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Proteomics and Metabolomics unit

Tecniche di identificazione dei microorganismi: dal
fenotipo al genotipo

Principi di spettrometria di massa: MALDI-TOF

s European kidney and urine proteomics (www.eurokup.org)

**Mass Spectrometry Imaging: New Tools for Healthcare Research

**CliniMARK: ‘good biomarker practice’ to increase the number of
clinically validated biomarkers.

(IHPNet)



Spettrometri di massa: Funzionamento

sample molecules

SORGENTE IONICA: Ogni composto, puro o in miscela,
(liquido, solido o gassoso) viene introdotto 1n una camera dove

avviene 1l passaggio allo stato gassoso € la 10nizzazione

ANALIZZATORE: Gli 1oni prodotti, che si trovano in fase
gassosa, vengono separati dall’analizzatore in base al rapporto
m/z

RIVELATORE: Nel rivelatore viene generato un segnale
elettrico proporzionale al numero di 10n1 presenti



Informazioni ottenibili con la SM

v"Massa molecolare con una accuratezza di 1-3 ppm
(conferma formula molecolare)

v'La composizione qualitativa e quantitativa di analiti
sia organicl che 1norganici in miscele complesse.

v'La struttura di specie molecolari complesse:
conferma e/o i1dentificazione di molecole note o
sconoscilute.

v'I rapporti isotopici degli atomi nei campioni.



Campi di applicazione della SM

*Biotechnology: the analysis of proteins, peptides,
oligonucleotides,...

Pharmaceutical: drug discovery, combinatorial chemistry,
pharmacokinetics, drug metabolism,...

*Clinical: neonatal screening, haemoglobin analysis, drug
testing, microbiology, ...

Environmental: PAHs, PCBs, water quality, food
contamination,. ..

*Geological: o1l composition,...



SPETTROMETRO DI MASSA

COMPUTER

X A B C

Sistema di introduzione Sorgente ionica Analizzatore Rivelatore
DI GC HPLCCE .... EI CI ESIAPCI | Magnetico EM - FM

Quadrupolare
IT (Ion Trap) : 3D — 2D
ICR (Ion Cyclotron Resonance)

X - come “introdurre” il campione
A - come “produrre” ioni TOF (Tlme of Fllght)

B - come “separare” questi ioni Orbitrap

C - come “visualizzare” gli ioni 7

Sistema da vuoto




MALDI-TOF: How’s It Work?
lons formation: lons separation:

Pulsed laser




MALDI: Matrix Assisted Laser Desorption Ionization

Sinapinic acid
(3,5-Dimethoxy-4-hydroxy cinnamic acid)
CH=CHCOOH

a-cyano-4-hydroxycinnamic acid

/s

— Peptide ions

CH=C(CN)COOH
HO~ :

and neutrals
l‘/ e Sample mixed with a strong UV
absorbing matrix

Matrix ions

Crystallized matrix
with included peptide

Incoming laser

light e The matrix absorbs energy from

the laser causing the sample and
matrix to be volatilized

* Jonized matrix molecules transfer a
proton to the sample

Sample stage



Tok': Time-of-Flight

Time versus Mass
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MALDI-TOF in Proteomica clinica

Proteomica classica:

Protein identification.

Proteins/Peptides profiling:

Biological Fluids: SELDI — ClinProt — Sep-pak - ...
Microorganism identification

Imaging con Spettrometria di Massa




m/z

15000 824.478
: 842.504

10000 940.328
] 947.487

oss . 1293.649
] 1376.528

o d wLoull, 1448.721

1544.626
1790.921
1877.937
1907.895
2211.220
Tripsina: 2225.172

e Lys, Arg Muy 2355.091
e -~ 2528241

Intens.
2122.39

1293.31
26750.83
1837.60
1323.95
877.15
2550.85
1001.62
580.69
418.26
742.16
630.93
465.53
835.77
3874.78




PMF: Protein indentification by Database search

(a) Protein Proteolytic peptides Mass spectrum

|1| I‘

M/Z

(b) Protein Theoretical Theoretical
sequence proteolytic peptides mass spectrum

sLSDGENQLVINVRGEVEAD L PGRG GLSDGEWQ LVLNOK
EVLIRLFKGHPETLEXFDXFKRLK VEADIPGHGQEVIX
SEDEMXASEDLXXHCATVLTALGGI l LFKGHPETLEK
LEEEGHHEEAE IXPLAQSHATEHKLP FDEF KN LK
VEKYLEFISECIICQVLOSKHPGDFGA SEDEMK

S CDONT Y
Ao BV LN

M/Z

Current Opinion in Biotechnology



PMF: results

' Query results:

MATRIX |
lscizveid WIascot Search Results

Protein View

Match to gi|2119204: wvimentin - human

Taxonomy: Homo sapiens

Links to retrieve other entries containing this sequence from NCEI Entrez:
gi| 37850 from Homo sapiens

gi| 7576229 from Homo sapiens

Nominal mass of protein [Hr]: 53676

Fixed modifications: Carbamidomethyl (C)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Sequence Coverage: 53%

NCBI BLAST search of gi|2119204 against

Matched peptides shown in Bold Red

1
51

MSTRSVSSSS
SLYASSPGGV
TNEKVELQEL
EEEMRELRROQ
HTLQSFRQDV
EQHVQIDVDV
AANRHHDALR
FAVELANYQD
REKLLEGEESR
DGOVINETSQ

YRRMF GGPGT
YATRSSAVRL
NDRFAHYIDK
VDQLTNDEKAR
DHASLARLDL
SKPDLTAALR
QAKQESTEYR
TIGRLQDEIQ
ISLPLPHFSS
HHDDLE

ASRPSSSRSY
RSSVPGVRLL
VRFLEQQNKI
VEVERDHLAE
ERKVESLQEE
DVRQQYESVA
RQVQSLTCEV
NMKEEMARHL
LHLRETHLDS

VTTSTRTYSL
QDSVDFSLAD
LLAELEQLKG
DIMRLREKL(Q
IAFLKKLHEE
AKNLQEAEEW
DALKGTHESL
REY(QDLLHVK
LPLVDTHSKR

GSALRPSTSR
ATHTEFKHTR
QGKSRLGDLY
EEML QREEAE
EIQELQAQIQ
YTKSKFADLSE
ERQMREMEEN
MAIDIETATY
TLLIKTVETR

IS[=] B3

— Move:

Back

Ecrward

— Results:

Clear

Get Al

Get Hit(s)




TOF/TOF

Identification of the aminoacid sequence
and PTMs



Pulsed laser
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MALDI-TOF in Proteomica clinica

Proteomica classica;:
Peptide Mass Fingerprinting

Proteins/Peptides profiling:
Biological Fluids: SELDI — ClinProt — Sep-pak - ....
Microorganisms i1dentification

Imaging con Spettrometria di Massa




Protein profiling ??7? approaches:
Microorganisms but not only...






Resegone

Torrione Masnaghi

Colle Valsecchi

Cresta Segantini




Ricerca d1 Marcatori proteici
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Spettrometria di Massa



Urinary signatures of RCC by peptidomic approaches
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] ccrCC PATIENTS AVERAGE SPECTRUM 101 detected signals
& CONTROLS AVERAGE SPECTRUM 40 statistically different
[_] non-ccRCC PATIENTS AVERAGE SPECTRUM (p<0.05)



Malign vs Benign/Ctrl (Model = 12 peptides)

TRAINING true False true True class precision

pred. False 120 17 87.6%°

pred. True 33 120 78.4%"

Spec., Sens.  78.40%87.60%

VALIDATION true False true True class precision
pred. False 53 13 80.3%?

pred. True 8 42 84.0%°

Spec., Sens.  86.90%76.40%

Spec. = Specificity; Sens. = Sensibility; pred. = Prediction;

Class precision: a = Negative Predictive Value and b =Positive Predictive Value

Precision = Relative number of correctly as positive classified examples among all examples classified as
positive 1.e. precision=(Positives Correctly Classified)/(Total Predicted Positives). Note that the Total Predicted
Positives is the sum of True Positives and False Positives. This is the same as the positive predictive value



Meprin 1a (MEP1A):
Expressed in several different tumors, as in breast and
colonrectal carcinomas.
Increased cell proliferation and cell migration, pro-
angiogenic activity
Complex role of meprins in cancer development,
progression and metastasis

Probable G-protein coupled receptor 162 (GP162)
Associated with several functions largely correlated to
cancer such as cell proliferation, angiogenesis,
tumor progression and development

Osteopontin (OSTP)
Role in tumour progression, strongly correlated to tumour

stages and invasiveness
Found a high expression in 72% of tissue of RCC patients



MALDI-TOF in Proteomica clinica

Proteomica classica:
Peptide Mass Fingerprinting

Proteins/Peptides profiling:

Biological Fluids: SELDI — ClinProt — Sep-pak - ...
Microorganism identification

Imaging con MALDI-TOF
Mass Spectrometrylmaging (MSI)




Matrix-Assisted Laser Desorption/Ionization
Mass Spectrometry Imaging (MALDI-MSI)

Tissue section
onto ITO-coated
glass slide

Matrix deposition MS analysis
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MASS SPECTROMETRY
IMAGING







IMAGING RESULTS:

Thymosin 34 Thymosin Thymosin 10 Thymosin
C-term/ truncated 4 C-ternv truncated B10
m/z 4748 miz 4964 miz 4937

IRF6 (-/-)




MS-Imaging

PROFILING

IMAGING
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MASS SPECTROMETRY
IMAGING

\Y EERR . Spatial
resolution resolution



MSI resolution: Mass Resolution
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ISOBARIC IONS

lons having the same nominal mass, but
different chemical compositions

lysine (CgH:N,O)  128.095

glutamine (C;HzN,O,) 128.059

oxidated methionine (C;H,,NO,S) 147.035
phenylalanine (CoH{{NO,) 147.068

Mass spectra recorded at different resolutions: mass spectrum of a mixture of three obarnc species [C H;NT .
[CyH ). [C:HN;O,]” obtained at low resolution (black line) and at resolving power 50.000 (grey line). It is
noteworthy that at Jow resolution the three peaks are completely unresolved



MSI resolution: Spatial resolution

ix1 2xn2 5x5 10 x 10 20x 20 50 x 50 100 % 100

Higher (spatial) resolution = Better information details from the object

F.Magni - Master La scoperta di nuovi farmaci



MSI: Spatial resolution

Medscape

Matrix Matrix | Acoustic or
solution micro- Nebulization microfluidic
fixation injection | application

Manual
application

Matrix
sublimation

Source: Expert Rev Proteomics @ 2011 Expert Reviews Ltd

Chem Rev. 2013 April 10; 113(4): 2309-2342.



Novelties

v Spatial Resolution: =P Tissue integrity preserved

pixel size 5-10 pm = size of a single cell

Higher (spatial) resolution = Better information details from the object




Tumors: therapyv resistance
Clinical

Cancer Therapy: Clinical Cancer
Research

Identification of Markers of Taxane Sensitivity Using
Proteomic and Genomic Analyses of Breast Tumors from
Patients Receiving Neoadjuvant Paclitaxel and Radiation

Joshua A. Bauer', A. Bapsi Chakravarthy?, Jennifer M. Rosenbluth', Deming Mi®, Erin H. Seeley’,

Nara De Matos Granja-Ingram®, Maria G. Olivares®, Mark C. Kelley®, Ingrid A. Mayer®,
Ingrid M. Meszoely®, Julie A. Means-Powell®, Kimberly N. Johnson', Chiaojung Jillian Tsai?,
Gregory D. Ayers®, Melinda E. Sanders®, Robert J. Schneider®, Silvia C. Formenti’,

Richard M. Caprioli’, and Jennifer A. Pietenpol’

Terapia neoadiuvante preoperatoria condotta con
Paclitaxel + radioterapia:

- Pazienti con risposta completa (pCR)
- Pazienti che non rispondono alla terapia ()



PROFILING RESULTS

Tumor Spectra

Differential Fold-

NR Expression In: m/z  change p-value

pCR pCR #3371 66 < 0.01
pCR #3442 59 < 0.01
pCR #3485 29 < 0.05
NR *5677 2.6 < 0.05
NR *6955 2.0 < 0.05
NR *7007 23 < 0.05
NR *15348 21 < 0.05
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Fig. 1.

Average tumor spectra of pCR (green) and NR (red) from MALDI-MS. Inset, the differentially
expressed m/z peaks that were higher (#) or lower (*) in pCR versus NR. Fold change was
calculated using significance analysis of microarrays. P values were generated using the linear
mixed effects model.




MALDI-MS imaging of the entire
tissue section
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DEFA1 and DEFA2 were present in
both tumor and stroma of pCR
patients but absent in NR
patients

DEFAs were in areas of tumor,
suggesting that DEFAs are
specifically expressed in tumor
cells or surrounding stroma.

a-defensine: peptidi ad effetto citotossico coinvolti nel processo di difesa mediato dai
neutrofili

F.Magni - Master La scoperta di nuovi
farmaci



Nefrologia: MSI &
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Spatial resolution: from SO0um to 10pum

50 pm Raster S0 pm Raster
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Spatial resolution: from SO0pum to 10um
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Spatial resolution: from S0um to 10pum
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Spatial resolution: from SOpum to 10pum

Proximal Tubule
Epithelial Cells
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