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ABSTRACT 

The capability of monitoring large molecules as possible biomarkers in wastewater will 

be an important contribution to the new field of sewage epidemiology. Here, we explore 

the use of polymer probes together with untargeted proteomics for large scale protein 

analysis in sewage and treated water. Polymeric probes were immersed in the influent, 

anoxic reactor and effluent waters of a Spanish WWTP during 11 days. Proteins 

sorbed were extracted and identified by mass spectrometry. A total of 690 proteins 

from bacteria, plants and animals, including human, were identified showing different 

proteome profiles in the different sites. Bacterial proteins (510) pointed at 175 genera 

distributed in 22 bacteria classes. The most abundant were EF-Tu, GroEL and ATP 

synthase which were contributed by a high number of species. Human was the species 

contributing the greatest number of identified proteins (57), some in high abundance 

like keratins. Human proteins dominated in the influent water and were efficiently 

removed at the effluent. Several of the proteins identified (S100A8, uromodulin, 

defensins) are known disease biomarkers. This study provides the first insight into the 

proteome profiles present in real wastewater. 

 

Keywords 

Sewage epidemiology; sewage water; HPLC-HRMS; water fingerprinting, proteins; 

biomolecules. 
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1. INTRODUCTION 

More than a decade ago, Christopher Wild coined the term “exposome” (Wild, 2005) to 

describe the entirety of human exposures, from both exogenous and endogenous 

sources, as an umbrella concept to help integrate the complexity of adverse health 

responses linked to exposures. Therefore, the exposome concept encompasses any 

environmental (i.e., non-genetic) factors including chemicals, diet components, physical 

factors, or psychosocial stressors, together with the corresponding biological effects 

resulting from them (Council, 2012; Lioy and Smith, 2013; Vermeulen et al., 2020). In 

that context, chemical factors have deserved particular attention. External xenobiotic 

(synthetic) chemicals potentially include 105-106 commonly used in household or 

industry (Vermeulen et al., 2020), together with their environmental or internal 

transformation products, while internal indicators can be reflected in endogenous 

biomarker changes (Daughton, 2018) . In that respect, the advances achieved by high-

resolution mass spectrometry (HRMS), together with big-data treatment tools 

(chemometric, bioinformatics, databases) provide the suitable toolbox necessary to 

successfully cope with such a challenging analytical task (Schymanski et al., 2014). 

On the other hand, the measurement of the exposure and effects related to the 

chemical exposome poses a major challenge regarding the representativity of the 

samples analyzed. Individual studies require a high number of cases to be statistically 

significant and become economically unaffordable. In that respect, sewage water has 

been proposed as an alternative approach, since it integrates the effluents of the entire 

population served by a certain wastewater system, hence providing an average picture 

of its health status (Daughton, 2018; Rice and Kasprzyk-Hordern, 2019). An additional 

advantage is that such kind of studies may be continued throughout time so that they 

can highlight possible changes occurred on the health status of the population 

monitored. Concepts like ‘sewage epidemiology’ (Daughton, 2011), ‘water 

fingerprinting’ (Rice and Kasprzyk-Hordern, 2019), ‘sewage chemical information 
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mining (SCIM)’ (Daughton, 2018) or ‘wastewater based epidemiology (WBE)’ 

(Daughton, 2018) have been developed on this ground.  

Whereas successful studies have been mostly carried out in the chemical exposure 

side, namely, the consumption of illegal drugs (Mastroianni et al., 2017; Thomas et al., 

2012), pharmaceuticals and personal care products (Burgard et al., 2014; Gao et al., 

2016), tobacco (Castiglioni et al., 2015; Ryu et al., 2016b) and alcohol use (Ryu et al., 

2016a), pesticide exposure (Rousis et al., 2017), etc., and on genetic biomarkers 

(Ahmed et al., 2020; Yang et al., 2017), studies aimed at characterizing wastewater 

metabolomics and proteomics (i.e., the biological response side) are lacking. Even 

though several biomarkers have been proposed for that purpose, notably protein 

biomarkers, to the best of our knowledge, no systematic studies on wastewater 

proteomics have been published (Rice and Kasprzyk-Hordern, 2019). This is partly due 

to the inherent complexity and variability of sewage water, as well as, to the presence 

of other proteomes (bacteria, plants, animals, etc.) other than the human one. 

However, such non-human proteome sources present in wastewater should be 

regarded as an additional and valuable source of environmental information rather than 

a mere interference to the human proteome.  

Up to now, most of the published papers on sewage epidemiology reported data only of 

small molecules. Alternatively, proteomic studies carried out at wastewater treatment 

plants (WWTPs) were focused exclusively on the microbial consortia proteome (Zhang 

et al., 2019). The present communication is, to our knowledge, the first study 

describing a simple and fast workflow suitable for the extraction of proteins from 

wastewater and their subsequent analysis using HRMS Orbitrap technologies. Owing 

to the complexity of wastewater, preliminary experiments for the direct protein 

extraction from the water presented diverse problems; however, it was conveniently 

achieved using polyester polymeric probes. Our preliminary results provide a first 

insight into the proteome profiles present in real wastewater. This paper provides a 
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new insight into the discovery of large molecules as new biomarkers in sewage, being 

a complementary diagnostic tool for epidemiologists.  

 

2. MATERIAL AND METHODS 

2.1 Polymeric devices preparation and water exposure 

Polymeric devices were prepared using cap units (Exposmeter, Tavelsjo, Sweden) 

filled with polycaprolactonediol homopolymer (Polysciences, Warrington, USA) as 

described (Rivas et al., 2016). Polymeric devices were placed for 11 days in three 

different points at the Gavà-Viladecans (Barcelona, Spain) WWTP: influent water, 

anoxic reactor (denitrification) and effluent water (sites 1, 2 and 3, respectively. Figure 

S1).  

2.2 Sample preparation and LC-MS/MS analysis. 

Three devices per sampling site were processed. Slices from the polymer surface were 

cut and 500 µL of 2 % SDS, 50 mM DTT, 75 mM Tris-HCl were added. Samples were 

incubated for 30 min at 95 ºC with constant rotation and cooled for 45 min at 20 ºC. 

Supernatants were recovered and treated in a Bullet Blender (Casas et al., 2017). 

Then, samples were centrifuged and the supernatants were concentrated by SDS-

PAGE (Paulo et al., 2013). Gels were stained with Coomassie and the band with the 

concentrated proteins was excised and digested with trypsin (Casanovas et al., 2009).   

Peptides were analyzed by HR-LC−MS/MS using an Agilent 1200 HPLC system 

coupled to an LTQ Orbitrap XL mass spectrometer (Thermo Scientific). Peptides were 

separated using a C18 pre-concentration cartridge (Agilent Technologies) connected to 

a C18 100 μm x 150 mm column (Nikkyo Technos Co, Tokyo, Japan). Separation was 

carried out at 400 nL/min using a 60-min linear gradient from 0 to 35 % solvent B 
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(Solvent A: H2O, 0.1 % (v/v) formic acid; solvent B: ACN, 0.1 % (v/v) formic acid). The 

LTQ Orbitrap XL was operated in data-dependent mode (Casanovas et al., 2017).  

2.3 Data analysis 

Raw data were processed using PEAKS (Zhang et al., 2012) against the 

UniProtKB/Swiss-Prot total database (release 2019_11). Search parameters were: 

trypsin, 0.02 Da precursor mass tolerance, 0.8 Da fragment mass tolerance. Matches 

were filtered for 0.1 % FDR at spectrum level. Information on the confidence of 

individual identifications is given in supplementary information (Table S3). 

Jupyter notebooks (Perkel, 2018) (Python) were used to further analyze the PEAKS 

outputs in a traceable form. When protein groups were comprised of different strains of 

the same species, the first accession in the protein group was selected as protein 

head. In other cases, group heads were assigned based on the more represented 

species. Only proteins observed in at least 2 of the 9 samples (3 sites x 3 replicates) 

were considered for further analyses. Normalized Spectral Count (NSC), a variant of 

the Normalized Spectral Abundance Factor, was used as an indicator of the relative 

abundance of the proteins (McIlwain et al., 2012). NSC corresponds to the sum of the 

peptide sequence matches of all the peptides pointing to a protein normalized by the 

protein mass.  

Detailed procedures for sections 2.1-2.3 are available in the Supporting Information 

(SI-Material and Methods). 

 

3. RESULTS AND DISCUSSION  

3.1 The wastewater proteome. Polymeric probes immersed in three different sites of 

the Gavà-Viladecans WWTP (entrance, exit and anoxic reactor) were recovered after 

11 days of exposure. Influent water corresponds to sewages from several important 
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municipalities around the city of Barcelona. The average flow is 40.000 m3/day and the 

amount of organic compounds in these waters correspond to a population equivalent of 

375.000. Proteomic analysis of the material sorbed in the probes allowed the 

identification of 690 proteins. Using the sample treatment and purification methods 

developed, trypsin digestion and HR-LC-MS/MS, ion chromatograms showed no 

relevant interferences from the non-proteic organic matter present in sewage water. 

The use of polymeric probes overcomes the drawbacks related to the processing of 

high volumes of sewage water.  Extraction of the proteins from the probes is effortless, 

uses low extraction volumes and could be easily automated if needed.  

The collection of proteins identified consisted of a great variety of proteins from 

bacteria, plants, and animals including human (Table I, Table S1). The most 

represented taxonomic domain was that of bacteria (508 proteins), being Escherichia 

coli, Desulfovibrio vulgaris and Acidovorax citrulli the most frequent species. Among 

the bacterial proteins, elongation factor Tu (EF-Tu), 60 kDa chaperonin (GroEL) and 

ATP synthase were the most abundant (in terms of NSCs) and those that were 

contributed by a greater number of species. These proteins are among the most 

abundant in bacteria. EF-Tu, besides its well-known intracellular role during translation, 

has also diverse functions on the extracellular surface (Harvey et al., 2019). These 

functions include the interaction with membrane receptors and with extracellular matrix 

on the surface of plant and animal cells. The GroEL intervenes in the intracellular 

protein folding but also can act in intercellular signaling with different biological effects 

(Maguire et al., 2002). Finally, ATP synthase is a mitochondrial membrane protein 

responsible for the storage of energy in form of ATP.  

The species with the highest contribution to the protein number was nevertheless 

Homo sapiens (9.9 %). Human proteins included hair- and skin-derived proteins 

(keratins, hornein, desmoplastin, and desmoglein), uromodulin, and pancreatic 

enzymes (chymotrypsin-like elastases, chymotrypsin C, phospholipase A2, and alpha-
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amylase). Uromodulin is a kidney-derived protein which is the major protein excreted in 

urine. Uromodulin is an index of renal tubular function (Garimella and Sarnak, 2017) 

and has been proposed as a biomarker for sewage epidemiology (Rice and Kasprzyk-

Hordern, 2019). Several human proteins with antimicrobial properties were also 

detected like defensines 3 and 5, which kill microbes by permeabilizing their plasma 

membrane, lysozyme C, with bacteriolytic functions, or the intelectins, which 

specifically recognize microbial carbohydrate chains. Other interesting proteins were 

those related to human immune response as immunoglobulins and the calcium- and 

zinc-binding protein S100A8, a component of calprotectin, which has a wide plethora of 

intra- and extracellular functions.  
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Table I: The most abundant human and bacterial proteins in the 3 sampling sites. For 

human, only proteins with unique peptides and NSC > 30 are considered. For bacteria, 

the 15 most abundant proteins (based on total NSC) are shown together with the 

number of bacterial genera contributing to each protein and the NCS for each site.  

  

  

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3

- Keratins 461 740 94 2903 5906 481

P09093 Chymotrypsin-like elastase family member 3A 22 15 - 788 288 -

Q99895 Chymotrypsin-C 16 7 - 240 78 -

P04054 Phospholipase A2 7 - - 183 - -

P05109 Protein S100-A8 2 2 - 92 36 -

O60844 Zymogen granule membrane protein 16 7 - - 121 - -

P59665 Neutrophil defensin 1 3 2 - 88 29 -

P59666 Neutrophil defensin 3 3 2 - 87 29 -

P61626 Lysozyme C 3 2 - 54 36 -

P0DOX7 Immunoglobulin kappa light chain 5 - - 51 - -

Q8WWU7 Intelectin-2 7 - - 45 - -

P04746 Pancreatic alpha-amylase 11 1 39 3 -

Q8WWA0 Intelectin-1 6 - - 41 - -

P01876 Immunoglobulin heavy constant alpha 1 5 3 - 23 15 -

P05090 Apolipoprotein D 4 1 - 35 2 -

P04745 Alpha-amylase 1 9 1 - 32 3 -

P08217 Chymotrypsin-like elastase family member 2A 5 - - 32 - -

Site 1 Site 2 Site 3 Site 1 Site 2 Site 3

4758 Elongation factor Tu 38 52 21 1229 2356 1173

2746 60 kDa chaperonin 20 49 9 502 1998 246

1856 ATP synthase subunit alpha 14 42 18 283 974 599

1534 ATP synthase subunit beta 20 28 8 452 891 191

388 60 kDa chaperonin 2 6 10 1 91 288 9

388 60 kDa chaperonin 1 5 7 5 55 235 98

346 Elongation factor Tu 2 1 4 3 28 159 159

284 Hydroxylamine reductase 10 - 1 281 - 3

249 Elongation factor Tu 1 3 3 2 68 138 43

241 Adenylylsulfate reductase subunit alpha 1 1 1 162 78 1

223 Malate dehydrogenase 6 6 2 89 95 39

136 K(+)-insensitive PPi energized proton pump 4 4 - 71 65 -

128 30S ribosomal protein S14 - - 1 - - 128

127 30S ribosomal protein S10 - - 1 - - 127

125 Glyceraldehyde-3-phosphate dehydrogenase 1 1 4 1 72 52

Total  NSC Description
# bacterial genera NSC

Uniprot ID Description
# peptides NSC

HUMAN

BACTERIA
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Other species that were revealed to be present by specific proteins include mammals 

(mouse, cow, and rat), amphibians (Xenopus laevis), fish (Danio rerio), birds (Gallus 

gallus, Anas platyrhynchos) and plants (Oryza sativa, Avena sativa, Prunus dulcis, and 

Solanum tuberosum). Overall, the more abundant proteins in the sewage waters 

analyzed were keratins (mainly from human skin but also from other mammals and bird 

feathers) and elastase. 

It should be noted that protein and species assignations are subjected to the known 

limitations of bottom-up proteomic analysis and sequence databases. Reported 

species correspond to the best candidates pointed to by a set of database-matched 

spectra. For example, Danio rerio (zebrafish) is a model species for which we have a 

reference proteome with 3,152 proteins. The Cyprinidae family, to which D. rerio 

belongs, includes more than 1,200 species that due to their phylogenetic proximity 

probably show homology with those of zebrafish. Most of these species, however, have 

not been sequenced yet, and those that are, are only represented in the database with 

265 proteins (data from Uniprot). Therefore, there is a very high probability that the 

identification of a protein from any of these species will be annotated as a D. rerio 

protein. 

The presence of human and other non-bacterial proteins in the probes, some as major 

components, suggest that sorption of soluble proteins from water is the main 

mechanism for protein capture in the conditions employed. For bacterial proteins, we 

cannot discard additional contribution from cells and proteins in biofilms generated at 

the probe surface. Probably, most of these proteins arrive at the sampling probe with 

different modifications (hydrolysis, oxidation, deamidation, etc) either induced be the 

sewage environment or because they were excreted in that form. These modifications, 

especially protein chemical or enzymatic hydrolysis, could determine the half-life of the 

proteins in the sewage media and, in consequence, their detectability in the analytical 

process. However, protein hydrolysis would not be extensive as suggested by the 
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identification of only a small number of non-tryptic peptides (3 % when considering the 

20 % more abundant peptides). This is also supported by the high sequence coverage 

of the more abundant proteins reported with peptides corresponding to different 

sections of the sequence as we show for the case of elastase (Figure S2). We did not 

detect proteins with masses below 8 kDa. The average mass of the reported proteins 

(55.5 kDa) was significantly higher than that of the proteins in the database (39.9 kDa). 

Differences were also observed between the average isoelectric points of the reported 

proteins and those in database (5.8 vs 7.1). The two pI distributions were clearly 

different showing an overrepresentation of acidic proteins in the identified collection. 

Solubility was also found slightly higher in our protein set than for the database (Figure 

S3). Further work is needed to characterize the type of proteins or proteins fragments 

surviving in the sewages, the mechanisms for peptide and protein sorption in the 

polymeric probes that determine their selectivity as well as the stability of these 

molecules in the probes along the exposition period. 

3.2. Influent, effluent and anoxic reactor show different proteome profiles.  

Different numbers of proteins were identified in the influent, the anoxic reactor and the 

effluent waters of the WWTP (337, 397 and 171 proteins, respectively. Table S1). 

Besides, the proteomes of these sites showed different protein profiles (Figure 2, Table 

S2). These differences allow the 3 sites to be distinguished based on their protein 

composition (see PCA analysis and hierarchic clustering, Figure S4 and S5). Proteins 

specific of each sampling site at the treatment plant are included in clusters 1, 2 and 3 

(Figure 1). 

The proteome of the influent is dominated by human proteins reflecting the urban 

location of the WWTP. Keratins and the chymotrypsin-like elastase family members 3A 

and 3B are the main proteins in this group. Elastase 3A had been detected in activated 

sludge and it is considered a significant constituent of urban wastewater (Kuhn et al., 
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2011). Elastase is a stable, recalcitrant enzyme. The presence of undamaged elastase 

molecules in sewage waters is supported by the practically complete sequence 

coverage for this protein in our proteomic analysis and the tryptic character of its 

sequenced peptides (Figure S2). Thus, it cannot be discarded the presence of the 

functional enzyme in these waters. In fact, the characterization of elastase in the 

extracellular matrix of activated sludge flocs and digested sludge has raised concerns 

on possible environmental effects in the receiving waters (Westgate and Park, 2010). 

In our study, elastase, as well as the other confidently identified human proteins, 

except for keratins, shows diminished concentrations in the anoxic reactor and were 

undetectable in the effluent water. All these proteins classified in cluster 2 (Figure 1). 

 

Figure 1.- Clustering of the proteins identified in the different collection sites (VSClust 

(Schwammle and Jensen, 2010)). Major members of each cluster are indicated. 

Clusters are ordered by the number of features (proteins) included. Clusters 1, 2, and 3 

reveal site-specific proteins (anoxic tank, influent and effluent respectively. 
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Most keratins (90%) were classified at cluster 1 (22 keratins) or cluster 4 (55 keratins). 

In both cases, there is a concentration in the anoxic reactor of these proteins relative to 

the influent waters. This was probably due to their transport as part of the hair, feathers 

and skin small particles suspended in the sewage and being retained into the activated 

sludge of the anoxic reactor. Interestingly, other molecules strongly related to the skin 

structure such as those forming part of the desmosome (desmoglein, desmoplakin) or 

associated with keratin intermediate filaments (filaggrin) were also found concentrated 

in the anoxic reactor and following cluster 1 profile. All these proteins are effectively 

degraded or physically removed in the WWTP process as only a few of them could be 

detected in the effluent water and at much lower amounts than those measured at the 

anoxic reactor (10 % on average). Human keratins, although very diminished in 

comparison to the other sites, are still at relatively important components at the 

effluent. Nevertheless, bacterial proteins (actins, 30S ribosomal proteins, and EF-Tu), 

are the most abundant at this site, being most of them grouped in cluster 3. Although 

bacterial proteins were found in all the sampling sites, the dominant proteins in each 

site were different. Several reductases that were classified in cluster 2 were the most 

characteristic at the inlet. In contrast, GroEL and ATP synthase were the most 

characteristics of the anoxic reactor, probably reflecting the high bacterial activity on 

protein synthesis and energy production at this site. Finally, ribosomal proteins, EF-Tu 

and actin, mostly derived from Acidovorax citrulli, were the most abundant in the 

effluent water.  

Profiles in figure 1 reflect the average composition at each site along the 11 days of 

exposition. The real-time dynamics of these traits is still to be studied. In this work, we 

used those long exposition times to accumulate as much material as possible to assure 

proteomics identification. Additional work is needed to optimize detection sensitivity 

allowing a higher resolution over time of composition changes.  
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3.3 Human proteins are eliminated in the WWTP.  

A total of 57 human proteins were detected in the influent, some in high abundance as 

for the case of keratins. As it is shown for the 10 most abundant human proteins in the 

influent (excluding keratins) (Table I), all non-keratin proteins diminish in the anoxic 

reactor and are not detected in the effluent. For example, the 2 elastases taken 

together with Chymotrypsin account for a total of 1292 NSC in the influent but are 

reduced to one-third (434 NSC) in the anoxic reactor. Despite the high amounts of 

these proteins in the influent and the resistance of elastases to hydrolysis, they were 

not detected in the effluent. 

3.4. Semiquantitative proteomics defines the different microbial proteomes in the 

sampling sites. 

As shown above, the abundance of some protein species varies throughout the three 

sampling sites. In fact, the profiles of the bacterial proteins along the WWTP process 

could reflect both metabolic activity and diversity of bacterial communities acting at 

these sites (Figure 2, Figure S6). It should be noted that proteomic analyses, as 

performed here, could not only reveal the presence of proteins from more or less 

functional, viable cells but also of secreted proteins, or proteins from disrupted cells 

which are not necessarily physically present anymore in the sampling site.  

The identified proteins pointed to 175 bacterial genera distributed in 22 bacterial 

classes (15, 18 and 10 in the influent, anoxic reactor and effluent, respectively). 

Species from the phylum Proteobacteria were the more abundant in the 3 sites, but 

with important relative differences between its classes. While Deltaproteobacteria was 

the most abundant class in the influent, its percentage diminished in the anoxic reactor 

and was close to zero in the effluent. The highest representative of this class at the 

influent site was Desulfovibrio that accounted for 41.8 % of all NSCs at this site. 

Contrarily, Betaproteobacterias which produce 84 % of all NSCs in the effluent (mostly 
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from Acidovorax) are only 10 % in the influent (mostly from Azoarcus and 

Aromatoleum). The most diverse bacterial population was found in the anoxic reactor 

where no single species stands out. The most abundant genera, Burkholderia, 

Desulfovibrio, and Geobacter, accounted together for only 14.7 % of the spectral 

counts. 

Monitoring of enteric pathogens in water, such as Escherichia and Salmonella, is of 

interest for human health (Gorski et al., 2019). Together with other species of 

Firmicutes and Bacteroidetes, which are the dominant phyla in the human gut, they can 

reflect the level of water fecal contamination. Proteins from several species in these 

groups were present in the influent water and the anoxic reactor but none of them 

could be detected in the WWTP effluent.  

3.5 Conclusions: Proteomics for wastewater-based epidemiology. 

This communication highlights the capability of our approach for performing large scale 

proteomic analysis in sewage and treated water. While many works have focused on 

small molecules, metabolomic studies and microbial proteomics (Zhang et al., 2019), to 

the best of our knowledge, this is the first time the wastewater proteome is successfully 

and successfully assessed, and a significant number of human proteins are detected in 

this media.  

Recently, the relevance of the profiling of human proteins in sewage waters for WBE 

has been stated by several authors (Choi et al., 2018; Daughton, 2012; Daughton, 

2018; Mao et al., 2020; Rice and Kasprzyk-Hordern, 2019; Sims and Kasprzyk-

Hordern, 2020). Rice et al. described this approach as a new paradigm for public 

health assessment. These authors proposed a group of urinary proteins including 

prostate specific antigen, C-reactive protein, interleukins 6 and 8, podocin, anterior 

gradient protein 2, and uromodulin (also reported here) as subjects of interest for 

community-wide biomonitoring of disease (Rice and Kasprzyk-Hordern, 2019). For their 
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part, Daughton et al., suggested vitamin D-binding protein, monocyte chemoattractant 

protein 1, nerve growth factor receptor, and gelsolin as candidate proteins for sewage 

biomonitoring (Daughton, 2018). 

Identification in our work of human proteins such as uromodulin, α-amylase, and 

S100A8, which have been proposed as human health markers (Garimella and Sarnak, 

2017; Mattes et al., 2014; Wang et al., 2018), opens new windows to this new field of 

sewage epidemiology. Such type of approach described here may be useful as well for 

proteomic profiling changes of different populations to better understand the scale of 

new epidemiological threats,.i.e Covid-19 (Daughton, 2020; Mao et al., 2020).  

 

 

Figure 2.- Distribution of the bacterial phyla based on the number of specific peptides 

for each phylum (prepared with Unipept (Gurdeep Singh et al., 2019) web application). 

The phylum Proteobacteria is separated in its different Classes. The label 

Proteobacteria holds those peptide sequences that could not be assigned to a specific 

Proteobacteria class.  
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Table I: The most abundant human and bacterial proteins in the 3 sampling sites. For 

human, only proteins with unique peptides and NSC > 30 are considered. For bacteria, 

the 15 most abundant proteins (based on total NSC) are shown together with the 

number of bacterial genera contributing to each protein and the NCS for each site.  

 

  HUMAN             

Uniprot 
ID 

Description 

# peptides # NSC 

Site 
1 

Site 
2 

Site 
3 

Site 
1 

Site 
2 

Site 
3 

  Keratins 461 740 94 2903 5906 481 

P09093 Chymotrypsin-like elastase family member 3A 22 15 - 788 288 - 

P08861 Chymotrypsin-like elastase family member 3B 11 5 - 264 68 - 

Q99895 Chymotrypsin-C 16 7 - 240 78 - 

P04054 Phospholipase A2 7 - - 183 - - 

P05109 Protein S100-A8 2 2 - 92 36 - 

O60844 Zymogen granule membrane protein 16 7 - - 121 - - 

P59665 Neutrophil defensin 1 3 2 - 88 29 - 

P59666 Neutrophil defensin 3 3 2 - 87 29 - 

P63261 Actin  cytoplasmic 2 8 5 13 19 11 77 

P61626 Lysozyme C 3 2 - 54 36 - 

                

  BACTERIA             

Uniprot 
ID 

Description 

# peptides # NSC 

Site 
1 

Site 
2 

Site 
3 

Site 
1 

Site 
2 

Site 
3 

T2G6Z9 Adenylylsulfate reductase|Desulfovibrio gigas 35 21 2 162 78 1 

A1TJ05 Elongation factor Tu|Acidovorax citrulli - 11 14 - 84 111 

Q3JMP6 Elongation factor Tu|Burkholderia pseudomallei - 11 13 - 88 103 

Q62GK3 Elongation factor Tu|Burkholderia mallei - 11 13 - 88 103 

A1KB29 Elongation factor Tu|Azoarcus sp. 9 12 12 47 81 60 

P42481 Elongation factor Tu|Thiomonas delicata - 11 13 - 82 103 

A2SCV1 60 kDa chaperonin|Methylibium petroleiphilum - 18 11 - 83 60 

Q2YAZ9 Elongation factor Tu|Nitrosospira multiformis 4 7 9 17 65 60 

P10982 Actin-1 (Fragment)|Absidia glauca - - 10 - - 133 

A1W321 30S ribosomal protein S14|Acidovorax sp. - - 8 - - 128 
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HIGHLIGHTS 

 Large-scale proteomic analysis of sewage and treated water. 

 Proteomics for Wastewater Based Epidemiology. 

 Profiling of human proteins in sewage waters for WBE. 

 Human uromodulin, α-amylase, and S100A8 identified in urban sewage.  
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