations of PpIX-AgNP in DPBS 
tested in the absence of light.

Figure S14. The antibacterial activity of varying concentrations of AgNPs in DPBS tested 
in the presence (left) and absence of light (right).



Figure S15. Control experiments using cysPpIX under dual-step irradiation conditions in 
a) DPBS, b) Nutrient broth (NB) at concentration 1 µM (equivalent to 1.5 µg/mL of PpIX-
AgNP), and c) NB at concentration 3.3 µM (equivalent to 5.0 µg/mL of PpIX-AgNP).
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