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Figure 1. Production of monoclonal antibodies (mAbs) and validation of biofilm. (A) Human IgG1 antibodies are large (150 kDa) proteins, consisting 
of two functional domains. The fragment antigen binding (Fab) region confers antigen specificity, while the crystallizable fragment (Fc) region drives 
interactions with the immune system. Each IgG1 is composed of two identical heavy chains and two identical light chains, which all consist of a constant 
(CH, CL) and a variable (VH, VL) domain. A panel of six human IgG1 mAbs that recognize polysaccharide and protein components on the cell surface of 
S. aureus and two nonspecific isotype controls was produced. Variable heavy (VH) and light (VL) chain sequences obtained from different scientific and 
patent publications were cloned in homemade expression vectors containing human heavy chain (HC) and light chain (LC) constant regions, respectively. 
(B, C) Biofilms of Wood46 (B) and LAC∆spa∆sbi (C) were grown for 24 hr and incubated with 66 nM F598-IgG1 or ctrl-IgG1 (G2a-2). mAb binding was 
detected using APC-labeled anti-human IgG antibodies and a plate reader and plotted as fluorescence intensity per well. Data represent mean + SD of 
three independent experiments. A ratio paired t-test was performed to test for differences in antibody binding versus control and displayed only when 
significant as *p≤0.05, **p≤0.01, ***p≤0.001, or ****p≤0.0001. Exact p-values are displayed in Supplementary file 2.
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Figure 1—figure supplement 1. S. aureus strains LAC and Wood46 form different types of biofilm. (A, C) Biofilm 
of S. aureus strain LAC∆spa∆sbi (A) and Wood46 (C) was grown for 24 hr with buffer or DNase (1 mg/mL). DspB 
(30 nM) was added after 24 hr of biofilm formation. Adherent biofilm biomass was measured by crystal violet 
staining. Data represent mean + SD of three independent experiments. Triplicates were averaged and expressed 
as relative biomass by dividing the OD595 of treated samples by the OD595 of control samples. One-way ANOVA 
followed by Dunnett test was performed to test for differences in biofilm biomass and displayed only when 
significant as *p≤0.05, **p≤0.01, ***p≤0.001, or ****p≤0.0001. Exact p-values are displayed in Supplementary file 
2. (B, D) Representative scanning electron microscopy (SEM) images of LAC∆spa∆sbi (B) and Wood46 (D) biofilms 
established on glass coverslips following 24 hr incubation at 37°C. SA, S. aureus; EPS, extracellular polymeric 
substance structure.
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Figure 2. IgG1 monoclonal antibodies (mAbs) against wall teichoic acid (WTA) bind S. aureus in planktonic 
and biofilm mode. (A) Planktonic bacteria of Wood46 (left) and LAC∆spa∆sbi (right) were grown to exponential 
phase and incubated with a concentration range of 4461-IgG1 or 4497-IgG1. mAb binding was detected using 
APC-labeled anti-human IgG antibodies and flow cytometry and plotted as geoMFI of the bacterial population. 
(B) Biofilms of Wood46 (left) and LAC∆spa∆sbi (right) were grown for 24 hr and incubated with a concentration 
range of 4461-IgG1 or 4497-IgG1. mAb binding was detected using APC-labeled anti-human IgG antibodies and 
a plate reader and plotted as fluorescence intensity per well. Data represent mean + SD of three independent 
experiments. (C, D) Biofilm was grown for 24 hr and incubated with 66 nM IgG1 mAb. Bacteria were visualized by 
Syto9 (green), and mAb binding was detected by staining with Alexa Fluor 647-conjugated goat-anti-human-kappa 
F(ab′)2 antibody (red). Orthogonal views are representative for a total of three Z-stacks per condition and at least 
two independent experiments. Scale bars: 10 μm.
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Figure 2—figure supplement 1. F598-IgG1 binds poly-N-acetyl glucosamine (PNAG)-dependent biofilms 
specifically. (A) Planktonic bacteria of LAC∆spa∆sbi (left) and Wood46 (right) were grown to exponential phase and 
incubated with a concentration range of F598-IgG1. MAb binding was detected using APC-labeled anti-human 
IgG antibodies and flow cytometry and plotted as geoMFI of the bacterial population. (B) Biofilm of Wood46 and 
LAC∆spa∆sbi were grown for 24 h and incubated with a concentration range of F598-IgG1. MAb binding was 
detected using APC-labeled anti-human IgG antibodies and a plate reader and plotted as fluorescence intensity 
per well. Data represent mean + SD of three independent experiments.
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Figure 2—figure supplement 2. Background control monoclonal antibody (mAb) binding to Wood46 biofilm due to incorporation of secreted SpA 
in biofilm. (A) Wood46 biofilm was grown for 24 h and incubated with control IgG1, IgG3 and anti-SpA IgG3. Mab binding was detected using anti-
human-kappa-AF647 antibodies and a plate reader. (B) Planktonic exponential Wood46 bacteria were incubated with control IgG1, IgG3 and anti-SpA 
IgG3. Mab binding was detected using anti-human-kappa-AF647 antibodies and flow cytometry. Data represent mean + SD of three independent 
experiments.
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Figure 2—figure supplement 3. Orthogonal views of poly-N-acetyl glucosamine (PNAG)-negative biofilm 
incubated with IgG1 monoclonal antibodies (mAbs). Biofilm was grown for 24 h and incubated with 66 nM IgG1 
mAbs or isotype controls. Bacteria were visualized by Syto 9 (green) and mAb binding was detected by staining 
with Alexa Fluor 647 conjugated goat-anti-human-kappa F(ab’)2 antibody (red). Syto 9 and AF647 were imaged 
using 488 and 633 nm lasers. Images are representative for a total of three Z-stacks per condition and two 
independent experiments. Scale bars: 10 μm.
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Figure 2—figure supplement 4. Orthogonal views of poly-N-acetyl glucosamine (PNAG)-positive biofilm 
incubated with IgG1 monoclonal antibodies (mAbs). Biofilm was grown for 24 h and incubated with 66 nM IgG1 
mAbs or isotype controls. Bacteria were visualized by Syto 9 (green) and mAb binding was detected by staining 
with Alexa Fluor 647 conjugated goat-anti-human-kappa F(ab’)2 antibody (red). Syto 9 and AF647 were imaged 
using 488 and 633 nm lasers. Images are representative for a total of three Z-stacks per condition and two 
independent experiments. Scale bars: 10 μm.
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Figure 3. CR5132-IgG1 discriminates between planktonic bacteria and biofilm. (A) Planktonic bacteria of 
Wood46 (left) and LAC∆spa∆sbi (right) were grown to exponential phase and incubated with a concentration 
range of CR5132-IgG1. Monoclonal antibody (mAb) binding was detected using APC-labeled anti-human IgG 
antibodies and flow cytometry and plotted as geoMFI of the bacterial population. (B) Biofilms of Wood46 (left) and 
LAC∆spa∆sbi (right) were grown for 24 hr and incubated with a concentration range of CR5132-IgG1. mAb binding 
was detected using APC-labeled anti-human IgG antibodies and a plate reader and plotted as fluorescence 
intensity per well. Data represent mean + SD of at least three independent experiments. (C, D) Biofilm was grown 
for 24hr and incubated with 66 nM IgG1 mAb. Bacteria were visualized by Syto9 (green), and mAb binding was 
detected by staining with Alexa Fluor 647-conjugated goat-anti-human-kappa F(ab′)2 antibody (red). Orthogonal 
views are representative for a total of three Z-stacks per condition and at least two independent experiments. 
Scale bars: 10 μm.
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Figure 3—figure supplement 1. Target identification of CR5132. (A, B) ELISA plates were coated with purified peptidoglycan (A) and LTA (B). Plates 
were incubated with a concentration range of monoclonal antibodies (mAbs), and mAb binding was detected using anti-human kappa-HRP antibodies. 
(C) Wall teichoic acid (WTA)-coated beads were incubated with a concentration range of mAbs. mAb binding was detected using APC-labeled anti-
human IgG antibodies and flow cytometry and plotted as geoMFI + SD of duplicates in one independent experiment (B, C).
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Figure 4. IgG1 monoclonal antibodies (mAbs) against protein components bind planktonic bacteria as well as 
biofilm. (A) Planktonic bacteria of Wood46 (left) and LAC∆spa∆sbi (right) were grown to exponential phase and 
incubated with a concentration range of rF1-IgG1 or T1-2-IgG1. mAb binding was detected using APC-labeled 
anti-human IgG antibodies and flow cytometry and plotted as geoMFI of the bacterial population. (B) Biofilms of 
Wood46 (left) and LAC∆spa∆sbi (right) were grown for 24 hr and incubated with a concentration range of rF1-IgG1 
or T1-2-IgG1. mAb binding was detected using APC-labeled anti-human IgG antibodies and a plate reader and 
plotted as fluorescence intensity per well. Data represent mean + SD of three independent experiments.
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Figure 4—figure supplement 1. Binding of the monoclonal antibody (mAb) panel to stationary phase planktonic cultures. Planktonic bacteria of 
Wood46 (A) LAC∆spa∆sbi (B) were grown to stationary phase and incubated with a concentration range of mAbs. mAb binding was detected using 
APC-labeled anti-human IgG antibodies and flow cytometry and plotted as geoMFI of the bacterial population. Data represent mean + SD of three 
independent experiments.
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Figure 5. Comparative binding of IgG1 monoclonal antibodies (mAbs) to S. aureus biofilm. Biofilms of Wood46 (A) and LAC∆spa∆sbi (B) were grown 
for 24 hr and incubated with a concentration range of IgG1 mAbs. mAb binding was detected using APC-labeled anti-human IgG antibodies and a 
plate reader. Data are expressed as area under the curve (AUC) of the binding curve (mean + SD) of three independent experiments. One-way ANOVA 
followed by Dunnett test was performed to test for differences in antibody binding versus control and displayed only when significant as *p≤0.05, 
**p≤0.01, ***p≤0.001, or ****p≤0.0001. Exact p-values are displayed in Supplementary file 2.
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Figure 5—figure supplement 1. Comparative binding of IgG1 monoclonal antibodies (mAbs) to planktonic bacteria. Planktonic bacteria of Wood46 
(A) and LAC∆spa∆sbi (B) were grown to exponential phase and incubated with a concentration range of IgG1 mAbs. mAb binding was detected using 
APC-labeled anti-human IgG antibodies and flow cytometry. Data are expressed as area under the curve (AUC) of the binding curve (mean + SD) of 
three independent experiments. One-way ANOVA followed by Dunnett test was performed to test for differences in antibody binding versus control 
and displayed only when significant as *p≤0.05, **p≤0.01, ***p≤0.001, or ****p≤0.0001. Exact p-values are displayed in Supplementary file 2.
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Figure 5—figure supplement 2. Mean total fluorescence per Z-stack corresponds to plate reader data. The total AF647 signal of obtained Z-stack 
profiles of biofilms Wood46 (A) and LAC∆spa∆sbi (B) was calculated using Leica LAS AF imaging software. Data are representative for two independent 
experiments.
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Figure 5—figure supplement 3. Binding in the presence of pooled serum IgG. Biofilm cultures of Wood46 
(A) and LAC∆spa∆sbi (B) were incubated with 10 µg/mL AF647-conjugated IgG1 monoclonal antibodies (mAbs) in 
buffer or buffer containing 250 µg/mL pooled IgG. Data are expressed as % relative to mAb binding in buffer of 
three independent experiments performed in duplicate.
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Figure 5—figure supplement 4. Binding of IgG3 monoclonal antibodies (mAbs) to planktonic and biofilm LAC wild type. (A) Planktonic bacteria of 
LAC WT (AH1263) were grown to exponential phase and incubated with a concentration range of IgG3 mAbs. mAb binding was detected using APC-
labeled anti-human IgG antibodies and flow cytometry and plotted as geoMFI of the bacterial population. (B) LAC WT (AH1263) biofilm was grown for 
24 hr and incubated with a concentration range of IgG3 mAbs. mAb binding was detected using APC-labeled anti-human IgG antibodies and a plate 
reader. Data represent mean + SD of three independent experiments. One-way ANOVA followed by Dunnett test was performed to test for differences 
in antibody binding versus control and displayed only when significant as *p≤0.05, **p≤0.01, ***p≤0.001, or ****p≤0.0001. Exact p-values are displayed in 
Supplementary file 2.
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Figure 6. Binding of monoclonal antibodies (mAbs) to S. aureus clinical isolate biofilm. (A) Biofilm of clinical isolates derived from catheter tip, 
endocarditis, and prosthetic joint infections (PJIs) was grown for 24 hr and incubated with 33 nM F598-IgG3. mAb binding was detected using APC-
labeled anti-human IgG antibodies and a plate reader. (B) Scatter plot of F598-IgG3 binding to isolates and biofilm adherent biomass measured by 
crystal violet staining after mAb binding assay. Isolates selected for (C) are indicated. (C) Biofilms of clinical isolates was grown for 24 hr and incubated 

Figure 6 continued on next page
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with 33 nM IgG3 mAbs. mAb binding was detected using APC-labeled anti-human IgG antibodies and a plate reader. Data (A) represent mean + SD of 
three independent experiments. One-way ANOVA followed by Dunnett test was performed to test for differences in antibody binding versus LAC KO 
and displayed only when significant as *. Exact p-values are displayed in Supplementary file 2. Data (B) represent mean two independent experiments.

Figure 6 continued
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Figure 7. Localization of [111In]In-4497-IgG1 to a 
subcutaneous implant pre-colonized with biofilm. 
Two days after implantation, mice were injected with 
7.5 MBq [111In]In-4497-IgG1 (n = 7) and imaged at 
24 hr, 72 hr, and 120 hr after injection. (A) Maximum 
intensity projection (corrected for decay) of a mouse 
subcutaneously bearing pre-colonized (C; left flank) 
and sterile (S; right flank) catheter. Additional scans can 
be seen in the supplementary information (Figure 7—
figure supplement 2). (B) The activity detected in 
regions of interests was expressed as a percentage 
of total body activity. Each data point represents one 
mouse. A two-tailed paired t-test was performed to 
test for differences in activity in sterile versus colonized 
implants displayed as *p≤0.05, **p≤0.01, ***p≤0.001, 
or ****p≤0.0001. Exact p-values are displayed in 
Supplementary file 2.
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Figure 7—figure supplement 1. CFU count before implantation and after implantation. (A) 5 mm PU catheter 
segments were inoculated with S. aureus LAC. After 48 hr of incubation, catheters were washed and sonicated and 
viable CFU counts recovered were determined. Each data point represents an independent experiment. (B) Mice 
received subcutaneous pre-colonized and sterile catheters and 2 days later were injected with [111In]In-4497-IgG1 
(n = 3) or [111In]In-palivizumab (n = 2). At time point 120 hr, mice were sacrificed and catheters were removed to 
determine CFU counts. Horizontal lines indicate detection limit.
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Figure 7—figure supplement 2. Localization of [111In]In-4497-IgG1 to subcutaneous implant pre-colonized with biofilm in a mouse model. (A) Maximum 
intensity projections of [111In]In-4497-IgG1 injected in mice subcutaneously bearing pre-colonized (left flank) and sterile (right flank) catheters. 
Implantation of colonized and sterile implants was randomized; however, for clarity, we here display all colonized implants on the left. (B) Corresponding 
percentages in regions of interest (ROIs) per mouse.
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Figure 7—figure supplement 3. Localization of [111In]In-palivizumab to a subcutaneous implant pre-colonized with 
biofilm. (A) Maximum intensity projections (corrected for decay) of mice subcutaneously bearing pre-colonized 
(left flank) and sterile (right flank) catheters. Two days after implantation, mice were injected with 7.5 MBq [111In]
In-palivizumab (n = 4) and imaged at 24 hr, 72 hr, and 120 hr after injection. Implantation of colonized and sterile 

Figure 7—figure supplement 3 continued on next page
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implants was randomized, but for display all colonized implants are shown at the left flank. (B) Corresponding 
percentages in regions of interest (ROIs) per mouse. (C) The activity detected in regions of interests was expressed 
as a percentage of total body activity. Each data point represents one mouse. A two-tailed paired t-test was 
performed to test for differences in activity in sterile versus colonized implants. Exact p-values are displayed in 
Supplementary file 2.

Figure 7—figure supplement 3 continued
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Figure 7—figure supplement 4. Pilot study for localization of [111In]In-4497-IgG1 to subcutaneous implant-
associated biofilm in a mouse model. One mouse received subcutaneous pre-colonized and sterile catheters and 
2 days later was injected with 4 MBq [111In]In-4497-IgG1. The same mouse was imaged at 24 hr, 48 hr, and 72 hr. 
Maximum intensity projections of [111In]In-4497-IgG1 injected in mice subcutaneously pre-colonized (left flank) and 
sterile (right flank) catheters.


