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TIDAEA-CSIC, Barcelona, Spain
2 Catalan Institute for Water Research (ICRA-CERCA), Girona, Spain

Mass spectrometry in wastewater-based
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environmental proteomics (EP-VWBE). STecnologico de Monterrey,Mexico

6Indian Inst.of tech Gandhingar,Gujarat, India
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C.G. Daughton. Pharmaceuticals and Personal Care Products in the Environment, Scientific and Regulatory Issues,
C.G. Daughton, T.L. Jones-Lepp (Eds.), American Chemical Society, Washington (2001), pp. 348-364

E. Zuccato, C. Chiabrando, S. Castiglioni, D. Calamari, R. Bagnati, S. Schiarea, R. Fanelli, Cocaine in surface waters:
a new evidence-based tool to monitor community drug abuse, Environ. Health, 4 (2005), p. 14

Substance ingested and ' : ’ Real-time collection of
metabolized in the human body = Y cxposure/consumption New biomarkers of
data in WBE Drugs of abuse health
NPS Life-style habits
Population size

Urine pool in municipal sewage
system

R Wide-scope screening
nt ted t t ; ) = . . : :
Untreated wastewater and identification L ear R

products

Sewage epidemiology
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Science of the Total Environment 609 (2017) 916-926

Contents lists available at ScienceDirect

Science o
Total Enyironment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Five-year monitoring of 19 illicit and legal substances of abuse at the inlet .
of a wastewater treatment plant in Barcelona (NE Spain) and estimation
of drug consumption patterns and trends

a

Nicola Mastroianni %, Ester Lépez-Garcia ?, Cristina Postigo ®*, Damia Barcel6 *°, Miren Lopez de Alda

(7] Benzoylecgonine [l 11-nor-9-carboxy-THC [l Ethyl sulfate o Cocaine e THC e Ethanol
35000 0 50000
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. EPIDEMIOLOGY S ? e o
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DTR concentration in wastewater Estimates of drug use

Drug use in Barcelona during 5 years assessed using WBE.

Alcohol, cannabis and cocaine were the most consumed drugs.

Drug use increased from 2011 to 2015, contrary to national official data.
Temporal trends of drug use were in agreement with regional official data.
Consumption of alcohol, cocaine and MDMA increased during the weekend.



Contents lists available at ScienceDirect

Science s .«
ofal Enyironment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Monitoring wastewater for assessing community health: Sewage ronter
Chemical-Information Mining (SCIM)
Christian G. Daughton

Environmental Futures Analysis Branch, Systems Exposure Division, National Exposure Research Laboratory, Office of Research and Development, U.S. Environmental Protection Agency, 944 East
Harmon Avenue, Las Vegas 89119, NV, USA

) S 5.35 1482
N, 300
£
3
£
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\ ~® £
50
| R FRERLLERY | T 1
connected wasteslreams “ '" '” ”2 s
dilute urine 100x or more
{ c : sewage analysis; reporting of
- : : 2 community-wide trends
(oguous emarir o) cowagasampieaor.-— >\ eczommuny comparior
targeted biomarkers

e Update on Sewage Chemical-Information Mining (SCIM) for assessing public health
e Additional endogenous biomarkers are proposed for targeted monitoring with SCIM.
e Challenges for SCIM include confounding aspects of sewage and data normalization.
e A new concept is proposed that avoids the need for data normalization.

e Biomarkers are needed that measure not just disease but also health.
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Pande

WBE

MICS
timeline

timeline

Biosensors for the detection of disease outbreaks through
Wastewater-based Epidemiology
Mildred G. Jiménez-Rodriguez', Fernando Silva-Lance’, D. Alejandra Medina-Saia;;lQ

3
<\/Z‘

] . . ; ) ] N
Manuel Martinez-Ruiz', Elda M. Melchor-Martinez', Maria Adriana Martinez-P @b\z Haﬂ%

M.N. Igbal’, Roberto Parra-Saldivar’*, Damia Barcel6>*° and Juan

Hernandez'*

(@é rdo So. %O
o o

1Tecnologico de Monterrey, School of Engineering and Sciences, Ave. Eugenfééza;za Sada 2501, CP

64849, Monterrey, N.L., Mexico.

2Tecnologico Nacional de México-Instituto Tecnologico ¢
Chemical and Biochemical Engineering. Blvd. Felipe P
Durango, Dgo. 34080, Mexico.

3Department of Environmental Chemistry, Institute of Envirc
(IDAEA-CSIC), Jordi Girona, 18-26, 08034, Barcelona, Spe
4Catalan Institute for Water Research (ICRA-CERCA), Par
Girona, ¢/Emili Grahit, 101, Edifici H20, 17003, Girona, Spi
5College of Environmental and Resources Sciences, Zhe
China.
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Publishing options: {E) Open Access »
A Guide for authors

Track your paper ~ Order journal

Editor-in-Chief  Edntorial board

Janusz Pawliszyn

The articles in TrAC are concise, critical overviews of new developments in

analytical chemistry, which are aimed at helping analytical chemists and other

users of analytical techniques. These critical reviews comprise excellent. up-to

Read full aims & scope

15.5 wl 12.296 metl CN

Trends in Analytical Chemistry
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FIRST STUDY ON WBE IN BELFAST (UK)

| SOLATI ON OF B. THYPOSUS FROM SEWAGE AND SHELFI SH
W Janmes Wlson,MD, D . Sc.
British Medical Journal, (1928)1, 1061

Uy Sseevuvuo newnoas, ine same wouia ﬂpply T0 warter.
The success obtained by Wilson (1628) in demonstrating
B. typhosus in Belfast sewage by his method of selective
culture marks a great advance in this branch of bacterio-
logical investigation. 1 have applied Wilson’s technique
along with other methods in the examination of sewage
in Edinburegh. and the obiect of this communieation is to
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WBE using MS (PCR, Sensors): Lab-based
survelllance method totally independent of health-
care access

Detection of small molecules as biomarkers

Detection of large molecules as biomarkers

Detection of viral proteins of SARS CoV2 by HRMS
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Detection

of small molecules

Top-down WBE approach vs Bottom-up WBE approach

Pharmacokinetics, human
biomonitoring, etc. data

[ Markers of health/ disease, ]

consumption, exposure

Selection of human specific |
biomarkers

|dentification of biomarkers ]

1

Development and validation |
of analytical methods

J

Tentative identification of
human biomarkers

A

[ Stability studies

Suspected screening of
potential biomarkers

Wastewater screening for
selected biomarkers

Wastewater analysis for
fingerprinting and profilin
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Top-down approach

HUMAN BIOMONITORING (HMB) W STABILITY STUDIES

_ ,
WBE biomarker degradation

‘ /
Exposure Dust] m T @ Sewer reactor In-vial, biofilm free

excretion
products
Sources  Route of exposure  Human metabolism Biomarkers of exposure VERESTI

DEVELOPMENT OF ANALYTICAL METHO

UHPLC-QqQ-MS/MS
T . Target analysis

WASTEWATER ASSESSMENT

- _;\‘?

Pretreatment Extraction

Sampling
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Biomarkers

Consumption of addictive substances
lllicit drugs

Cocainics

Opiods

Cannabis

Amphetaminics

Tobacco
Alcohol

Caffeine

New psychoactive compounds
Consumption of pharmaceuticals
Pharmaceuticals (NSAIDs, antibiotics,

anticancerigens, etc..)

Food Consumption

Artificial sweeteners

Exposure to contaminants
Organophosphorus flame retardants
Plasticizers and phthalates

Pesticides (Triazines, organophosphorus,
organochlorine and pyrethroids)

Mycotoxins
Prevalence of disease
Hepatitis B

Stress

Diabetes
Gout

OH O

HO OH
HsC “

OH
OH O

Human metabolites (> benzoylecgonine)

Human metabolites and parent compounds

Human metabolites (> tretrahydrocannabinoic acid)

Parent compounds

Parent compound (Nicotine) and HM (cotinine, 3'-hydroxycotinine, anabasine, anatabine)
Human metabolites (ethyl sulfate)

Parent compound (caffeine) and human metabolites (1,7-dimethyluric acid)

Mostly parent compounds

Mostly parent compounds and transformation products, human metabolites in very few cases

As parent compounds (they are neither, metabolized or degraded).

Human metabolites (hydroxylated)
Human metabolites
Human metabolites (hydroxylated, dealkyl and acids)

Specific metabolites

Lamivuline (pharmaceutical)

8-iso-prostaglandin F2a (PGF2a), its metabolite dinor-113-Prostaglandin F2a (dnPGF2a) and
Prostaglandin E2 (PGE2)

Metformin (pharmaceutical)

Oxyallopurinol (metabolite of a pharmaceutical allopurinol)

EBNet Seminar-Webinar- November 11,2021
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VWBE to assess drug
consumption:

“Fallas of Valencia”
as study case




Daily consumption of the investigated drugs of abuse in 2014 in the influent from the

WWTPs in the city of Valencia during Fallas 2014.
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Bottom-up approach

Iw' { - ‘ %“'
‘
Sampling Analysis Data Pre-processing Prioritiziation Identification
Space & Time (Sample enrichment) Detect Peaks Isotopes, Mass Defect Database, Suspect Search
Before & After Chromatography (GC, LC) Subtract Blind Time/ Spatial Trends Assign Formula, Fragments
Hot spots Appropriate lonization Replicates & Grouping PCA/Clustering Analytical (RT, lonization,..) &
HR-tandem MS Build Profiles, Series Processes, Effects Meta Information
T TH | | |
R ; z
| £ g
T EE \
3 = | 3 s
‘ Retention time Time
\SAMPLE ARCHIVE DIGITAL ARCHIVE POLLUTION OVERVIEW PATTERN STRUCTURES j

Y

BIOMARKERS IDENTIFICATION
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Journal of Pharn:

ical and Biomedical Analysis 129 (2016)571-580

Contents lists available at ScienceDirect

Journal of Pharmaceutical and Biomedical Analysis

journal homepage: www.elsevier.com/locate/jpba

Identification of markers of cancer in urban sewage through the use of
a suspect screening approach

Laura Ferrando-Climent*"-*, Malcolm J. Reid ¢, Sara Rodriguez-Mozaz*, Damia Barcel6*¢,
Kevin V. Thomas*

W

Mass spectrometry criterion for Megestrol identification:

o e G o e i) XIC at 345.2430 m/z from TOF Full scan at high energy o : iv) Mass Fragments
e e 40, N0- M: rway Name (HE) and Low energy (LE) ii) TOF MS/MS spectrum at high energy (HE) and Low energy (LE) at 345.2430 m/z Suggested
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Journal of Chromatography A, 1461 (2016) 98-106

Contents lists available at ScienceDirect
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Journal of Chromatography A e . . R I
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Chemical pollutants
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Detection of large molecules

Science of the Total Environment 747 (2020) 141145

Contents lists available at ScienceDirect

Science =
Total Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Discovery of large molecules as new biomarkers in wastewater using )
environmental proteomics and suitable polymer probes =y

M. Carrascal?, J. Abian **, A. Ginebreda ®, D. Barcel6 >

# Proteomics Laboratory CSIC/UAB, Institute of Biomedical Research of Barcelona, Spanish National Research Coundil (IIBB-CSIC/IDIBAFS ), Rosellon 161, E-08036 Barcelona, Spain
b Institute of Environmental Assessment and Water Studies (IDAEA-CSIC), Department of Environmental Chemistry, Jordi Girona 18-26, 08034 Barcelona, Spain
¢ Catalan Institute for Water Research (ICRA), Emili Grahit 101, Parc Cientific i Tecnologic de la Universitat de Girona, Edifici H20, 17003 Girona, Spain

HIGHLIGHTS GRAPHICAL ABSTRACT

* Large-scale proteomic analysis of sew-
age and treated water. 5100A8

* Proteomics for Wastewater Based Epi-
demiology.

* Profiling of human proteins in sewage
waters for WBE.

* Human uromodulin, a-amylase, and
S100AS8 identified in urban sewage.




Objectives: Environmental Proteomics-VWBE

e To design a probe for the evaluation of synthetic organic matter degradation in natural and
engineered systems based on a previously selected polymer.

Rivas et al. STOTEN, (2016), 566-567:27-33

e To study the degradation patterns of the polymer and its transformation products by MALDI-TOF
MS IMAGING and UPLC-HR-MS.

e To test the polymer probe in the different aquatic environments found in a WWTP :

— Specifically, to examine chemical degradation and microbial community characterization in
the influent flow (IN), in the anaerobic/anoxic bioreactor (ANA) and in the oxygen aeration
tank (AER).

¢ To characterize the taxonomical composition of microbial communities present in
those aquatic environments, comparing the free-living with the polymer-attached
ones.

e To perform Proteomic discovery of the key peptides and related pollution tracers



Methods: Experimental setup
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Secondary Treatment
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Water samples from 3 different sites of the
Gava-Viladecans (Barcelona, Spain) wastewater
treatment plant were analyzed:

y O -

Influent ANOXic Effluent

r
water reactor wate

Three devices were placed per sampling point for 11 days

l

Polymer surfaces were cut and purified
Trypsin digestion

' . £, Orbitrap XL

~







Thermomix

‘ Surface slice
. =400 mg rt 40 min

D> »

»
»

| 500p12%SDS,  30ming9°c  Supernantant Bullet Blender

50 mM DTT 250 pl Zr Silicate beads
75 mM Tris-HCI 800 rpm 3 min at 8
lcentrifuge 7 min
Supernatant
300 pl

150 pl

X
3 replicates
X
9 runs Mix sections 2 band sections
Orbitrap < < Concentration by

SDS-PAGE

LC-MS/MS In-gel trypsin digestion



LC-MS/MS SEARCH RESULTS

SEARCH PARAMS
446 peptides (Proteome Discoverer)

Proteome Discoverer

678 peptides (PEAKS) _ tryptic
2 miss-cleavages
l 20 ppm prec/0.8 Da frag
FDR 0.1%
195 protein groups (Proteome Discoverer) PEAKS
501 protein groups (PEAKS) (includes fe:t{)go search)
rypti
2 miss-cleavages
ﬁ 20 ppm prec/0.8 Da frag
FDR 0.1%
175 protein names (PEAKS)
258 bacterial species (PEAKS) DATABASE

Human + Bacteria
Uniprot




Most Abundant Proteins

PEAKS search

HUMAN

Keratin type Il cytoskeletal 1

Chymotrypsin-like elastase family member 3A

name abundance
60 kDa chaperonin 17
Elongation factor Tu 1152
ATP synthase subunit beta 415
60 kDa chaperonin 2 25
Elongation factor Tu 2 148
ATP synthase subunit alpha 129
60 kDa chaperonin 1 126
Elongation factor Tu 1 2)
Malate dehydrogenase
Phosphoglycerate kinase
RNA-binding protein Hfq

Keratin type Il cytoskeletal 2 epidermal

Glyceraldehyde-3-phosphate dehydrogenase

Keratin type | cytoskeletal 10

Enolase

Keratin type | cytoskeletal 9

Major outer membrane lipoprotein

Keratin type Il cytoskeletal 5

ATP synthase subunit c

Neutrophil defensin 3

60 kDa chaperonin 4

Keratin type | cytoskeletal 14

60 kDa chaperonin 3

Keratin type Il cytoskeletal 6A

Outer membrane protein Omp38

Chymotrypsin-C

60 kDa chaperonin 5

Keratin type | cytoskeletal 16

K(+)-insensitive pyrophosphate-energized proto

Keratin type Il cytoskeletal 6B

30S ribosomal protein S5

Histone H4

Thioredoxin 1

Small proline-rich protein 2E

Glycerol kinase

Chymotrypsin-like elastase family member 3B

E___klngation factor Tu-A

Protein S100-A8

ATP synthase subunit alpha 1

Keratin type Il cytoskeletal 2 oral

508 ribosomal protein L17

Histone H2B type 1K

50S ribosomal protein L29

Keratin type Il cytoskeletal 75

Elongation factor Tu-B

Lysozyme C

Phosphoenolpyruvate carboxykinase [GTP]

Keratin type Il cytoskeletal 79

Acetoacetyl-CoA reductase

Keratin type Il cytoskeletal 78

30S ribosomal protein S2

Keratin type Il cytoskeletal 1b

60 kDa chaperonin 6

Defensin-5

508 ribosomal protein LS

Keratin type Il cytoskeletal 4

50S ribosomal protein L19

Dermcidin

308 ribosomal protein S7

Keratin type Il cytoskeletal 73

50S ribosomal protein L7/L.12

0| 35| B| B| B| R| R| B3| B3| | N| X X @ 63 B3| R R 8| B| 2| B &| B| B B K| N

Keratin type | cytoskeletal 13

abundance = int(100000 * peptides / mass)

Trypsin-2

Serum albumin
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60 KDa chaperonin
(GroEL)

GroEL belongs to the chaperonin family of molecular chaperones, and is
found in a large number of bacteria. It is required for the proper folding of WA
many proteins. To function properly, GroEL requires the lid-like cochaperonin ¢
protein complex GroES. ’ :

In eukaryotes the proteins Hsp60 and Hsp10 are structurally and functionally
nearly identical to GroEL and GroES, respectively.

ATP synthase

ATP synthase is an enzyme that creates the energy storage molecule adenosine triphosphate
(ATP). ATP is the most commonly used "energy currency" of cells for all organisms. It is
formed from adenosine diphosphate (ADP) and inorganic phosphate (Pi).

E. coli ATP synthase is the simplest known form of ATP synthase, with 8 different subunit

types. ]
elongation factor Tu

In bacteria, elongation factor Tu plays a central role during the selection of the correct amino acids
throughout the elongation phase of translation.

The amount of EF-Tu in the cell is equimolar to that of tRNA, while the total number of EF-Tu
molecules is 8—14 times the number of ribosomes depending on growth conditions.2

wikipedia



ASSESSMENT OF HEALTH STATUS, HABITS, AND BEHAVIORS OF THE
POPULATION THROUGH WASTEWATER-BASED EPIDEMIOLOGY (WBE) BASED
ON PROTEINS.

M.Carrascal, A. Ginebreda, J. Abian, D. Barcelo. IIBB/IDAEA-CSIC.

Characterization of human protein biomarkers in sewage waters:
presence in urban sewage waters of proteins from diverse origins,
including human proteins such as uromodulin, a-amylase, and S100A8,
which have been proposed as health > Wastewater Based

Epidemiology (WBE).
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Data analysis (chemometrics) workflow

https://www.nature.com/protocolexchange/protocols /4347

Thermo
Waters

Fisher

SCIENTIFIC

protocol exchange

Sharo protocol | Labgroups | About Contact

FROTOCOL EXCHANGE | COMMUNITY CONTRBUTED

A protocol for LC-MS metabolomic data processing using
chemometric tools

Eva Gorrochategul, Joaquim Jaumot & Roma Tauler
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ROIMCR-Regions of Interest-Multivariate Curve Resolution

50% of the m/z MS1 spectra from ROIMCR resolution matched MS1 signals- MS2 were
taken. When no MS2 fragments were present, no identification by-Protein Discovery
523 Peptides corresponding to 35 different proteins from different eukaryotic species:
Human, Chicken, Rat or Mouse, bacterial species

Proteins Protein name Organism name Time1 Time2 Time5
P35908 Keratin, type Il cytoskeletal 2 epidermal Homo sapiens 7 10 5
Q6IFZ6 Keratin, type Il cytoskeletal 1b Mus musculus 7 9 5
P04264 Keratin, type Il cytoskeletal 1 Homo sapiens 12 17 6
Q981J9 60 kDa chaperonin 5 Mesorhizobium japonicum 1 1 1
B5YJN3 60 kDa chaperonin Thermodesulfovibrio yellowstonii 1 1 1
A1K436 60 kDa chaperonin 1 Azoarcus sp. 1 1 1
Q5P7G2 60 kDa chaperonin Aromatoleum aromaticum 1 1 1
A4G837 60 kDa chaperonin Herminiimonas arsenicoxydans 1 1 1
Q1H4F2 60 kDa chaperonin Methylobacillus flagellatus 1 1 1
A4SZV4 60 kDa chaperonin Polynucleobacter asymbioticus 1 1 1
Q3A0V2 60 kDa chaperonin Pelobacter carbinolicus 1 1 1
P13645 Keratin, type | cytoskeletal 10 Homo sapiens 1 9 2
P04259 Keratin, type Il cytoskeletal 6B Homo sapiens 2 4 0
A8EV70 ATP synthase subunit beta Arcobacter butzleri 0 1 0
Q99895 Chymotrypsin-C Homo sapiens 0 6 0
P01876 Immunoglobulin heavy constant alpha 1 Homo sapiens 0 7 2
Q6FF97 Elongation factor Tu Acinetobacter baylyi 0 4 0
A3M1F6 Elongation factor Tu Acinetobacter baumannii 0 4 0
P09093 Chymotrypsin-like elastase family member 3A Homo sapiens 0 14 0
ABFLS1 ATP synthase subunit beta Flavobacterium johnsoniae 0 1 0
ATALL7 ATP synthase subunit beta 1 Pelobacter propionicus 0 1 0
Q82XP8 ATP synthase subunit beta Nitrosomonas europaea 0 1 0
Q9Y6R7 IgGFc-binding protein Homo sapiens 0 1 0
Q14533 Keratin, type Il cuticular Hb1 Homo sapiens 0 0 1
P78385 Keratin, type Il cuticular Hb3 Homo sapiens 0 0 1
P78386 Keratin, type Il cuticular Hb5 Homo sapiens 0 0 1
043790 Keratin, type Il cuticular Hb6 Homo sapiens 0 0 1
AbA6Mb5 Keratin, type | cuticular Ha1l Pan troglodytes 0 0 1
076009 Keratin, type | cuticular Ha3-I Homo sapiens 0 0 1
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WASTEWATER-BASED EPIDEMIOLOGY (WBE) BASED ON PROTEINS IN 10
CATALAN WWTPs.
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MAVLDI-TOF of Besos and Olot WWTP

10 (Besos)peaks and 7 (Olot(peaks) match the most abundant proteins
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Figure 8. The spectra of MALDI — ToF of Besos and Olot. Each number represents the molecular

weight of each corresponding peptide, the height of peaks indicates the abundance of the
corresponding peptide detected in the sample.



LC/MS/MS of Besos and Olot WWTP: Confirmation of
the Proteins detected by MALDI-TOF

Table 4. The analytical results of LC — MS/MS of Besds (top) and Olot (bottom). PSMs indicate the

abundance of the corresponding proteins detected in the sample.

Description Score Coverage # Proteins |Unique # Peptides # PSMs
Pancreatic alpha-amylase OS=Homo sapiens C  1689.54 73.97 3 5 34 427
Alpha-amylase 1 OS=Homo sapiens OX=9606 1572.32 72.80 3 7 34 395
Alpha-amylase 2B OS=Homo sapiens OX=9601 1375.19 72.80 B 1 33 361
Maltase-glucoamylase, intestinal OS=Homo sa; 532.97 36.51 3 48 52 152
Albumin OS=Homo sapiens OX=9606 GN=ALf  390.23 67.16 6 29 37 107
| Description Score Coverage | # Proteins |Unique Peptid| # Peptides | # PSMs
Albumin OS=Sus scrofa OX=9823 GN=ALB PE  1519.02 76.11 1 45 | 58 410
Albumin OS=Bos taurus OX=9913 GN=ALB Pq 481.28 64.25 1 16 39 | 129
Albumin OS=Homo sapiens OX=9606 GN=ALlI  454.32 67.00 1 31 38 125
Pancreatic alpha-amylase OS=Homo sapiensC  475.58 64.19 4 5 25 121
Alpha-amylase 1 OS=Homo sapiens OX=9606 451.86 64.19 3 6 25 115




WASTEWATER-BASED EPIDEMIOLOGY (WBE) BASED ON PROTEINS IN 10
CATALAN WWTPs.

Species distribution according to albumin protein. Presence of
blood from main species (pigs, chicken, cows) in wastewater-
illegal discharges to the WWTP . Sampling December 2020.
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WASTEWATER-BASED EPIDEMIOLOGY (WBE) BASED ON PROTEINS IN 10
CATALAN WWTPs: IMMUNOGLOBULIN.

Immunoglobulin in feces : tentative biomarker for people

infected by SARS-CoV-2 or vaccinated ( 1 Million
vaccinated in Catalonia April 2021) or bacteria,

reesson -] jmmunodefickerey myeloma [ speces
P01834 Immunoglobulin kappa constant OS=Homo sapiens 0X=9606 GN=IGKC PE=1 SV=2 - [IGK( Homo sapiens
PODOX7 Immunoglobulin kappa light chain OS=Homo sapiens OX=9606 PE=1 SV=1 - [IGK_HUMAN] Homo sapiens
P01876 Immunoglobulin heavy constant alpha 1 OS=Homo sapiens OX=9606 GN=IGHA1 PE=1 SV- Homo sapiens
PODOX2 Immunoglobulin alpha-2 heavy chain OS=Homo sapiens OX=9606 PE=1 SV=2 - [IGA2_HUI Homo sapiens
P01833 Polymeric immunoglobulin receptor OS=Homo sapiens OX=9606 GN=PIGR PE=1 SV=4 - [P Homo sapiens
PODOY2 Immunoglobulin lambda constant 2 0S=Homo sapiens OX=9606 GN=IGLC2 PE=1 SV=1 - [ Homo sapiens
POCG04 Immunoglobulin lambda constant 1 OS=Homo sapiens OX=9606 GN=IGLC1 PE=1 SV=1 - [ Homo sapiens
P01857 Immunoglobulin heavy constant gamma 1 OS=Homo sapiens OX=9606 GN=IGHG1 PE=1 £ Homo sapiens
AOA075B6P5 Immunoglobulin kappa variable 2-28 OS=Homo sapiens OX=9606 GN=IGKV2-28 PE=3 SV= Homo sapiens
P01591 Immunoglobulin J chain OS=Homo sapiens 0X=9606 GN=JCHAIN PE=1 SV=4 - [IG]_HUMA Homo sapiens
P06310 Immunoglobulin kappa variable 2-30 OS=Homo sapiens OX=9606 GN=IGKV2-30 PE=3 SV= Homo sapiens
P01859 Immunoglobulin heavy constant gamma 2 OS=Homo sapiens OX=9606 GN=IGHG2 PE=1 £ Homo sapiens
P06312 Immunoglobulin kappa variable 4-1 OS=Homo sapiens OX=9606 GN=IGKV4-1 PE=1 SV=1 - Homo sapiens
P01764 Immunoglobulin heavy variable 3-23 OS=Homo sapiens OX=9606 GN=IGHV3-23 PE=1 SV= Homo sapiens
P01871 Immunoglobulin heavy constant mu OS=Homo sapiens OX=9606 GN=IGHM PE=1 SV=4 - | Homo sapiens
P01619 Immunoglobulin kappa variable 3-20 OS=Homo sapiens OX=9606 GN=IGKV3-20 PE=1 SV= Homo sapiens
P01782 Immunoglobulin heavy variable 3-9 OS=Homo sapiens OX=9606 GN=IGHV3-9 PE=1 SV=2 Homo sapiens
AOA075B6R9 Probable non-functional immunoglobulin kappa variable 2D-24 OS=Homo sapiens OX=9606 Homo sapiens
AOA0C4DH31 Immunoglobulin heavy variable 1-18 OS=Homo sapiens OX=9606 GN=IGHV1-18 PE=3 SV= Homo sapiens
AOA0C4DH72 Immunoglobulin kappa variable 1-6 OS=Homo sapiens OX=9606 GN=IGKV1-6 PE=3 SV=1 - Homo sapiens
AOAOAOMT36 Immunoglobulin kappa variable 6D-21 OS=Homo sapiens OX=9606 GN=IGKV6D-21 PE=3 ¢ Homo sapiens
AOA0C4DH24 Immunoglobulin kappa variable 6-21 OS=Homo sapiens OX=9606 GN=IGKV6-21 PE=3 SV= Homo sapiens
AOA0B4J2HO Immunoglobulin heavy variable 1-69D OS=Homo sapiens OX=9606 GN=IGHV1-69D PE=1 ¢ Homo sapiens
AOA075B6H9 Immunoglobulin lambda variable 4-69 OS=Homo sapiens OX=9606 GN=IGLV4-69 PE=1 SV: Homo sapiens
P01624 Immunoglobulin kappa variable 3-15 OS=Homo sapiens OX=9606 GN=IGKV3-15 PE=1 SV= Homo sapiens



WBE of SARS-CoV-2 in India using PCR by, Manish Kumar,Indian Institute of

Technology,Gandhinagar, Gujarat, India , IDAEA-CSIC,ICRA, et al. Chemical
Engineering Journal, 425 (2021)130635.

‘Can testing waste water help detect
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WBE can definitely help in city zonation for effective COVID-19 pandemic preparedness

powered by early warning !!

What about effects of population density and condition of sewer systems?
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Detection of viral proteins SARS COVID

SARS-CoV-2 o .
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pubs.acs.org/jasms Account & Perspective

Mass Spectrometry Techniques in Emerging Pathogens Studies:
COVID-19 Perspectives Journal of the American Society for Mass Spectrometry pubs.acs.org/jasms

Igbal Mahmud and Timothy J. Garrett™

COVID-19 patients Specimens Protein Extraction MS-based proteomic Techniques Data analysis
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Figure 1. MS-based proteomics to study COVID-19. Workflow developed based on recent proteomic analysis on COVID-19 pandemic. SARS-
CoV-2 virus with different symptomatic patient conditions or infected cell model are shown. Typically, serum, plasma, and PBMCs from blood as
well as urine, saliva, and nasal swabs have been utilized for targeted or untargeted proteomic analysis in COVID-19 patients. MS spectral
comparison followed by multivariate statistical analysis can be applied for biomarker analysis with different levels of COVID-19 severities. For
details about different COVID-19 proteomic sample preparation, data collection, and analysis, see Table 1.
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N- and O-Glycosylation of the SARS-CoV-2 Spike Protein
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LC-IM-MS/MS

HCD fragmentation of the N165 glycopeptide carrying an asymmetric
biantennary glycan with a sialylated LacdiNAc structural motif.

* e
= 2741
100
12041 * 386.1 I an
im i 657.2 O ¥
o4 [J r
|
] <> bt VYSSANNCTFEYVSQPFLMDLEGK
8 ] O Y
] 495.2 4 . L&
5 | p-e; '
3 o
1 r 598.3[:;] ! 141490 * 13 e
£ 40 i jm] 5 S R epr ¥
5 : pep = © "
407.2 25" 482.6 p:p- : p:p<
»0.168.1 1360.9 1536.6 pep1919.8
3 1049.5 .
] g 3282 —_ m \1633.3
0 1 11110 11 . l‘l]g, B 5 T PO IO *uL...‘,u. ,W‘NLJLJ NUL ) l 14\1,1 o T ,,,Juﬂ -
200 400 600 800 1000 1200 1400 1600 1800 iz

cIMS of the m/z 657 fragment produced by fragmentation of the
AGC(cam)LIGAEHVNN(dea)SYEC(cam)DIPIGAGIC(cam)ASYQTQTNSPR

O-glycopeptide. 23
L]
A 1 Ta23 " a6? tas .
L ]
1 pass 7
5 passes 70V
’ 8800 7000 200 ‘o %00 7.0 8000 8200 8400 8800 80
a2-6 02-3 .
100
? c
D o
J/\ 5 passes 50V
8300 7000 20 74.0 7600 780 8000 8200 8400 8800 80
> -
D
L
5 passes 30V
1800 1800 2000 | 2200 | 2400 2800 2800 e ™ T M -1 T

5 0 0 0 0 0 0 o > > |y, —, — > o ) o ) o =



roteome

esearch

acs.org/jpr

yteotyping SARS-CoV-2 Virus from Nasopharyngeal Swabs: A
yof-of-Concept Focused on a 3 Min Mass Spectrometry Window

rte Gouveia,(“ Guylaine. .Miotello,'(" F: ,ﬁp ﬁo ﬁo ﬁ ﬁ’

rent Bellanger, Jean-Philippe Lavigne,
Jean Armengaud™

Protein M EITVATSR] 0 0 0 2 0
Cite This: J. Proteome Res. 2020, 19, 4407-4416
= GFYAEGSR4 o 0 0 0 0
CESS | [shl Metrics & More
RACT: Rapid but yet sensitive, specific, LDDKDPNFK4 o0 0 0 0 0

tion of the severe acute respiratory syndrome
2) in clinical samples is key to diagnose infecte
ol the spread of the virus. Alternative methc .
inodiagnostics that would not require specific Protein N | KKADETQALPQRH 0 0 0 0 0
tigate not only for fighting the COVID-19 pand
~emergent pathogenic threats. Here, we prop:
spectrometry to detect SARS-CoV-2 marker A
1l swabs. We documented that the signal from RARCIRL
ch samples is low and can be overlooked whe
omic data acquired on a restricted windo
cape. In this proof-of-concept study, simili ADETQALPQR4 0 0 0 0 0
d with different anantitiee of nurified SARS-Cn

1 L] 1 L] L

™ T2 T3 T4 T5 16 T7 T8 19
# peptides identified 0 0 0 1 0 0 4 5 0

Figure 4. Heatmap of peptxde intensities in the clinical nasopharyngeal swabs. Cell color corresponds to MS1 peak area, red be

. EY S S L L < SRRy S AU | . (5 Y 4 A, I RESERY ol » T ot O il LA RS W o o s W o o) - 2% . g oF el 2 . . a° ¥Y_ Ny



QT I C LE M) Check for updates
ps://doi.org/10.1038/s41467-020-19925-0 OPEN

stablishing a mass spectrometry-based system for
pid detection of SARS-CoV-2 in large clinical
ample cohorts

ina Helena Morais Cardozo® '3, Adriana Lebkuchen® '3, Guilherme Goncalves Okai® '3,

drigo Andrade Schuch® '3, Luciana Godoy Viana® '3, Aline Nogueira Olive® !, Carolina dos Santos Lazari?,
a Maria Fraga® 1 Celso Francisco Hernandes Granato@® 2, Maria Carolina Tostes Pintdo® ' &

demir Melechco Carvalhom '™

= " 5 o 7
2) [ ]
[ ] 3 5
: I1 | II :
(o) 300 6 1
|- sampie sampl
O Toops toops.
Sample trays
250 5 1
O
- High linear velocity
© S O~
ValvesA° D @ LD w4 | Distinct diffusion rates & 4
O | and chemisyatiniy £ 0 %
2] O OROx : < <
Z z
Turbulent
flow g g
£ 150 Egs;
Eluﬂal!
i1[F Turourent now e b ‘ ;
(v";‘i,:,run”;n':an) solvent :'.' —4 -]
‘1-F -, { 100 2 4
nnel ) ? a
w 50 . 1
o ] E E § | |
et O) —— H § : [ B
B —_— ~ g -
— Se‘!e;yeng o o 0.0 05 1.0 1.5 20 25 0.0 0.5 10 15 2.0 25
Anatytical colum,
(Aﬁéi.-on,"‘ Retention time (min) Retention time (min)
n 0 ———

Fig. 3 Selected reaction monitoring chromatograms of SARS-CoV-2-positive clinical respiratory tract specimen showing targeted peptides
bulent flow chromatography (TFC) setup in Transcend TLX-4 system coupled to TSQ Altis triple quadrupole a Qualitative (Tier 3) assay; b Quantitative (Tier 1) assay. The first three residues of each peptide are used to label peptide peaks: DGI (DGIIWVATEC
as four independent channels (channel 1: blue, channel 2: orange, channel 3: green and channel 4: red) that can be and IGM (IGMEVTPSGTWLTYTGAIK) from nucleoprotein; HSG (HSGFEDELSEVLENQSSQAELK) from '5N-labeled surrogate standard chromograi

(in Tier 3) and SYE (SYELPDGQVITIGNER) from human beta actin (in Tier 1).



hL(QE::!;IP‘E/lRO.‘§35/S4‘SE7~020'0644-7 biotwlno]ow
Detection of SARS-CoV-2 in nasal swabs using General scheme for SARS-CoV-2 detection by MALDI-MS and ML

MALDI-MS

Fabiane M. Nachtigall'®3, Alfredo Pereira?, Oleksandra S. Trofymchuk? and Leonardo S. Santos ©2%

Sample collection MALDI-MS analysis

O Spectra ML
— e E, _—
| A |~
Control SARS-CoV-2 m'z

I‘I |

| = S

Control mass spectra SARS-CoV-2 mass spectra =5
? /7 N\

ML

Predicted class

-5 0 5 10 ‘ P N
Spectral preprocessing I
o P TP FN
. . LI @
Intensity matrix [ .| ©
- E
Q
N <
Feature selection N FP N
> I -
1] \
I - ™

EBNet Seminar-Webinar- November 11,2021



e AC: 9 subset for unrestricted RESEARCH re-use
n (know!ed%emem of the original s¢
World

ource.
f the Health Organization (WHO)

a“alytl::i%%!istry

pubs.acs.org/ac

Rapid Detection of COVID-19 Using MALDI-TOF-Based Serum Scheme Of establlshlng a dlag nostlc model for rapld
Peptidome Profiling . )

St s e e screening of COVID-19 patients.

Cite This: Anal. Chem. 2021, 93, 4782-4787 I: I Read Online

Ll

0808068880880
Control - 900000000000 - m/z
q 000008880000
e 822888882223 Lol
"" 000000000000 prey =
Sample collection Sample preparation MALDI-TOF analysis
COVID-19
> PCA |
/ -~
ROC cur\ie/ 3: ) Sample|peak1| peak?2|...
= Sl
// - 'I. °® = 2
7 \._rl | 3
> | h |
FP ) ) )
Diagnostic model Feature selection Data processing

EBNet Seminar-Webinar- November 11,2021

5 0 0 0 0 0 0 o > > |y, —, — > o ) o ) o =



Contents lists available at ScienceDirect

by Trends in Analvtical Chemistrv

Step/parameter RT-PCR detection 3’ DNA amplicon detection by Viral peptide detection by  Viral peptide sequencing by LC-

MS 32.33 MALDI-MS 34 ESI-MS/MS 35
Viral component recovery RNA RNA protein protein
Recovery time minutes minutes 1-2 h 1-2 h

Steps pre-analysis reverse transcription,
denaturation, annealing,

amplification®

reverse transcription,
denaturation, annealing,
amplification®

proteolytic digestion
with/without
reduction/alkylation

proteolytic digestion
with/without reduction/alkylation

Pre-analysis time 30 min 30 min 4-14 he 4-14 he

Detection time 2-4h few minutes few minutes 30 min—-1h

Detection limit (copies) ~10 >10-10232 > 1054 105-108

Reliability/confidence up to 95% high (with multiple high (with multiple peptides high (with multiple peptides
amplicons detected) detected) sequenced)

Analysis cost/sample (USD) $10 $10-50 $100 $250

Instrument cost (USD) $20 K+ $100 K+ $100-1000 K+ $250-500 K+

a All times and figures are approximate only and depend on specific protocols and equipment employed. Citations are:

1. Da Silva et al. ACS Infect. Dis. 2020, 6, 2319-2336.

2. Xiu et al, J., Front. Microbiol. 2017, 8, 1510.

3. Wandernoth et al. Detection of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) by Mass Spectrometry. 2020, 12, 849.

4. Dollman et al. ACS Infect. Dis. 2020, 6, 3269-3276.

5. Nikolaev et al. J.Proteome Res. 2020, 19, 4393-4397.

b According to real-time RT-PCR detection of SARS-CoV-2 protocol, Institute Pasteur, Paris (https://www.who.int/docs/default-source/coronaviruse/real-time-rt-pcr-assays-for-the-detection-of-sars-cov-2-institut-
pasteur-paris.pdf).

c<Improve using immobilized enzyme digestion to 1-2 h.

dimprove by one or two orders of magnitude with selected ion monitoring (SIM).



Conclusions and Challenges

1.

The identification of small molecules used as biomarkers is linked to the search of
HBM studies and to the advances in MS

Introduction of HR-MS and the improvement of raw data processing, identification
systems and applied bioinformatics has opened an important door to the discovery of
new useful biomarkers directly in wastewater.

However, this aspect of WBE is not yet resolved and the lack of human-specific
metabolites for some compounds and additional sources of transformation products
need to be addressed.

Solving these problems can be somewhat time-consuming due to the complexity of
wastewater.

Shall we need to increase/cleanup /sample preparation of the WWTP samples?
Pros and cons to any of the answers should be carefully evaluated on a case-by-case basis.

________________



Conclusions and Challenges

5. Recently, there is an emerging interest in complementing the metabolite profile of

biomarkers determined in wastewater with proteomics.

6. Although the studies are still scarce, WBE of large molecules using MS got a lot of

possibilities using HRMS with non-target approaches and chemometrics

7. Problems in Proteomics -WBE remain, such as the prevalence of the bacterial
proteome versus human proteomes, being more difficult for the later.

8. Nevertheless, despite the limited number of studies that exist, several proteins of
human and animal origin have been identified that are related illegal discharges of
livestock blood (Albumin) , Covid-19 infection (immunoglobulin),human proteins
identified (Keratins,pancreatic enzymes,alpha-amylase, uromodulin,S100A8)

9. MALDI-TOF is a fast method to detect the most abundant proteins in WBE with

| confirmation by LC/MS/MS
w”' Proteins and peptides related to humans as well as proteins and peptides from SARS-
A3 ither viruses will be soon identified

______________________________________________________________________________________________________________________________________________________________________________________



Conclusions and Challenges

9. Virus identification is the only field of WBE where MS is not prevalent

10. Sensitivity still needs to be resolved = the identification of these proteins in clinical
analysis is a reality of great help in diagnosis.

11. Biosensors- paper based and other devices, Little Middle Income Countries (LMICs)
acking WWTP facilities- today’s problem of more than 1 billion people

A Should be able to find specific peptides from the nucleocapsid protein responsible of
oV-2 infection in WBE?
This would always help to improve identification and, why not? Future is always going a
A+d and this would be of help.

Do we need a more sensitive LC-MS/MS for SARS peptide specific detection in WWTP?
Clearly yes, but the ADVANCES IN MS DOES NOT STOP.

e.g. lon mobility mass spectrometry and improve workflows in non-target analysis are
% sensitivity to unexpected extremes.

______________________________________________________________________________________________________________________________________________________________________________________
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Paper and other fibrous materials for biosensing applications

Biorecognition elements

Schematic representation 2 sibba
of a PAD immobilization

" 4 \* « DNA l'rl\‘.
| B

A [ * Enzymes

*  Whole cells e S

Substrate for functional materials

Schematic representation of a paper-based
analytical device (PAD) and its primary function
as a matrix for biomolecules immobilization,
functional materials, and microfluidic control.

https://doi.org/10.3390/bios11050128
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a) Two-dimensional flow design for sequential delivery of reagents or mixing; (b) three-
dimensional flow configurations; (¢) open-channel microfluidic omniphobic paper; (d) Separation
membrane; (e)”“on/off” fluidic switch; (f) hydrogel-driven paperbased microfluidics; (g) flow time

delays using dissolvable bridges and absorbent pads ; (h) slip device for one-step point-of-care
testing.
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Fig. 3. The schematic diagram of the paper device for the detection of BolV-1, Brucella and Leptospira (33]. Fig. 4. The schematic illustration of SARS-CoV-2 IgG and IgM test [41]. (A) The detection device. (B) Different test results.



6 @9 $AB BROUP @ Tecnologico
Qg de Monterrey

M&RTEC

Electrochemical sensing of SARS-CoV-2 amplicons with printed circuit
board (PCB) electrodes

2. Low-cost miniPCR used to Witho”tgz‘; req“iretme”t for
reagents
‘ °\ perform RT-PCR reaction d &

1. RNA extraction of SARS-CoV-2
from clinical / environmental samples ;

3.DNA intercalated with methylene blue detected
$ with PCB electrode and portable potentiostat (Emstat)

4 Data analysis using differential pulse
voltammetry and cyclic voltammetry

SARS-CoV-2 nucleic acid detection workflow. RNA extracted from wastewater is amplified using a low cost thermo cycler and then placed onto
PCB electrodes.

https://doi.org/10.1016/j.snb.2021.130169
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Field-Effect TransistorBased Biosensor

SARS-CoV-2 spike antibody

SARS-CoV-2 virus

Source

SARS-CoV-2 virus }
@ —

COVID-18 FET sensor

Schematic diagram of COVID-19 FET sensor operation procedure. Graphene as a sensing material is selected, and SARS-
CoV-2 spike antibody is conjugated onto the graphene sheet via 1-pyrenebutyric acid N-hydroxysuccinimide ester, which
is an interfacing molecule as a probe linker.

https://doi.org/10.1021/acsnano.0c02823



https://doi.org/10.1021/acsnano.0c02823

Acknowledgements

This work has been supported by the Spanish Ministry of Science and Innovation (MICINN,
Spain) Projects:

+ PID2020-114065RB-C22 E
+ CEX2018-000794-S
+ PID2019- 105732GB
+ IBERAQUA-NET RED2018-102737-T (http://iberaquanet.com/)

GOBIERNO MINISTERIO
DE ESPANA DE CIENCIA, INNOVACION
Y UNIVERSIDADES

o e

Carlos Perez-Lopez acknowledges the predoctoral Severo Ochoa FPI 2019-090182
scholarship from MICINN.

______________________________________________________________________________________________________________________________________________________________________________________

EBNet Seminar-Webinar- November 11,2021



Many thanks for
vour attention




