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Identification of «markers»

The analytical determination is pivotal.

The cutting-edge in sensitivity and selectivity is

Ancient proverb:  

On a Dark night you can see more stars

What We Do….
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Resolution and accuracy

Resolving power ( R) = m/Δm

Compound with MW=200 , Δm=0.014 > R=14000

How many 

compounds? 

resolution

correct identification? 

accuracy
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Resolution and accuracy

Resolving power ( R) = m/Δm

Compound with MW=200 , Δm=0.014 > R=14000
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accuracy
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Who and what Have we to face out?

“There are known knowns These are things we know that we know

“There are known unknowns. That is to say, there are things that we 

know we don't know. 

But there are also unknown unknowns. There are things we don't know 

we don't know.” 

• Ci sono «informazioni» conosciute che sappiamo di sapere.    “Target”

• Ci sono «informazioni» sconosciute che sappiamo di non sapere.  “UnTargeted” 

• Ma ci sono anche «informazioni» a noi sconosciute che non sappiamo di non sapere.“UnKnown”

Donald Rumsfeld, Ex Secretary of Defense, USA

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=PZDReoXUL2VHWM&tbnid=tw8HQoA0Rm53FM:&ved=0CAUQjRw&url=http://www.freakingnews.com/Gadgets-in-Politics-Pictures--74-2.asp&ei=P8UuUumlFMvw0gWh_ICQDQ&psig=AFQjCNFbBEGQIT3XTG1U_Cmj1Nlu2OA0rw&ust=1378883175302344
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The language of the HRMS methods

Harmonization

• Comparison with the reference standard of 
Retention time (tR)+ Molecular formula (MS) + 
fragmentation pattern (MSMS)

target

• Comparison with database+ Molecular
formula (MS) + fragmentation pattern (MSMS)suspect

• Data on Retention times +  Molecular
formula (MS) + eventually fragmentation
pattern (MSMS)

Non 
target

All analyses without a pure standard start as non-target

and could remain unknown

Non-target screening with high-resolution mass spectrometry: critical review using a collaborative trial on water analysis

Schymanski EL, .., Bogialli S, et al. Anal Bioanal Chem, 2015, 407, 6237-6255



Analisi Target e Non-Target

Campione da analizzare

Target

Conferma

e quantificazione

Non Target

Screening 
con database

Analisi
statistiche

fingerprints

Incogniti
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LC-HRMS_research

Target & non-target analysis

Characterization of organic compounds
(organometallic, cultural heritage)

Metabolomic

Clinical markers (Alzheimer, Parkinson, Diabetes)

Biomarkers in food

Contaminants (Biomarkers)  in environment
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Emerging contaminants

Endocrine disruptors (EDs)

Illicit drugs

Pharmaceuticals

Flame retardants

Plasticisers

Food additives

Personal Care Products

Perfluorinated compounds

Disinfection by-products

Transformation products

Algal toxins

etc…



Chemical contaminants in envinroment:

• Pesticides, Erbicides

• Industrial residues

• Endocrine disruptors (e.g plastificant)

• Pharmaceuticals

• Personal care products

• Cleaning products

• ….

• Metabolites

HR-MS/MS  - An example …
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LC-DAD-HRMS workflow: plant biomarkers

1.From literature

•MS signals in full scan analysis of suspect 
compounds for Z. punctata.

2. From LC-DAD

• MS identification of the largest peaks with 
characteristic UV spectra.

3. LC-HR- tandem MS

• AutoMS fragmentation scan of the previously 
selected MS precursor ions 

LC-ESI-QTOF

Multi-step workflow:

1. (pseudo) molecular ion identification.

2. diagnostic ions (e.g. adducts, neutral loss…).

3. characteristic fragmentation (e.g. class-dependent) .

4. molecular structure assignment.

Bioactive compounds

produced by extremophiles

plants
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Bioactive polyphenols: identification scheme

1.Raw formula

Accurate mass

DBE

2.Structural formula

DBE

Fragmentation
pattern

3.Isomeric variant
UV spectra

(if present)

Chromatographic
behaviour

Biological
mechamism

Bioactive compounds produced by extremophiles plants
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Propolis analysis_results
Compounds Reports % relative area

Z.p-E T1-E T2-E C1-E C2-E

Chalcones and Dihydrochalcones

1 s 2',4'-dihydroxychalcone Z.punc., prop. 95.3 104.3 59.7

2 t 2',4'-dihydroxy-3'-methoxychalcone Z.punc., prop. 34.5 13.4 2.0

3 s 2',4',4-trihydroxy-6'-methoxychalcone prop. 10.0 2.1 9.1

Flavanones

1* t 7-hydroxyflavanone Z.punc., prop. 57.9 24.9 24.8

2* s 7-hydroxy-8-methoxyflavanone Z.punc., prop. 22.3 34.1 8.9

3* s 7,4'-dihydroxy-5-methoxyflavanone prop. 2.0 15.7 1.3

10 s pinocembrin (5, 7-dihydroxyflavanone) Z.punc., prop. 2.3 13.9 7.1

Flavones

14 s 3,7-dihydroxy-8-methoxyflavone Z.punc., prop. 6.3 4.2 4.5

15 s rhamnocitrin (3,5,4'-trihydroxy-7-methoxyflavone) Z.punc., prop. 2.3 3.7 5.1 2.3

20 t galangin (3,5,7-trihydroxyflavone) Z.punc., prop. 22.5 36.7 61.4 5.4 12.7

25 t chrysin (5,7- dihydroxyflavone) prop. 3.7 77.7 34.8 19.5 7.0

26 s 3,7-dihydroxyflavone Z.punc. 5.3 5.6 5.3

Acids and esters

28 s 1,1-dimethylallyl caffec acid prop. 11.9 36.9 6.8 8.4

32 s 1-methyl-3-(4'-hydroxyphenyl)-propyl caffeic acid ester Z.punc. 21.9 35.0 0.4 24.2

33 s 1-methyl-3-(3',4'-dihydroxyphenyl)-propyl caffeic acid ester Z.punc. 36.8 76.0 51.1

Proposed non target compounds

34 nt 7,8-dihydroxyflavanone 8.6 10.3 7.4

35 nt 3,7-dihydroxyflavanone 5.2 5.0 3.5

36 nt pinobanksin-5-methyl eter (3,7-dihydroxy-5-methoxyflavanone) 3.6 20.4 14.7 2.6 5.9

37 nt 3,7,8-trihydroxydihydroflavanone 6.3 27.7 96.3 7.8 3.8

38 nt 4'-hydroxy-2'-methoxydihydrochalcone 100.0 68.5 53.3

39 nt 2',4'-dihydroxydihydrochalcone 23.6 23.3 14.5

40 nt 4'-terbutyloxyphenyl p-coumaric acid ester 0.9 0.6 0.5

41 nt 1-methyl-3-(4'-hydroxyphenyl)-propyl p-coumaric acid ester 22.8 25.3 18.2

42 nt geranyl caffeate 9.4 25.8 1.3 1.6 20.7

43 nt 1-methyl-3-(3',4'-di hydroxyphenyl)-propyl ferulic acid ester 3.4 8.9 4.8

44 nt 2-methyl-3-(3'-hydroxy-4'-methoxyphenyl)-propyl caffeic acid ester 4.9 3.8 2.3
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Z.p. phytogeografical region

T1

T2

C1

C2
Tucumán

Catamarca
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PCA analysis

 quota metri
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A preliminary elaboration gives a clear indication of some sources

and drives the  MS data analysis

An alternative bottom-up approach based on PCA analysis



XCMS: online platform for data analysis
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Toward “bottom-up” metabolomic
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Cyanotoxins in water
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(5) Adda

(6) D-Glu (iso)

(7) N-methyl-dehydroalanine (Mdha) 

(1) D-Ala

(3) D-erythro-methylAsp

(4)

Adda: 

(2S,3S,8S,9S)-

3-amino-9-methoxy-2,6,8-trimethyl-10-

phenyldeca-4,6-dienoic acid
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Cyanotoxins_cyclic peptides

Microcystins (MCs)

WHO provisional limit for drinking water 

1 µg/L expressed as MC-LR equivalents

More than 120 known variants,

12 certified standards available

Intended with ELISA assay

Uncertainty factor 1000
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LC-MS for «early warning system»

Confirmatory methods for cyanotoxins with standard 

&

“structural screening” for standardless cyanotoxins

…the best analytical capabilities available…

Suitable for a correct risk management

“National group for management 

of cyanobacteria risks 

in water intended for human consumption”

New parameter in D.lgs. 31/2001
 

Ministry of Health 
 

 

THE MINISTER FOR HEALTH 

 

acting together with  

THE ITALIAN MINISTER FOR THE ENVIRONMENT, LAND AND SEA  
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… much still unknown

DISC-UNIPD: Characterization of species-dependent toxicity

Extraction of toxins:

intra and extarcellular content

TARGETED analysis UNTARGETED analysis

Quantification

of KNOWN toxins

Characterization of

UNKNOWN toxins

DATABASE

Sampling of blooms or in-lab cells growths
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… much still unknown

ICMATE-CNR: Characterization of cyanobacteria species

Protein profile

(hopefully species-dependent)

DATABASE
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Envinronmental pollution & climate change

Analytical method and 

protocols for Data analysis
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MS for Cultural Heritage

Identification of binders in paintings

EGG YOLK

(proteins)
LINSEED OIL

(lipids)

MILK (caseins)

(proteins)

GUM ARABIC

((natural polymers)

polysaccharides

BEESWAX

(lipids and waxes)

ACRYLIC

(synthetic polymer)

ANIMAL GLUE

(proteins)
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MS for Cultural Heritage

Identification of binders in paintings

BINDERS:

Usually BIG molecules

Very different (chemically)

Usually present in mixture

Pigments might chemically modify the binder (?)

Low amount of sample

Sigle MS-based analytical method

for binders characterization
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MS for Cultural Heritage

Untargeted Analysis of known binders and pigments

Binder (or mixture) Binder (or mixture)

Extraction

(derivatization)

Matrix addiction

(enzymatic digestion)

Statistical Analysis

DATABASE

(and analytical method)



MS for Cultural Heritage

Analysis of unknown samples

Sampling

(< 1 mg)

MS analsysis

DATABASE

BINDER ID

(1-2 hours)
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Collaboration_Padua_DISC

Characterization of materials; food adulterants
L
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S

Synthesis of organometals for 
catalysis and medical

applications

Cultural Heritage

Food analysis
Sugars analysis 

With NMR & LC-MS

Nanomaterials

006_2017_04_26_infusione_TD358_ESI_POS_10mg_mL_dil1_10_MeOH_sweep10_T100_Aux20_RF100 #1-139 RT: 0.00-0.62 AV: 139 NL: 6.44E5
T: FTMS + p ESI Full ms [400.0000-6000.0000]
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Collaboration_Padua_University

«Top-down» Metabolomic; biomarkers;  

environment
L

C
-H

R
M

S

Dpt. of Medicine
Metabolomic on microbioma of 

diabetes

Dpt. Pharmaceutical Sciences

-Metabolomic on Microbioma

Gastrointestinal disorder, Hepatite B

-Pharmacokinetic

Dpt. of Biology

-Risk assessment on emerging contaminants

(glyphosate, PFAs)

-Marine Biology,

Algal metabolites

Dpt. of Land, Environment, 
Agriculture And Forestry

Pharmacokinetic of biocides

Regional project «INFUSE»

Research activities for Spin-off

Two patents

Dept. of Agronomy, Animals, Food, 
Natural Resources and Environment

Food contaminants (mycotoxins)

Bacteria bioactive metabolites



… thanks for the attention.

The analytical group


