SPETTROMETRIA DI MASSA
Potere Risolutivo, Risoluzione e
accuratezza di massa
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Theoretical isotope distributions of peptides of 1000, 2000, 3000 and 4000 Da.



Isotope

'H
2H (D)

125
13C

14N
15N

160
1T0
180

Nnp

2g
33
ug
3G

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



The Nuclei of the Three Isotopes of Hydrogen

Protium Deuterium Tritium
| proton 1 proton 1 proton

1 neutron 2 neutrons




Hydrogen ® @&o &
o2y 3

1 proton
Helium “
2 prot
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3 protons o®
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73.96951

A(80,) = 2.00425

A(*Sy) = 1.9958
o 3 75.96531

A(*C,) = 1.00336
<€ > 74.97287

A(**S,) = 0.99939
< 1 3 74.96890

A(**N4) = 0.99704
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R = (m/z)oy/FWHM(m/z)
FWHM: full width at half maximum

1 FWHM: R = {m/Z/{Am/z)
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low resolution
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moderate resolution
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high resolution
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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, O=16, ....)




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

Co 27.9949 u CH->N 28.0187u
N, 28.0061u  C,H, 28.0313 u
100- 280313 CO 27.9949 u
; CH,N 28.0187u
= N, 28.0061 u
Uf C,H, 28.0313u
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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 J Mass Difference (u) ppm error

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

Constant with mass

Varies with mass




w1072 IM+H]* 381.07828

100 —
£ : Mass accuracy Number of possible
% .00 - molecular formulae for
g - compounds containing
§ 70 - C[5-151N[o-1010[o-151H[o-401
g 8- 100 ppm 34
50 : 50 ppm 17
a0l 30 ppm 11
30 : 10 ppm +
20l 5 ppm 2
i 3 ppm 2
0-E | J .A.u T | { Ill | I | I ] " ||.|n i

340 350 360 370 380

-

390 400 410



ANALIZZATORI DI MASSA AD ALTA
RISOLUZIONE
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DELAYED EXTRACTION

Delayed Extraction (DE) improves

performance
lons of same mass, different
0V. W { velocities
Step 1: No applied electric field. lons spread out. V.
&
0V.

Step 2: Field applied. Slow ions accelerated more than fast ones.

o—
20 kV. o—

Step 3: Slow ions catch up with faster ones. 0V.




Frammentazione Collision Induced Dissociation (CID)

La CID e un processo in cui uno ione viene accelerato e fatto o

collidere con un gas inerte (come azoto o elio), causando la sua 0 l - o W
. . . e\ . . . . =~ -~ o -~
frammentazione in pezzi piu piccoli (ioni frammento). f’ I/\O' kr \( I - /Q/ + Ho/“\r°1/1\
o TG
Charge driven fragmentation
R TH‘ H’ R
ONH @NH 5 Tl
Q O 5
. -C,H,
0)\0 HOZ OH v Q — QNH‘
/i\ A OPOH H
CeH (NO," C;H (N CHN"
m/z 128.0706 m/z 84.0808  m/z 56.0495
C D E
b "
H +
o
O H,O O
H\I\‘J// HN CEQNH @(’Q —Co & -C,H, ©j
Cl
Cl
CHH_»,CINO;, C,,H,;CINO;* C,,H,;CINO* C,H,,Cl1O* C,H,,CI C,H,CI
m/z 324.1361 m/z 268.0735 m/z 224.0837 m/z 207.0571 m/z 179.0622 m/z 125.0153

A B' c D' E!



Frammentazione Higher-energy Collisional Dissociation (HCD)

CiD HCD

s 1 31 1477T, o~ S FTETETE L O
PEP | |
9E-18

HCD (Higher-energy Collisional
Dissociation) & una tecnica di
frammentazione usata in spettrometria di
massa in cui gli ioni vengono accelerati ad
alta energia e fatti collidere con un gas
inerte (come azoto o argon) all’interno di
una cella di collisione. Questo provoca la -
rottura dei legami chimici e la formazione . 7E.3
di frammenti ionici, che vengono poi
analizzati per ottenere informazioni
strutturali sulla molecola originale.
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Frammentazione UltraViolet PhotoDissociation (UVPD)

UVPD (Ultraviolet Photodissociation) e una tecnica di frammentazione in spettrometria di massa che
utilizza radiazione ultravioletta ad alta energia per rompere le molecole ionizzate in frammenti. Gli ioni
vengono irradiati con luce UV (tipicamente 193 o0 213 nm), assorbono energia e si dissociano in molti
frammenti, permettendo un‘analisi strutturale molto dettagliata.
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Frammentazione Electron Transfer Dissociation (ETD)

ETD (Electron Transfer Dissociation) € una tecnica di
frammentazione in spettrometria di massa in cui uno ione
carico positivamente riceve un elettrone da un anione
reattivo. Questo trasferimento di elettrone causa la rottura
della catena principale (backbone) della molecols,
generando frammenti senza rompere i legami laterali o
modificare i gruppi post-traduzionali.

1. Produce frammenti c e ze, tipici della rottura del
backbone.

2. Usata molto in proteomica per lo studio di peptidi
modificati e proteine grosse.

3. Funziona meglio con ioni ad alta carica (es.
peptidi/proteine multiple cariche).

4. Meccanismo "morbido": non rompe i legami labili (es.
modifiche post-traduzionali come fosforilazioni,
glicosilazioni).
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lon mobility (IM)

lon Mobility (mobilita ionica) &€ una N
tecnica usata in spettrometria di massa lon mobility ceil
che separa gli ioni in base alla loro
forma, dimensione e carica mentre si

muovono attraverso un gas neutro sotto
I'influenza di un campo elettrico.

>

Intensity

1. Gliioni vengono spinti da un campo k
elettrico attraverso una cella piena di

gas (come azoto o elio).

Electric field —

2. Durante il percorso, gli ioni collidono

con le molecole del gas.
. s . ulse of mass-selected ions rval T Distribati
3. loni pit compatti (o con meno P separated by shape il i
. . LY L
resistenza) si muovono piu T~ = extended
. RN o — drift cell @ —= SlOW
velocemente, quelli piu estesi o = Entiad: § | compact
E=3
"soffiati" si muovono piu lentamente. Firiction fion) Fa E
- =
4. Questo tempo di transito viene misurato % i " .
. . . time
e chiamato drift time. 4
" position




SPETTROMETRIA DI MASSA E
SCIENZE OMICHE -
APPLICAZIONI
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RESEARCH ARTICLE

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

Patrick Waindok', Elisabeth Janecek-Erfurth'*2, Dimitri Lindenwald'®, Esther Wilk?,
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Cross-validated receiver operating characteristic
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Table 2

Molecular and statistical details of annotated urinary metabolites that presented significant differences between S5c patients and healthy volunteers. (FC< 0, metabolites overexpressed in 55c)

RT(min)  Mass(Da) p-value FC VIP-value  AUC Molecular Formula ~ Score  Error (ppm)  Metabolite MS/MS fragments

09 182.0788 9.02E-4 —5.48 1.813 0.800 CsHys0g 924 1.58 D-Sorbitol 69.0441/83.0598/183.0886

09 136.0617 837E3 1.52 1.148 0.700 G HgNz O 99.0 1.13 N-Methylnicotinamide 92.0456/94.0567(120.0550/137.0718

1.0 143.0046 7.89E-3 242 1.607 0.728 G Hy3NO; 978 —2.80 Proline Betaine 42.0335/58.0652/84.0810

1.0 113.0588 7.89E-3 1.44 1.007 0.728 CaH7 N3O 976 —4.09 Creatinine 43.02858/44.0495/86.0715

14 127.0997 0.016 —4.91 1.406 0716 GHizNO 90.1 2.06 N-cyclohexylformamide Annotated by Formula

25 299.1477 0.026 —-4.73 1.346 0677 CizHzi N30s 989 320 Ser Pro Pro Annotated by Formula

29 143.0585 0.025 2.50 1.055 0628 CgHgNO5 99.8 0.09 Vinylacetylglycine 41.0374(58.0283/69.0336/98.0607144.0699
31 152.0583 3.75E4 1.56 1227 0.812 G HgN20: 95.8 —0.44 N1-methyl-4pyridine-3-carboxamide 84.0440/108.0442/136.0389/153.0654

3.5 152.0583 1.19E-3 1.68 1.367 0770 G HgN20: 959 —2.55 N1-methyl-2-pyridine-5-carboxamide 42.0333(53.0385(78.0333/108.0441/110.0603/153.0602
3.7 325.0789 0.022 -1.75 1.095 0661 CigHysNOg 953 2,60 Dihydroxy-1H-indole glucuronide 150.055/326.085

6.6 2301263 0.079 1.56 1.097 0.739 CypH1gN204 935 Hydroxyprolyl-Valine Annotated by Formula

102 246.1206 0.030 2.08 1.003 0.653 CigH1aN205 96.4 468 L-beta-aspartyl-L-Leucine 74.0246(86.0966/132.1013/201.1236/247.1296
116 246.1372 0.011 1.99 1.745 0678  CiaHiaN202 92.5 -1.62 Hypaphorine Annotated by Formula

148 129.0429 0.0079 -1.52 1.038 0695 CsHyNOs 988 -1.42 Pyroglutamic acid 45.0337(58.0367/84.0447130.0501

148 264.1150 0.014 -1.46 1.001 0.677 CizHisN204 924 —4.41 Alpha-N-Phenylacetyl - L glutamine 91.0536/101.0715/129.0662(130.0495/147.077
207 265.0951 0.0079 —-1.62 1.326 0710 CizHysNOs 784 4.04 2-(2-Phenylacetoxyjpropinylglycine 57.0339/119.0489/266.1007

S O B SR B —

3?? ;g:gg; ggﬁ; }j; : g;? gggg CizHzzNOy ggg ggg Decatrienoylcarnitine 85.0288/251.1297/3102026

368 299.2078 6.29E-3 1.70 1.292 0.739 CigHaaNO, 96.6 5.00 2-Nonenoylcarnitine 85.0218/300.2181

378 301.2235 9.02E-4 1.91 1.468 0776 CigHa1NOy 946 0.90 2 6-Dimethylheptanoyl carnitine 60.0804/85.0282/302.228

382 3132245  0.010 1.62 1.061 0.701 964 153 9-

383 313.2218  7.89E3 173 1.160 o701 CrHaNOs 6.6 127 Decenoylcarnitine 60.0804/85.0282{157.0501/255.159

386 357.2498 0.010 1.87 1.173 0673 CioH3sNOs 96.6 —0.67 Hydroxydodecenoylcarnitine 60.081/81.0698/85.0282/95.0856/137.1333/155.1437
39.0 327.2389 7.89E-3 244 1431 0.706 CigH33NOy 96.1 —1.86 Undecenoyl carnitine 85.0283/328.2484
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