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1. Url en? mol ekul ov®

A naz 8§ k| BdH), [M-H], M~ i o nrebp a d u kstmplekulou [M+Na]*, [M+K]*,
[M+NH,]*, [M+CH;COOQO], [M+HCOOQO] [M+CI], n N k ddyi meionty 2ypu [2M+H]*,
[2M+Na]*.

typar el aintenzitad d u k t d wineelifiv 1 r az & Vhasa o gneonb?i
f 842 e oz p o wzptkd)adbsahus oVeuentul vzorku

z8vinap ®u giiotnRl zeahnice>-n Nk gy h o dkongbinovat v 2 d¢eehnik
(ESI, APCI, APPI), kombinace oboru m- d polarity

pokud zcelac hyme&!| ek udn oo § &t r roizaag) (ESI, MALDI) a snaha
otvorbumo | e k u | a8cr unkdacAg k | @ 920d & W lo @l ni@ntugNH,*, Na*,
K*, Ag*, Li*, CH;COO, CI, atd.), z mDnnaa p Ma S pr ej ehieme 3t u
el ektirontlptic® z mDnpar Tt okJg2 @z enth g u jp2l cyzacimd r
teplotyi ont ozdr@Gdy o mNDma z p o u yzorkud I a
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Singly charged molecular adducts in positive-ion APl mass spectra. I?Q 0z d?2 I[I\/I-i-rHFa I k 0o n k bdRktem?2
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 +10.6
[M+NaJ* 22 ~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+CH3CNJ* 63 +8.5
[M+Ag]* 106 1027
Singly charged molecular adducts in negative-ion APl massspectra. R0 z d 2 I[I\/I-H'ﬂmz ik o n k adektemgE m
Molecular adduct Nominal mass shift® [ADa] Exact mass shift® [mDa]
[M—H+H,0]- 18 +10.6
[M+F]- 20 +6.2
[M—H+CH30H]~ 32 +262
[M+Cl]- 36 _233
[M+HCOO0]~ 46 +5.5
[M+NO, |- 47 +0.7
[M+CH3C00]- 60 +21.1
[M+NO3 |- 63 _44
1 [M+Br] 80 ~7338
[M+HSO4] 98 ~326
[M+H,PO4] 98 _23.1
[M+CF3COO0]- 114 —7.1
[M+1]- 128 _877
[2M—H]- - -

M. Hol | apek, R. JGhrom&@aogrkAd217 (RD10) 8B988s a ,
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Adukty s anionty pro stabilizaci
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2 . Url en?2 vell kost |

151 r nZ n8boj e _ _ _
M. = 180 Charakteri sim/azk ®erzo z d 2ldyr o

a pot Bghm®o rozligen2 izo
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molekula je 10x protonovan8 [M+10H]0*
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2. urcanirvelieastd nalvoé:la MKporseiittuie 1 NnS
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zotopy

je 0,1
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1696 = m/z = (M+10)/10 Y M=1696*10 - 10 = 16 950

16960
= 16961

=== G0G 207
1696 307
1696 407
1696 505

1696 G608

1695 906

1695 506

i

G EELEN SRR BB BPLUN TPy It B

V. pS2pad

o

10+

1700 m/z

Abd.|
1001
fy
2 ED_
< |
= 15+
ol 1131
) 16+ B0
1061
17+
998 401
0.8 18+
43
197 14+ 20-
893 1212 |
0.6
|:|-
20+
849
13+
0.4 1305
21+
808
12+
0.2 4 1414 11+
1542
| L 1696
0.0% = T T T X = T - T > T = T
" ~ 700 900 1100 1300 1500
Elic University of

BRISTOL © Paull. Gates 2014

1E836.50 169700

C H N O S
769 1212 210 218 2



2. urcanirvkelieas® nalvoé: la MKporseitie 1 NnS
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2. urcanirvelieastd nalvoé la MKporsetittie 1 NNE
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PS2klad vipoltu MW
Experiment 8l nhRD ur]l
[MR+Z]Z+ = m/ZA =1696 = (MR + Z) | 7
Met2+1]60 2 iz = 1543 = (M + 2+ 1)1 (2 + 1)

pdl RuroghbhopTo 2 nezn

ege
eno m/ z dvou kladnBD nab

-Segen?m vyjde z = 10.006 = 10 (n§boj mu s -
-nyn? pSi Sad? me n8boj e vgech~iont'[m ve Sp¢
-VvI polgete Mgech identifikovanlch i1 ontT, na

A: Mg =1696 *1071 10 = 16950
B: Mg = 1542 * 1171 11 = 16951, atd.
-pakzprT mNDr oa § m ¥ p ol(tatdekdmvoluce) , vge aut omaticky



Url enz MW a poltu |
As ®r i e [M-xHitaTM-(x+y)H+yNa]*

x10]  309.85
Amaxim§|n2~pozorovanT n§~boj3i al ne
vymBDni telnl epol etot omT oyl ch | sjk upp/ions

_/
: 310.06]_)

e 309.9 [M-5H+Nal" 0%
| C.l. Direct Green 26 j
3 |
| MW = 1222 _ 3095 310.0 3105 311.0 mM/Z
| 5 i1 ontovldgh s kJupln
_ X107 243.24
2-_ [M_5H]5 [M-4H+Na]3_ 1.25—5
1243.2 420.8 5
' - ellsti—p Dm/z 0.20
| M-4H1* . | [M-5H+2Na]* ]
1_ [304_3] [“26:2”1]3 413.4 075 243.43 - J
1 \ [M-5H+3Na]2' 0.50-
: ‘ | ’ 642.7 :
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M. Hol | apek, P. Jandera, J. PS8VRryt o BV
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3 . Url en2 el ement §8r n

kolika a z jaklch atomT je molekula sl og¢

porovng8n2 experiment8ln2z a Yebaeaktk®i 6D
M a M+2 -iCk®1),Bp(T1l),pol yi z oaboSlikcak §n Nk t e ®Gel SnHg,a
Pd,Pt( organokovov® sl ouleniny) atd.

pro vysokou sprs8vnost url en?2 hmoty jg-mat
meng2 chyba, t2Zm je meng?2 polet mognlch |
pomoc? softwaru, kter® jsou bRgnND dostupi

nej |l ®pe analyz8tor s vys o-k&,wrbitrap,ZQTOK)o v a c 2

¢ paracetamol ] ¢atorvastatin ] % cisplatina
CgHNO, | @—!35FN205 e 2H6
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,,,,,,,,,, LN - o AR 8 & AN

31 152 153 154 mkz 558 BED 562 miz B0 2975 3000 3025 305.0 mrz



3 Url en2 el
Defekty atomovi ch hmothbostépi ck® z
: Hmot no -
Prvek | %rrr?c;tnnoft I[Dlzl]2 schodek |~ 0 ' °fN° #AsSte p-:\):l'zu
[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"
® 16 5.1 100 0.04 0.2 ["M+2"

E 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

ement §r |

as



3 . Ur |l en? el emenizadapy 2 h

Cl Cl, Cl, cl,

Abd. — - . - _
| M Abd M b | M M+2 Ahd. | M+2
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BD: 801 80 a0 M
M+2 _ _
507 B0 Sip FO- M+4
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Abd [ ] shd — 1 amd[ ' s I Y 1 E—
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3 . Ur |l en? el emenizadapy 2 h

s Compass lsotopePattern — [l X
(NaBr), M| Chemical ~ | [M s
AT E # m.'z Abundance
100- g = . 1 1042070234 0.456
E I = 2 1044 0RE247 4.431
=T
= = 3 1046 066207 19.399
o n II_ 4 1048, 064154 50,322
5 1060062107 20,666
o G 1052 060061 100,000
[
(=R E E 7 1054.058014 a1.065
= E a 1056055968 45062
= 3 1068.0539:21 16.433
40 . 10 106e0.051374 2.563
2 11 1062049328 0346
3
201 o £ T 2 o
= : = 5]
= el 2 =
g ° U 2 8
|:I_ L L
' 1045 1050 1055 1060 mz
FuHR: | IR tonoizotopic neutral mass: 1042070842
Resalving pawer: 2103 Mominal neutral mass: 1043
|sotope threshold [%] Average neutral mazs: 1051.922751
Hill zorted sum formula: BrygMay
Elemental compogition: Br 75.96% Ma 24 04%
Kdyg v el ement8rn2m sl ogen?2 nen?2 pr Wa®,NabBk);tak
se VvV i zotopick® distribuci ni kdy neobjev?2z |



3. Url en?2 el emenizaapyn 2 h
[(AgCl);0Ag]* (R=1500) [(CeH1005)40+HI* (R=15000)
1539.64 1541.64 5485, .-1%4?66;;7.13
1537.64  1543.63
! | AN
| 154563 6484.12| ) || B408.04
153564 | (AR
I L 6489.14
I, |‘ 1 ' 1547.63 :/ ay \.‘ »I g
1533641 1| (| |} || || | 648312 | | 16490.14

T (540,63

[C769H1212N210021882+ 1OH]10+ (R:?’SOOO)

1696.011696.11

1695.91 | | 1696.21
, lw | 11696.31

1695. 81‘ ‘\ }\ | 1696.41
169571 HH,‘ \169651
\‘|‘

1695.61 H | M V111! [|2696.62
RN J\JHW /H"\,‘\169671
’MU” \} | ‘} \‘U‘J‘J"‘H
(] f VoYY I‘\;} ‘\ ] w\’ ‘,\ N

[C769H 1212N210021882+ H]+ (R:35000)

16951 16952
16950 1 16953

'\|16954

16949'|||% \16955
T
L 16956
i
weeaz|| (LI 1{1]1]] ||26957
v ] l"ful‘ 16958



3 . Ur |l en? el emenizadapy 2 h

100 Cd o " 100 ' w0, Ge g% 00 Hf '
57%
50 43%, 45% 8 43% 50
26% I 21% 21%
0 0 T T T T T TL
106 108 110 112 114 116 49 50 51 52 53 54 54 55 56 57 58 6 71 73 75 174 176 178 180
100 Hg 100% 100 MO 100% 100 100% Ni 100 OS 100% 100 Pb 100%

66% 69%

50 50 50 50 46% 420,
0 0 0 0
196 198 200 202 204 92 94 96 98 100 58 60 62 64 185 187 189 191 193 204 206 208
Y 0, 0, 0, 0,
100 1 Pd 820;00 7 100 4 Pt 979 100% 100 - Se 100% 100 - Sn 100%
50 41% 8% 50 50 48% 50
19% 1504 18% 14, 18%
4% 205 3% 2% 1%
0 0 0 +=—— L I — T 0
102 104 106 108 110 192 194 196 198 96 98 100 102 104 74 76 78 80 82 112 114 116 118 120 122 124
100 Te 930, 190% 100 7 g6 W 100% 939, 100 i ZI‘
50 50

33% 34%

121 123 125 127 129 131 46 48 50 182 184 186 63 65 67 69 90 91 92 93 94 95 96

R. Jir §8kbl| &MasskSpectrom Rev 30 (2011) 1013-1036.
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J i ak8ls kMass Spectrom 42 (2007) 918-928.



- 3. Ur |l en2 el ement 8r
)

£ 450

()]

O 120+

-

06 90

’;z' ~+— 300 Da

=T 60- ~=- 600 Da

?d —— 1000 Da

Ev

30-
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g Chyba url| enm/z[ppmj S8vn®

Pol et rpognT ch el ement &§mzm2 chh ydbloag air 4
je pot Seba definovat dal g? pravidl a

T. L. Quenzer a kol., Automated accurate mass analysis using FTICR mass spectrometry. Proceedings
of the 50" Annual Conference on Mass Spectrometry and Allied Topics, , Orlando FL, (2002)



3. Pravidla pSi url ov§gn

Mnogstv2 n8vrhT el emenm/8a nZ2Rsti mg emie z

Ahl edigwi ek §véhbghoekVVigdr,) H, O, N, S, P (
adukt Na, K), pokud ol ek8&8v&me, tak pS?2

Ay Dt gpownzes udl pol et( realdeikkt&loyn vy hl ed8&8v &§ny
Acharakt éerziogtoipck& 8pdli gi z opbvye @ & KKRS, Cl, atd.

AH/ C pomDbNr | ogicklch 06MHWCEN2 aléjsolivNt §i
extr@nn2p o mNmayS . (NG Hnethylhydrazin) nebo CzHN; (tetracyanopyrrol)

ApbomhRDr N, O, P, S versus C

AOvNSen2 R + DB (pol etx-imy st k+ldxi aes ypcod red :
| tySvaznich atwyjmg malpst. jCedrBavaznlch a
zi e ptod @jtvazmimh napS. N, P)



3. Pravidla pSi url ov§gn

Element ratios Common range Extended range Extreme range
(covering 99.7%) (covering 99.99%) (beyond 99.99%)
H/C 0.213.1 0.1i 6 <0.land 619
FIC 07 1.5 0i 6 >1.5
Cl/iC 0710.8 0i 2 >0.8
Br/C 071 0.8 0i 2 >0.8
N/C 01 1.3 01 4 >1.3
O/C 071 1.2 013 >1.2
P/C 0710.3 01 2 >0.3
S/C 071 0.8 013 >0.8
Si/lC 071 0.5 0l > 0.5
" |
Fi| PomhDr H/ C pro 42
s mol ekul (obsahuj?
S 8000 | : :
i prvky) z Wiley MS knihovny
2 /
= 6000
€
3 4000
2000
N
ll M

0 1
-0,8 -06 -0,4 -02 00 02 04 06 08 10 12 14 16 18 20 22 24 26 28 30 32 34
HIC ratio
T. Kind & O. Fiehn, BMC Bioinformatics 8 (2007) 105.



Dus?2kov® pravi dl

Pro ionty EE*

lich§ hodnot,®+mM)zzeaamps8§ Budl polet d
m/ z (napH). INHchT polet dus2kT

p | a@rbBIYn &rvky (C,H, N, O, F, Si, P, S, Cl, Br, )

prol toto pravidio?d u sj@jke dzlfdd nT @ hg a n i pevkTl kethemr8s u d ®
at o mo2vse lichou vaznost,v g e ¢c 0 8 iy antanoz ocbuNl | oné@b®sud ®

i v mRkklTch ionizaln2ch technik8ch mT
el e k tintzo. MT (utechnik APCI,DARTTI bDgn®), u nitro s
Pol et dugs?2?&/Tz | i ch&/ z sufs

0,2,4,...(sudl) EE* OE*

1, 3, 5, |.. .OEft!l i chTl)EE*




Uk § z k a
e |

apl i
ement 8r n2 h

k ace

SOoOft we

O

sl 0gQ¢

Minimum | ()
Electron configs

Minimum H/C | 1

[VALpply nitrogen rule
[ Filter H/C element ratio Maximum H/C |3

[ Estimate carbon number

even .0

—

690.0322

pllet

Generate Molecular Formula lM OH \
| C—CH»,-OH
s OH
Note: for m < 2000 the elements C, H, N, and O are considered implicitly: O l) OH
L — >
 Measured m/z 5421677 Tolerance 2 ChargeD C O O O
: JH,N, C
# Mol Formula msz e [mDa] lenl [ppm] e [ppm] mean e [ppm]} Sigma JSigma Rank b N rule D OXO ru b I CI n
1 C27H28N1011 5421668 -0.95 1.8 1.8 -1.0§ 0.0071 1 145 ok  even
2 C28H24N507 5421681 0.38 07 07 1.4 00173 2 195 ok even C27H29N011 OH
3 C25H16N1501 5421668 -0.97 18 1.8 1.6} 0.0199 3 255 ok even
4 C29H20NS03 542.1695 1.72 32 32 3.7) 0.0289 4 245 ok even M :543 N H2
5 C13H20N1708 5421686 0.89 16 16 1.4} 0.0505 5 125 ok even
6 C10H12N2702 5421673 -0.46 09 0.9 -1.5) 0.0519 6 185 ok even
7 C12H24N13012 5421673 -0.45 (K] -0.8 -0.9) 0.0635 7 75 ok even
8 C15H32N3018 5421686 0.90 1.7 1.7 2.0} 0.0635 g8 15 ok even
9 CYHIEN2306 5421659 -1.80 33 3.3 -3.9) 0.0642 9 135 ok  even
10 C11H28N3S016 5421653 -1.79 33 33 -3.3)| 0.0767 10 25 ok even
11 C40H20N 3 5421663 1.47 2.7 2.7 1.5 0.0786 11 325 ok  even 542 . 1 677
12 H28N15019 5421691 1.40 26 26 118 01319 12 55 ok even
13 C2H40N1029 5421691 1.4 26 26 3.2) 0.1460 13 -165 ok  even
2 ] - ~
|Dus2kov® pravidlo | 1 ¢ hl pjol et N
[ Automatically lo monoisotopic peak  Maximum number of formul 200 6 1 6 . 1 OO 1
[ Check sirfGs plus double bonds Maximum (]

AL

600 700

Save for Reporting

parametr sigma (Bruker)-s pr 8 vnos tm/zlao d red tayt i vpnoz |
Zotopy

vgechny |

(ugitel n® pro

v bRr s



4 MS/ MS pr o
strukturn?2ch



4. MSIMS-v Il 1 v funk|l n2ch skufy

AgtNDpmeid g2phod t mabi lvazgbcves r o v 8 BEIfY2minimum nebo
absencef r agme ntioovnu®Bl(z al eng p o u ¢ inta pcrhtt2ecph ,
vh mot n o spekirédmmatru a typu analytu) Y prov 2 s ¢ r u k tiunrfno?rcr
jetedyp ot Sfeadpmentace p o moMSMS nebo MS" ( o d v ostriekturg),

A ke g t N pdeonc?h riazetmochemickyn e j m®h A b i vl anz2bcghc h

Aori entpeavidi-1| 2 mol &r jejudXkskupiha, t 2 mNt w2 na
l oni adragmenhallBeinld ek v at

A m2 s {de)protonace| a simiaiuje mechanismus fragmentace

A vlivf un k| skugirhnafragmentacilzeor i e ntsalSmafl i t

nitr§ t fo s f~&ulf§ t> sulfono v Byselina > karboxylo v Byselina > hydroxy
skupina > nitro skupina > halogeny >0 s t d tum &kskupidy

Apol yfuskonP eRkiomn¥ ur meshanistny fragmentace



4 . MS/ MS pro z2sk8n?2 st

N + OE*— EE* + R’
EE*Y E'B N ~ o s N

A pravidlo parity = ve vel x®t g nMi & @Penty se sudl m
pol t emd gt N pneentztmmdlékuly2- vznik kation-r adi & §il T
fragmentacii o nse Ju dIpm | telnme k tvryognaTeenejgeticky
nevl hoorz@ el erk2t r opnSorvu® h o

@ existuj2 vijimky

EE*Y OE+OFE

AVijimkganokovov® estl nad wswklowdk@ir 8y ,a r
stabiln2ch radi k8I T j e tBpnitolN®,)aak®
nitroso (NO) s | oul e ni msthoxy substiticy(CH; a CH;0),
pol yaromat kgk &t d.

Avelmi | asto u aromaticklich a konjug
stabilizovat vznikaj?2c?2 radik§8I

ALastnRNjg?2 viskyifM-HHiro fragment ac.i



4 . MS/ MS pro z2sk8n?2 st

A Fragmentace z § v in@ &pu aktivace prekurzoru (CID, UVPD, ETD, atd.) a z 2 s k &
K1 netenaad®

A Nej |l ast DkbenerQjDeaktivack i§o nEJ< 1keV)i IT( r e z 0 nexaitdcen :
kol iazenh) a z coont®hpr ef erfema e rcesylsmE2j nbggHgrk @maw 2

Aut-off e f e km@nNr agmeQu®@ Tpr T ahoc hl iemu&hod iceon,2energie
fragmehddidost atpreh 8 8| drdgmétacei r o z s § frdgmgntgce)

A strukl §snokkulyur | 2nan28 k | fardddg me n tioovnldaoTe ut r 8§42 tnr? &t
T f unkskupidy -v Dt g po e & thuajr2a k t ert ir i iy @K ®&m/z=18 (H,0),
COOH: gm/z=44 (CO,), OSO,: gm/z=80 (SO,) atd.)

v DtaglRy molekuly - napBost r@etnPneet rz&lrngta gt nlkyseln z
e s t éholesterolestery), k o n j u gubdtitnehtyume t a b bfl 8 Zgikuronidace i
ztr B6GGHO51 194 C,HGO,, sulfatace (OSO,) 1T z t r 81S@;| B8 H,SO,)

vihofoys ok | i gchopmstdnal yzi§toer pgdobdbmleah r §
ztndaps CO (27.9949) I N, (28.0061) I C,H,(28.0313)

A Informace o izomerii

upol ohdwioonePKdy z dihtennitf r agme nit owd T h

ur | @olchydvojvazi® ( naplSi pirdyly yiytso koenerkeltHzk |
keV), fotodisociace, disociace ozonem, pron Nk tle§ t@kigy) s p e c i ffagnehtage
[M+Li]* apod.



Charakteristick® neutr 8l

MS/MS spektrum iontu m/z 542.238 [M+H]*

Intens. 0—
X“?s ; 362.1745 Dm/z 180 Cohe N—
ESI* MS/MS | A s
DMF glukosidu 5 Char akt enreiusttri§d kn® z 0
prokonjug8ty s gluxo-
1 ] Dm/z 162 Ce,H 1005 O
305.1177 380.1879 <
: y /-180]
0 i ll”.'lhl|l"hu'w"vdx'J|'h e -hu]| et y"|“$[ -162 CH,0H OH
250 300 350 400 450 500 m/z
MS/MS spektrum iontu m/z 670.646 [M+NH,]*
369.355 ~
100 O Typi ckl fragmento&ng69
| cholesterol a jeho estery
ESI* MS/MS |
cholesterol esteru ¢
(CE 18:0) | 370.357 NH,*
I 0
] 371.353
O\\H‘H\\‘\H“/H‘\\‘HH‘\H\‘HH‘HH‘\H\‘HH‘\H\‘\\H‘HH‘H\\‘\H\"\H\m/z

350 400 450 500 550 600 650



RP-UHPLC/ESI-MS: s epar ace i z 6 mi

-

(=}

o
1

EIC [PE 34:2—H]- N TR T
m/z 714.5079

Relative Intensity (%)
3

(=]

-

-
-
-
-
-——
-
-
-
-
-----
-

-
-
-
-

18:1 18:2 17:1
281 279 267

16:0
255

16:1
253
| L

100 200 300 400 100 200 300 400 100 200 300 400
m/z m/z m/z

Relative Intensity (%)
[4)]
o

Relative Intensity (%)
[4)]
o

Relative Intensity (%)
[4)]
o

o

o

o

PE 16:1/18:1 PE 16:0/18:2 PE 17:1/17:1

A. Triebel et al., J. Chromatogr. B, 1053 (2017) 72-80



MNDSen2 tandemovlich hmot

Intens.

] 435.1188
x10° Joom 435.1188
1 437.1054 MS1
o 435.2651
] 436.1131
| — 36 9998 437.2801 391.2856
1 -
L \L

O T T T T T T T T [ T T T T T T T I || | ’ I\I l‘l‘l‘l Jl'I 1 II

T | T T T T [

100 200 300 400 500 m/z

Intens. - :
x10° - C,H.O, C,H,,0, interference
] 175.0040 218.0554 | 391.2898
6 C,H,0 interference
119.0513 C..H.;0, 327.2654 MS2
345.2778
4 - C.H.O 189.0897
Il 9" %9
— 133 0661 J 2C?;:33H638%3 C.H.O. A
= 3 ‘ 295.0570
0 _: it .""" Il.l | | “’ h ” ; .’. - |"‘.‘l';“""‘1"' * |L . I| ol S .‘.. —
‘IOO 150 200 250 300 350 400 450 m/z

11 Pozor nainterferentyb | 2 zk® hmot nost



Uhl ov odHpA alkyl/a@yl substituce

Aal kany, alkeny, al ki ny, aromsgty

Apro uhlovod2ky bez funkln2ch skupin nejvh
j en pomoad ut, &g, Mayapod.)

Apro al kyl substituci na aromati ck®m znterbSot y
alkenu (nebo alkanu, zej) m®na u druh® a dal g2 ztr S8ty

al kyl substituci obheanbmaaib&®gr (888 emg ckH
91.05

ApodobnhD pro aryl sobsti 8UaiH,{DoneBH neoCyHK | ®
(Dm/z 78)

AZtrg8ty alkyl/aryl radi k8l T jJjsou m®&nlN obvyl
(zej m®na pro APCI [ APPI)

ESI MS/MS iontu[M+H]* (FT HCD 50 NCE M50.1277)
150.1277 4-Butylaniline
1007 "
. 94.0651¢
% @/% -56.0626 (C,Hy)
91.0542
| 107.0730
05 r — N — ? L mlz
50 75 100 125 150 175

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



Halogeny (°F, 3°Cl, ®Br, 1271)

N & r Thsotmi n Arhotndti Posun za deset MS/MS
(DDa) (mDa) (neutr8ln2 ztr§
Halides +18 (F), +34 (C), _94 [M+H-X]**
(RX) +78 (Br), +126 (I) —39.0
—89.5 [M+H-HX]*
—-103.4
[M—H-X]~*
[M—H-HX]~
[~
[Br]~
[Cl]~

I-g t Dpen2R{:X§H — R® + [X—H

[M+H-HX]*




PS2kl ady

(__:a

L 100%

f r Habpgeayn tCh Br?

~

i PomDr i zo|t op

_/

1 35C|:3Cl=3:1
H 320
i n*Cl=(3a+b)
- HCI P
_ (- 36) i 35 36 37 miz!
4 gr | 100% 9%8% i pomnr i zo|lt op
i 9Br:8Br=1:1
H i n*Br=(a+b)
- HBr ] .

/

Apropoly-aper hal ogshouhaea®i ny opakovan® ztr

(zej m®n,a pBYi

fragment aci

zmBDna 1 zotopi



Halogeny (°F, 3°Cl, ®Br, 1271)

Bromochlorophen ESI*, MS/MS iontu [M-H]- (FT HCD 30 NCE MS?2 422.8195)
204.9061 ©
100 - 5,
% [Br] -HCI (36)
386.8428
78.9189
-HBr(80) '\ 422 8195
. | Cl 3428934 |\ % )
| | | | |
50 150 250 350 450 M2

Pokud izolujemepr ek ur zioomovd dostatel noili zeabbdbpil ok ®g

80.917 206.906 344 891 388.841 424.817

78.919 426.815

342.893
346.888 386.843

348,886

208.901 392 836




Fosf 8t ovsg8 skupin
Phosphate +96 —38.8 [M—H-HPO3]~
(RPO4H2) . . [M—H- H3P04]
N8 r Tnsotmi n Bnhotndti P o s un desetlrm)pb] 0
(DDa) (mDa) (PO ]
A Phosph [M-HJ MS/MS
100-() M&f‘i:&; 399 (neutr8§ln2 ztr§
: Fosfor je
[PO,] .
. 79 monoi zot op
S [H,PO,J
97
[M-H-HPO,|
319
[M-H-H,PO,|
3?1
100 200 300 400 m/z
|OH ||_H |6H |<|3H
R—OQPL/EN@—’ R—@@ + II?:O> h {_,II —O| —>(R—H) + L §|@
o [M-H-HPO3” O \H »O [H2PO4]' IOH




PS2 kIl ady-fd4f§t M SkEpina (ROPO,H.)

Al as th®makekul(peptliidd@i d), cukr T

Al ze mnDSit #pejniPRpey( hio TSIl i pidy), | abil
Adi agnostick® f[P@pardHROy] m/ z 79

A v pozitivu aduktys e s o d n 1 ma dalgo?nhttmmty

Gl uk -6 @ s 1

Standard Diagnostic ion (m/z) [H,PO,]
compounds 100- 97
Fru 225 [M + HCOO]~
Gle 225 [M + HCOO]~
Tre 387 [M + HCOO]™
Suc 387 [M+HCOO]™
Maltose 387 [M+HCOO]~
Glc1P 259 [M —H|~ %
Fru6P 259 [M —H]~
Glc6P 259 [M —H]~ [M-H-H,O]- [M-H]
Tre6P 421 [M —H]~ | 259
Suc6P 421 [M—HJ~ [PO;] 169 199
PEP 167 [M —H]™ 79 ‘
ol | 139 I16|1 ‘. 223 241 |
50 100 150 200 250 300 M2

C. Antonio et al, J. Chromatogr. A 1172 (2007) 170



pKa kalkulace i Marvin software

R https://chemaxon.com/products/marvin/download 8
File Edit View
0" : : :
\ 0 pro'jedny disociopyanou
7 f ormu | e pt
HO AN 2. 4
0 — pH~
0
HO OH
HO OH
%-1 %-2 %-3 A
94 35 5,65 0,00 X,
91,34 8,66 0,00
86,93 13,07 0,00 s OO
80,76 19,24 0,00
7259 2741 0,00
62,56 37,44 0,00 —
51,32 43 68 0,00
39,95 60,05 0,00 —
29,56 70,44 0,00
20,94 79,06 0,00 -
14,32 85,68 0,00
9,54 90,46 0,01 -
6,24 9375 0,01
403 85,95 0,02 Il
< > {"




pKa kalkulace i Marvin software

G pka https://chemaxon.com/products/marvin/download .

File Edit View

HO
pH >9 pH< 9 nedisociovan§ fo
O
HO oN
R
HO OH
%-1 %-2 %-3 3l e
100,00 0.00 0.00
100,00 0,00 0,00
100,00 0.00 0.00 -
100,00 0.00 0.00
100,00 0,00 0,00
100,00 0.00 0.00 :
100,00 0.00 0.00
100,00 0.00 0.00
100,00 0.00 0.00 :
100,00 0.00 0.00
100,00 0.00 0.00
100,00 0,00 0.00 :
100,00 0,00 0,00
100,00 0,00 0.00
100,00 0,00 0.00 v | s
< >




MS/ MS kyseli ny fosf

1007 A PA(16:0/18:1) o7
ESI* g
PA 16:0/18:1 8 0, on
L]
g C15H31)\0 od bH <
2 T '98
é’ 17H33 H;PO,
©
&
[M+H]
‘ 313 675
100 200 300 4%2 500 600 700 800
ESI 1001 B 205 55
PA 16:0/18:1 PA(16:0/18:1)
g| ") cmHH\o
: & . MM\% MHI
A Intenzitak ar boxy | §t Y ®@h™e |2 I?H% 3 673
aniontu (sn-1 > sn-2) %
Al ntenzita produwukt v ®h oo 4y
iontu po NL ketenu nebo I AT
RCOOH (sn-2 > sn-1) 1 [
100 200 300 400 500 600 700 800

m/z

R. C. Murphy, Tandem mass spectrometry of lipids, https://doi.org/10.1039/9781782626350



Sul fg8tovsg skupin

Sulfate +96 —48.3 [M—H-S03]~
(RSO4H) N§ r Thsotmi n Bnmhomdti(DDa) Posun za des etnDa)ou wg%ﬂijilEéQﬂ]_
4
-98
100{ ) Sulfate  [VG-HLSO M (32S) = 100%
MW =400 M+1 (3S) = 0.79%
80 M+2 (348) =4.4%
[SO,I [M-H-SO,|
80 319 _
v | M-H
B [550.] [ 399 |
100 200 300 400 m/z
ﬁ/lcl)\ /(I?\ i /ﬁ\ /ﬁ)\
rR—0-5Y0 — > R—0° + 5=0 R’lﬁzﬁ—@@—> (R-H) + \6:'5—@@
— = = I
Ne% [M-H-SO;]° O \H O [Hso,]- |OH




Sulfst ov g s KROPO;H) a

[HSO4] - S0,
; o
O—S—OH — 7 N o 50
O — O
H H
(- 98)

Koro polysulfatovan® | §tolkkyw §hl § fr agment adpiontun? z k
( opakovanBOyzainebg 3O0y),vH nt8es o bmab i t ® i ont y

AvT bornlT signgl Vv negBS,i vmédpnS m- MAIL DIi d



PS2kl ady f raglmeiitt@awcg s

Intens. Dm/z 71 ESI*- MS/MS (416.1157)

X10° | (CH3),NCH=CH, Dm/z 80
6 . . SO,
] 336.1698 <
" ] 273.0912
] v Dm/z 98
247 0754 318.1499 H,SO, [M-+H]*

3 ] <€
§ Dm/z 45
3 T - IJ......l |.|1. J'l etk i .LML Lo =

| l T I I | | T | | | U

200 250 300 350 400 miz

At ypi ck ®n/z80aBmt/yz 98 jsou vidhRt i pSi sn:



Sulfonov® kyseljgdny (RS

Sulfonic acid (RSO3H) +30 —43.2 [M—H-S02]~
N & r Tnsotmi n Bnhotndti(DDa) Posun za des etnmbDa)o d{g’l&rl}*éﬂﬂ‘ u
e
[SOz]*
C . [M-HJ
100l © Sulfonic acid 360
MW =400
[SO,]"
80
3 [M-H-SO,]
s 335
[M-H-SO,]
319
[SO,|"
64
100 200 300 400 m/z
O\ O\ O\ O\
N B I I _ I _
PleP  re. Lo || Atbo® —wr o+ Lo
O [M-H-SO;” O I O O [SO51"




Sulfonov® kyseljgdny (RS

O ESI-
] (APCI-)
ﬁ—OH —_—
O
[SO3]™
m/z 80
Avyni kaj 2 c? -dzeitMALDW¥ @re mone- a disBifonan® s | ou| en
s horg? <ci talAPRIr-ost 2 |1 APCI

Ai nt e nadukty;ne sodnim iontem

Apropolysufonov 8 8®ky s®ri e n8sobnDhDadwkbiia, | c !
ale nikoliv fragmentace v MS?, proto snhadn®ur| e M3aN a  psolfo skupin

At ypick® ztr 8§t \Dmiz8OMSONIP ojskyut uj &m/z64s u | f
SO,(naprosto charakterm/a8iFESH) a radik



ESI-MS T barvivo Reactive Black 5

OH NH»

.HZCHzOzSON N N@%CHzCH
Intens
ESI-
x10° —~——
N [M-HSO,-H,S0,] 706))
@fgt ) fM-2H-2H,50,* _—
A2 sulfo _ [M-2H-H,S0,-SO,]*

| [M-2H-H,SOJ*

A2 azo M /' [M-2H-SO,[*
4 3 [ b

A1 hydroxyl  eo1 a0

A1 amino _ // 110150 M-2H]

361 "
2 ’/
MW=901 1 512
[M-2H]2 = 449.5 | [M-HSO,-H,SO,-SO,]
542
MW = 2x449.5 +2=901| Lt il L

350 400 450 500 550 600 650 700 m/z




Funkl| n?

s k

l ny

olfN3$ a h

Nitrate
(RNO3)

Nitro
(RNO7)

Nitroso (RNO)
N-oxide (RN*O~)

+61

+45

+29
+29

—20.0

-14.9

-9.8
-9.8

[M—H-NOJ*
M—NO,]~
M—H-NO,]*
M—H-ONO; |

[

[

[
[M+H-OH]+*
[M-OH]~-
[M+H-H>0]+
[M+H-NO]+*
[M+H-NO; ]+*
[M-NOJ~
[M—H-NO]—*
[M—H-OH]~*
[M—H-HNO]~-
[M-NOz ]~
[M—H-NO3]~*
[M—H-HNO; ]
[NO2 |-

[
[
[
[

M+H-NOJ*

M+H-0J*
M+H-OH]**
M+H-H,0J*

ATypi ckl

vIi skyt

rad.i

K § I

ov ]

c h

lont T



Funkl| n?

skupi

ny oMN$ ah

N & r Tnsotmi n Brhotndti(DDa) Posun za desetmDaou | 8r kou (
Azo +28 +6.1¢ [M+H-N; |*
(R'N=NR2) [M+H-RI]*
[M+H-RINH]*
[M+H-RIN, |*
Amide, alkylamide (RTCONH,, R'CONHR?, +43 +5.8 [M+H-NH3[* [M+H-R2NH;]*
RICONRZR3) [M+H-RZR3NH]*
Amine (R'"NH;, +15 +10.9 [M+H-NH3|*
R'NHR2, RTNR2R3) [M+H-RZNH; ]*
[M+H-R2R3NH]*
[M+H-HCN]*
Nitrile (RCN) +25 4.8 [M+H-HCN]*
/O\ /O\
A D — [ ©) ] —
RCNH;  —>R® + NHg RGN, — = R—C® 4 WH,
[M+H-NHg]* [M+H-NHg]*
-gt Dpen?
M (14N) = 100%
M+1 (5N)  =0.37%



Dus? kat® sl oul eni
Adus2 kov® ;duavkdj e obprgtdndce m2 st em

NH
3
[ C7HgN,O ™ - OH ’l“iGHS i NH: A [C7HENO, T
o
e

Pri m8rn2 ami:
Azt r §t a dl\m_b.l_m\lh.l?’H k m/z = 136.06312 (+ 0.02) ppm- 17 u [ A7 u miz = 196.03931

[M+HT"  [CHgMNO5 "

NO,

| asto je prefer

mdz = 153.06585 [+ 0.0) ppm

Sekund S8trenrya Pa8 a miNHR, nébo R;NR,R;

Ao d g t N p eebdR, Rvznik iontu typu [R;NH;]* a[R,NH;]*(na ami no sk
doch&8z2 ofrotonkciaep Skenosu vod2ku z odgt Ppce
pro terci 8§r[RANHRN, RINHERL @ KRyNH,R,]*

Avedl e toho mohou bJ[RINHp&HRNHMN MO B®Y| B 6 h

Aneutr 81 RNH,zs e k8u ryd §r ANHR, (nebac iBRrn2) ved
[M+H-RNH,]+ nebo [M+H-R,NHR,]*, t ypi ckl mpé@8¥l&dnad ztr §
(dimethylaminu | i p od dablkyl@anhimu) (i ndukl| n2) gt Dpen?

Kvart ®r n2 ,NXnI ny ( R)

Avelices t abi | (R,N]fsonvtyysokou i oninamsl. n2 %l i nn
tetrabutylamoniovg8 ipo8hr ov8 | i ni dl a), POZOR: velr

Az8pornl m-d nen2 vhodnl



Aminy-ztr 8ta radi k8]

Aztr8ty rm®@rddvgk®T Ri cm®&n N dM-H-Butylltrj 2, na
A z8l eg?2 natywpgirauk@akgBeudstiNici

P HY
Nap$S. s ek un dGhloriNemethytanilin, 4 7 NH

MS/MS iontu [M+H]* (FT HCD 60 NCE MS2 142.0418)

ESI* [M+H_CH3]+.
100 — 127.0183<«—
-15
7 (CH3)
[M+H-CIJ™ 142.0418
0 65.0385 02.0493 107'.0730

I I | I : | m/z

o0 75 100 125 150

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



Fieldovo pravidlo

-p Si

ni gg?2

fragment aci

pomBbDru PA

protonovou

i ontu EE+ doch8z2 pSe
afinitou (PA), resp.

odstupuj2c2ch neutrs8ln2ch mo

fragmentace | e
Il nt ramol eviazbyl §r n 2

100

80

60

40

20

| BT I A AN A A T A i A

ovliivnhDna stabili tou vzni

H

Fenylpropanolamin (b-hydroxyamfetamin)

ESI MS2iontu 152,1 [M+H]*

Zdroj spektra: m/zCloud

56.04948

Dm/z 17,0266

117.06988

L

OH M = 151 Da
134.09643
CH,
NH,
H,0 PA (H,0) = 697 kJ.mol" 1
[M+H]* PA (NH,) = 854 kJ.mol' 1

50 60 70 80 90 100 110 120 130 140 150 1

k



Il ndukl n2 gt Dpew2o da kpuS

Gt DpernhytBPen2 sousedn2ch vazeb vzhledem
vysviDtlen?2 hlavn2cOvfDmagkhenkaleshth?z2mespr
PS: sekund&rn2 aminy
2 R2
R A.lndukln? (gt Agenz n§b
+J si ApSit8&hnefi el ekt
HoC pTvodnhD Nwva2 c2 C
.( + — > mi grace n8boj e)
I}IH H->N
H \| ? \l [IM+H-NH,CH,R,]*
R R -Neutr&ln2z ztr8ta pri
R’ R’ .
) B.Ac v k IpiSceksTrbwlko d 2 k u
HC/ (pSesun vod2ku na du:
~H 2 gt DpenrCG nvaN by, retenc
HN?‘ — " na dus?2ku)
Y H?,Nﬁ [R,CH,NH,]*
R RY -Neutr 8l nz ztr8ta alKk




Konkuren| n?

f r-glgatheont a c

. 79.048
100 62.0219
76.0215

%
130.049

ESI" MS/MS iontu [M+H]*
(FT HCD 30 NCE MS? 308.0911)

233.059
0911
215.045 308.09
0 ! - X 2
I I I I I oy
50 100 150 200 300
Zdroj: mzCloud (https://www.mzcloud.org/)
HS
O m/z 179 m/z 233
Ho—4 HS /9* 0
NH o) NHj/\/
pS e s nbyvko d 2 k/
(@)
NH> 0
G
OH C. m/z130
-gt NDp»s.n?




Al i fatickw mugmigny) ( RC

Abez aditiv YmHN/EV-HIb ® @intdeivnz f r a gneén=t vy
[INO;], m/z46 =[NO,J,obt 2 gnhD intepr afrageaty el n® ad

. Ap S2 d a v griebo@dldgenidu,
2 2 . CH20N02 . .
octanu, mriavelmin| anu)
oG CHONO, ONOH,C ™ fcharakteri atdiukk § t\
CH,0NO, CH,ONO, CH,ONO, [M+CI], [M+CH,COQ], atd.
EGDN NG PETN
CH,ONO CH,OH 1003 M+ 5~
20NO, 2 CH,0NO, CH,ONO, i NG M +%Cl]
w-‘
CHOH CHONO, CHONO, CHOH 3
80+
CH,0H CH,OH CH,OH CH,ONO, g 0
g ™1
1-MNG 2-MNG 1,2-DNG 1,3-DNG § 60
5 503
CH,0NO, CH,0NO, 2 o
33
CHONO, CHOH % 33 o4
M+7C)
CH, CH, %;
101
CH,0NO, CH,ONO, i b
S T T TR P ¥ ™ T AV T Y 'y M
BTTN BTDN e
Fig. 1. Chemical structures of investigated nitrate esters. iitgr;c‘:‘n'loﬁga:ic‘l:i-tiizg APCI mass spectrum of NG with carbon

X.M. Zhao, J. Yinon, J. Chromatogr. A, 977 (2002) 59



Nitros | oul eni ply ( RNO

sl 1€} Nitro M
MW =401
46
[M+H-NO,|"
356
= 30
L> [M+H-NOJ*
372
17 M
[M+H-QH]" "
385
100 200 300 400 m/z
= -46
= [MNO,|
130
[M-NOJ]
371
NO,J
| o 3

100 200 300 400 m/z



Nitros | oul eni ply ( RNO

Azng&m8§8 vijimka tvorby mol ekAPCISr n2 ho r &
h

Aobecnn odnhD radi k&8I oWvDh/z46=KQ, Dgiz300=r o n
NO,| asiz o r Brt/zd7 = OH

AmM®n ®b vy k | @mi/z 31r=§MNG, Dn/z 47 = HNO,

-NO, / (}&O\

(' 46,),/(,; \ﬂ\o_
47 l NO'
Lo (- 30)

Nitrososloul eni ny ( RNO)

Az t r B/z80 = NO

\

Z+




Azos | oul eimirmgyani ck8 par

Y+14Y Y - 14 / N\ \
< >\N¢
N N 'N2
(- 28
. (O~
X-14 X+14 \ /
Aazoskupina je typicky doprov§zen§ Sado
(sulfo, s ukbribo8ytamino, atd. ) v mol ekule barviv

fragmentaci pSednostnni

Azaj2mavg a typick§8Dna28phs cpangikEt)v § zt r §



Azos | oul eimirmgyani ck8 par

M+H]"
() AZ0 Lol
MW = 400 (R=100, R,=272)
[M+H-R,N,|’ [M+H-R\N,]’
1 101 . 273 .
24 [M+H-R,NH] [IM+H-R,NH]
= 114 . 286 .
[M+H-R,] [M+H-R,]
129 301 (M+H-N,|"
373
100 ' 200 300 400 m/z

R,-N=N-R,



ESI-MS/MS T barvivo Mordant Black 15

IMw = 389

&1 sulfo g
&1 nitro

Al azo /
A2 hydroxyl

o MS2 of 388
[M-H] 388 |
6_
. \ 244,143
[M-H-SO,-CH,] 231
() &3
2- [M-H-SO,-NJ |
143
| 217 1.244 2J80
NI O O L =
150 200 250 300 350 m/z




Funkl|l n2z skupiny o3 ah

M (160) = 100%

M+1 (3’O) = 0.04% N§r Tnsotmi n hrhomdti Posun za deset  MSMS <ou

M+2 (180) = 0.2% (Da) (mDa)

Hydroperoxide +32 -10.2 [M+H-H,0]*

(ROOH) [M+H-H,0,]*

Epoxides (RO) +16 —5.1 [M+H-H,0]*

Carboxylic +44 -10.2 [M+H-H,0]*

acid [M+H-CO, ]

(RCOOH) [M+H-H,0-CO]*
[M—H-CO,]~

Alcohol (ROH) +16 _5.1 [M+H-H,0]*

Phenol +16 -5.1 [M+H-H,0]*

(ROH) [M+H-COJ*
[M—H-H,0]"
[M—H-COJ-

Methoxy +30 +10.6 [M+H-CH3]|™*

(ROCHg) [M+H—CH30]+'
[M+H-CH;OHJ*
[M+H-HCOH]*

0 H H H
&) I |
RCO-CH;—»> R® + 10—CH; R—0} CHy ——> R—C" + Chy
. M+H-CH,OH]* Z : :
i-gt Dpen? sOH | IpS2 m® ¢t MyehHh?




Fragmentace methoxyindolu

APCI* MS/MS iontu [M+H]* -31 (CHSO')
2
(FT HCD 50 NCE MS? 148.0757) 133.0522
100
148.07/57
% v
117.0573 -15
O .| 1 I(CHS)’
! ! ! ! ! ' m/z
25 50 75 100 125 150
APCI- MS/MS iontu [M-H]
(FT HCD 20 NCE MS? 146.0611) 131.0377
100 i
S5
[ e (CHs)
CHy 15
0 4
T I I I ! ! m/z
25 50 75 100 125 150

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



Funkl|l n2z skupiny o3 ah

N 8 r Tnsotmi n Anhotndti (Da) Posun za desetmDaou | 8r kou |

N8 r Tnsotmi n Brhomndti(Da) Posun za desetmDajou | 8r kou (

Carboxylic +44 —10.2 [M+H-H,0]*
acid [M+H-CO, *
(RCOOH) [M+H-H,0-CO]*
[M—H-CO0;]-
Ester +44 —10.2¢ [M+H-R2OHJ*
(R1COOR2) [M+H-R2OH-COJ*
Ketone +28 —5.1°¢ [M+H-H,0]*
(R1COR2) [M+H-COJ*
[R'COJ*
Aldehyde +28 -5.1 [M+H-CO]J*
(RCHO) [M—H-CO]-
() Carboxylic acid Loe 2] | O O
MW = Il > _ [l
IM-ELCOT [M-H-CO,
; O H O H
] (\I II@ |
R—CCERH — > R—C® + I0—H
[M+H-H,O]"

100 200 300 400 m/z



Karboxylo v ®yseliny (RCOOH)

ﬁ) APCI- ﬁ)
@—COH Lol C—O
- CO,
(- 44)
Alzepoug2t z8pornl m-d vgech API techniKk
funkln2ch skupin mognl i z8znam kl adn’

Anaprosto char aktDeiz44sCOc krTger Bt a i nt e
MS:, typick® pro z8zhasmtpn8pownktDIGOPH Mt 1
u alifaticki cbhy sel i n ,.m®m®Pt a I €@z n §

Apolykarboxyl§ t (gebo kombinace karboxy + sulfo skupin)t v @ $ 2 k tiooty ®
z8&§mNDnou kysellTch pr potobrMdT j mufokgselidyn ® i on-

Af al egng i fmlez pd4etta@mNS vyloulena, jedinst
NH,CO-pro dus2?kat® heterocykly obsahuj?2c? ka
neblTvg jednotnhR 44 v obou m-AhEd3ENH@A arity,



MS/MS: 2,4-dihydroxybenzoovs kyselina

ESI-MS/MS iontu [M-H]-
(FT CID 30 NCE MS? 153.0193)

Dm/z 44
% CO,
153.0193
04 | | I135.0090 e |
50 75 100 125 150 175 ™Z
ESI*MS/MS iontu [M+H]* o l.g
2
(FT CID 30 NCE MS? 155.0339) 157 0p33e
1007 D miz 28
CO Dm/z 18
) 155.0339
0 109.0285 .
| | I I I :
50 75 100 125 150 175 ™2

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



Spektra PEG

101460 114653

1180.53 -
Dm/z je 44
<>
970.47
1234.73
: 0
1278.80
§ ’ R‘I R2
é 1366.73 n
o 926.60
2
I
E 882.53
1410.73
1454.60
838.53
1498.67
1542.73
1586.87
-rbﬂu“ JM 176273 185060 1939.93
1000 1200 1400 1600 1800 2000

m/z

Typick§ distribuce iontT |ig2c?



Kysl 2kat® sl oul en

Azt r 8t aDnizd®-y eoreti cky mogng t®mRNS pr o
S|l oul eédii @mgnosti ck§8 hnatdorpastizavat| itenziaion®!

Aal i fatick® all i kodoilrytenzi vn? at rAPtCd wd
100% intenZ(tasjiogi vv MBSMMH-HGI"odBt MS 1
p S/g d§

Afenoly achinonyi zt r §ta vody mTge blt patrnég,
relativn2 intenzita;( napkSdy nzittrrSot a §rtakdyi
zt r B/z&8 = CO

Apol yhydr oxsylloouv sefn@anpyS. i cwtkmr ® )poug2t ES
ztr 8ty vody Y [MtHRAM-KEH] i ntenzity
Aketony - analogickya-gt Dpen2 u [REGOJ"a [RJCOJk alj k2d y® ¢
ztr 8t gM+M-H,0]y s velmi malou intenzitou

Aaldehydyiztr 8ta CO pozorovan8§ v obou m-d
bNRgn® napS. pro karbonyl v Dng3I=HCAH® s
AesteryipSi absenci dal g2ch funkln2ch sku
i ont T, zti§y gkdolwlk B,OH z ester ov® f,COO0R}(nPa ps9
ztr 8t a menethdesterd) u za vzni ku kalRICOhy ! ovI
ng8§sl edovan8 ztr8tou CO, d8le vznik ka

Aobecn virazn® analogie s EI, zej m®na p



Il ndukl n2 gt Dp ez da(éguedyd s

o 0
L !:l+ + /\/R2 RL | + HC R
N HO " oH ~
| |
r: C A~ G R
rH CI) /\r H
/ Ho HH T
0
0
) +o o R’ R. + HCx R
R 0" N OH, TS
2
ZobecinNn?
Rt G v+ G Rr?
Y: CH,, C=0, SO,, ¢é \( >|</\( X:NH, O, S
Ho Py

sn2mek pSevzat zCyp &kKWEGHBy, dPorca.h al).



Char akteri s

tJOc k8§ ps5e pat
na ®maét PDacti c

Relative Abundance

100~

oo
T

o)
T

I
T

N
T

o

skupil ny

D-Sphingosin
HOW

NH»

[M+H-H,O]*
282.2791

tr8ta vody jig v

«

ESI +
- [M-+H]*
] 300.2897
. [M+Na]*
- 252.2080 | 13222717 445231
rrreprrerYrreprrerertreypterrt T re Tt ety et T ettt Tttt ity
50 100 150 200 250 300 350 400
m/z

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



4. MSIMS-v Il 1 v funk|l n2ch skuyp

Funkl| n?2 skup|ina / ~
Substituent Nelutr&B8tnBtBroduktnmizy I i on (
Alkyl a aryl al ken, al kan (zej mBn(e)nebo CHUTBR| :
Fos f BROyH,)( HPO, (80) a H,PO, (98), m/z 97 [H,PO,]-, m/z 79 [PO,]
Sul R8SQH) ( SO, (80) a H,SO, (98), m/z 97 [HSO,J-
Amid (RICONH,, 17 ) , . DNt
RICONHR?, RICONR?R?) | IMHH-NHaI", [M+H-RONH,I*, [M+H-RPR3NH]
Amin (RINH,, RINHR?, 17 27
RINRZR?) [M+H-NH_]*, [M+H-R?NH,]*, [M+H-R?R3NH]*, [M+H-HCN]*
28
Azo (RIN=NR?) [M+H-N_,]*, [M+H-R]*, [M+H-RINH]*, [M+H-R'N,]*
27

Nitril (RCN) [M+H-HCN]*

. 30 46 46 62
Ni t RNG;) ( [M-H-NOJ-, [M-NO,]-, [M-H-NO,], [M-H-ONO,]~

30 17 30
[M+H OH]*, [M+H-NOJ*, [M+H- NO 2], [M-OHT, [M-NOJ, [M-H-

NOI-, [M-H- HNO] [M-H- OH] [M- NOZ] [M-H- NOz] [NOZ]

Nitro (RNO,)




Funk]| n?2 skupi|na / ~
Substituent Neutrg8tnBtRBroduktnmizy I i on (

30
Nitroso (RNO) [M+H-NOJ*

16 17 18
N-oxid (RN+O") [M+H-O]J*, [M+H-OH]*, [M+H-H,O]*
19 35 79 127 |
Halogenid (RX) [M+H-X]*, [M+H-HX]*, [M-H-X]-, [M-H-HX]-, [F], [CI], [Br], [I]
28 46 28

Ester (RICOOR?) [M+H-R?OH]*, [M+H-R?0OH-CO]J*, ( nM-@,8,0H-COJ*)

18 28
Keton (RICOR?) [M+H-H,O]*, [M+H-COJ*, [RICO]*

28 28
Aldehyd (RCHO) [M+H-CQOJ*, [M-H-COJ

18 44 28 47
Karboxyl (RCOOH) [M+H-H,O]*, [M+H-CO,]*, [M+H-H,0-COJ*, [M-H-CO,]-

18 34 HR-MS r ozl i g?2
Hydroxyperoxid (ROOH) [M+H-H,0]*, [M+H-H,O,]* (pozn. Dm/z 34 je i u SH skupiny)

18
Epoxid/Alkohol (RO/ROH) | [M+H-H,O]*

18 28 18 28
Fenol (ROH) [M+H-H,0]*, [M+H-CQO]J*, [M-H-H,O];, [M-H-CQOJ

15 31 32 30
Methoxy (ROCHy,) [M+H-CH,]*, [M+H-CH,0]*, [M+H-CH,OH]*, [M+H-HCOH]*

Nes my s(lznaBk § mautr®I) n ¢ r :8413/(14), 21-25, 37-40



rad.i
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VIiiv funkl n2ch skupin

Table 2. Characterization of functional groups of organic compounds using the collision-induced
neutral losses from their [M 4+ H]™ and/or [M — H]~ ions

. . MNeutral loss?
Functional Compound
group class [M+ H]*T [M —H]~
- CO0OH Carboxylic acids Aromatc H:O COy

Aliphatic - no CO,

-CH=0 Aldehydes Aromatic co -
-C=0 Ketones Aromatic coO -
-COOCH; Methyl esters Aliphatic/aromatic CH3:OH -
—COMH? Amides Aliphatic/aromatic NHa -
-S04H Sultonic acids Aromatic - 50,(50;)
=C l\l Nitriles Aliphatic /aromatic HCN -

k _§F oV ® Fliorides glilﬂ'ﬂﬂ':" HE =
~ClI Chlorides Aliphatic/aromatic HCL (*Cl) HCL (*Cl)
-Br Bromides Aliphatic/aromatic *Br -
—NO, Nitroaromatics Aromatic *NO/NO.(*OH) *NO/NO,
-OH Alcohols Aliphatic H,O -

Phenols Aromatic no H;O -
—NH> Amines Aliphatic NHa -

Aromatc HCN, -
no NH;

- CH;> Alkyl derivatives Aromatc no CHy =
—CsHs Aromatc no CaHg -
~MNHCH: Methylamines Aromatic *CH;
* bold: neutral loss which is characteristic as well as relatively specific for a given functional group; in
parentheses: neutral losses observed only occasionally.

K. Levsen et al., J. Mass Spectrom.,42 (2007) 1024



Typi ck® neut<sD@&/z0® 2zt r
A m/z (nomindlni) A m/z (pfesnad) Ztrata A m/z (nominalni) A m/z (pfesnad) Ztrata
15 15,0235 CH; 44 43,9898 co,
17 17,0027 OH' 46 45,9929 NO,
17 17,0265 NH, 46 46,0055 H,O + CO
26 26,0157 C,H, 46 46,0419 C,H.OH
18 18,0106 H,0 56 56,0626 C,Hs
20 20,0062 HF 58 58,0783 CsHyo
27 27,0109 HCN 60 60,0211 CH,COOH
28 27,9949 CO 60 60,0575 C;H,OH
28 28,0061 N> 62 61,9878 ONO,
28 28,0313 C,H, 64 63,9619 S0,
30 25,9380 NO 74 74,0732 C,HoOH
30 30,0106 HCOH 26 76,0313 C.H,
30 30,0470 C,H, _
77 77,0391 CeHs
31 31,0184 CH,O' 28 78,0470 C.H.
31 31,0422 CH5NH, |
79 78,9186 Br

32 32,0262 CH,OH 20 79,9262 .
34 33,9877 H,5 80 79,9568 S0,
35 34,9689 cl 80 79,9663 HPO,
: S .

’ 2 98 97,9769 H.PO,
42 42,0470 CsHg



VIiTv funkl|l n2ch skupvyybma
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5. Databg8§ze a softwary v

AProhl ed&m&maé v n Svd8ant2a b §(zr? wtivny® o R)® knihovny
sl oulEnachs8§sBgnNng nmmMMNS®IB@ sm/®nebo el ement §r
s | o ¢ eeb@knihovny spekter ( s pe k tt a € & D& D& oSISidhe ng 2 ¢
dat ab8sé oul &hknhovdy s| o ul reengPibChem, ChemSpider,
LipidSearch, KEGG, HMDB, atd.; s p e k t knghovny? n a p $lassBank,
m/zCloud ( s p e k strongy), Metlin atd.

A Softwary umo g RuhPed §ndtr ukt udrant2acbhh§z P cth| erni |
pol 2t &li enm| o(@Wnasiha®) fragmentace
- predikce MS2 spektranaz § k | caedfRi n o ywrawdél talymentace ( nap S
MassFrontier, ACD/MS Fragmenter)

- k o mb i nfaagnmeatace i kombinuje, b u NV § e ¢ hmyg nf@gmenty

nebo Z 0 hl edjRen D& f wazb®se gt Np@® e a z edbins§o ¢ E)a | r
n a pMetFrag.

A Softwaryk ombi npopr cé¢ n Sesmekt d§t atagzh er oin §n
silicof ragment ac?

n a pMetFusion, Metlin.



Spektr 8l n?

ZCeotda b 8z e

: zt

& robert jirasko@gmail.com ( Viewer ) { & Log out ] [ @ Training ]

CLOUD - : .
= Spectral Libraries - LC/MS Reference [ERetresn |[@ Expanaall | © Collapse al |
Libraries
IDt LegacyID  Compound Name Classes No. of Trees ~ Monoisotopic ... lon Activation lonization MSn Level Polarity
e Spectral Libraries . .
- T - T
LC/MS Autoprocessed ~
+ 51 50 Clomazone 5 239.0713 HCD and 1 more ESI and 1 more MS?and 1more  Positive
LC/MS Reference
Q. Library Search + | 52 | 23 Epicatechin 1 290.0790 CID and 1 more NSI MS? Positive
+ 53 22 Diosmetin 1 300.0634 HCD ESI Ms2 Positive
+ 54 21 Catechin gallate 1 4420900 HCD ESI MS? Positive
+ 55 20 Apigenin 5 270.0528 CID and 1 more NSI and 1 more MS? and 2 more  Positive
+ 56 19 a-Estradiol 2 2721776 CID and 1 more ESI MS®and 1 more  Positive
+ 57 18 Naringenin 3 272.0685 CID and 1 more ESI MS*and 2more  Negativ
+ 58 17 Naringin 7 580.1792 HCD and 1 more APCland 2 more  MS?and 1more  Negativ
+ 59 16 1,7-Dimethyluric acid 3 196.0596 HCD and 1 more ESI MS? and 2 more  Positive
+ 60 15 1,3-Dimethyluric acid 2 196.0596 HCD and 1 more ESI MS?and 1 more  Negativ
+ 61 14 L-Dopa 2 197.0688 CID and 1 more ESI MS® and Tmore  Positive
+ 62 13 Creatinine 2 113.0589 HCD and 1 more ES MS? Positive
< >
Mo« 172 3 4 5 6 7 8 > M 50 v items per page 51 - 100 of 11275 items

https://www.mzcloud.org/
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Table 2 MS-based metabolomics data processing and analysis software/websites

Accepted Pathway  Data
Software/website  data forms  Statistics  analysis visualization =~ Source
MarkerLynx Taw v v Waters
MarkerView d v v AB Sciex
MassHunter all v v Aglient
Mass Profiler all v v v Aglient
MetQuest raw v v Thermo
SIEVE raw v v Thermo
IDEOM all v v https://mzmatch.sourceforge.net/ideom.html
MathDAMP all v v https://mathdamp.iab.keio.ac.jp/
MAVEN all v v v https://maven.princeton.edu
MetAlign all v v https://www.metalign.nl
MetboAnalyst all v v v https://www.metaboanalyst.ca/
MET-COFEA all v v https://bioinfo.noble.org/manuscript-support/metcofea/
MET-XAlign all v v https://bioinfo.noble.org/manuscript-support/metxalign
MS-DIAL all v v https://prime.psc.riken.jp/Metbolomics_Software/MS-DIAL
MsXelerator all v v https://www.msmetrix.com/
MZmine all v v https://mzmine.sourceforge.net/
msCompare all v https://trac.nbic.nl/mscompare
OpenMS all v v https://www.openms.de/
SMART all v v https://www.stat.sinica.edu.tw/hsinchou/metabolomics/SMART.htm
XCMS all v v https://xecmsonline.scripps.edu/

J.-L. Ren, A.-H. Zhang, L. Kong and X.-J. Wang, RSC Advances 8 (2018) 22335-22350.
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Use MetFrag directly from your bg#fvser which makes it The new MetFrag commandline tool providing
aieity easy for beginne additional scoring terms for scoring candidates with
MS/MS spectra

MetFragR Converter

Learn more Learn more

Users familiar with R can download MetFrag as Tools to convert between MetFraq related file formats v

http://c-ruttkies.github.io/MetFrag/
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M. Gerlich & S. Neumann, J. Mass Spectrom. 48 (2013) 291.
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Database Pros Cons

HMDB [31] Public - Mixed collision energies and instrument types
Mass spectral data on ~9500 chemical standards
Spectral data are downloadable

METLIN [53] Public - Only Q-TOF data

LipidSearch [92]

LipidBlast [62]

LipidMaps [60]

mzCloud [93]

Wiley 10th [94]

MaConDa [95]

MassBank [29]

NIST 14 [63]

Curated mass spectral data on >13,000 chemical standards
Over 63,500 high-resolution MS/MS spectra

Over 1.5 million lipid ions and their predicted fragment ions
Includes lipid adduct ions and MS"

fingerprints

Data are stored in XML files

Over 200,000 tandem mass spectra covering 25 lipid classes
Publicly available

Spectral data are downloadable

Over 40,000 unique lipid structures
Spectral data are downloadable

Public

Highly curated MS/MS and MS" spectral information

Spectral peaks are structurally annotated

Largest mass spectral library commercially available

719,000 spectra (>950,000 spectra if combined with NIST 14)

Over 638,000 compounds (>760,000 compounds if combined with NIST 14)
Compatible with most instrument manufacturers

Public database of ~200 contaminants in mass spectrometry

Theoretical and experimental spectral records detected across several MS
platforms

Downloadable

Public

Mass spectra from different MS setups

Approximately 19,000 MS1 and 28,000 MS2 and MS" spectra

Spectral data are downloadable

234,284 ESI MS/MS spectra of 9344 chemical standards

Large number of MS/MS spectra from adducts

Spectral data are not downloadable

Commercial license required

Developed for Orbitrap technology

In silico generated MS/MS library

Overlap with LipidBlast is unclear

In silico generated library using heuristic modeling of
tandem mass spectra

“One-third rule” limitation: developed with mostly
ion-trap tandem mass spectra

Does not allow batch search of precursor ions
Overlap with LipidSearch unclear

MS/MS spectra only predicted in negative or positive
ionization mode

MS/MS spectra only available for one adduct per lipid
Low number of metabolites

Spectral data are not downloadable

Only Orbitrap spectra

Commercial license required

Only 70 eV El mass spectra

Beyond metabolomic applications

Has no MS/MS data

Not sufficiently curated

Commercial license
Lack of additional identifiers to external database

- MS/MS spectra recorded using multiple high- and low-resolution instruments
- Curated collection of 276,259 El mass spectra from 242,477 unique compounds

M.Vinaixa a kol., Trends in Analytical Chemistry 78 (2016) 23-35.
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T. Kind a kol.,, Mass Spectrometry Reviews 37 (2018) 513-532.



