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Supplementary Methods 

 

1D9 monoclonal antibody conjugation with IRDye700DX  

The human mAb 1D9 was produced as previously described (1) by transient transfection of 
Expi293F cells (Life Technologies). IRDye® 700DX (LiCor Biosciences) was cross-linked to 
the human mAb 1D9 via activated N-hydroxysuccinimide (NHS) ester chemistry according to 
the manufacturer’s instructions. Lithium dodecyl sulfate (LDS)-PAGE analysis of the 1D9-
700DX immunoconjugate was performed using a 10% Bis-Tris gel (NuPAGE gels, Life 
Technologies) followed by Simply Blue staining (Simply Blue Safe Stain, Life Technologies), 
or fluorescence imaging with an Amersham™ Typhoon™ Biomolecular Imager (GE 
Healthcare). A reducing agent (NuPAGE, ThermoFisher) was employed to separate the heavy 
and light chains, and to improve the band resolution.  
 
Enzyme-linked immunosorbent assay (ELISA) 

Immunoreactivity of the 1D9-700DX compared to the native mAb 1D9 was assessed using an 
ELISA. To this end, a 96-well plate with high binding capacity (Greiner Bio-one) was coated 
with 10 ng.ml-1 of purified immunodominant antigen A (IsaA) (2) at room temperature (RT), 
overnight. After three washing steps with PBS/T (pH 7.4), unspecific binding sites were 
blocked with 0.1% BSA (Sigma-Aldrich) diluted in PBS (pH 7.4). The native antibody or the 
immunoconjugate were applied to each well at a concentration of 2 µg.mL-1, followed by 
incubation for 2 hours. After three washes, a goat anti-human IgG labelled with horse radish 
peroxidase (HRP) was added. After washing, HRP was detected by adding 100 µL of 3,3',5,5'-
tetramethybenzidine (TMB/E, Merck) solution for 30 min. The reaction was stopped by adding 
50 µL of 1 M sulphuric acid (H2SO4). Absorbance was measured using a microplate reader at 
450 nm (Synergy™ HT, Biotek instruments).  
 
Photostability of 1D9-700DX 

A solution of 9.8 µM of 1D9-700DX was prepared in PBS and its photostability was determined 
by monitoring the decrease of the Q band absorbance between 550 and 750 nm, upon irradiation 
for different periods of time (0-30 min) using a Standardized Light Emitting Diode device with 
a 690-nm high-output (n=126) (3). The irradiance was 100 mW.cm-2. 
 
Generation of singlet oxygen by 1D9-700DX 

The production of singlet oxygen was assessed by measuring the absorbance decay of 1,3-
diphenylisobenzofuran (DPBF, Sigma-Aldrich) due to 1O2 scavenging. Solutions containing 
DPBF (200 µM) with or without IRDye700DX or 1D9-700DX (2 μM) were prepared in DMSO 
and then irradiated at RT with red light at 10 mW.cm-2. DPBF absorbance was recorded at 415 
nm. The results were expressed by plotting the DPBF depletion against the irradiation time. 
 
Western blotting 

Bacterial overnight cultures of S. aureus Xen36, AH4807, SH1000 and MS001 were diluted to 
an OD600 of 2 and harvested by centrifugation at 16,000 rpm for 2 min at 4oC. The bacterial 
pellet was washed with PBS, resuspended in LDS sample buffer (Life Technologies), and the 
cells were disrupted with 0.1 mm glass beads (Biospec Products) in a Precellys 24 homogenizer 
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(Bertin Technologies). Thereafter, proteins were denatured at 95oC for 10 min. Then, samples 
were analyzed by LDS-PAGE and proteins were visualized by Simply Blue protein staining, or 
by blotting onto Protan nitrocellulose transfer paper (Whatman) and subsequent 
immunodetection with IRDye800CW-labeled 1D9 antibody. The fluorescence of the blots was 
visualized with an Amersham™ Typhoon™ Biomolecular Imager using the 800 nm channel. 
Fluorescence quantification of the detected protein bands was performed with Image J software.  
 

Production of IRDye700DX carboxylate 

IRDye® 700DX NHS ester (LiCor Biosciences) was incubated with Milli-Q water for one week 
at RT, and its hydrolysis was confirmed by high performance liquid chromatography (HPLC) 
analysis with photodiode-array (PDA) detection. HPLC analyses were performed on Shimadzu 
equipment. The eluents were acetonitrile and water with triethylammonium acetate (10 mM). 
For reaction monitoring, a XTerra MS C18 column (3.5 µm, 125 Å, 3.0 x 150 mm) in 
combination with a PDA detector (190 nm – 800 nm) was used with an elution gradient from 
5% to 80% organic phase. 
 

Binding affinity and phototoxicity assay on planktonic bacteria 

S. aureus AH4807 (MRSA) was grown to exponential phase (OD600=0.5), and then harvested 
and washed with PBS by centrifugation for 2 min at 16,000 x g. The bacteria were incubated 
with 9.8 µM of 1D9-700DX, IRDye700DX carboxylate or PBS, at RT for 30 min in the dark. 
The bacteria were washed once with PBS to remove unbound compounds, and then plated in a 
96-well plate for fluorescence imaging in the Typhoon™ Biomolecular Imager. Next, bacteria 
were either kept in the dark or exposed to 30 J.cm-2 (5 min irradiation, 100 mW.cm-2) of red 
light. After treatment, bacteria were serially diluted in PBS, plated on blood-agar (BA) plates, 
and then incubated aerobically for 16 h at 37oC for counting of colony-forming units (CFU).  
 

Virulence assessment of S. aureus strains and aPDT efficacy in a Galleria mellonella 

infection model 

Bacterial cultivation and infection of Galleria mellonella larvae were performed as previously 
described (4). Briefly, S. aureus USA300 D15 (CA-MRSA), S. aureus USA300 D17 (HA-
MRSA) expressing GFP (10 µg.mL-1 chloramphenicol), kindly provided by Solomon 
Mekonnen and Uwe Völker (University of Greifswald, Greifswald, Germany) or S. aureus CA-
MRSA AH4807 were grown overnight in TSB at 37oC. Pre-cultures and main cultures were 
prepared the following day in 10 mL of RPMI medium supplemented with 2 mM glutamine 
(GE Healthcare/PAA). When the cultures reached the mid-exponential growth phase (OD600 of 
~0.5) or the early-stationary growth phase (OD600 of ~1.1), the bacteria were harvested by 
centrifugation at 7000 rpm for 20 min at 4oC. The pelleted cells were washed in PBS, collected 
by centrifugation, resuspended in PBS, and diluted to the desired number of CFU per mL. 
Different doses of bacteria were injected in the G. mellonella larvae (Frits Kuiper Groningen) 
at a volume of 10 µL using an insulin pen (NovoPen 5 of Novo NordiskTM). Subsequently, the 
larvae were incubated at 37oC to assess each strain’s virulence at mid-exponential or early-
stationary growth phase (105, 106 and 107 CFU/larva). For each group, 10 larvae were used, and 
two control groups were included for each experiment: one injected with PBS as a control for 
physical trauma and another without injection as a control for general viability. 
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For the aPDT studies, suspensions of bacteria harvested in the mid-exponential growth phase 
(106 CFU/larva), or the early stationary growing phase (105 CFU/larva) were injected into the 
last pro-leg of the larvae. For each experimental condition, a group of 10 larvae was used. The 
ideal 1D9-700DX concentration and light dose were determined by dose-responses studies in 
infected and uninfected larvae, respectively.  
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Supplementary Figures and Tables 

 

Figure S1. Characterization of the 1D9-700DX immunoconjugate. (A) MALDI-TOF spectra of the 
monoclonal antibody 1D9 and the immunoconjugate 1D9-700DX. (B) LDS-PAGE analysis of 1D9-
700DX in a reducing 10% Bis-Tris gel. The heavy (Hc) and light chains (Lc) in lanes 2 and 3 were 
visualized by Simply Blue staining (left gel) and fluorescent bands in lane 5 were visualized by scanning 
with an Amersham™ Typhoon™ Biomolecular Imager (right gel). Lane 1: Molecular weight ladder 
(MW in kDa); lanes 2 and 4: reduced native 1D9 antibody; lanes 3 and 5: reduced 1D9-700DX. (C) 
Comparative ELISA of the native 1D9 monoclonal antibody and 1D9-700DX. Data is represented as 
relative intensity of the absorbance at 450 nm of 1D9 native antibody and of 1D9-700DX. (D) 
Photostability of IRDye700DX (9.8 µM) in PBS after exposure to red light at an irradiance of 100 
mW.cm-2 for different periods of time (0-30 min). The results are presented as a percentage of the ratio 
of residual absorbance at 689 nm after and prior irradiation for different periods of time. (E) Photo-
oxidation of DPBF (200 µM) in DMSO with or without IRDye700DX or 1D9-700DX (2 µM) upon 
irradiation for different periods of time with a high-output LED (690 nm, 10 mW.cm-2). DPBF 
absorbance was recorded at 415 nm. Data are the mean value ± SEM of three independent experiments 
performed in triplicates (C-E). Two-way ANOVA tests with subsequent Turkey’s multiple comparisons 
tests were used for statistical analysis of the DBPF photo-oxidation. Ordinary one-way ANOVA tests 
with subsequent Dunnett’s multiple comparisons tests were used for statistical analysis of IRDye700DX 
photostability. Significant differences compared to t = 0 min (D) or DPBF (E) are marked as follows: *, 
p<0.03; **, p<0.002; ***, p<0.0002; ****, p < 0.0001. 
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Figure S2. IsaA-specific targeting of 1D9-based immunoconjugates to the S. aureus cell surface. 

Co-localization of the 1D9-Alexa555 (red) immunoconjugate with S. aureus Newman wild-type and 
Newman ΔspA, Δsbi stained with DAPI (grey). 3 µg.mL

-1
 of 1D9-Alexa555 were incubated with diluted 

bacterial overnight cultures (OD600 = 1) and imaged with a confocal laser scanning microscope.  

 

 
  



S7 

 

 

 

Figure S3. Western blotting analysis to verify 1D9 binding by different S. aureus strains and 

susceptibility of S. aureus SH1000 to aPDT. (A) Western blotting and subsequent immunodetection 
of 1D9-800CW binding to the cell-associated forms of S. aureus IsaA and the IgG-binding proteins SpA 
and Sbi using different strains: lane 1, S. aureus Xen36; lane 2, AH4807 [MRSA]; lane 3, SH1000; lane 
4, MS001 ΔisaA; lane 5, E. coli ATCC 25922. Of note, lanes 2 and 3 were run on the same gel but were 
noncontiguous. (B) Fluorescence quantification of 1D9-800CW binding to IsaA, SpA and Sbi on the 
Western blot presented in (A). 
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Figure S4. HPLC analysis of the hydrolysis reaction of IRDye700DX-NHS ester. (A) 
Chromatogram of IRDye700DX-NHS ester. (B) Chromatogram after 1-week incubation at RT shows 
full hydrolysis of the IRdye700DX-NHS ester to IRdye700DX carboxylate. The chromatogram was 
recorded at 682 nm. 
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Figure S5.  Light-induced killing of S. aureus by 1D9-700DX and IRdye700DX carboxylate. S. 

aureus AH4807 (MRSA) was grown to exponential phase (~109 CFU/mL) and incubated with 9.8 µM 
1D9-700DX or IRDye700DX carboxylate with subsequent wash of the unbound compound with PBS. 
(A) Binding of 1D9-700DX or IRDye700DX carboxylate to S. aureus was assessed by fluorescence 
quantification measured in a Typhoon Biomolecular Imager and images were analyzed with Image J. 
(B) Samples from A were afterwards irradiated with 30 J.cm-2 of red light (+). Control samples were 
kept in the dark (-). Data are the mean value ± SEM of two experiments performed in duplicates. Two-
way ANOVA test and subsequently the Sidak multiple comparisons test were used for statistical analysis 
of bacterial viability in B. Significant differences are marked as follows: *, p<0.03; **, p<0.002; ***, 
p<0.0002; ****, p < 0.0001.  
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Figure S6. Establishment of conditions for aPDT in the G. mellonella infection model. (A-B) 
Comparison of the virulence of CA- and HA-MRSA strains in the G. mellonella model. Larvae were 
infected with S. aureus USA300 D15-GFP (CA-MRSA) or S. aureus USA300 D17-GFP (HA-MRSA) 
at doses of 105, 106 and 107 CFU/larva, using bacteria grown to the mid-exponential (A) or early-
stationary (B) growth phases. Numbers of viable bacteria (CFU/ml) in the hemolymph of three surviving 
larvae were determined 24, 48 and 72 h post-infection. (C) Sensitivity of uninfected larvae to light. 
Larvae were exposed to 20, 100 or 200 mW.cm-2 of red light irradiation for 30, 45, 60, 240 or 600 
seconds, and larval survival rates were assessed 72 h post-irradiation. (D) Effect of larval treatment with 
light (4.5 J.cm-2) and 1D9-700DX (40 mg.kg-1) alone, or in combination. A control with PBS and no 
irradiation was also included. (E) 1D9-700DX dose-response of aPDT in G. mellonella larvae infected 
with 106 CFU/larva of CA- or HA-MRSA grown to the mid-exponential or early-stationary growth 
phases. Survival rates were assessed 72 h post-irradiation. Data are the mean value ± SEM of three 
independent experiments with groups of 10 larvae (n=10). 
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Figure S7. aPDT in the G. mellonella infection model using bacteria grown to early-stationary 

phase. Larvae were infected with CA-MRSA USA300 D15-GFP, HA-MRSA USA300 D17-GFP or 
CA-MRSA AH4807 grown to the early-stationary growth phase. For the P+L+ groups, 40 mg.kg-1 of 
1D9-700DX (P+) were injected in the G. mellonella larvae at 90 min after bacterial inoculation. 30 min 
post-injection of the photosensitizer, light irradiation (L+) was performed at 4.5 J.cm-2 (45 seconds 
irradiation, 100 mW.cm-2). The P-L- group neither received the immunoconjugate nor light exposure. 
(A, C and E) G. mellonella survival was monitored at 24, 48 and 72 h post-treatment. (B, D and F) 
Persistence of S. aureus in the hemolymph. Bacterial quantification (CFU/ml) in the hemolymph of 
three surviving larvae was determined at 0, 24, 48 and 72 h post-treatment. Data are the mean value ± 
SEM of three independent experiments with groups of 10 larvae (n=10). Gehan-Breslow-Wilcoxon and 
two-way ANOVA tests with subsequent Sidak multiple comparisons tests were used for statistical 
analysis of survival curves and bacterial persistence in the larvae hemolymph, respectively. Significant 
differences compared to the negative control group (P-L-) are marked as follows: *, p<0.03; **, 
p<0.002; ***, p<0.0002; ****, p < 0.0001. 
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Table S1: Bacterial strains used in this study. 

Strain Phenotype or Genotype Source or Reference 

S. aureus SH1000 NCTC 8178 derived laboratory strain (5) 

S. aureus MS001 SH1000 isaA::tet Tcr (6) 

S. aureus Xen-36 
Wright (ATCC 49525) + luxABCDE (on a 

native plasmid) 
(7) 

S. aureus AH4807 
Community-acquired MRSA 

LAC(AH1263) int::luxCDABEG 
(8) 

S. aureus NCTC8325-4 NCTC8325 cured of φ11, φ12, and φ13 (9) 

S. aureus Newman NCTC 8178 derived laboratory strain (10) 

S. aureus Newman ΔspA, Δsbi S. aureus Newman spA sbi mutant (11) 

S. aureus clinical isolate Clinical isolate UMCG 

Staphylococcus epidermidis 

(ATCC® 35984™) 
Catheter sepsis isolate ATCC® 

S. aureus CA-USA300 D15-GFP 
Community-acquired MRSA isolate 

expressing GFP 
(12), this study 

S. aureus HA-USA300 D17-GFP 
Hospital-acquired MRSA isolate 

expressing GFP 
(12), this study 

Escherichia coli 

(ATCC® 25922™) 
E. coli type strain ATCC® 
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Video S1. Three-dimensional reconstructions from stacks of two-dimensional confocal microscopy 
images of S. aureus NCTC8325-4 biofilm stained with the BacLight Live/Dead stain. The biofilm was 
incubated with 15.5 µM of 1D9-700DX and treated with red light LEDs at a radiant exposure of 30 
J.cm-2. Green fluorescence (Syto9) marks living bacteria, and red fluorescence (propidium iodide) marks 
dead bacteria. Scale bar: 45 μm.  
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