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SPETTROMETRIA DI MASSA
Potere Risolutivo, Risoluzione e
accuratezza di massa
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Isotope

H
’H (D)

12¢
13C

14N
15N

16Q
170
180

3p

2g
g
ug
JBS

Mass

1.00782510
2.01410222

12.0(0)
13.0033544

14.00307439
15.0001077

15.99491502
16.9991329
17.99916002

30.9737647

31.9720737
32.9714619
33.9678646
35.967090

Abundance Chemical

99.9852%
0.0148%

98.892%
1.108%

99.635%
0.365%

99.759%
0.037%
0.204%

100%

95.0%
0.76%
4.22%
0.014%

mass

1.00794

12.011

14.00674

15.9994

30.9737647

32.066

Deviation from the
whole number

+0.0079

+0.011

+0.007

-0.0006

-0.0262
+0.066

R = (m/z),/FWHM(m/z)
FWHM: full width at half maximum
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472.19055
R = ca. 100.000
AM =0.005 u (FWHM)

473.19392

Intensity

1Da

miz 51

Average Mass e.g C=12.01115

Mass of an ion or molecule weighted
for its isotopic composition.

Monoisotopic Mass (Exact Mass) e.g. C=12.000000
Exact mass of an ion or molecule calculated
using the mass of the most abundant isotope
of each element.

Nominal Mass e.g. C=12
Mass of a molecular ion or molecule calculated using
the isotope mass of the most abundant constituent (ignoring mass defect)
element isotope of each element rounded to the nearest integer value and
multiplied by the number of atoms of each element (C=12, H=1, N=14, 0=16, ....)

10



15/03/2024

O 0 o N U s W N -

mass

.6075806688
.6109355040
.6042258336
.6142903392
6176451744
6033765247
6008709984
6067313599
6046155640

probability
.1123023514
.1028778936
.0814037470
.0704027660
.0383896060
.0301636876
.0293871014
.0276323390
0266824062

H

’H
@
("
@
@
@
@
@
@
)

L]

® 8 ®© © 0o & & e

®

® ® ® ®© ®© & ®© ©

]
w

g i o N1 " O O O OO

&

® &8 ® &8 ®© &8 ®©& & ©®

@@Q@G@@@&&

11

CO
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100

ES

e.g. m/z 28 can have 4 different elemental compositions with
different exact mass values.

27.9949 u CH,N 28.0187u
28.0061 u C,H, 28.0313 u
28.0313 CcO 27.994%9u
CH,N  28.0187u
N, 28.0061 u

C,H, 28.0313u

0
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— Mass error in millimass units (mmu)
[measured mass (u) — theoretical mass (u)] x 1000

— Mass error in parts per million (ppm)
[measured mass (u) — theoretical mass (u)] x 1000000

theoretical mass (u)

Measured Mass | Theoretical | Mass Difference (u) pPpm error

Mass
200.0020 200.0000 0.002 (0.002/200)1€¢= 10 ppm
400.0020 400.0000 0.002 (0.002/400)1e®= 5 ppm
800.0020 800.0000 0.002 (0.002/800)1e® = 2.5 ppm
1000.0020 1000.0000 0.002 (0.002/1000)1e® = 2 ppm

Constant with mass

Varies with mass
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Relative Abundance
3 8
] 1

8

PP [M+H]* 381.07828

Mass accuracy Number of possible
molecular formulae for
compounds containing
Ci5-151N10-101010-15H 0407

100 ppm 34

50 ppm 17

30 ppm "

10 ppm 4

5 ppm 2

3 ppm 2
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ANALIZZATORI DI MASSA AD ALTA
RISOLUZIONE
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ORBITRAP

Time-domain transient FT
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DELAYED EXTRACTION

Delayed Extraction (DE) improves

perfor mance
q/ lons of same mass, different
ovV. / '/_ velocities
e—o
Step 1: No applied electric field. lons spread out. oY
ao—
Step 2: Field applied. Slow ions accelerated more than fast ones.
O— |
20 kV. e—
Step 3: Slow ions catch up with faster ones. oVv.
23
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FASE MOBILE

l

YN

1. Movement along the column occurs only when
the solute is in the mobile phase

2. Thus, the velocity depends on the time the
solute spends in the mobile phase

The time fraction is small for highly retained compounds

A (B) whileitis large for poorly retained compounds (A).

The partitioning of a solute between the stationary phase and mobile phase then
determines elution times, and whether complex mixtures can be separated.
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Chromatogram

Signal

A

Time

PEAK POSITION

QUALITATIVE Information —
QUANTITATIVE Information

PEAK DIMENSION (HEIGHT AND WIDTH)

!

NEED TO HAVE WELL-DEFINED PEAKS
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Signal ta
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Time
k\T . . tr: Time from the
Not retained species | injection of a sample
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appearance of a peak
- on the chromatogram
’ Linear average velocity of
solute and mobile phase
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i -
5
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15/03/2024 Dott. Federico fanti
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Peak geometry and column efficiency

SEGNALE

Y + T + H
Fronting * * Tailing : : TEMPO

Tailing and fronting are produced by a nonlinear
distribution coefficient

15/03/2024 Dott. Federico fanti
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UHPLC-HRMS(/MS)
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Omics sciences

The omics sciences study pools of biological molecules (e.g., ions, nucleic acids, proteins, enzymes) with various
functions within living organisms. These functions are related to the abilities, inherent in such molecules, to be able to
transform (translation process) their structures and chemical and/or electrostatic bonds into energetic/biochemical
processes aimed at creating other structures or interacting with other structures, with the ultimate goal of
modifying/creating structures or functions different from the original ones.

The omics sciences thus have the primary goal of analyzing as a whole:

1. the genes contained in DNA (genomics) and their multiple functions (functional genomics);
2. the product of DNA transcription: the RNA (transcriptomics);

3. the proteins encoded by DNA through RNA (proteomics);

4. the molecules that interact within an organism (metabolites: metabolomics).
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O PLOS

NEGLECTED
TROPICAL DISEASES

RESEARCH ARTICLE

Multiplex profiling of inflammation-related
bioactive lipid mediators in Toxocara canis-
and Toxocara cati-induced neurotoxocarosis

Patrick Waindok’, Elisabeth Janecek-Erfurth'™*, Dimitri Lindenwald'*", Esther Wilk?,
Klaus Schughart®®, Robert Geffers®, Laurence Balas®, Thierry Durand®, Katharina
Maria Rund®’, Nils Helge Schebb®”, Christina Strube:'*
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pféteome C

Subscriber access provided by University of N tle,

Article

Comprehensive metabolomic and lipidomic profiling
of human kidney tissue: a platform comparison

Patrick Leuthold, Elke Schaeffeler, Stefan Winter, Florian Bittner, Ute Hofmann,
Thomas E Murdter, Steffen Rausch, Denise Sonntag, Judith Wahrheit, Falko
Fend, Jérg Hennenlotter, Jens Bedke, Matthias Schwab, and Mathias Haag
J. Proteome Res., Just Accepted Manuscript - DOI: 10.1021/acs. jproteome.8b00875 - Publication Date (Web): 19 Dec 2016
Downloaded from http://ipubs.acs.org on December 20, 2016

35

Aqueous extracts - HILIC

a ESI(+) b ESI(-)
10 <& non-tumorous non-tumorous
~ Oncocytoma
g5
~  |Oncocytoma
E,]
8
'§ | ccRCC
5 ’
o w ®RCC Y
T T T T T T T .
=10 10 -10 10

-5 0 5 -5 0 5
Component 1 (30%) Component 1 (30%)

Organic extracts - RPLC
c ESI(+) d ESI(-)

10 -
CCRCC’ o ccRCC
g = '
£S5 1o vt § s
5 ncocytoma g
P = Oncocytoma _——__
g0 0] ‘
5
[+ 5
5|
10 non-tumorous 10 non-tumorous
e e e — T
<15 10 15 -15 -10 15

5 0 5 10 5 0 5 10
Component 1 (50%) Component 1 (47%)

36



15/03/2024

Aqueous extracts - HILIC
@ - Esiy P - ESI(-)

ol =] :’.7 -l .
o LRt ¥ ™ s .
Ll Ve : : o —
?“:‘F) ;'."'- . Ly E."“
5 ‘.@‘
J TS ——.

Organic extracts - RPLC
¢ ' Esi¢) 9 . ESI(-)

37

SCIENTIFIC
REPORTS

natureresearch

OPEN LC-HRMS based approach to
identify novel sphingolipid
biomarkers in breast cancer
patients

Priyanka Bhadwal, Divya Dahiya?, Dhananjay Shinde?, Kim Vaiphei*,
Raviswamy G. H. Math®, Vinay Randhawa® & Navneet Agnihotri'*
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Characteristics [
Number of patients | 31
Age (Years)

Median (Range) 50 (32-76)
<50 16
>50 15

Tumor Type
Ductal carcinoma in situ (DCIS) 1
Invasive ductal carcinoma 28
Metastatic carcinoma 2

Tumor subtypes
ER+/PR+ 20
ER+/PR— 6
Her2neu+ 4
Triple Negative 1

Nodal Status
Positive [15
Negative [16

Ki67 (%)
<30(%) [2s
>30 (%) |6

TNM Staging
IA 8
1A 10
B 3
ma 5
mc 3
v 2

(@18:1/120)(15) |30 C30HS8O3N1 | 5264484292 | —176 | 4814495 283,270,88
(d18:1/16:0) 30 C3sHESOSNI | 5825112221 | 193 | 5375121 311,298,88
(d18:1/18:1) 29 C37H7005N1 | 6085272988 | —2.63 | 563.5277 102
(d18:1/232) 29 CA3HSOOSNI | 6906053293 | —149 | 6315903 390,347,235
Cer (d18:1/241) 29 CA3HS205N1 | 692621202 | 232 | 6476216 516,390,237
(d182/169) 30 C35HEEOSNI | 5804956225 | 211 | 5354964 256,104
(d18:2/23:0) 29 CAZHSOOSNI | 678.6055060 | —222 | 633.6060 102
(d18:2/24:1) 29 CA3HS0OSN1 | 6906053805 | ~2.00 | 645.6060 316,168
@18:1250) (1) |29 CAIHS6O5N1 | 7086525276 | ~230 | 663.6529 495,439,102
(d18:0/16:0) 30 C3MH7003N1 | 5845269009 | —206 | 539.5277 280255237
DHCer | (d18:0/18:1) 29 C37H7205N1 | 6105025634 | —191 | 565.5434 102
(@18:0/212) 29 CALH7BOSN1 | 6645900060 | —197 | 605.5747 618364
LacCer | (d18:1/12:0) (IS) 80 ﬁ:z HS0OI3 | g6 5628915 026 | 805.5551 190,146,102
(d1s:1/21:1) 72 ﬁ;ﬁpﬁm 08 | 539646159 ~236 | 7706302 392,168,78
sM (d18:2/22:0) 72 AR08 | 785 6525117 164 | 7846458 18486
(@18:1/12:0) (1S) 73 a0s enrsisies 178 | 6465050 184,102
(@18:018:1) 72 CULHBI06 | 731 6055663 182 | 7305989 184,102
DHSM | (d18:0/242) 7.1 CATHI06 | 156838264 157 [ 8126771 184,86
(d18:0/22:1) 72 aEHSLOs | 2876683 127 | 7866615 102

Table 3. Identification of sphingolipids in breas
Standard; CerP- Ceramide 1-Phosph

A

t tissue using UHPLC in
< e/Sphi i

“Organic Phase Extract”. [$- Internal
i M

So-Sj

S1P- Sph

1-Ph

Cer-Ceramide, DHCer- Dihydméeramide; LacCer- Lactcrsyl Ceramide; SM-'Sphingomyelin; DHSM-

DihydroSphingomyelin.

Table 1. Clinicopathological characteristics of patients with breast cancer.
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H Sphingosine Phosphate W Ceramide

W Dihydr i wyelins

Figure 1. Pie chart representing the abundance of sphingolipid metabolites in breast tissue.
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Figure 2. (A) 3D score plot (B) VIP score plot for sphingosine and ceramide phosphates and (C) 3D score
plot (D) VIP score plot for ceramides and sphingomyelins. Group 0 (red) indicates tumor tissues and Group
1(green) indicates adjacent normal breast tissues.
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Figure 3. Levels of sphingolipid metabolites in breast tumor and adjacent normal tissue samples (A)
CerP(23:0), (B) CerP(23:1), (C) S1P(20:2), (D) S1P(22:2), (E) SM(18:0/24:2), (F) SM(18:2/22:0), (G) SM(40:1).
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Figure 4. ROC curves for evaluating the diagnostic potential of sphingolipids. (A) CerP(23:0), (B) CerP(23:1),
(C) S1P(20:2), (D) S1P(22:2), (E) SM(18:0/24:2), (F) SM(18:2/22:0), (G) SM(40:1).
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