Vybrane priklady
interpretace ,,mekkych®
MS a MS/MS spekter




Kroky pri identifikaci iontt (molekul) pomoci MS

« Dulezité je mit kvalitni hmotnostni spektra — dostateCné zprimérovana, spravné odectené
pozadi, znalost historie vzorku (jak byl odebran, pfipraven, s Cim priSel do styku) atd.

1/ Urceni molekulové hmotnosti, pokud mozno vysvétlit vSechny pfitomné ionty (jejich puvod)

2. Urceni velikosti naboje (hlavné v pfipadé iontovych sloucenin, biopolymer).

3. UrcCeni elementarniho slozeni — spravna hmotnost a pfitomnost charakteristickych
izotopickych piku (izotopicka obalka - charakteristické intenzity izotopl) — hlavné pfi vysokém
hmotnostnim rozliseni HRMS (Cim vétsi Ry, tim Iépe).

4, Strukturni informace — na zakladé riznych MS/MS (& MS") experimentU (charakteristické
ztraty pro funkéni skupiny, substituenty, ligandy atd.).

5. Vyuziti rdznych identifikaCnich softwart a databazi (knihovny spekter) — €asto jako prvni krok
(po vycCisténi spekter, po identifikaci a odstranéni interferujicich iontl)

6. V pfipadé kombinace se separa¢nimi metodami — informace o retenénim ¢ase (LC, GC,
SFC, CZE) — muze pomoci, driftovy Cas (v pfipadé IMS).

- Moznost vyuziti ruznych filtrovacich pristupu pro zjednoduseni TICC — rekonstruovany
iontovy chromatogram, filtrovani s ohledem na hmotnostni defekt, chromatogram
neutralnich ztrat u LC/MS/MS méreni, atd.



Urceni molekulové hmotnosti (API-MS)

_—l=
100 501 [M+H]+1OO 499
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Nejbéznéjsi typy molekularnich aduktu

Singly charged molecular adducts in positive-ion API 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+CH;OHJ* 32 +26.2
+ [M+K]* 38 —44.1
[M+H+CH3CNJ* 41 +26.5
[M+H+H,0+CH3;OH]* 50 +36.8
[M+Na+CH3CN]* 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—P]I+CH30H]— 32 posun od iontu 42622
[M+Cl]~ 36 [M-HJ ~233
[M+HCOO]~- 46 +5.5
[M+NO; ]~ 47 +0.7
[M+CH3COO]~- 60 +21.1
[M+NOs ]~ 63 —44
L VR 80 _73.8
[M+HSO4]~ 98 -32.6
[M+H3PO4]~ 98 -23.1
[M+CF;C0OO0]- 114 —7.1
[M+]~ 128 —87.7
[2M—-H]~- - -




#1/ Urcete MW, popiste ionty
100+ ESI/APCI +

% -

160 1%0 260 2%0 360
m/z 420 [M+NH,]*
m/z 461 [M+CH;COO]- A=2

Ukol: jaké zmény ocekavate po pridavk
5 mM octanu amonného do mobilni faze
100~ ESI/APCI -

% i

MW=402

[M+H]*
403 (100%)

'&A=22

M+Nal* -
Ezs (29"/3]\A - 16
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I
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#2/ UrCete MW, popiste ionty

MW=390
100 [M+H]*
ESI/APCI + . 391 (100%)
Ftalaty x A =22
% i
49 (32%) H‘Q j;[,‘{/?,‘ A - 1 6
| | 429 (5%) [M+K]+
100 150 200 250 300 350 400 450 500 M/Z
0 A =38
+ [C8H 04]+
OH
@)
Vypocet elementérniho slozeni ftalatu: [M+H]* — [C,6.45H324704]" = [Co4H390,4]*

H

391 -167 = 224 /
M — C,,H;30,

224/14 =16 = 16xCH, = C,zH;,

O

Di(n-octyl) ftalat



#3/ Urcete MW a dalsi strukturni informace

1000 APCI + [M+H]* 451
Neutralni ztraty 17, 30, 46 A=41
L [M+H-NO,]* [M+N\J*
M+H-NOT*. 405 473 .
[ ] — & [M+H+ACN]
[M+H-OH]—-——,4I34 l
1(|)0 1|50 2(|)0 2|50 3(|)0 3|50 4(|)0 450 5(I)0 m/z
MW=450
nitroskupina
sudy pocet dusikli
MF obsahuje acetonitril M-
1004 APCI - i
% i
1(|)0 1|50 2(!.\0 2|50 3(|)0 3|50 4(IJO 450 5(IJO m/z




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

(|3H20N02 MW=316
100, 46 APCI - OZNOCHZ—(ll—CHzONOz pentrit
y 50%ACN/W CH,ONO,
% |
J_l_llrll I Il'l'l_l'I|| I'I_IIII I “ I I ! | I [ [
50 100 150 200 250 300 350 400 m/z

APCI -

50%ACN/W + 5 mM NH,CI [M+CI)
100 —

o |
| 353
T T T

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



#5/ Urcete MW

100

%

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

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

4 415.0 A/\

415.5

416.0

4 415.0 BP

416.0

417.0
I

829.0

830.0

831.0




Urceni elementarniho slozeni

Defekty atomovych hmotnosti Izotopické zastoupeni
oy .| Hmotnostni | .. . ‘o o
Prvek NO}T,TI,T:Ln; :tt;;nac]wa <chodek Prirodni zastoupeni izotopu pEEu
[mDa] | M (%] | 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 5.1 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"




Izotopicka obalka pro atomy chloru a bromu
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#6/ Urcete MW a vysvetlete izotopy
ESI/APCI +

100

% A

[M+H]*
325 (100%)

MW=324
1 chlor
(3°CI/37CI=100:32)

327 (33%)
326 (15%)

328 (5%)
|

100

% i

T
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#7/ Urcete MW, popiste ionty

1001 APCI +| MW=
Cl +| Mw=421 [M+H]*
1 brom 422 (100%) || 424 (96%)
y lichy pocet dusikii A =IJIZNH .
% - ” . - +
karboxylova skupina [M+H g?(zzl/) 439[(5%) 4l
MF obsahuje CH.COONH 378 (2% 441 (5%)
3 4 (2%) /
\II 11
100 150 200 250 300 350 400 450 500 M/z
100
APCI - [M_H]-
420 (100%) || 422 (98%
[CH,COO]- [M-H-CO,] | St
% 199 (51%) 378 (22%) — [M+CH3COO]'
/o/ 80 (5%)
376 (22%) \ 482 (5%)
||/
100 150 200 250 300 350 400 450 500 M/z
100 - - ]
APCI -, MS/MS 420 [M-H-COL]" || 375 o72)
376 (100%)
% - [M-HJ
420 (2%)
/ 422 (2%)
II/
100 150 200 250 300 350 400 450 500 M/z



#8/ Urcete MW a maximum informaci

100

% i

100

% -

[M+H]*
410
+ =
APCI +| MW = 407 = a4 17
-2 Br,1 COOH
- lichy poéet dusikl | [M+H-CO,J* 08"’
364 a25 [M+NH,]*
366 427
| 368 | 429
I I I I I I \III/ I \III/ I
100 150 200 250 300 350 400 450 500 M/z
APCI - [M'l'H-COZ]"' 408 [M-H]-
Br]- | =
[Br] [M-H-HBr- /4= 44
79 81 306328 | f 406
362
\364
II/I /366
160 1.Ir>o 200 2150 300 350 400 450 560 m/z



#9/ UrcCete o jakou slouceninu se jedna?
Vychozi informace: bila krystalicka latka

150.89
Hodnoty m/z ve spektru 2* —152.88  3*Cl
odpovidaji nejintenzivnéj$im _ (-
e .y 58 —35=23
pikum izotopické distribuce \ \
jednotlivych iont AW [(NaCl), +CI]- - / | 157}.88
ESIF 100 - 268.80 9210/ 156.88
Detail izotopickeé distribuce iontu
4*Cl  210.84
268.80 5*C
Amlﬁ_

Am/z 60
% +—>

Am/z 58 | Az 98 Am/z 58 Am/z 58

210.84]  Amiz 58 560 59 “794.42
150.89 326.76 Amiz 58 Am/z 58 Am/z 58
amiz g9 02.63 5 1 <
“444 67 m/z 60 30.46 970.30

92.93 2% 678.50/

0 -
50 200 400 600 800 miz

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



#10/ Vysvetlete produktoveé ionty

APCI* ; [M+H]*
100 - 339.0
7 i-Stépeni O
peptidoveé vazby . _m/z 178 ! \_ -32
O | | | - | | |
100 150 200 250 300 350 m/z
APCI* MS/MS, IT CID 339.0
O
307.0 €
100 - A - 32
CH,OH
& o [M+H-HCIJ*
178.05 03.0 M+H]*
O | | L | 0 | 3 3 |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: C) 5-Bromoindolin (M*+) CgHgBIN;
A) (NaCl);Na klastrovy ion D) sodny adukt 4-hydroxybenzensulfonové

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

= - &shd. =
Ahd. | ; % # miz Abundance 1 o # mfz  Abundance
100- b = 1 196, 983463 100.000 1004 D) CGHGO 4SNa 1 196.387300 100.000
2 197 986591 9114 2 137.330577 71
3 198.985383 5,585
- 3 198.981448 97 £45 e : et o
4 199 984553 8.674 : :
: 5 200.987641 0,358
B0
£
)
| C) CgHgBrN
404 40
g 2 20
201 % s o ]
] J = .
=
0+ - 0
- #bd, =
Abd -é;g % # méz  Abundance 1 B # mfz  Abundance
100- Mf & 1 196, BE5088 100.000 100- v 1 197100897 100.000
2 198 862138 95 883 ] 2 198103179 8.204
0 ﬁ 3 200859188 0.645 0 B) CGH14N402N3 3 199.105211 0.710
l 4 202 856238 3,265 |
A) (NaCl);Na
B0 El-
]
& 1
40 = 40
=
(=
20 2 20 = g
J % — E
0 /|\— 1] T




#12/ Urcete o jakou sloucCeninu se jedna

ESI - [M-H] MW = 122
121.0295
100 T
%
77.0401
04 I T I = I s
25 50 75 100 125 150
ESI + [M+H]*
123.0441
100 T
%
77.0386 105.0335 |
04 I — |' I I i
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 NGO A 43.9894
% P 0 [M-H]-
121(0295
O | | | | ’ |
25 50 75 100 125
ESI* (zakladni sken) [M+H]*
123.0441
100 A 27.9949
co  |A18.0106
% | \C@ HZO
= 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 pra
jednoznacné rozliseni studovanych sloucenin?

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

| nebo (|) 123.0441 <

100- 2R / '56.0626 461.096D
A 18 C,H
o +C| P H,O 4718 AM -
105.0335 12920 hog7
H,C:

04 | | | | r I L. e
90 75 100 125 150 175
Xt o ESI*, MS/MS iontu [M+H]*
| A 43.9899 (FT HCD 50 NCE MS? 179.1067)
/ S, O 174 (56 +18)

0 presmyk f—H S H
i-stépeni | . O
C 123.0441 < \

-56.0626 \
1 05'|O<——»3A3158 CH, 179 £067 , 56
I I ' I ' I
100 125 150 175 Mz

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
m/z 57 7 )
100 - 74.0964 i J\
57.0699 H 6o
% [M+H]* T
50.0808 116.1434
0 I I — I I I
25 50 75 100 125 ~ miz
presmyk p-H( H>CH, m/z 74
- g+ M Am/z 42.047
NP ° C;He
Hy, °

i-St&peni /\/\{;v)\

Ha
/\CJ , +
presmyk p—H \/

m/z/57\/ y J\Am/z 59.0735
MR C;3HgN

m/z 60 Am/z 56.0626
+ + NN C,Hg

H3N



#15/ urcete MW a dalsi informace

©
T T e miz 171 T miz 107
MALDI+ o=s=0 0=s—0 [M+NaJ* @ m/z 64
100 195.0922 o— S O *+ o=s=o0
%
O c
MW =172 A =24 + A
0 I | | | I _S_O —
75 100 120 155 175 200 m/z 80 o
m/z
MALDI - [M-H]- ;\g%"\;ls 171
3
100 - 171.0122 179 9573 171.0123
107.0502 <
" % A 63.9621
SO,
0 , 0

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

Kyselina p-toluensulfonova



#16/ Neprecistény produkt syntézy (ESI-QqTOF)

| krystalicka slouéenina
Spatné rozpustna v ACN,
hnédozeleny roztok

., Spatny signal, lepsi by
bylo na APCI

4444444444444444

33333333

599.1903 «— [M,+H]*




Pokracovani 16 - na zaklade informaci popiste ionty a
vysvetlete, co se stalo po precisténi

 krystalicka sloucCenina
Spatné rozpustna ACN,
hnédozeleny roztok

* po precisténi v H,SO,
dobre rozpustna v
ACN/H,0, cerveny roztok

Cislo za desetinnou éarkou je
u fragmentového iontu vyssi
Am/z 79,955 (hmotnostni
defekt typicky pro siru) -SO,

100

<g70*
= 60j
4150*
>40,
ﬂ>30*

20*

10 -

0 N (I

presmyk p—H 494.1264

[M,]
598.1886

~"-104 | ztrata vinylbenzenu

R — - S —

300 400 500 700 800

184 758 0992
S OH

m/z

v
390.0641

| \ \ I

- 184.018

\E79 956 \‘:-79.955

494 1264 678.1447

[M,]"

574.0822
- 184.017

| W i i

m/z

\‘\\ \\\‘j\\\

250 300 350 400 450 500 550 600 650 700 750



#17/ HPLC/MS/MS identifikace necCistoty

Nedistota AC|d1F2{e7<2:I 118 yv chromatogram
100% 8.00

_—

[TTTT T T I [T I |"{I‘Jlllll|"'| T LA L L L L L L L L LB R
Time [min]
Inteng,z Intenss.
x10% ESI spektrum 511 x10.| ESI spektrum 539
100, necistoty [M-H]- | Acid Red 118 [M-H]-
0.75) V zaporném modu 4| v zaporném moédu
0.50, '
1 2-
0.25! ,
0.00L - U VT o-- . A
200 250 300 350 400 450 500 550 miz 200 250 300 350 400 450 500 550 miz

R™ = R™
[Mg=512] AM =28 [Mg=50]




HPLC/MS/MS barviva a necistoty

-S0, (186)
250

soz (186)

IDENTICKE

[355-CH,C.H.NH-SO.]"
[355-CH,C.H.N,]"

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

: 250
[355-SO." 355 N T
186 237 | 275 55N,

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

[M-H-SO]

459 M-H]

[M-H-5O.T 538
475

i A |

- 355
IDENTICKE] “imcsnmsor
[355-CH,C,H,NH-SO,J [M-r£1sog'
[355-SO,]°
[M-H-N.T
[3565-CHCHNHI" | r355.N1 ;
250 327 M-H-SO Mo
[355-S0. i ST LT

186 N 275 291L N . J4:_47 L ¢ |

200 e 200




#18/ [M+18H]"8* Int_erp’retace’ spe_ktra?
100 ~[M+19H]™* o756 "2 O jaky typ latky jde?

_ Jakou technikou zméreno?
55\;
> 807 [M+4 7H]™ R=16 000|
= .
= 16+
2 60 [M+20H]* [M+16H]
P 927.1 ' e
2 40- (M50 Zoom 1424.5 az 1426.5
3]
o 14+
21H121+ [M+14H] M+13H113*
[r 20 !%VH- 883:.|1 1323.8 !:|4 5.5 ]

miz

Priklad vypoctu MW:
A=10296=(MW +2z)/z Protein
B=975.6=(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 slou€eniny se jedna a urCete jeji molekulovou hmotnost.
Jakou instrumentaci bylo zméreno nize uvedené MS spektrum?

yoo o 151265 Protein - Hemoglobin A
E (o Fetézec)
Normal MALDI/TOF
|
— > Zoom
% - 15118.5 az 15137.5
' R=16 000
O - r T e T e o A by ._ii.p.llhl..,-...
15000 15200 15400 15600 15800 18000 16200 18400  16G00
Mass (Da)




R=35000

1695. 81, I /

1695.71 l\ i
| |‘\

169561”w‘;‘|m‘|‘|;‘,

Interpretace izotopické obalky

Protein v ESI+
[Cr69H1212N210021gS,+10H] 0

1696.011696.11
1695.91 |

il

Am/z je 0.1
' 1696.21
(. |169631

] | ‘169641

‘| ‘ " 1696.51

] ' 1696.61
Rin wlarﬂ. i 1696.71

I
| \ .
|‘\ Vo F '. N

Klastr AgCl

R=3000
1537.64

1535.64

1533.64

[(AgCl)0Ag]*
1539.64 1541.64

Am/z je 1

154363 (Na@bOj je tedy 1)

Chybi izotopy M+1 atd.

1545.63

1547.63

1549.63

(naboj je tedy 10)

Protein jednou nabity
[Cre0H1212N210021gS,+H]*

R= 16952 .
55000 1232221 | 16953 Am/z je 1
|| | 16954 (naboj je tedy 1)
|| | Il
1694?| :‘ |/'l\16955
16948ﬂ|‘|||| |‘w16956
16947;\|" 0/",' H 116957
NARIRIRIR l;laxy | 16958
.Ilw‘ll‘l“l\l "J 'wlw‘w ‘/ ,‘,-J.
R=13000 polysacharid
- oag6.13  L(CeH100s5)40+H]
648513 ' 6487.13 AM/z je 1
6484 12 5488 14 (naboj je tedy 1)
6489.14
6483.12 6490.14



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

Am/z je 44
<>
1014.60 1146.53

1190.53
97047 1234.73
8
c 1278.80
he}
S 1366.73
<
< 926.60
>
=
o 882.53
1410.73
1454.60
838,53
1498.67
1642.73
1586.87
1674.93
Mh;h“ 176273 185060 1939.93
1000 1200 1400 1600 1800 2000

m/z



Schéma znaéeni fragmentovych iontu peptidu

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

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)

R 0 R 0

I R
: +
H,N [N +J\/OH _ T, HN_C )\/OH
w/\NHZ | T H2N |
1

I O |
ﬁ\NHZJ\H/OH HzN% + H3N+J\||/OH

R'H o R 0

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



¢’ -type ions

Zjisteni sekvence aminokyselin v peptidu - ETD

50 -

800

" 0.5

l[M+3H]*"‘

@ouepunge aAle|eY %

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

| FulName  Abbreviation(3Letter)  Abbreviation(fLetier)
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartate Asp D
Aspartate or Asparagine Asx B
Cysteine Cys C
Glutamate Glu E
Glutamine Gin Q
Glutamate or Glutamine Glx Z
Glycine Gly G
Histidine His H
Isoleucine lle |
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe E
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr ¥
Valine Val v
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