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Supplementary Materials and Methods 

Chemicals. Bovine serum albumin (BSA, article number: A2153), sodium 

phosphate monobasic (S8282), sodium phosphate dibasic (S7907), ammonium 

bicarbonate (09830), and calcium chloride (C4901) were obtained from Sigma-Aldrich. 

Trypsin (90058), formic acid (28905), dithiothreitol (DTT, R0861), and sodium 

dodecyl sulfate (SDS, 064382) were obtained from Thermo Fisher Scientific. 

Iodoacetamide (IAA, 122270050) was obtained from Acros Organics. Trifluoroacetic 

acid (TFA, 20420) was obtained from Honeywell. Acetic acid (044721) was obtained 

from Oakwood Chemical. LC-MS grade water (58201) and methanol (58215) were 

obtained from OmniSolv. Milli-Q water was prepared with an Advantage A10 

(Millipore). 

Total suspended solids quantification. We determined the total suspended solid 

content of wastewater sludge by transferring 30 mL of suspended sludge onto a pre-

weighted glass microfiber filter (Whatman GF/F, product number: 1825-047) that had 

been mounted into a filter holder (Nalgene, 300-4000). After applying a vacuum and 

drying the filter paper (120 °C, 2 h), we re-reweighted the filter paper and calculated 

the solid content from the mass difference. 

Protein concentration measurements. We used the Pierce bicinchoninic acid 

(BCA) Protein Assay kit (Thermo Fisher, 23225) and a microplate reader (Tecan, 

Infinite M200-pro) to determine the protein concentrations of the enzyme extracts (14).  
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Figure S1. Peak areas of parent peptides resulting from the digestion of bovine serum 
albumin (BSA) with trypsin at different trypsin/BSA ratios (w/w). 
 
 
 
 
 
 

 
Figure S2. Peak areas of parent peptides before and after heat treatment. 
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Table S1. Amino-acid sequences (single-letter abbreviations) and high-performance 
liquid chromatography high-resolution mass spectrometry (HPLC-HRMS) acquisition 
parameters of parent peptides. 

 
 
 
 

 
Figure S3. Amino acid sequence (single-letter abbreviations) of bovine serum 
albumin (BSA, UniProt-ID: P02769). Sequences of parent peptides that were detected 
by high-performance liquid chromatography coupled to high-resolution mass 
spectrometry (HPLC-HRMS) are highlighted in grey.  
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Figure S4. Peak area progress curves of parent peptides during their incubation in 
pH-buffered Milli-Q water. Points represent data from single measurements. Peptide 
T12 was not detected at 24 h. 
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Table S2. Characteristics of the activated sludge process of the wastewater treatment 
facilities from which microbial communities (MCs) were derived.  
 

 
1)CAS: conventional activated sludge, SBR: sequencing batch reactor, note: none of the three treatment 
facilities was designed for biological phosphorus removal. 2)TSS: total suspended solids. 3)Protein 
concentration and protease activity were measured on dissolved extracellular enzyme extracts. Protease 
activities were normalized to the activity measured for MC1. 
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Figure S5. Peak area progress curves of parent peptides during their incubation with 
enzyme extract from MC1. Points represent data from single measurements. The 
missing data points for peptides T12, T32, and T40 indicate that these peptides were 
not detected at later sampling points.  
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Figure S6. Peak areas of parent peptides at the onset and at the end of their incubation 
with enzyme extracts from MC1 (a), MC2 (b), and MC3 (c). Red arrows indicate parent 
peptides that were selected for product identification. Error bars represent standard 
deviations of triplicates. 
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Figure S7. Peak areas of parent peptides at different concentrations. The concentration 
(in arbitrary units) is provided relative to the starting concentration of the incubation 
experiments. Lines represent curves of a linear fit. R2 values (rounded to two decimals) 
of the linear fit are depicted next to the curves. For peptides that did not show linear 
relationship between peak area and concentration (based on our criteria: R2 > 0.95), we 
depicted curves and letters in red. We note that this control experiment was conducted 
in a different laboratory and with a different peptide solution (i.e., a new digestion with 
the same reagents was conducted) than the remaining experiments of the study. 
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Table S3. Amino acid sequences (single-letter abbreviations) and high-performance 
liquid chromatography high-resolution mass spectrometry (HPLC-HRMS) acquisition 
parameters of product peptides that were detected for MC1. 
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Table S4. Amino acid sequences (single-letter abbreviations) and high-performance 
liquid chromatography high-resolution mass spectrometry (HPLC-HRMS) acquisition 
parameters of product peptides that were detected for MC2. 

 
 
 
Table S5. Amino acid sequences (single-letter abbreviations) and high-performance 
liquid chromatography high-resolution mass spectrometry (HPLC-HRMS) acquisition 
parameters of product peptides that were detected for MC3. 
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Table S6. Information on parent and product peptides for peptide bonds that were 
hydrolyzed by enzymes derived from two or more microbial communities.  

 
1)Amino acid residues flanking the hydrolyzed peptide bond (i.e., P1P1’) are shown in bold. 
2)Peak areas of product peptides at the end of the incubations (i.e., at 6 h, 3.8h, and 3.5 h for 
experiments with enzymes from MC1, MC2, and MC3, respectively) are provided as mean ± 
standard deviation of triplicates. *Some products might alternatively result from the 
hydrolysis of parent peptide T32. **Some products might alternatively result from the 
hydrolysis of parent peptide T9. 
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Figure S8. Peak area reduction of parent peptides that contain the amino-acid residue 
pairs that occurred at the P2P1 site of peptide bonds that were hydrolyzed by enzymes 
extracted from at least two wastewater microbial communities. Points and error bars 
represent means and ranges, respectively, of the peak area reduction measured for the 
three microbial communities. Parent peptide numbers are provided next to the 
respective points. Black points represent parent peptides for which we detected the 
hydrolysis of the respective peptide bond by enzymes extracted from at least two 
microbial communities (Table S6). An additional search for products of the hydrolysis 
of peptide bonds with EY, FQ, and VS at the P2P1 site (note: these amino-acid residue 
pairs were selected because they occurred in at least two parent peptides and all of the 
respective parent peptides showed a mean peak area reduction across the three 
microbial communities of >50%) resulted in the identification of the following 
products: (i) amino-acid sequence: TQTALA; exact mass: 604.3301; mass deviation: -
1.1 ppm; charge state: +1; retention time: 26 min; detected fragments: y4, y2; peak area 
(x10E7) 7.2 ± 1.5 (MC1), (ii): amino-acid sequence: LVVS; exact mass: 417.2708; 
mass deviation: -1 ppm; charge state: +1; retention time: 31 min; detected fragments: 
y3, y2; peak area (x10E7) 9 ± 5 (MC2). These are products of the hydrolysis of the 
peptide bond in T42 that contains the amino-acid residue pair VS at the P2P1 site 
(indicated in blue).  
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Figure S9. Peak area reduction of parent peptides that contain the amino-acid residue 
pairs that occurred at the P1’P2’ site of peptide bonds that were hydrolyzed by enzymes 
extracted from at least two wastewater microbial communities. Points and error bars 
represent means and ranges, respectively, of the peak area reduction measured for the 
three microbial communities. Parent peptide numbers are provided next to the 
respective points. Black points represent parent peptides for which we detected the 
hydrolysis of the respective peptide bond by enzymes extracted from at least two 
microbial communities (Table S6). An additional search for products of the hydrolysis 
of peptide bonds with FQ and VS at the P1’P2’ site (note: these amino-acid residue 
pairs were selected because they occurred in at least two parent peptides and all of the 
respective parent peptides showed a mean peak area reduction across the three 
microbial communities of >50%) resulted in the identification of the following product: 
amino-acid sequence: YNGV; exact mass: 452.2140; mass deviation: 1.1 ppm; charge 
state: +1; retention time: 25 min; detected fragments: y3, y2; peak area (x10E7) 0.90 ± 
0.14 (MC1), 1.8 ± 0.4 (MC3). This is the product of the hydrolysis of the peptide bond 
in T13 that contains the amino-acid residue pair FQ at the P1’P2’ site (indicated in 
blue).  
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Figure S10. Names and structures of selected antimicrobial peptides Amino acid 
residues with L-stereochemistry are shown in blue and their single-letter abbreviation 
is provided next to the respective side chain. Thanatin entirely consists of amino acid 
residues with L-stereochemistry and its sequence is presented below the structure. 
Cysteine side chains that form a disulfide bond are shown in red. 
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