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Challenges for mass spectrometry in
proteome and genome analysis

Challenges Reguirements

mass spectrometry can handle only | * sample preparation and

simple analyte mixtures, purification using high-resolution
adduction complicates mass specira | separation methods

» high-resolution mass analyzers

low amouts of sample available » low detection limits

* miniaturization
many samples fo be screened * fast scanning rate

* multiplexing
Identification of compounds * high mass accuracy

» MS/MS capability
* Spectral libraries
* database search

La Spettrometria di Massa nello studio di Proteine e Peptidi

1. Studio di Proteine

i) Estrazione
ii) Separazione

iii) Determinazione del PM
i) MALDI-TOF: spettro, risoluzione
i) ESI: ioni multicarica, risoluzione
iii) Quale massa?
iv) Ricerca in banca dati

iv) Determinazione della struttura (Sequenza AA): MS”
i) Proteina in toto: ECD, ETD

i) Digestione enzimatica > Peptidi
i) MALDI: peptide mass fingerprinting
ii) HPLC-ESI-MS e MSn

iii) Ricerca in banca dati




1. Studio di Proteine

i) Estrazione

ii) Separazione
i 2D gel electrophoresis
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Proteine - Determinazione del PM
MALDI-TOF: spettro, risoluzione
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MALDI-TOF linear mass spectrum of intact protein: Hg-Papain oligomerization




Proteine - Determinazione del PM
MALDI-TOF: spettro, risoluzione
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MALDI TOF mass spectrum of a mixture of ubiquitin, cytochrome C and
equine myoglobin using 2,5-dihydroxybenzoic acid (DHB) as the matrix.

Proteine - Determinazione del PM
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Assegnamento delle cariche
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Proteine & Peptidi- Determinazione del PM

Spettrometria di INASSA ........

Quale massa?




L’accuratezza di massa diminuisce all’aumentare della grandezza dello ione

Poiché una proteina & una molecola grande, occorre
elevatissima risoluzione e notevole accuratezza di massa (FT-ICR)

per poter avere informazioni univoche sulla sua formula bruta

La Spettrometria di Massa nello studio di Proteine e Peptidi

1. Studio di Proteine

i) Estrazione
ii) Separazione

iii) Determinazione del PM
i) MALDI-TOF: spettro, risoluzione
i) ESI: ioni multicarica, risoluzione
iii) Quale massa?
iv) Ricerca in banca dati

iv) Determinazione della struttura (Sequenza AA): MS»
i) Proteina in toto: ECD, ETD

ii) Digestione enzimatica > Peptidi
i) MALDI: peptide mass fingerprinting
ii) HPLC-ESI-MS e MS”

iii) Ricerca in banca dati




Determinazione della struttura: MS"

i) Proteina in toto:

CID non riesce a frammentare ioni prodotti
da molecole grandi (PM > 3000 ca)

La decomposizione di ioni prodotti da molecole
grandi puo avvenire solo attraverso lI'interazione con
elettroni:

ECD = electron capture dissociation (FT-ICR)

ETD = electron transfer dissociation (2D e 3D IT)

Determinazione della struttura: MS"

i) Proteina in toto:

ECD = electron capture dissociation (FT-ICR)

ETD = electron transfer dissociation (Linear IT)

Approccio TO p DOW"




Proteina
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Determinazione della struttura
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Determinazione della struttura

ii) Digestione enzimatica > Peptidi
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|dentification of a Protein via
Peptide Mass Fingerprinting

Direct analysis of the @ntire peptide mixture
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MQRVNMIMAESPSLITICLLGYLLSAECT
VFLDHENANKILNRPKRYNSGKLEEFVQ
GNLERECMEEKCSFEEAREVFENTEK
TTEFWKQYVDGDQCESNPCLNGGSCK
DDINSYECWCPFGFEGKNCELDVTCNI

' Search KNGRCEQFCKNSADNKVVCSCTEGYR
> Engine LAENQKSCEPAVPFPCGR
@ LTRAEAVFPDVDYVNPTEAETILDNITQ
& ——]p  GTQSFNDFTRVVGGEDAKPGQFPWQ
€ VVLNGKVDAFCGGSIVNEKWIVTAAHC
- VETGVKITVWAGEHNIEETEHTEQKRN
VIRAIPHHNYNAAINKYNHDIALLELDE
PLVLNSYVTPICIADKEYTNIFLKFGSG
YVSGWGRVFHKGRSALVLQYLRVPLY
DRATCLRSTKFTIYNNMFCAGFHEGG
RDSCQGDSGGPHVTEVEGTSFLTGII
miz SWGEECAMKGKYGIYTKVSRYVNWIK
EKTKLT
Protein identification by peptide mapping
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MS of a peptide mixture by MALDI-TOF
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Identification of a spot based on peptide mapping

~ Selected protein
Rank: 1 Espectstion: 0000 Coverage 482pt 52  Mass 4288 kDa Maichedpeplides: 11 Measwed peptides: 18

Prolein informaior: glBOSI74rnbICAAZ3716 1 - ovalbunin [Ralls galls]

- Malched peptides
Meas. mass [ive/lsotopic] Comp. mass [Evol fppm) [Res. start [Res end [M.cut | Peplide sequence I:

1344 705 |Mono 1344730 -18.1465 7 E) 0| HIATNAVLFFGR

B | 1570734 |Mono 1570.703| 161735 168 200 1IAFKDEDTOAMPFRM(] +D@M rd
153 663 | Mono 159%.703) 28,5463 65 P 0/LTEWTSSNVMEERNT) +0@M
1686.774 | Mono 1506833 345005 128 143 0GGLEPINFOTAADDAR
1772 802 |Mono 1772892 508825 34 340 0/IS0AVHAAHAEINEAGR
1838 630 |Mono 1838804]  S4p184 1 7 0 MGSIGAASMEFCFDVRK
1857 842 | Mano 1857958 625605 4 169 0ELINSWVESTTNGIR
2007771 [Mono 00798 #3308 1 0 0/EVWGSAEAGVDAASVSEEFR v

Protein identifications were made by peptide mass mapping (peptide mass
fingerprinting) using an unspecified search program and an unspecified
database.

Se il TOF ha alta risoluzione, & possibile

determinare la massa accurata e la formula bruta di

ciascun peptide

Se proteine diverse, digerite con lo stesso enzima

nelle stesse condizioni sperimentali, producono lo

stesso peptide mass fingerprint,
le due proteine sono uguali




Proteine: Determinazione della struttura
Digestione enzimatica > Peptidi

HPLC-ESI-MS e MS”
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Se si dispone di un analizzatore con alta risoluzione e
massa accurata

settori, ToF, Orbitrap, FT-ICR

€ possibile misurare la massa accurata di ciascun peptide e
quindi la formula bruta

Poiché le tecniche di ionizzazione utilizzate sono soft
non si ha frammentazione in sorgente
€ quindi non si hanno informazioni strutturali, ovvero non &
possibile determinare la sequenza AA

Proteine: Determinazione della struttura
Digestione enzimatica > Peptidi

HPLC-ESI-MS e MS”
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CID-MS" di peptidi

a, b, ¢ a, b, ¢, a; by &
Ioni C-terminali: Toni N-terminali:
VX, z b, a, c

FRAGMENT ION b

bl Fragment lon

+ R 0 R, © R, © R, §
ol |l .| I :
Hy N— CH—C—NH — CH— C —NH — CH— C —NH~~CH—COOH

The charge is at the N Terminus




Why b ions are very stable species?

Celts ¢[=0) Gly-Gly &H
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Oomens J et al, J. Am. Soc. Mass. Spectrom. 20, 334 (2009)




Whenever you identify a b ion look for an @ ion at -28u.

This gives some assurance that your assignment is
correct.

Also look for ammonia and water losses, -17 and -18u
respectively.

FRAGMENT ION y

¥; Fragment Ion "

H

Ry O Ry 0O R,

2 3 4
. . I

NH—CH—C—NH—CH— C—NH— CH—-COOH

The charge is at the C Terminus

H

J

R4 = Arginine or Lysine




Attribuire la giusta sequenza al peptide Residui AA:

Gly Phe Tyr Gly Leu/lle Gly 57 Phe 147 Tyr 163 Leu/lle 113

C:\CIADS)...\peptide-ms7\peptide99

peptide99 #21-22 RT: 0.31-4.05 AV: 2 NL: 241E6

F: + p Full ms [ 80.00-800.00]
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peptide99 #27-45 RT: 18.17-18.38 AV: 19 NL: 6.73E5
F: + p Full ms2 556.00@24.00 [ 150.00-650.00]
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Residui AA:
peptide99 #46-79 RT: 43.66-44.05 AV: 24 NL: 1.54E5
F: + p Full ms3 556.00@24.00 425.00@19.00 [ 115.00-650.00] 84 3070 Gly 57 Phe 147 Tyr 163 Leu/”e 1 13
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peptide99 #80-106 RT: 57.64-57.75 AV: 6 NL: 1.11E4 L
F: + p Full ms5 556.00@24.00 425.00@19.00 397.00@25.00 278.00@22.00 [ 75.00-650.00] Residui AA:
221.0

100 Gly 57 Phe 147 Tyr 163 Leu/lle 113
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O T T T T T T T [ e A e e e e
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peptide99 #85-106 RT: 62.54-62.96 AV:21 NL: 6.61E3
F: + p Full ms6 556.00@24.00 425.00@19.00 397.00@25.00 278.00@22.00 221.00@21.00 [ 60.00-650.00]
193.0
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peptide99 #106-144 RT: 72.78-73.65 AV: 38 NL: 7.87E2
F: + p Full ms7 556.00@24.00 425.00@19.00 397.00@25.00 278.00@22.00 221.00@21.00 193.00@22.00 [ 50.00-6 ..
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Tyr-Gly-Gly-Phe-Leu

OH

Attribuire la sequenza al peptide

C:\CIADS)\...\peptide-ms7\peptide99

peptide99 #21-22 RT: 0.31-4.05 AV: 2 NL: 241E6
F: + p Full ms [ 80.00-800.00]
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peptide99 #27-45 RT: 18.17-18.38 AV: 19 NL: 6.73E5
F: + p Full ms2 556.00@24.00 [ 150.00-650.00]
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Cyclic peptides:

Naturally occurring in bacteria, fungi and plants

Synthetic compounds

They can have a lot of biological and pharmaceutical properties:

enzyme inhibitors, antifungal and antibacterial agents,
immunosuppressant, antibiotics and anticancer drugs

Better bioavailability and higher resistance to proteolytic
degradation than their linear analogues

Highly selective metal ion chelators:
carriers of metal ions inside the cells. Use in radiotherapy

fer— CH—OGH—cH,  2(127Da) (DFV(99Da)  ATZD) V(99 Da)
i T CH; CH,
[ T 3
= = o GGk 9 g o gion,
=0 N—CH, G GH-N—C—CH—0—C——CH=NH
| | D)X (100Da) g5 o—al; (D) (100 Da)
A(71Da) HG——CH FH=C—0R—CH 20273 mc—cu—éH T Gt
| | CH, TR CH-CHCH,
Hi o=¢ CH, C=0 i
| V 199 Da N ‘|3 {D)-V (99 Da)
«[:—_m —— H,c—:I:rH::H 0=C Gy
G=0 CH-CHEH,
OATDD oy |CH-€I-'H—CH5 U{113D8) Chy & M
G T
HyE o= °* A(T2 D) HaC—CH o o o C=0 A@2Da)
| ] H i i H i
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G H
e T"‘C?ch(c-«,;;c\ b CHy  CH  GHy
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CHy f=o HN U {113 Da) (D)-X (100 Dap
| n
V(%9 Da) HyC~CH—CH CH—C—CHy © (85 Da) HiG, CH;HiG, GHs
o, A oH
NH o==C T, | |
lC—CH-N—C—CH—O
— H=Chy H —_
Z127 Da) CH, i‘ 0 H,C\ ? CHag 0—‘0 o
Hz 3
H;,c—cH—::—CH—ril—c—cHE (71 Da) ()-X (100 Da) /CWCH chﬁ Z(127 Da)
& | me” Lo o o o—cH,
° oy w
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Brodbelt et al. J Am Soc Mass Spectrom 2004, 15, 1039-1054




Characterization and sequencing of cyclic peptides represent
an important challenge for mass spectrometry.

No definite terminations, as it occurs in their linear analogues.

The elimination of an aminoacidic residue must involve the
fission of two bonds of the cycle.

The ring-opening may occur at several backbone positions,
meaning that all the fragment ions are not referenced to
a single “terminal” position.

F:FTMS + p ESI Full ms [125.00-1200.00]

237.6326
1004 R=43501 I
: (M + 2H] S +
90
80
70
o 1
e
S 60
C
271
< 1
o 50
£ ] [M +HJ*
&40 474.2574
] R=30701
30
20 [M + 3H]**
1 1587572
104 R=53001
] s , L . |
0\\\\\\\\\\t\\t\\\\\t\\\\\\\\\\\\\\\‘\\\\\h\\\‘\\\
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Resolving powerS:
Orbitrap:

at constant detection time:

resolving power inversely
proportional to \/ m/z

Thus if
R=100,000 at m/z 100,

at m/z 1000 it will be

R=100,000(100/1000)"2=31,646

Elemental composition search on mass 474.26

wm/z= 4A9.26-479.24
m/ =z Theo. Delta RDB
Mass (ppm) equiv.

474.2573 474.2572 0.18 002z Hag Og Nz
474, 2572 0.20 10.5)Cz) Haz OqMg

474,2585 10.0 Ce3Hza0Os5Ng
474, 2558 5.5 CzpHzgO0gNs
474,.2599 5.46 15.0 Czq4H3001N10
474,2599 -5.47 9.5 CzsH3s0sN3

2

composition RDB=double bond/ring equivalents

ifM(Vi - 2)}

Elemental composzition =zdarch

on mass 47526

For ions with odd charge:

Odd-electron ions = RDB integer
Even-electron ions= RDB x.5

w/z= 470.26-480.26
m/z Theo. Delta Composition 2C 0+30
Mass (ppn) . BC 01

475.2605 475.2605 -0.03 .5 )20 13C) H3z 04 Ng 14N 0+-10
475. 2605 -0.04 .0 221 13C) HygOgM 2 160 0;15
475.2605 0.10 .5 C3pH31Ng 1H 0—60
475.2610 -0.98 LB C17H30011 N B
475.25%6 1.65 .0 C15sH37 0107
475.2592 2.79 .5 019 13C) Hyg Og N




F:FTMS + p ESI Full ms [125.00-1200.00]

237.6325

10075
[M + 2H]?
904
85
80
757
704
8657
[
3 6073
<
3552
o 503
= !
© 457
] =
X 405
357
303 238.1335
25
205
154
103
54 238.6358
B 239.1395
0~y AR R R R R R N A T
235 236 237 238 239 240 241
Elemental compositicon search on mass 237.63
m/z= 232.63-242.63
1/ z Theo. Delta RDEBE Composition
Mass (ppm) equiv.
237. 6325 237.6327 -0.78 14.0 Cz713C1 H34 03 N4
237.8322 1.11 10.0 Cz1 H3z504aMa
237. 6320 2.04 9.0 Czgl3C 1 Hayg 07
237.8316 3.92 5.0 CzpH3705N5
237.8338 -4.54 9.0 Cz5H3706MN3
237.86336 -4.a7 1.0 C1513C) HzgD1gNg

Elemental composition search

m/z= 233.13-243.13

on mass 238,13

m/ z Theao. Delta RDE Composition
Mass {ppm) equiv.

238.1335 238.133Z2 1.11 5.0 C1913C) Hap OgNs
238.133:2 1.24 13.0 Cz0Hz504Nz
238.1339 -1.57 18.0 CzpHzzNg
238.1339 -1.70 10.0 Czpl3C) His 0aNa
238.1341 -2. 65 0.0 C17Hag 011 Ma
238.1328 2.99 1.0 C13H350aM1g




F:FTMS + p ESI Full ms [125.00-1200.00]

237.6325

1002 Elemental compeosition search on mass 238, 64
957
903 miz= 233.64-243.64
3 mn'z Theo. Delta RDE Composition
857 Mass (ppm) equiv.
80? 238.6358 Z348.6358 0.01 0.0 C1513C1 Hap D11 Mg
75% 238.6358 0.13 8.0 CzsgH3a D71
70; 238. 6357 0.37 1.0 C1513C) Hzg 0o l801 Ng
° 3 238. 6357 0.49 9.0 Cz5H37 051801 N3
865; 238. 6356 0.96 10.0 C1al3CzHss0alg
§60i 238. 6356 1.08 18.0 Tzel3C) HazNg
3557 238. 6362 -1.51 5.0 €21 13C2Hag 05 18011
q)50§ 38.6364 -2.31 14.0 CzgH3301 1801 Ny
'ﬁ45: . 6364 -2.43 6.0 C1g13C1 H34051801 N1
e . 6364 -2.67 13.0 Cz7Hs503Ng
X 405
357
303
25
205
154
107
59
0~y AR R T T
235 236 237 240 241
F:FTMS + p ESI Full ms [125.00-1200.00]
158.7572
100+ R=53001
] [M + 3HJ*
907
80
70
o
g 7
e
S 60
c
s
2 7
msoi
= i
-
o 4
X 40
307 159.0917
b R=53504
20
103 159.4287
N R=22804
0- N
[T R R R R e
158.6 158.8 159.0 159.2 159.4 159.6 159.8




Elemental composition search on mass 158,76

m/z= 153.76-163.76
md = Theo. Delta RDE Composition
Mass (ppm) equiv.
158.7572 158.7572 -0.34 0.5 Cz1 H3a 04Ny
158.7572 -0.35 4.0 CzzHagpOgN;z
155.7571 0.59 3.5 Czsl3C1Hza Oy
158.7571 0.&0 14.0 C2513C) HazOzMNy
158.7575 -2.22 13.5 C2713C1 Has O34
158.7568 2.47 4,5 CzpH3g0gNs

Elemental composition search on mass 15%9.09

m/z= 154.0%-154.0%
m/z Theao. Delta RDE Composition
Mass {ppm) equiv.
159.0581s 159.0917 -0.28 17.5 Cap Haz Ng

159.0917 -0.41 9.5 Cz013C1 H3q OgqNa
159.0917 -0.4=2 4.0 Cz113C1Hgp 0oz
159.0918 -1.36 -0.5 C17H41 0114
15%.0914 1.45 0.0 C15H39010N7
159.0912 2.39 4.5 C19l3C) Hzg OgN5

F:FTMS + p ESI Full ms2 474.00@cid20.00 [130.00-600.00]

100

955 Residui
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o o o
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Lys 128
His 137

Ala/B-Ala 71
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[e2}
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L

elative Abundance
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a O O

R
W W b
o o O
vl bl bl b iy

N
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AA:

209.1035

180.0769
I

328.1520 (0.49)

346.1625(0.07)

—H,0 Lys

~

S

-Lys

I
[M+H]

| 474.2571
456.2468

337.1986 (0.43)

-His

-Lys

237.0985

- H,0
2\

-His

™™

-His

-p-Ala

318.1677,

302.1615\

\—N\Hs
NN

5.1935

[MH—(NH,—CH,0)]*
—NH,

439.2203

427.2204 J

a o N
o 00 o o o

266.1615
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F:+ p Full ms3 474.00@cid28.00 346.00@cid22.00 [95.00-1000.00]

100
95

904

CID-MS3 [MH-Lys]*

Residui AA:

Lys 128
His 137
Ala/B-Ala 71

328.2

-H,0
2\

-

-His [MH-Lys]*

209.1

346.1

237.0

318.1

100

120 140 160 180 200 220

240 260 280 300 320 340 360

c-(Lys-D/L-His-B-Ala-His)




byt KIH m/z 346




N/\NH
/
w -
2 o
2 N
gy T e Zﬁ
e
\
NH v’ K/H m/z 337
+H" NN
o N N NH
\
- HZN/\A/ZI(\IH \/\f
_
o)
m/z 209
CID-MS? [M'|'2H]2+
—LysH* _
1004 129.1 [
i 328.1
. [M-H,0+2H]?"
80 0 LysH* 229.1 —LysH* _
] 346.1
60— HispAlaH* |—HisDA|aH
] | —HisH*
] [M-NH,-H,0+2HR:_, | | >
40 : 2+
7 209.1 [M+2H]
] 237.7 3371
07 gq P o
o Jl J\ 150.7178.7180-1193.2 248.1 2662 “‘ 365.1
80 100 120 140 160 180 200 220 , 240 260 280 300 320 340 360 380

m/z




CID-MS?2 [M-HJ-

- His
100 246.3
20 é
80 é
o3 "Lys
Reo é - ﬂ'AIa -His

E T 3ass3
s0 é 281.3

3 ) —H,0
40 -His

é s a72.3
s0 5 p-Ala _ -
20 - His -p-Ala

E| 383.3

E 207.2 [ ‘ ’
10 5 264.3

3 - 401.3

o 3 I\ ) [ —— ﬂ [\
150 200 280 300 | 380 4do | 290 soc
m/z
x3 ¥z m X2 ¥z = W a4
R O R;10 R3O Re
] 113 ] i1 1 i
HaN—- CH4CHNGCq4CAN-tC—3 CHN7C—COOH
H H |H H{H H|H
(=1 & 23 L3 2 ey By 3

If you are working with a tryptic peptide, look for the arginine or lysine y, ion
at the low end of the spectrum:

[M+H]* -156 - 18 = penultimate b ion Arg is the carboxy AA
[M+H] *-128 -18 = penultimate b ion Lys is the carboxy AA
This may give you a clue to the C-terminal residue of your tryptic peptide.
In general: protonated peptide - AA residue mass - 18 = penultimate b ion
or you could use the standard formula for calculating the corresponding b ion once
the y ion is known.

[M+H] * -y, +1 = penultimate b ion

If you are using an ion trap you may not be able to observe the low end of the
spectrum, and in this case, you will need to do both of these calculations




[M+H]+ - observed b ion + 1 = corresponding y ion.

Digerito triptico

1189

[M+H]* = 1379 (14 AA)

MS/MS m/z 1379 (ion trap)
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Sequence: HGTVVLTALGGILK, pl: 8.75725

Fragment Ion Table, monoisotopic masses

Seqg ¥ a 5 c b4 Y z ¥ (+1)
H 1 138.068678 14
G 2 195.08825 13
T 3 296.13592 iz
v 4 395.20434 11
v 5 494 27275 10
L & 607.35681 9
T 7 T08.40449 8
=y 8 T779.44161 7
L 9 892.525867 [
G 10 949.54713 5
G 11 1006.56860 4
I 1z 1119.85286 3
L 13 1232.73872 2
K 14 1380.83189 1
Digerito triptico
[M+H]*=1182 (10 AA)
MS/MS m/z 1182 (ion trap)
..1| l}ll [ P :
T T T | T T T | T T T | T T T | T T T | T
108 288 08 488 Saa (a5 Taa aaa Saa 1908




ETD, ECD

High Collision CID

lons ¢, z

FRAGMENT ION c

¢, Fragment Ion

+ R | : o) R4

! [l - |

H2 N—CH—C—NH — CH— C —NH — CH— ¢ —NH— CH—COOH

The charge is at the N Terminus

€1




FRAGMENT ION z

Z, Fragment Ion :

H

R, O R, O Ry O R
| 2 3 4
Il |l |l I

Hy N— CH— C—NH — CH— C —NH — CH— C —NH— CH—COOH

The charge is at the C Terminus

R4 = Arginine or Lysine

R OH H*
N TTHE
HN WANH Ra 0§|

2 or H
0 R HG-\W,N\[)L
OH

or 0 R4

R1 Q0 |H -
! N z ion
H,N NH,
o R cion
Fragmentation of peptide amine bonds to produce N-
terminal ¢ and C-terminal z* ions. This type of fragmentation is unique to
ECD.




X3 ) X, W R T
| |mg)| mla] |n
CﬁﬁCNE‘C:ﬁ—COOH mﬂ;&-l
H
AR 4]0 H-HPIE(P FFGLM-NH,
[M+2H]2*
1X5
[M - NH, +2H]**
& o Z" L M+H]" &
o' L M+ 2H]
Ca+§ ot Cio” i
C4"' +* 5 9 I "'.’.-'.‘
NI O T P R .4 S I
600 800 1000 1200 1400

m/z

FIGURE 1. Electroncapture dissociation (ECD}) Fourier transform ion cyclotron resonance (FT-ICR) mass
spectrum obtained from the peptide, substance P [M +2H]™" ions. Spectrum obtained from the 9.4 T
homebuilt instrument at the National High Magnetic Field Laboratory, Florida State University, Tallahassee,

FL. (Figure reproduced from Hakansson et al., 2003a, with permission from American Chemical Society,
copyright 2003.)

CAD
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a2l «—— Loss of One Phosphorylation
: Loss of Two Phosphorylations
ETD

Scan#
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1000 iz 1800

alpha isoform of regulatory subunit B56, serine/threonine protein phosphatase 2A




Single Scanlon Trap CID with ICR Cell/Detection

Theoretical Measured m
3 YYD B, 254.1612 254.1611 0.19
R PIK'P Q Q F F G L M B,* 382.2561 382.2561 -0.04
Bg2* 515.2851 515.2853 0.64
B2 600.3378 600.3380 -0.06
By* 607.3675 607.3675 0.00
[M+2HP*  674.3713 674.3710 -0.44
B Bg' 735.4260 735.4263 -0.31
100 — 600.3380 B, 882.4944 882.4948 -0.00
E By* 1029.5629 1029.5631 0.52
903 Yt 1077.5550 1077.5550 -0.18
E By 1086.5843 1086.5840 -0.28
80 Yo 1094.5815 1094.5815 0.32
o E By 1199.6684 1199.6681 117
5 603 By . Yo'
g 7
25 B 3822561 607.3675 1094.5815
ERE R | B,
$ 407 | 1077.5550
e | B 550 1086.5840
E | IM+2Hp ’ /
307 By “‘674.3710 By 882.4948 5,
20 515.28\53 735.4263
10
200 400 600 800 1000 1200 1400
m/z

Single Scan IRMPD with ICR Cell' Detection

lon Theoretical Measured
] AR R B, 254.1612 254.1612 0.04
ROPEE @@ e e n By 382.2561 382.2563 0.38
B2 515.2851 515.2853 0.51
B, 2" 600.3378 600.3383 0.69
[M+2HP2* Bs* 607.3675 607.3679 0.68
674.3708 [M-NH3]>*  665.8581 665.8581 -0.05
M2+ 674.3713 674.3708 -0.87
Bs* 735.4260 735.4267 0.85
B, 882.4944 882.4956 -1.30
Bg* 1029.5629 1029.5646 173
Yt 1077.5550 1077.5547 035
By" A 1094.5815 1094.5833 0.95
8 254.1612
_:E Fragments identified with a average error of 0.58 ppm
g
§
2
5 B, . A
+ 5" 1094.5833
362 '\2563 Bio® 1029.5646
\ 600.3383 By
\ 735.4267
gooro12 “ B, 9465157 | 194.9060
= J \\ 515.3353 [ 882.4956 [
0 VI Y N oY T | O N S Y 1 N S
400 600 800 1000 1200 1400

miz




Single Scan ECD with ICR Cell Detection

Bottom up

for studying large molecules

lon Theoretical Measured ppm
[ 496.3354 496.3355 0.20
2+ 4
g 4*;;'} s Cst 624.3940 624.3944 0.64
. : [M+2HJ2* 674.3713 674.3715 0.29
30 Cs" 752.4526 752.4530 0.53
283 c/ 899.5210 899.5217 0.78
B Gy 1046.5894 1046.5898 0.38
263 zg 1078.5628 1078.5634 0.55
E Gy 1103.6109 1103.6112 0.27
24 Cy' 1216.6949 1216.6959 0.82
22 [M-NH3P*  1331.7158 13317167 0.67
3 Cs* [M+2H]* 13487432 1348.7418 -1.00
§ 20 624.3944
S 184 Fragments identified with a average error of 0.56 ppm
3 %7
<
o 163
= +
8 147 G
g A 899.5217
121 .
107 cr 752%530 Cio’
| « 10
E 496.3355 cr . 1216.6959
8 s Cy
B 1046.5898
63 1103.6123 [Me2H]"
45 Zg+ [M-NH;+ 1348.7418
E 1078.5636 1331.7167
27 ~
Pa= T | L . . L |
o flepos e by L e A e o o  a gttt g
200 300 400 500 600 700 890 900 1000 1100 1200 1300 1400
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Determinazione della struttura: MS"

i) Proteina in toto:

ECD = electron capture dissociation (FT-ICR)

ETD = electron transfer dissociation (Linear IT)

Approccio TO p Down

Electron Capture Dissociation

® o
®
HaN ® HoN ®
o H
@
H thermal ee H@
@
H COOH &)H COOH

Multiply-protonated protein Reduced-charge ion

Dissociation products ]

Zubarev, McLaffarty, el al. Anal. Chem. 2000, 72, 563-573.




(a) Traditional tandem mass spectrometry

4
???
. AHTTY GHYSK

.
.
. *
%* -
.
Collision-induced Unfolding, Bond dlSSOCIatIOﬂ
excitation loss of labile groups fragment separation

(b) Electron capture dissociation tandem mass spectrometry

Charge
neutralization,
fragmentation

Irradiation by Initial electron

Fragment
low-energy electrons  capture

separation
P miz

Comparison of (3] the traditional (collision-based) MS/MS and {b) ECD-based MS/MS technigues in the analysis of modified polypeptides.
Whereas colisional excitation leads 1o polypeptice chain unfolding and losses of labile groups, ECD largely preserves the secondary structurs and

X3 V3 X Vo T X )
R EHREHER
HzN—CCgEiC:EIC:E{COOH mg&-l
H
a, by ¢ a b, ¢, a; by «c H HPKP F LM'NH2
[M-|-2H]2+
1X5
[M-NI-!3+2H]+‘
+ .
% o z;f . [M+HI" &
Cg . [M-l:2l-{]+'
ot 10 %
04’ . 8 i Cg I
ay »
L.l i TR I'l . *I‘l :
600 800 1 000 1200 1400
m/z

FIGURE 1. Electroncapture dissociation (ECD}) Fourier transform ion cyclotron resonance (FT-ICR) mass
spectrum obtained from the peptide, substance P [M +2H]™" ions. Spectrum obtained from the 9.4 T
homebuilt instrument at the National High Magnetic Field Laboratory, Florida State University, Tallahassee,

FL. (Figure reproduced from Hakansson et al., 2003a, with permission from American Chemical Society,
copyright 2003.)




ECD Spectrum of (Ubiquitin + 11H)""*

oA
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P
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.L“ Ui sy MM ..J& “Jw nn
1080 100 m/z 1120 1140 1160

ECD spectrum of 11+ ions from bavine ubiquitin, 70 scans. Fragment ion designations from eqs 2 and 3; v, v: small neutral
losses.

Zubarev, Kelleher, McLafferty, JACS 1998, 720, 3265-3266.

ECD FT-ICR Mass Spectrum of Bovine Ubiquitin

Extensive backbone cleavage [M-45+9H] 7+
5+, 2323*'7 0757*&
Vag* .CB:B‘?“ 242+ a'mz ;5'-’*'0 5+
Zy3+e zgett 23?+ 747+ Z4g+

asq

Cr2
s 5 zg G+
1
(1313"' (1525"' 053&

ezt

33131-

e

zy A+ 0335"‘

|

AL

a - = o

| . 2 po g el

1130 1150 1170 20 1210
Caittazg b+ miz  Cp12*azsh+ Coa'* Az’

K Hakansson, MJ Chalmers, JP Quinn, MA McFarland. CL Hendrickson, AG Marshall.

Anal. Chem. 2003, 73, 3256.




ETD

Electron Transfer Dissociation

CAD
Scan#
9525
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Scan#
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Courtesy by G. Vago Thermo
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