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MS a MS/MS spekter




Urceni molekulové hmotnosti (API-MS)
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Nejbéznéjsi typy molekularnich aduktu

Singly charged molecular adducts in positive-ion APl mass spectra.

Molecular adduct Nominal mass shift* [ADa] Exact mass shift* [mDa]
[M+Li]* 6 +8.2
[M+NH4]* 17 . +26.5
[M+H+H,0]* 18 posun od iontu +10.6
[M+NaJ* 22 [M+H]* -18.1
[M+H+CH3OHJ* 32 +26.2
+ [M+K]* 38 —441
[M+H+CH3CNJ* 41 +26.5
[M+H+H;0+CH;0H]* 50 +36.8
[M+Na+CH3CNJ* 63 +8.5
[M+Ag]* 106 -102.7
Singly charged molecular adducts in negative-ion APl mass spectra.
Molecular adduct Nominal mass shift® [ADa] Exact mass shift* [mDa]
[M—H+H;,0]~ 18 +10.6
M+F]- 20 - +6.2
{M—lLCHgOH]— 32 posun od iontu +26.2
[M+Cl]- 36 [M-H] =333
[M+HCOO]~ 46 +5.5
[M+NO;3 |~ 47 +0.7
[M+CH3COO0]~- 60 +21.1
[M+NO3]~ 63 —-44
1 [M+Br] 80 7738
[M+HSO4]~ 98 -326
[M+HPO04]~ 98 —23:1
[M+CF3C00]- 114 =Tl
[M+I]- 128 —87.7
[2M—H]~ - -




#1/ Urcete MW, popiste ionty MW=402

[M+H]*

1001 ESI/APCI + 403 (100%
xA = 22

M+Na|* _—
4[125 (29%)]\ - 16

441 (5%) [M+K]*

% 4

| |
400 450 500 M/z

A =38

T T T T T
100 150 200 250 300

m/z 420 [M+NH,]*
m/z 461 [M+CH,CO0]T A = 2

Ukol: jaké zmény olekavate po pridavk
5 mM octanu amonného do mobilni faze

[M-HJ"
1009 ESI/APCI -

401 (100%)

% 4

T T T T T T T T
100 150 200 250 300 350 400 450 500 M/z



#2/ Urcete MW, popiste ionty

MW=390
[M+H]*
1997 ESI/APCI + , 391 (100%)
Ftalaty x A =22
% +
49 (32%) 4|1\é| EI;I)S A 1 6
| 1| #0En [MeK]
100 150 200 250 300 350 400 450 500 M/Z
0 A =38
+ [C8 704]+
OH
m/z 149 m/z 167 | \
Vypocet elementérniho slozeni ftalatu: [M+H]* — [C16:8H324704]" = [Co4H300,]*

CH3

391 — 167 = 224 /
M — Cy,H30,

224/14 = 16 = 16XCH, = C;gHa,

O

Di(n-octyl) ftalat



#3/ Urcete MW a dalsi strukturni informace

1004 APC| + [M+H]* 451
Neutralni ztraty 17, 30, 46 A=41
] [|\/|+H;|;|502]+- [M+NNJ*
+, 47
[M+H-NO] \\421 [M+H+ACN]+
[|\/|+H—OH]i——l4I34 4|92
100 150 200 250 300 350 400 450 500 M/Z
MW=450
nitroskupina
sudy pocet dusikli
MF obsahuje acetonitril M-
1009 APCI - i
0/0 4
100 150 200 250 300 350 400 450 500 M/Z




#4/ O jaky typ slouceniny se jedna? Tvorba adukti muze
vést ke stabilizaci iontu.

(|3H20N02 MW=316
100 48 APCI - O;NOCH;—C—CH,0NO; pentrit
_ 50%ACN/W CH,ONO,
% i
J_l_llrh I Il'l'l_l'II| I'I_IIII L I ! | [ I I
50 100 150 200 250 300 350 400 m/z
APCI - |
50%ACN/W + 5 mM NH,CI [M+Cl]

100

% |
| 353
[N P B P PR |
T | T T T

= T
50 100 150 200 250 300 350 400 m/z




#5/ Urcete MW

100

0p -

Al [Mj+2H]2* — (M, +2) /2 =415 - | A: M,=828
B/ [Mg+H]* — Mg + H =415 — B: Mz=414

E I + 415
> Al [M,+H]?
B/ [2Mg+H]*
829
100 200 300 500 600 700 800" 900 M/z

4 415.0 A/\

415.5

416.0

-

415.0 B/\

416.0

417.0
I

829.0

830.0

831.0




Urceni elementarniho slozeni

Defekty atomovych hmotnosti

Izotopické zastoupeni

Nominalni atomova Hmotnostni Prirodni zastoupeni izotop Typ

Prvek hmotnost [Da] schodek prvku
[mDa] ' moe] [ M+1[%] | M+2 [%]

H 1 7.8 100 0.015 "M"
C 12 0 100 1.1 "M+1"
N 14 3.1 100 0.37 "M+1"
O 16 5.1 100 0.04 0.2 "M+2"

F 19 -1.6 100 "M"
Si 28 -23.1 100 51 3.4 "M+2"

P 31 -26.2 100 "M"
S 32 -27.9 100 0.79 4.4 "M+2"
Cl 35 -31.1 100 32 "M+2"
Br 79 -81.7 100 97.3 "M+2"

| 127 -95.5 100 "M"

Na 23 -10.2 100 "M




Abd |

100+

20+

B0+

40+

20+

Abd |

1004

80+

60+

40+

20+

|lzotopicka obalka pro atomy chloru a bromu

Cl

M
M+2
34 3 3% 37 miz
Br
M M+2
7 7 @ @ mi

Abd.

100+

30+

B0

40

204

Abd |

1004

80+

B0+

404

204

Cl,

M+2
M+4
70 72 74 miz
Br,
M+2
M M+4
158 160 162 m/z

Cl,

Abd. [ 3

M M+2
1004
204
B0

404

204

104 106 108 110
Bry
' M+2 M+4

100+

Abd.

80
60
40 M

204

Imfz

M+6

236 228 240

242 miz

Abd. |

100+

804

B0

401

20+

Abd |

100+

20+

B0+

40+

20

cl,

M+2

M+4

145 iz

Br,
M+4

140 142 144

M+2




#6/ Urcete MW a vysvetlete izotopy

100

% 4

ESI/APCI +

[M+H]*
325 (100%)

327 (33%)

328 (5%)
I

MW=324
1 chlor
(3°Cl/37Cl=100:32)

326 (15%)

100

0p -

T T
100 150

T
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T
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T
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350

[M-H]J-
323 (100%)

325 (32%)

324 (13%)

326 (6%)
|

| |
450 500 M/z

T T
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T
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T
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T
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#7/ Urcete MW, popiste ionty

1007 APCI +| MW=421 (M+H]*
1 brom 422 (100%) || 424 (96%)
y lichy pocet dusiku A :I\%NH .
| ) i N
’ karboxylova skupina [M+H‘§8?(221/) 439[(5%) al
MF obsah Uje CH3COONH4 378 (2%) / 441 (5%)
11 11
100 150 200 250 300 350 400 450 500 M/z
1007 APCI = [M_H]_
[CH,COO] [M-H-CO,] 420 (100%) 422 (sisog)o
0 129 (51%) 378 (22%) — [M+CH3COO]'
_ 80 (5%)
376 (22%) \ 482 (5%)
||/
100 150 200 250 300 350 400 450 500 M/Z
100 - i} ]
APCI -, MS/MS 420 [M-H-COL]" || 375 (9706
376 (100%)
% A [M-H]-
420 (2%)
/ 422 (2%)
II/
100 150 200 250 300 350 400 450 500 M/z




#8/ Urcete MW a maximum informaci

100

00 -

100

% 4

[M+H]*
410
+ —_—
APCI MW =407 A =44 A=17
-2 Br, 1 COOH
- lichy poé&et dusikdl | [M+H-CO,]* 408[**
364 42\5 [M+NH,]*
366 427
| 368 | 429
I I I I | | \III/ T III/ I
100 150 200 250 300 350 400 450 500 M/z
APCI - [M+H-CO,J* 408 [M-H]-
\
Brl- a Al= 44
7[9 ] [M-H-HBr] | =
81 306 328 4 406
362
\364
.I/./366
160 1%0 200 2|50 300 35|50 400 4%0 560 m/z



#9/ UrcCete o jakou slouceninu se jedna?

Vychozi informace: bila krystalicka latka

150.89
Hodnoty m/z ve spektru o+ —152.88 3*Cl
odpovidaji nejintenzivnéjsSim _ ' 94.93 1.
AR Sriashu 58 — 35 = 23 I
pikum izotopicke distribuce A el
jednotlivych ionti \\ [(NaCl),+CI] T gege 1 HIPPFEE
ESI 1007 268.80 P TR P A 1oees
Detail izotopicke distribuce iontu
4*Cl  210.84 268.80 5*C|
Am/z 58 208 8;' X 266.80)
+—> | . |
| ~. 1, 270.80
Az S | 121484 | 27279
v H Am/z 58 J/216.83  f L A 27479
Am/z 58 miz Am/z 58 Am/z 58
210.84) Am/z58 560.59 794.42
150.89 326.76 Am/z 58 Am/z 58 Am/z 58
amiz 60 502.63 [0 <
2467 20 736.46 970.30
92.93 8% 678.50/
0 -
50 200 400 600 800 m/z

U molekul slozenych z atom, které nemaji M+1 izotop se nevyskytuji piky M+1, M+3, atd.



#10/ Vysvetlete produktove ionty

APCI* ; [M-+H]*
100 ", 339.0
7 i-$tépeni O
peptidoveé vazby . m/z 178 i \_ -32
O | | | _ | | |
100 150 200 250 300 350 m/z
APCI* MS/MS, IT CID 339.0
. 307.0
100 A - 32
CH,OH
% @)
~_ [M+H-HCI]*
178.05 303.0 M-+HT*
0 T T l T 0 T |I 3%? [ ]
100 150 200 250 300 350 m/z

Pokud mozné, tak kontrola izotopické distribuce
(musi byt ale sirsi izolacni sirka pri izolaci prekurzoru



#11/ Prirad’te jednotlivé elementarni slozeni k izotopickym

obalkam iontu m/z 197:
A) (NaCl);Na klastrovy ion

B) sodny adukt argininu C;H,,N,O,Na

Abd. |

100+

80

B0

40

201

|:|_
Abd. |

100+

80

G0

401

204

A) (NaCl),N

200.859

? 202 856

g.;’; % # 'z Abundance
P = 1 196.9533463 100.000
2 197.986591 9114
3 193931448 97 645
4 193.934553 3874
A 200987641 0.358
C) C4HqF
== L
& &
5 g &
=
@ ]
© & # m'z Abundance
v E 1 196.865033 100.000
m 2 193.862138 95,833
3 200.855138 0645
4 202856238 3.265

C) 5-Bromoindolin (M*) CgHgBIN;
D) sodny adukt 4-hydroxybenzensulfonové
kyseliny C;H;O,SNa

AL g,:.j # 'z Abundance
100- i D) C6H6048Na 1 196987900 100.000
N 2 197.990877 7.511
3 198985383 5585
a0 4 199938552 0.369
E0-
40
20
|:|_
Abd. | mz Abundance
1004 197.100897 100.000
198103179 8,204
B) CsH 4N,O,N 193105211 0710
80
E0
40
20 :
] =
1 &
o Pt




#12/ Urcete o jakou sloucCeninu se jedna

ESI - [M-H]- MW = 122
121.0295
100 -
%
77.0401
04 I T | = I oy
25 50 75 100 125 150
ESI + [M+H]*
123.0441
100 T
%
77.0386 105.0335 |
04 I T |' | I Mz
25 50 75 100 125 150



Pokracovani 12.

Liché hmoty — 0 nebo sudy pocet N

ESI MS/MS iontu m/z 121 [M-H]- (FT CID 25 NCE)

OH

77.0401<
100 - N O A 43.9894
9% P -0 [M-H]
1210295
O | | | | ’ |
25 50 75 100 125
ESI* (zakladni sken) [M+H]*
123.0441
- A 27.9949
100 co  |r18.0106
0% | Xc® H,0
P v v
; 77.0386  105.0335 |
| | | | |
25 50 75 100 125

Zdroj: mzCloud (https://www.mzcloud.org/)




#13/ Popiste ionty (neutralni ztraty). Které ionty slouzi pro
jednoznacné rozliseni studovanych sloucenin?

@)
I ESI*, MS/MS iontu [M+H]"*
Pt (FT HCD 50 NCE MS2 179.1067) ¢

| nebo T) 123.0441 <

100- PN / 56.0626 461.096
A
HZ

% +C / Jg C4H8 A :Ik -
H,0
O 105.0335 “179.1067
HoC

04 I I | | T I ¢ oy
50 75 100 125 150 175
Xct o ESI*, MS/MS iontu [M+H]*
| A 43.9899 (FT HCD 50 NCE MS2 179.1067)

+
OH,

G
] 79.0542 < co,
100 / +
_ O presmyk f—H L H
i-stepeni |l O/ﬁ/
% C 123.0441 < \
q -56.0626 3
105.0335 - 179 h067 \ 56
| A18 48
0 I I ' I ' I Mz
50 100 125 150 175

Zdroj: mzCloud (https://www.mzcloud.org/)



#14/ Navrhnéte mechanismus tvorby iontu v MS/MS
[M+H]* butylisopropylaminu

ESI* MS/MS iontu [M+H]* (FT HCD 50 NCE MS2 179.1067) m/z 74
miz57 """ )
100 - 74.0964 gy
57.0699 i H m/z 60
% [M+H]*
60.0808 116.11434
0+ I — I I I
25 50 75 100 125 Mz
presmyk p-H(— HecH, - miz74 AM/z 42.047
\ " /\/\NH; + H\
X C3Hg
N+
H,
miz57 J\Am/z 59.0735
e , R CH -
I-Stepen /\/\,{,34,)\ N T H,N C3HgN
/ H2

Am/z 56.0626

H m/z 60
'm
/\EJ/ N > HIJ{IJ\ N C,Hs
presmyk p—H K/ ’




#15/ urcete MW a dalsi informace

©
O @)
T B e m/z 171 m/z 107
MALDI+ o=s=0 0=s—0 [M+Na]* o@ m/z 64
100- 195.0922 . O T o=s=o0
%
O c
MW = 172 A= 24 + o
04 | | I —S—O _
75 100 120 155 175 2oo m/z 80
m/z 91
MALDI - M-H
1£1 01]22 [SO,]" 171.0123
100 - {79.9573 '
107.0502 <
% 7o A 63.9621
SO,
0 , 0

|
75 100 120 155 175 200 ™Z 75 100 120 155 175 200 MZ

Kyselina p-toluensulfonova



#16/ Neprecisteny produkt syntéezy (ESI-QqTOF)

| krystalicka slouéenina 509.1903 < [M,+H]*
_| Spatne rozpustna v ACN, !
hnédozeleny roztok o "
’ o
O

.| Spatny signal, lepsi by
| bylo na APCI ©




Pokracovani 16 - na zaklade informaci popiste ionty a

vysvetlete, co se stalo po precisténi

 krystalicka sloucCenina
Spatné rozpustna ACN,
hnédozeleny roztok

* po precisteni v H,SO,
dobre rozpustna v
ACN/H,0O, Cerveny roztok

Cislo za desetinou éarkou je
u fragmentového iontu vyssi
Am/z 79,9545 (hmotnostni

defekt typicky pro siru) -SO,

[M,]"
100+ 598.1886
: 0 0 .
90 & O ~-104 | ztrata vinylbenzenu
380 - i @, N+
5 70 - & O Q O"\_Q
5 60 -
o] 3
<< 50 -
240 \
§ 30 - L@ -104

20 -

10 - pfesmyk B-H 4941.1264

0 T AR T AR EARRAMMMAARR ARARRRS [T AR AR T

200 300 400 500 600 700 800
m/z -
0ot ? T 755[3M029]éz

90 | HO-§ \ 2184 :

- i H (')' N QO N (“)
LN fon
g7 0 0 5
S 60 -
<50 -

o 574.0822
240 - v 184 -184
© 30 - 390.0641

20 - J 80 | 80

10 - 494.1264 678.1447)

0 - T w‘”“w"”w‘ ‘Lw et

\\\‘\\\ T T T T T T T
250 300 350 400 450 500 550 600 650 700 750
m/z



#17/ HPLC/MS/MS identifikace necCistoty

Acid Red 118 yv chromatogram

Necistota 1279
100% 8.00
Int.
Time [min]

Intenssz ; Intenss.

x10%1 ESI spektrum 511 x10.| ESI spektrum 539

1.00 ne(";istoty [M-H]- | Acid Red 118 [M-H]

075 V zaporném modu 4| v zaporném modu

0.50 )

0.25| ,

0.00 . b o

200 250 300 350 400 450 500 550 miz

| Me=512 |

200 250 300 350 400

AML=28

450 500 550 m/z




N, (327)
S03(275) 459 SO

HPLC/MS/MS barviva a necistoty

23
O s 0]

3

_

soz (186)

IDENTICKE

[355-CH,CH,NH-S0,]"
[355-CH,C.HN,J"

[355-CH,C,H,NH]"

250
[355-S0 (355 N T
185 7| 275 S5N.

355 l
[M-H-C.H.N(C,H,)SO.]

[M-H-SO]

459 M-H]

[M-H-SO,J \ 538
475

i M |

- 355
IDENTICKE MALC.HNHSOT
[355-CH.C,H,NH-SO,J [M-r3:1SOJ'
[355-SO]"
[M-H-N]
[355-CH.CHNHT | r356.n7 ;
250 327 M-H-SO.] Mo
[355-SOJ i ST
186 275 291, L !144_17 L

500 o5 200

200 400 450 500




#18/ [M-+18H] 18+ Interpretace spektra?

1029.6 O jaky typ latky jde?
100 §[M+19H]%* g7s. : .
—_ [(M+L9R)™ eree Jakou technikou zmeéreno?
ES,
> 80- [M+17H) R=16 000
= .
o M+16H]16+*
g 607 (w20 s
Q ' 15+
2 40- (M L™ Zoom 1424.5 az 1426.5
5]
2 21+ [M+14H]** M+13H113+
- 20 +2§;11 1323.8 £4 5.5 ]

miz

Priklad vypoctu MW:
A=10296=MW+2)/z Protein
B=9756=(MW+z+1)/(z+1) MW=18521 Da
- feSenim vyjde z = 18.05 = 18

A: MW =1029.6 * 18 — 18 = 18514.8

B: MW = 975.6*19 — 19 = 18517.4, atd.

Zmeéreno pomoci ESI*




Zadani: UrCete o jaky typ slouceniny se jedna a urCete jeji molekulovou hmotnost.
Jakou instrumentaci bylo zméreno nize uvedené MS spektrum?

100 151265 Protein - Hemoglobin A
| (o Fetézec)
Normal & MALDI/TOF
|
— > Zoom
Y% - 15118.5 az 15137.5
' R=16 000
O - r T e T e o A ey J..ll.ll.lu..,-...
15000 15200 15400 15600 15800 16000 16200 18400 16600
Mass (Da)




Interpretace izotopické obalky

Protein v ESI+ Protein jednou nabity
[Cr69H1202N210021S,+10H]O* [C69H1212N 21002165, H]"
= 16952 .
R=35000 1696.011696.11  Am/z je 0.1 AR 1;22‘31 16953 Am/zjel
1695.91 1?2862?%1 (naboj je tedy 10) 16954 (naboj je tedy 1)
: 16949
1695.81 06,41 16955
1695.71 1696.51 15984 16956
16957
1695.61 1696.61 16947
1696.71 T &
Klastr AgCl polysacharid
R=3000 [((AgCl)10Ag]* Am/z ie 1 R=13000 643613  L(CeH1005)40tH]’
1539.64 1541.64 V2 1€ T
(naboj je tedy 1) T 6487.13 Am/z je 1
153764 154363 (naboj je tedy 1)
Chybi izotopy M+1 atd.
1545.63 il S
1535.64
6489.14
1547.63
1533.64 6483.12 6490.14

1549.63



UrCete o jaky typ slou€enin se jedna (vSechny ionty jsou jednou nabité)

Am/z je 44
<>
1014.60 1146.53

1190.53
970.47 1234.73
8
g 1278.80
pes
S 1366.73
<
N 926.60
5
©
o 882.53
1410.73
1454.60

838.53
1498.67

1542.73
1586.87

1674.93

1762.73 185060 193993

1000 1200 1400 1600 1800 2000
m/z




Schéma znaéeni fragmentovych iontu peptidu

Typické fragmenty pro CID MS/MS
Typicke fragmenty pro ETD, UVPD

HN —C —C —N —C —C = —-C +C —-N —C —COOH

C-C (a, x); peptidova vazba (b, y); N-Ca (c, 2)




Stépeni peptidové vazby

ZjednoduSeny mechanismus fragmentace [M + H]* peptidu

— indukeni stépeni, vznik acyliového iontu (iont typu b)

o R® ﬁ> R
L J\/ HN _C' 4 )\/OH
YT Y hd T

R o) R o)

— Stéepeni po pfesmyku R-vodiku, vznik kratSiho proton. peptidu (iont typu y)

@) R2
J\/ HoN ) J\/OH
NH, || % + HaN" ||

o) R o)

T

1
R

snimek pfevzat z pfednésky doc. J. Cvaéky (UOCHB, Praha)



¢’ -type ions

Zjisteni sekvence aminokyselin v peptidu - ETD

50 -

800

" 0.5

MsaHpe1=

@ouepunge aAle|aY %

1,000 1,100 1,200 1,300 1,400 1,500 1,600

900

m/z



Zjisteni sekvence aminokyselin v peptidu - ETD

Table of Amino Acids and Their Abbreviations

| FullName  Abbreviation(3Letter)  Abbreviation (fletter)
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartate Asp D
Aspartate or Asparagine Asx B
Cysteine ] Cys G
Glutamate Glu E
Glutamine | 7 er Q
Glutamate or Glutamine Glx z
Glycine ‘ Gly G
Histidine 7 His H
Isoleucine lle I
Leucine | Leu L
Lysine ! Lys K
Methionine A Met M
Phenylalanine ] Phe F
Proline Pro P
Serine | ; VSer S
Threonine | Thr T
Tryptophan ‘ Trp w
Tyrosine ] Tyr Y.
Vaﬁne Val Vv
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