
Page S-1 

 

Supporting Information 

Automated LC-HRMS(/MS) approach for the 

annotation of fragment ions derived from stable 

isotope labeling-assisted untargeted metabolomics  

Nora K. N. Neumann1, Sylvia M. Lehner1, Bernhard Kluger1, Christoph Bueschl1, Karoline 

Sedelmaier1, Marc Lemmens2, Rudolf Krska1, Rainer Schuhmacher1* 

1Center for Analytical Chemistry, 2Institute for Biotechnology in Plant Production, Department 

for Agrobiotechnology (IFA-Tulln), University of Natural Resources and Life Sciences Vienna 

(BOKU), Konrad Lorenz Strasse 20, 3430 Tulln, Austria.  

 

* corresponding author: Tel.: +43-2272-66280-407, Fax: +43-2272-66280-403, 

rainer.schuhmacher@boku.ac.at  

Keywords: LC-HRMS/MS, LTQ Orbitrap XL, metabolite identification, stable isotope labeling, 

tandem mass spectrometry  



Page S-2 

 

Table of content 

Distribution of mass accuracy intervals of 12C fragment signals .....................................................3 

Distribution of mass accuracy of 13C fragment signals. ..................................................................4 

Distribution of mass accuracy intervals of 12C and 13C fragment signals based on the rules of 
error propagation. .............................................................................................................................5 

Product ion spectra of native 3AcDON and U-13C-labeled 3AcDON standard ..............................6 

List of automatically obtained fragment ions for 3AcDON standard solution ................................6 

Fungal metabolite standards spiked into Fusarium culture samples. ...............................................8 

3AcDON ................................................................................................................................................... 9 
DIAS ....................................................................................................................................................... 13 
T-2 .......................................................................................................................................................... 14 
HT-2 ....................................................................................................................................................... 20 
ZEN ........................................................................................................................................................ 24 
FB3 ......................................................................................................................................................... 28 
GRIS ...................................................................................................................................................... 31 
STER ...................................................................................................................................................... 37 
FB1 ......................................................................................................................................................... 41 
FB2 ......................................................................................................................................................... 46 

Results of selected unknown metabolites of a Fusarium graminearum culture filtrate sample ....52 
 

 

 



 

Figure 

shows th

The mas

calculat

ion spe

distribut

S-1. Distrib

he distribut

ss accuracy 

ted exact ma

ctra (all sta

tion of all p

bution of m

ion of all ca

was calcula

ass. This wa

andard sub

ppm errors. T

mass accura

alculated m

ated by com

as done for 

stances). T

The blue da

Page S-3

acy interva

ass deviatio

mparing the 

all manuall

The green d

ashed lines s

als of 12C fr

ons [ppm] o

measured m

ly annotated

dashed line 

show the me

ragment sig

f all manua

mass of the f

d fragment 

depicts the

ean ± 1 * the

gnals. The 

ally annotate

fragment sig

signals of a

e mean of 

e standard d

 

histogram 

ed signals. 

gnal to the 

all product 

a normal 

deviation.  



 

Figure 

distribut

accuracy

mass, w

done fo

line dep

mean ± 

 

S-2. Distrib

tion of all c

y was calcu

which was c

or all manua

picts the me

1 * the stan

bution of m

calculated m

ulated by c

calculated b

ally annotat

an of a norm

ndard deviat

mass accura

mass deviati

comparing t

based on the

ted fragmen

mal distribu

tion.  

Page S-4

acy of 13C f

ons [ppm] o

the accurate

e molecular

nt signals of

ution of all p

fragment si

of all manu

e mass of t

r formula o

f all produc

ppm errors.

ignals. The 

ally annotat

the fragmen

of the fragm

ct ion spectr

. The blue d

histogram 

ted signals. 

nt signal to 

ment signal. 

ra. The gree

dashed lines

 

shows the 

The mass 

the exact 

This was 

en dashed 

s show the 



 

Figure 

on the r

differen

based on

the distr

 

S-3. Distrib

rules of err

nce window 

n the fragm

ribution of m

bution of m

ror propag

between 12

ment mass ac

mass accura

mass accura

ation. For t

2C and poten

ccuracies of 

acy intervals

Page S-5

acy interva

the inter-spe

ntially corre

f both 12C an

s of the m/z

als of 12C a

ectrum com

esponding M

nd correspon

values is sh

and 13C frag

mparison, the

MS/MS sign

nding U-13C

hown. 

gment sign

e tolerance 

nals has to 

C fragment i

 
nals based 

of the m/z 

be chosen 

ions. Here 



Page S-6 

 

 

 

Figure S-4. Collision-induced dissociation (CID) product ion spectra of native 3AcDON 

and U-13C-labeled 3AcDON standard. Molecular formulas for selected fragment signals are 

given for mass deviations below 10 ppm and were determined manually. Structure formula of 

3AcDON is shown in the upper left corner. 
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Table S-1. Fragments and corresponding elemental compositions for MS/MS fragments of 

3AcDON (C17H22O7) derived from automated data evaluation by FragExtract, all of which have 

been manually verified.  

 

No. Molecular 
formula 

Relative 
abundan

m/z meas
a Δ m/z

[ppm]
n(C)

1 C12H13O 4.5 173.0950 6.2 12 
2 C11H11O2 7.5 175.0754 0.2 11 
3 C13H15O 8.4 187.1109 4.6 13 
4 C12H13O2 30.8 189.0905 2.7 12 
5 C14H13O 6.0 197.0957 2.2 14 
6 C13H13O2 9.1 201.0905 2.6 13 
7 C13H15O2 26.4 203.1054 6.2 13 
8 C14H13O2 45.1 213.0901 4.48 14 
9 C14H15O2 29.8 215.1055 5.2 14 
10 C15H13O2 5.2 225.0916 2.6 15 
11 C14H15O3 100.0 231.1009 3.0 14 
12 C14H17O3 6.9 233.1169 1.5 14 
13 C15H15O3 21.9 243.1009 2.7 15 
14 C15H17O4 30.4 261.1115 2.4 15 
15 C15H19O5 46.6 279.1219 2.7 15 
16 C16H19O5 5.6 291.1226 0.3 16 
17 C16H21O5 2.2 293.1357 9.0 16 
18 C15H21O6 21.5 297.1325 1.6 15 

am/z meas = measured m/z of fragment in 
MS/MS spectrum; The fragment number (No.) 
corresponds to the fragments highlighted in 
Figure 1. Molecular formulas were calculated by 
FragExtract with the element list of C, H, N, O, 
Cl, S and P. The maximum atom count of those 7 
elements was derived as described in Table 1 by 
Kind and Fiehn 1(m/z < 500 Da: max. C: 39, 
max. H: 72, max. N: 20, max. O: 20, max. P: 9, 
max. S: 10; m/z < 1000 Da: max. C: 78, max. H: 
126, max. N: 20, max. O: 27, max. P: 9, max. S: 
14). 
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Table S-2 Summary of results for spiked Fusarium culture filtrates. 	

Standard compound High concentration (c = 1mg/L) Lowest concentration (mg/L) 

# detected/ # annotated concentration /# detected/  
# annotated 

3AcDON 39/ 17 0.1/ 16/ 1 

DIAS 26/ 3 0.7/ 26/ 1 

T-2 74/ 10 0.001/ 15/ 1 

HT-2 41/ 4 0.001/ 15/ 1 

ZEN 87 / 12 0.02/ 12/ 1 

FB3 15/ 7 0.4/ 11/ 2 

GRIS 40/ 7 0.001/ 18/ 1 

STER 29/ 6 0.02/ 21/ 2 

FB1 63/ 15 0.007/ 19/ 2 

FB2 48/ 12 0.007/ 17/ 2 

The number of signals that were detected in the raw LC-HRMS/MS spectra at the highest 
concentration level (c= ~1 mg/L) compared to the number of signals annotated by FragExtract is 
shown. Additionally the lowest concentration for each compound for which at least one fragment 
was still annotated is presented together with the total number of observed signals vs. the number 
of annotated fragments. 
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Page S-21

nt ion EICs 

el of c = 0.7

ve abundan

nt ion EICs 

el of c = 0.4

bundance [%

73.2
100.0

2.2

1 

and list of 

7 mg/L 

nce [%]

74.56
100.00

2.37

and list of 

4 mg/L 

%] 12C 

27 285.1
00 345.13
20 387.17

all FragExtr

12C m/z

285.1100
345.1311
387.1772

all FragExtr

m/z 1

101 30
313 362
785 40

ract derived

13C m/z 

300.1602 
362.1883 
407.2449 

ract derived

3C m/z 

0.1606 
2.1887 
7.2442 

d fragment 

ppm n(C) 
0.8 15
0.7 17
1.6 20

d fragment 

 

ppm n(C) 

1.2 15
1.1 17
1.8 20



 

Figure 
ions for 

No. 

1 
2 

 
 
Figure 

ions for 

No. M
1 C
2 C

 

S-21. Produ
HT-2 toxin

Molecular

C15H18O4N
C17H22O6N

S-22. Produ

HT-2 toxin

Molecular fo
C15H18O4Na 
C17H22O6Na 

uct ion spec
n at a concen

r formula 

Na 
Na 

uct ion spec

n at a concen

ormula R

ctra, fragmen
ntration leve

Relative 

ctra, fragmen

ntration leve

Relative abun

Page S-22

nt ion EICs 
el of c = 0.1

abundance

73
100

nt ion EICs 

el of c = 0.0

ndance [%]
74.04

100.00

2 

and list of 
1 mg/L 

 

[%] 12

3.59 285
0.00 345

and list of 

02 mg/L 

12C m
285.10
345.13

all FragExtr

2C m/z

5.1100 3
5.1310 3

all FragExtr

m/z 13C
096 300.1
304 362.1

ract derived

13C m/z 

00.1606 
62.1887 

ract derived

C m/z 
1598 
1881 

d fragment 

ppm n(C) 

0.8 15
0.5 17

d fragment 

 

ppm n(C) 

0.6 15
1.3 17



 

Figure 

ions for 

No. 
1 
2 

 
 
Figure 

ions for 

No. M
1 

 

S-23. Produ

HT-2 toxin

Molecular 
C15H18O4N
C15H18O4N

S-24. Produ

HT-2 toxin

Molecular f
C15H18O4Na

uct ion spec

n at a concen

formula 
Na 
Na 

uct ion spec

n at a concen

formula 
a 

ctra, fragmen

ntration leve

Relativ

ctra, fragmen

ntration leve

Relative 

Page S-23

nt ion EICs 

el of c = 0.0

ve abundanc

1

nt ion EICs 

el of c = 0.0

abundance
31

3 

and list of 

007 mg/L 

ce [%]
65.56 28
00.00 34

and list of 

001 mg/L 

[%] 12C
1.84 285

all FragExtr

12C m/z
85.1102 3
45.1316 3

all FragExtr

C m/z
.1107 30

ract derived

13C m/z p
00.1593 
62.1873 

ract derived

13C m/z 
00.1596 

d fragment 

 

ppm n(C) 
1.7 15
2.0 17

d fragment 

 

ppm n(C) 
3.5 15



 

ZEN 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

 

S-25. Produ

ZEN at a c

Molecular f

C6H9O 
C12H11O2 
C11H9O3 
C12H11O3 
C11H9O4 
C12H13O3 
C13H11O3 
C13H13O3 
C13H11O4 
C13H13O5 
C17H19O2 
C17H21O2 
C18H17O2 
C18H19O3 

uct ion spec

oncentration

formula 

ctra, fragmen

n level of c 

Relative a
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nt ion EICs 

= 1.0 mg/L

abundance [

2.
6.
2.
5.
2.
3.
2.
8.

26.
15.

4.
7.
9.

100.

4 

and list of 

L 

%] 12C

.56 97

.78 187

.67 189

.23 203

.20 205

.84 205

.57 215

.98 217

.72 231

.21 249

.72 255

.97 257

.72 265

.00 283

all FragExtr

C m/z 13

.0648 103

.0759 199

.0544 200

.0704 215

.0489 216

.0857 217

.0699 228

.0859 230

.0651 244

.0760 262

.1376 272

.1536 274

.1216 283

.1332 301

ract derived

3C m/z 

3.0841 
9.1156 
0.0921 
5.1109 
6.0867 
7.1261 
8.1125 
0.1296 
4.1088 
2.1191 
2.1955 
4.2106 
3.1831 
1.1935 

d fragment 

ppm n(C) 

0.0 6
3.1 12
0.9 11
0.6 12
3.2 11
1.0 12
1.5 13
0.0 13
0.2 13
0.9 13
1.4 17
0.1 17
2.5 18
1.1 18



 

Figure 

ions for 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

 

S-26. Produ

ZEN at a c

Molecular

C12H11O2 
C11H9O3 
C12H11O3 
C13H11O3 
C13H13O3 
C13H11O4 
C13H13O5 
C17H19O2 
C17H21O2 
C18H17O2 
C18H19O3 

uct ion spec

oncentration

r formula 

ctra, fragmen

n level of c 

Relative ab
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nt ion EICs 

=0.7 mg/L

bundance [%

6.7
3.1
4.7
2.6
8.2

26.6
14.0
4.6
6.6

10.6
100.0

5 

and list of 

%] 12C

77 187
17 189
71 203
67 215
28 217
63 231
03 249
66 255
62 257
61 265
00 283

all FragExtr

C m/z

.0758 1

.0550 2

.0700 2

.0707 2

.0859 2

.0652 2

.0759 2

.1378 2

.1543 2

.1224 2

.1332 3

ract derived

13C m/z 

99.1155 
00.0910 
15.1108 
28.1135 
30.1296 
44.1086 
62.1190 
72.1948 
74.2109 
83.1822 
01.1933 

d fragment 

 

ppm n(C) 

2.4 12
2.0 11
1.2 12
1.8 13
0.2 13
0.1 13
0.5 13
0.8 17
2.8 17
0.3 18
1.2 18



 

Figure 

ions for 

No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

S-27. Produ

ZEN at a c

Molecular 

C12H11O2 
C12H13O3 
C13H11O3 
C13H13O3 
C13H11O4 
C13H13O5 
C17H19O2 
C17H21O2 
C18H17O2 
C18H19O3 

uct ion spec

oncentration

formula 

ctra, fragmen

n level of c 

Relativ

Page S-26

nt ion EICs 

= 0.4 mg/L

ve abundanc
[%
5.0
2.9
2.5
8.4

23.6
14.7
3.9
5.2
9.9

100.0

6 

and list of 

L 

ce
%]

12C 

06 187.07
98 205.0
58 215.07
47 217.0
60 231.0
70 249.07
95 255.13
21 257.1
99 265.12
00 283.13

all FragExtr

m/z 13C

747 199.
843 217.
700 228.
855 230.
653 244.
758 262.
376 272.
538 274.
220 283.
331 301.

ract derived

C m/z pp

.1155 3

.1235 7

.1142 1

.1300 1

.1087 0

.1197 0

.1937 1

.2097 0

.1830 1

.1934 0

d fragment 

 

pm n(C) 

3.7 12
7.7 12
1.2 13
1.8 13
0.3 13
0.3 13
1.3 17
0.9 17
1.1 18
0.9 18



 

Figure 

ions for 

No. M
1 
2 

 
 

Figure 

ions for 

No. M
1 

 

 

S-28. Produ

ZEN at a c

Molecular f
C13H11O4 
C18H19O3 

S-29. Produ

ZEN at a c

Molecular f
C18H19O3 

uct ion spec

oncentration

formula R

uct ion spec

oncentration

formula 

ctra, fragmen

n level of c 

Relative abu

ctra, fragmen

n level of c 

Relative a

Page S-27

nt ion EICs 

= 0.1 mg/L

undance [%
19.36

100.00

nt ion EICs 

= 0.02 mg/L

abundance [
100.

7 

and list of 

L 

%] 12C m
6 231.066
0 283.133

and list of 

L 

%] 12C
.00 283.1

all FragExtr

/z 13C
61 244.1
33 301.1

all FragExtr

C m/z 13

1327 301

ract derived

C m/z ppm
1088 4.
1932 1.

ract derived

3C m/z p
1.1919 

d fragment 

 

m n(C) 

.1 13

.5 18

d fragment 

ppm n(C) 
0.5 18



 

FB3 

Figure 

ions for 

No. M
1 
2 
3 
4 
5 

 

S-30. Produ

FB3 at a co

Molecular f
C22H42ON 
C22H44O2N 
C28H50O7N 
C28H52O8N 
C34H56O12N

uct ion spec

oncentration

formula 

N 

ctra, fragmen

n level of c =

Relative a

Page S-28

nt ion EICs 

= 1.0 mg/L

abundance [
100.
42.
55.
44.
63.

8 

and list of 

%] 12C m
.00 336.32
.98 354.33
.11 512.35
.53 530.37
.04 670.38

all FragExtr

m/z 13C
259 358.
378 376.
582 540.
705 558.
845 704.

ract derived

C m/z p
.3999 
.4104 
.4523 
.4633 
.4944 

d fragment 

ppm n(C) 

0.6 22
3.2 22
0.1 28
3.3 28
7.2 34



 

Figure 

ions for 

No. 

1 
2 
3 
4 
5 

 

S-31. Produ

FB3 at a co

Molecular 

C22H42ON 
C28H48O6N
C28H50O7N
C28H52O8N
C34H56O12N

uct ion spec

oncentration

formula 

N 
N 
N 
N 

ctra, fragmen

n level of c =

Relativ

Page S-29

nt ion EICs 

= 0.7 mg/L

e abundance
[%

100.00
27.45
53.70
37.34
56.28

9 

and list of 

e
%]

12C m

0 336.32
5 494.34
0 512.35
4 530.36
8 670.38

all FragExtr

m/z 13C

278 358.4
472 522.4
576 540.4
693 558.4
816 704.4

ract derived

C m/z ppm

4001 5.
4424 0.
4526 1.
4636 1.
4946 2.

d fragment 

 

m n(C) 

.1 22

.8 28

.1 28

.1 28

.8 34



 

Figure 

ions for 

No. M
1 
2 

 

S-32. Produ

FB3 at a co

Molecular f
C22H39N 
C22H42ON 

uct ion spec

oncentration

formula 

ctra, fragmen

n level of c =

Relative 

Page S-30

nt ion EICs 

= 0.4 mg/L

abundance
3

100

0 

and list of 

[%] 12C
3.03 317.3
0.00 336.3

all FragExtr

C m/z 13

3095 339
3251 358

ract derived

3C m/z p
9.3860 
8.4002 

d fragment 

 

ppm n(C) 
5.7 22
3.0 22



 

GRIS 

Figure 

ions for 

No. 
1 
2 
3 
4 
5 
6 
7 

 

S-33. Produ

GRIS at a c

Molecular 
C9H9O3 
C8H5O4Cl 
C9H8O4Cl 
C12H14O4C
C13H14O5C
C15H16O5C
C16H14O5C

uct ion spec

concentratio

formula 

Cl 
Cl 
Cl 
Cl 

ctra, fragmen

on level of c

Relative a

Page S-31

nt ion EICs 

c = 1.0 mg/L

abundance [%
62.

2.
99.

2.
100.

4.
20.

1 

and list of 

L 

%] 12C 
.71 165.0
.22 199.9
.13 215.0
.64 257.0
.00 285.0
.27 311.06
.67 321.0

all FragExtr

m/z 13C
544 174.
870 208.
106 224.
576 269.
526 298.
685 326.
525 337.

ract derived

C m/z p
.0844 
.0145 
.0405 
.0972 
.0959 
.1187 
.1059 

d fragment 

 

ppm n(C) 
1.5 9
0.4 8
0.1 9
0.5 12
0.5 13
1.3 15
0.3 16



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C
7 C
8 C
9 C

 

S-34. Produ

GRIS at a c

Molecular f

C9H9O3 
C8H5O4Cl 
C9H8O4Cl 
C12H10O4Cl
C12H14O4Cl
C13H14O5Cl
C15H14O4Cl
C15H16O5Cl
C16H14O5Cl

uct ion spec

concentratio

formula R

l 
l 
l 
l 
l 
l 

ctra, fragmen

on level of c

Relative abu

Page S-32

nt ion EICs 

c = 0.7 mg/L

undance [%]

62.89
2.06

98.46
2.15
2.45

100.00
6.27
4.42

20.75

2 

and list of 

L 

] 12C m

9 165.054
6 199.986
6 215.010
5 253.025
5 257.056
0 285.052
7 293.057
2 311.068
5 321.052

all FragExtr

m/z 13C m

44 174.08
67 208.01
06 224.04
59 265.06
68 269.09
26 298.09
75 308.10
84 326.11
24 337.10

ract derived

m/z ppm

847 1.4
137 1.8
408 0.1
667 1.2
975 2.8
963 0.5
083 0.2
182 1.1
061 0.0

d fragment 

 

m n(C) 
4 9
8 8
1 9
2 12
8 12
5 13
2 15
1 15
0 16



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C
7 C

 

S-35. Produ

GRIS at a c

Molecular f

C9H9O3 
C8H5O4Cl 
C9H8O4Cl 
C13H14O5Cl
C15H14O4Cl
C15H16O5Cl
C16H14O5Cl

uct ion spec

concentratio

formula 

l 
l 
l 
l 

ctra, fragmen

on level of c

Relative ab

Page S-33

nt ion EICs 

c = 0.4 mg/L

bundance [%

61.7
2.2

100.0
97.4
5.8
4.2

20.2

3 

and list of 

L 

%] 12C m

71 165.054
27 199.987
00 215.010
46 285.052
87 293.057
27 311.068
21 321.052

all FragExtr

m/z 13C 

46 174.08
70 208.0
08 224.04
28 298.09
76 308.10
83 326.1
26 337.10

ract derived

m/z pp

850 0
143 0
411 1
967 1
082 0
189 0
066 0

d fragment 

 

pm n(C) 
0.3 9
0.5 8
1.0 9
1.4 13
0.4 15
0.8 15
0.7 16



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C

 

S-36. Produ

GRIS at a c

Molecular fo

C9H9O3 
C9H8O4Cl 
C13H14O5Cl 
C15H14O4Cl 
C15H16O5Cl 
C16H14O5Cl 

uct ion spec

concentratio

ormula R

ctra, fragmen

on level of c

Relative abun

Page S-34

nt ion EICs 

c = 0.1 mg/L

ndance [%]

63.31
99.63

100.00
4.85
3.04

19.50

4 

and list of 

L 

12C m

165.054
215.010
285.052
293.057
311.068
321.052

all FragExtr

/z 13C m

46 174.08
07 224.04
27 298.09
78 308.10
88 326.11
24 337.10

ract derived

m/z ppm

847 0.3
408 0.7
963 1.1
084 1.1
174 2.2
064 0.2

d fragment 

 

m n(C) 
3 9
7 9
1 13
1 15
2 15
2 16



 

Figure 

ions for 

No. 

1 
2 
3 
4 

 
 

Figure 

ions for 

No. 
1 
2 
3 

S-37. Produ

GRIS at a c

Molecular

C9H9O3 
C9H8O4Cl
C13H14O5C
C16H14O5C

S-38. Produ

GRIS at a c

Molecular 
C9H9O3 
C9H8O4Cl 
C13H14O5C

uct ion spec

concentratio

r formula 

l 
Cl 
Cl 

uct ion spec

concentratio

formula 

Cl 

ctra, fragmen

on level of c

Relativ

ctra, fragmen

on level of c

Relative a

Page S-35

nt ion EICs 

c = 0.02 mg/

ve abundan

1

nt ion EICs 

c = 0.007 m

abundance [%
51.

100.
94.

5 

and list of 

/L 

ce [%] 12C

60.86165.0
100.00215.0
93.65285.0
13.31321.0

and list of 

g/L 

%] 12C 
.70 165.0
.00 215.0
.04 285.0

all FragExtr

C m/z 13C m

0545174.08
0107224.04
0524298.09
0533337.10

all FragExtr

m/z 13C
547 174.0
102 224.0
519 298.0

ract derived

m/z ppm

846 1.0
408 0.6
960 0.0
042 2.8

ract derived

C m/z pp
0845 0
0413 1
0966 1

d fragment 

m n(C) 
0 9
6 9
0 13
8  16

d fragment 

pm n(C) 
0.5 9
1.7 9
1.7 13



 

Figure 

ions for 

No. M
1 

 

S-39. Produ

GRIS at a c

Molecular f
C13H14O5Cl

uct ion spec

concentratio

formula R
l 

ctra, fragmen

on level of c

Relative abu

Page S-36

nt ion EICs 

c = 0.001 m

undance [%
80.03

6 

and list of 

g/L 

%] 12C m
3 285.053

all FragExtr

m/z 13C m
32 298.09

ract derived

m/z ppm
67 9.2

d fragment 

 

m n(C) 
2 13



 

STER 

Figure 

ions for 

No. M
1 
2 
3 
4 
5 
 
 

S-40. Produ

STER at a 

Molecular f
C15H10O4 
C16H9O5 
C16H10O5 
C17H9O5 
C17H13O5 

uct ion spec

concentratio

formula R

ctra, fragmen

on level of c

Relative abu

Page S-37

nt ion EICs 

c = 1.0 mg/L

undance [%
2.85

100.00
31.73
5.78

40.13

7 

and list of 

L 

%] 12C m
5 254.05
0 281.04
3 282.05
8 293.04
3 297.07

all FragExtr

m/z 13C
564 269.1
446 297.0
522 298.1
443 310.1
758 314.1

ract derived

C m/z p
1068 
0984 
1061 
1017 
1331 

d fragment 

 

ppm n(C) 

4.0 15
0.7 16
0.4 16
0.7 17
0.3 17



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C

 

S-41. Produ

STER at a 

Molecular fo

C15H10O4 
C16H9O5 
C16H10O5 
C17H9O5 
C17H13O5 

uct ion spec

concentratio

ormula 

ctra, fragmen

on level of c

Relative a

Page S-38

nt ion EICs 

c = 0.7 mg/L

abundance 
[%]

3.18
100.00
32.74
6.38

41.02

8 

and list of 

L 

12C m

254.058
281.044
282.052
293.044
297.076

all FragExtr

m/z 13C 

83 269.10
48 297.09
22 298.10
47 310.10
60 314.13

ract derived

m/z ppm

083 3.
983 1.
058 0.
012 0.
328 1.

d fragment 

 

m n(C) 

.8 15

.1 16

.3 16

.8 17

.0 17



 

Figure 

ions for 

No. M
1 C
2 C
3 C
4 C
5 C

 
 

Figure 

ions for 

No. M

1 
2 
3 

S-42. Produ

STER at a 

Molecular fo
C15H10O4 
C16H9O5 
C16H10O5 
C17H9O5 
C17H13O5 

S-43. Produ

STER at a 

Molecular f

C16H9O5 
C16H10O5 
C17H13O5 

uct ion spec

concentratio

ormula Re

uct ion spec

concentratio

formula Re

ctra, fragmen

on level of c

elative abun

ctra, fragmen

on level of c

elative abun

Page S-39

nt ion EICs 

c = 0.4 mg/L

dance [%]
3.08

100.00
33.86
6.07

40.85

nt ion EICs 

c = 0.1 mg/L

ndance [%]

100.00
37.04
42.17

9 

and list of 

L 

12C m/z
254.0577
281.0447
282.0523
293.0445
297.0760

and list of 

L 

12C m/z

281.0445
282.0520
297.0755

all FragExtr

/z 13C 
7 269.1
7 297.0
3 298.1
5 310.1
0 314.1

all FragExtr

/z 13C

5 297.0
0 298.1
5 314.1

ract derived

m/z ppm
071 1.
985 1.
061 0.
028 0.
331 0.

ract derived

C m/z pp

0981 0
1059 1
1328 0

d fragment 

 

m n(C) 
.4 15
.0 16
.1 16
.0 17
.8 17

d fragment 

pm n(C) 

0.3 16
1.1 16
0.7 17



 

Figure 

ions for 

No. M

1 C1

2 C1

 

S-44. Produ

STER at a 

Molecular for

16H9O5 

17H13O5 

uct ion spec

concentratio

rmula Re

ctra, fragmen

on level of c

elative abun

Page S-40

nt ion EICs 

c = 0.02 mg

ndance [%]

100.00
30.81

0 

and list of 

g/L 

12C 

281.04
297.07

all FragExtr

m/z 13C

442 297.
747 314.

ract derived

C m/z p

.0977 

.1331 

d fragment 

 

ppm n(C) 

1.0 16
3.6 17



 

FB1 

Figure 

ions for 

No. M
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

 

S-45. Produ

FB1 at a co

Molecular f
C15H26ON 
C15H28O2N
C22H35 
C22H38N 
C22H40ON 
C22H42O2N 
C22H44O3N 
C22H46O4N 
C28H46O6N 
C28H48O7N 
C28H50O8N 
C28H52O9N 
C28H54O10N
C34H54O12N
C34H56O13N

uct ion spec

oncentration

formula 

N 

N 
N 
N 

ctra, fragmen

n level of c =

Relative a
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nt ion EICs 

= 1.0 mg/L

abundance [
2.
4.
3.

12.
60.
93.
24.

2.
11.
51.

100.
37.

5.
21.
91.

1 

and list of 

%] 12C
.42 236.2
.16 254.2
.53 299.2
.05 316.2
.56 334.3
.22 352.3
.84 370.3
.39 388.3
.22 492.3
.05 510.3
.00 528.3
.54 546.3
.96 564.3
.60 668.3
.54 686.3

all FragExtr

C m/z 13

2009 251
2112 269
2733 321
2999 338
3106 356
3214 374
3317 392
3423 410
3322 520
3429 538
3535 556
3638 574
3754 592
3654 702
3762 720

ract derived

3C m/z pp
1.2507 0
9.2610 0
1.3478 0
8.3737 0
6.3846 0
4.3953 1
2.4058 0
0.4200 0
0.4266 0
8.4374 0
6.4478 0
4.4581 0
2.4683 2
2.4793 2
0.4902 2

d fragment 

 

pm n(C) 
0.1 15
0.9 15
0.2 22
0.1 22
0.4 22
1.0 22
0.4 22
0.5 22
0.4 28
0.8 28
0.8 28
0.3 28
2.0 28
2.0 34
2.3 34



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

 

S-46. Produ

FB1 at a co

Molecular f

C15H26ON 
C15H28O2N 
C22H35 
C22H38N 
C22H40ON 
C22H42O2N 
C22H44O3N 
C22H46O4N 
C28H46O6N 
C28H48O7N 
C28H50O8N 
C28H52O9N 
C28H54O10N
C34H54O12N
C34H56O13N

uct ion spec

oncentration

formula 

N 
N 
N 

ctra, fragmen

n level of c =

Relative
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nt ion EICs 

= 0.7 mg/L

e abundance
[%]

2.14
3.36
3.24
9.98

54.14
87.89
23.69
2.15
9.43

48.27
100.00
39.22
5.98

20.13
90.94

2 

and list of 

12C m

236.20
254.21
299.27
316.30
334.31
352.32
370.33
388.34
492.33
510.34
528.35
546.36
564.37
668.36
686.37

all FragExtr

m/z 13C

007 251.2
15 269.2

734 321.3
001 338.3
07 356.3

215 374.3
318 392.4
419 410.4
324 520.4
431 538.4
538 556.4
643 574.4
750 592.4
653 702.4
765 720.4

ract derived

C m/z pp

2519 0
2615 0
3474 0
3740 0
3849 0
3955 1
4060 0
4159 0
4269 0
4376 1
4480 1
4585 1
4686 1
4792 1
4905 2

d fragment 

 

pm n(C) 

0.9 15
0.0 15
0.2 22
0.8 22
0.9 22
1.3 22
0.7 22
0.5 22
0.9 28
1.2 28
1.3 28
1.1 28
1.4 28
1.9 34
2.8 34



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

 

S-47. Produ

FB1 at a co

Molecular f

C15H26ON 
C15H28O2N 
C22H35 
C22H38N 
C22H40ON 
C22H42O2N 
C22H44O3N 
C28H46O6N 
C28H48O7N 
C28H50O8N 
C28H52O9N 
C28H54O10N
C34H54O12N
C34H56O13N

uct ion spec

oncentration

formula 

N 

N 
N 

ctra, fragmen

n level of c =

Relative ab
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nt ion EICs 

= 0.4 mg/L

bundance
[%]

2.41
3.36
3.43

10.31
54.94
93.49
24.52
9.37

49.30
100.00
37.45
5.55

19.58
93.17

3 

and list of 

12C m/z

236.2016
254.2112
299.2737
316.2999
334.3107
352.3215
370.3317
492.3320
510.3427
528.3534
546.3640
564.3744
668.3643
686.3759

all FragExtr

/z 13C

6 251.2
2 269.2
7 321.3
9 338.3
7 356.3
5 374.3
7 392.4
0 520.4
7 538.4
4 556.4
0 574.4
4 592.4
3 702.4
9 720.4

ract derived

C m/z pp

2514 2
2622 0
3462 1
3737 0
3847 0
3952 1
4052 0
4259 0
4369 0
4471 0
4578 0
4662 0
4782 0
4894 1

d fragment 

 

pm n(C) 

2.9 15
0.8 15
1.4 22
0.1 22
0.8 22
1.3 22
0.4 22
0.1 28
0.4 28
0.6 28
0.7 28
0.3 28
0.4 34
1.8 34



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

 
 

S-48. Produ

FB1 at a co

Molecular f

C22H38N 
C22H40ON 
C22H42O2N 
C22H44O3N 
C28H46O6N 

C28H48O7N 
C28H50O8N 
C28H52O9N 
C28H54O10N
C34H54O12N
C34H56O13N

uct ion spec

oncentration

formula Re

N 
N 
N 

ctra, fragmen

n level of c =

elative abun
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nt ion EICs 

= 0.1 mg/L

ndance [%]

7.72
50.89
91.86
21.57
8.31

46.74
100.00
34.78
4.32

17.33
94.70

4 

and list of 

12C m/z

316.2995
334.3109
352.3219
370.3324
492.3325
510.3434
528.3534
546.3650
564.3765
668.3646
686.3762

all FragExtr

/z 13C 

5 338.37
9 356.38
9 374.39
4 392.40
5 520.42
4 538.43
4 556.44
0 574.45
5 592.47
6 702.47
2 720.48

ract derived

m/z p

751 
846 
950 
059 
254 
369 
467 
587 
726 
775 
894 

d fragment 

 

ppm n(C) 

1.1 22
1.5 22
2.5 22
2.2 22
1.1 28
1.6 28
0.6 28
2.4 28
4.0 28
0.9 34
2.3 34



 

Figure 

ions for 

No. M

1 
2 
3 
4 

 
 

Figure 

ions for 

No. M
1 C
2 C

S-49. Produ

FB1 at a co

Molecular f

C22H42O2N 
C28H48O7N 
C28H50O8N 

C34H56O13N

S-50. Produ

FB1 at a co

Molecular fo
C22H42O2N 
C28H50O8N 

uct ion spec

oncentration

formula Re

N 

uct ion spec

oncentration

ormula R

ctra, fragmen

n level of c =

elative abun

ctra, fragmen

n level of c =

Relative abun

Page S-45

nt ion EICs 

= 0.02 mg/L

ndance [%]

93.21
35.27

100.00
85.60

nt ion EICs 

= 0.007 mg/

ndance [%]
100.00
88.81

5 

and list of 

L 

12C m/z

352.3217
510.3388
528.3520
686.3760

and list of 

/L 

12C m
352.32
528.35

all FragExtr

/z 13C m

7 374.39
8 538.43
0 556.44
0 720.48

all FragExtr

m/z 13C
227 374.
536 556.

ract derived

m/z ppm

43 2.
43 7.

437 2.
94 2.

ract derived

C m/z p
.3944 
.4446 

d fragment 

 

m n(C) 
.0 22
.2 28
.1 28
.1 34

d fragment 

 

ppm n(C) 
4.9 22
1.0 28



 

FB2 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C
7 C
8 C
9 C

10 C
11 C

 

S-51. Produ

FB2 at a co

Molecular fo

C22H40N 
C22H42ON 
C22H44O2N 
C22H46O3N 
C28H48O6N 
C28H50O7N 
C28H52O8N 
C28H54O9N 
C34H54O11N 
C34H56O12N 
C34H58O13N 

uct ion spec

oncentration

ormula R

ctra, fragmen

n level of c =

Relative abun
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nt ion EICs 

= 1.0 mg/L

ndance [%]

27.40
79.01
31.13
3.46

18.72
100.00
37.94
4.93
2.90

33.88
3.49

6 

and list of 

12C m
318.31

336.32
354.33
372.34
494.34
512.35
530.36
548.37
652.37
670.38
688.39

all FragExtr

m/z 13

58
340

267 358
372 376
475 394
483 522
594 540
699 558
791 576
701 686
817 704
928 722

ract derived

3C m/z 

0.3900 
8.4003 
6.4109 
4.4218 
2.4427 
0.4532 
8.4637 
6.4744 
6.4835 
4.4951 
2.5065 

d fragment 

 

ppm n(C) 

1.0
22

1.8 22
1.4 22
0.8 22
1.4 28
2.5 28
2.1 28
0.4 28
1.5 34
3.0 34
3.6 34



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C
7 C
8 C
9 C

10 C
11 C
12 C
13 C

 
 

S-52. Produ

FB2 at a co

Molecular fo

C22H37 
C22H40N 
C22H39O 
C22H42ON 
C22H44O2N 
C22H46O3N 
C28H48O6N 
C28H50O7N 
C28H52O8N 
C28H54O9N 
C34H54O11N 
C34H56O12N 
C34H58O13N 

uct ion spec

oncentration

ormula R

ctra, fragmen

n level of c =

Relative abun
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nt ion EICs 

= 0.7 mg/L

ndance [%]

2.04
27.21
2.16

77.29
30.43
3.17

18.71
100.00
37.30
5.21
2.49

33.97
3.45

7 

and list of 

12C m

301.28
318.31
319.30
336.32
354.33
372.34
494.34
512.35
530.36
548.37
652.37
670.38
688.39

all FragExtr

m/z 13C

881 323.3
55 340.3

016 341.3
263 358.4
367 376.4
472 394.4
478 522.4
589 540.4
694 558.4
796 576.4
708 686.4
809 704.4
921 722.5

ract derived

C m/z pp

3633 3
3898 0
3730 6
4001 0
4107 0
4213 0
4424 0
4529 1
4636 1
4747 0
4841 2
4947 1
5059 2

d fragment 

 

pm n(C) 

3.1 22
0.2 22
6.6 22
0.6 22
0.1 22
0.0 22
0.5 28
1.4 28
1.3 28
0.5 28
2.5 34
1.8 34
2.6 34



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C
7 C
8 C
9 C

10 C
11 C

 
 

S-53. Produ

FB2 at a co

Molecular fo

C22H37 
C22H40N 
C22H42ON 
C22H44O2N 
C22H46O3N 
C28H48O6N 
C28H50O7N 
C28H52O8N 
C28H54O9N 
C34H54O11N 
C34H56O12N 

uct ion spec

oncentration

ormula R

ctra, fragmen

n level of c =

Relative abu
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nt ion EICs 

= 0.4 mg/L

undance [%

2.07
27.26
79.98
31.26
3.06

18.48
100.00

35.43
4.68
2.52

33.77

8 

and list of 

%] 12C m

7 301.28
6 318.31
8 336.32
6 354.33
6 372.34
8 494.34
0 512.35
3 530.36
8 548.37
2 652.37
7 670.38

all FragExtr

m/z 13C

891 323.
59 340.

269 358.
373 376.
481 394.
484 522.
594 540.
698 558.
798 576.
707 686.
813 704.

ract derived

C m/z p

.3621 

.3897 

.4001 

.4106 

.4213 

.4421 

.4527 

.4636 

.4735 

.4854 

.4948 

d fragment 

 

ppm n(C) 

0.3 22
1.0 22
2.3 22
1.8 22
2.5 22
1.6 28
2.3 28
2.0 28
0.9 28
2.4 34
2.4 34



 

Figure 

ions for 

No. M

1 C
2 C
3 C
4 C
5 C
6 C
7 C
8 C

 

S-54. Produ

FB2 at a co

Molecular fo

C22H40N 
C22H42ON 
C22H44O2N 
C28H48O6N 
C28H50O7N 

C28H52O8N 
C28H54O9N 
C34H56O12N 

uct ion spec

oncentration

ormula Re

ctra, fragmen

n level of c =

elative abun
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nt ion EICs 

= 0.1 mg/L

 
ndance [%]

28.29
84.47
33.09
17.28

100.00
35.07
3.80

33.61

9 

and list of 

12C m

318.31
336.32
354.33
494.34
512.35
530.36
548.37
670.38

all FragExtr

m/z 13

59 340
268 358
373 376
477 522
589 540
696 558
776 576
804 704

ract derived

3C m/z p

0.3900 
8.4003 
6.4109 
2.4423 
0.4526 
8.4637 
6.4756 
4.4946 

d fragment 

 

ppm n(C) 

1.2 22
2.2 22
1.9 22
0.3 28
1.4 28
1.6 28
3.1 28
1.0 34



 

Figure 

ions for 

No.  M

1 
2 
3 
4 
5 
6 

 

S-55. Produ

FB2 at a co

Molecular f

C22H42ON 
C22H44O2N 
C28H48O6N 
C28H50O7N 

C28H52O8N 
C34H56O12N

uct ion spec

oncentration

formula 

N 

ctra, fragmen

n level of c =

Relative ab

Page S-50

nt ion EICs 

= 0.02 mg/L

bundance [%

77.5
28.2
12.5

100.0
25.4
27.3

0 

and list of 

L 

%] 12C

54 336.3
24 354.3
57 494.3
00 512.3
46 530.3
36 670.3

all FragExtr

C m/z

3266 35
3366 37
3481 52
3586 54
3685 55
3788 70

ract derived

13C m/z p

58.4006 
76.4102 
22.4402 
40.4522 
58.4645 
04.4922 

d fragment 

 

ppm n(C) 

1.4 22
0.1 22
0.9 28
0.8 28
0.5 28
1.3 34



 

Figure 

ions for 

No. M
1 
2 
3 
 

S-56. Produ

FB2 at a co

Molecular f
C22H42ON 
C28H50O7N 
C34H56O12N

uct ion spec

oncentration

formula R

N 

ctra, fragmen

n level of c =

Relative abu

Page S-51

nt ion EICs 

= 0.007 mg/

undance [%
84.16

100.00
20.59

1 

and list of 

/L 

%] 12C m
6 336.32
0 512.35
9 670.37

all FragExtr

m/z 13C
280 358.
586 540.
787 704.

ract derived

C m/z pp
.3999 5
.4524 0
.4961 1

d fragment 

 

pm n(C) 
5.7 22
0.9 28
1.6 34
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Table S-3. Overview of all precursor ions of biological compounds which had been chosen from 

a metabolomics LC-HRMS dataset for LC-HRMS/MS measurements and subsequent data 

processing by FragExtract used together with the annotated elemental composition 

 
12C m/z 13C m/z n(C) Ion 

species 
Rt[min] Possible molecular 

formula 
Annotated 
molecular formula 

571.0856 601.1863 30 [M+H]+ 26.15 C30H19O12,  
C30H24O5NP3 

C30H19O12,  
C30H24O5NP3 

611.2491 637.3363 26 [M+H]+ 10.45 C26H46N7P5,  
C26H41O7N6P2,  
C26H34O5N11P 

C26H41O7N6P2, 
C26H34O5N11P 

647.3724 677.4731 30 [M+Na]+ 23.9 C30H52O8N6Na,  
C30H57ON7P3Na 

C30H52O8N6Na 

647.3724 677.4731 30 [M+Na]+ 26.74 C30H52O8N6Na,  
C30H57ON7P3Na 

C30H52O8N6Na 

651.5653 690.6961 39 unknown 35.39 C39H75O5N2 C39H75O5N2 
761.3612 791.4619 30 [M+H]+ 12.74 C30H48O7N15P,  

C30H60O2N11P5,  
C30H75O4NP8,  
C30H70O11P5,  
C30H55O9N10P2 

C30H48O7N15P, 
C30H55O9N10P2 

787.5031 822.6205 35 [M+H]+ 22.31 C35H67O10N10,  
C35H72O3N11P3,  
C35H82O12P3 

C35H67O10N10 

877.375 916.5058 39 [M+H]+ 17.01 C39H64O4N9P5,  
C39H59O11N8P2,  
C39H52O9N13P,  
C39H57O2N14P4, 
C39H62O18N2P 

C39H59O11N8P2, 
C39H52O9N13P 

790.3163 820.4168 30 [M+H]+ 13.25 C30H54O13N8Fe,  
C30H59O6N9P3Fe, 
C30H44O4N19Fe,  
C30H71ON5P7Fe,  
C30H66O8N4P4Fe,  
C30H61O15N3PFe 

C30H54O13N8Fe, 
C30H66O8N4P4Fe 

To obtain the possible molecular formulas for the precursor ions a ±3 ppm window was allowed. 
For pairing of the corresponding fragment ions an inter-spectrum mass deviation of ±10 ppm and 
a Relative abundance deviation of 30% was allowed. Rt is the approximate measured retention 
time as taken from the preceding LC-HRMS full scan measurements. n(C) is the number of 
carbon atoms that was calculated by FragExtract for the precursor ion and was compared to the 
detected number of carbon atoms by MetExtract. The ion species was obtained by analyzing the 
LC-HRMS full scan data with MetExtract2, 3.  



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 

‘*’ no ele
the lowes
 

S-57. Produ

m/z 571.08

Molecular f

C27H21O2NP
C26H7O5N7,
C27H21O3NP
C28H15O10, 
C27H16O11, 
C28H12O11, 
C28H21O4NP
C28H13O12, 
emental com
st mass dev

uct ion spec

856 (aurofus

formula 

P3, C27H16O
,* 
P3, C27H16O
C28H20O3NP
C27H21O4NP
C28H17O4NP
P3, C28H16O
C28H18O5NP

mposition co
viation is pre

ctra, fragmen

sarin) at a C

a

O9 

O10 
P3 
P3 
P3 

O11 
P3 
ould be calc
esented 

Page S-53

nt ion EICs 

E of 35% 

Relative 
abundance

[%]
46.49
15.83
11.87
90.11
7.06

17.35
57.09

100.00
culated for th

3 

and list of 

 

12C m/z

484.0774
497.0484
500.0730
511.0663
516.0702
524.0387
528.0682
541.0403

he neutral lo

all FragExtr

13C m/z 

511.1716 
523.1320 
527.1638 
539.1609 
543.1566 
552.1304 
556.1622 
569.1337 

oss mass, m

ract derived

1.

0.
0.
2.
2.
0.
0.

molecular for

d fragment 

ppm n(C) 

.1/3.0 27
3.9/* 26
.2/1.7 27
.5/2.3 28
.9/4.6 27
.4/4.2 28
.7/1.0 28
.2/1.9 28
rmula with 



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 

 

S-58. Produ

m/z 611.24

Molecular f

C18H26O3N5

C18H28O4N5

C20H31O4N6

C23H37O4N6

C24H36O6N5

C25H39O5N6

uct ion spec

491 at a CE o

formula 

5P2, C18H19O

5P2, C18H21O

6P2, C20H24O

6P2, C23H30O

5P2, C24H29O

6P2, C25H32O

ctra, fragmen

of 35% 

ON10P 
O2N10P 
O2N11P 
O2N11P 
O4N10P 
O3N11P 

Page S-54

nt ion EICs 

R
abun

4 

and list of 

 

elative 
ndance

[%]

12

12.28 422
13.33 440
18.12 481
40.53 523
69.80 552

100.00 565

all FragExtr

2C m/z 13

2.1492 440
0.1602 458
1.1871 501
3.2343 546
2.2128 576
5.2445 590

ract derived

3C m/z pp

0.2112 3
8.2239 2
1.2555 1
6.3108 0
6.2931 1
0.3284 1

d fragment 

pm n(C) 

3.2/3.9 18
2.0/4.9 18
1.2/5.0 20
0.7/5.1 23
1.3/4.2 24
1.2/4.1 25



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

‘*’ no ele
with the 

S-59. Produ

m/z 647.37

Molecular f

C19H32O3N4

C20H29O3N7

C22H37O4N5

C23H39O4N5

C23H46O7PN
C25H40O3N8

C23H53ONP
C25H43O5N5

C27H46O5N6

C27H48O6N6

C28H46O6N6

C28H48O7N6

C30H48O6N6

C29H52O7N6

emental com
lowest mass

uct ion spec

724 (RT: 23.

formula 

4Na 

7,* 

5Na 

5Na 
Na,* 

8,* 
P4Na,* 

5Na 

6Na 

6Na 

6Na 

6Na 

6Na 

6Na 
mposition co
s deviation 

ctra, fragmen

.9) at a CE o

Relativ

ould be calc
is presented

Page S-55

nt ion EICs 

of 35% 

ve abundan

culated for th
d 

5 

and list of 

 

nce [%] 12

7.02 387
4.10 415
5.62 458
4.26 472
3.28 488

18.08 500
5.44 506
3.87 516

29.73 557
16.72 575
28.66 585

100.00 603
23.14 611
15.52 619

he neutral lo

all FragExtr

2C m/z 13

7.2374 406
5.2335 435
8.2743 480
2.2878 495
8.2874 511
0.3213 525
6.2969 529
6.3135 541
7.3425 584
5.3534 602
5.3370 613
3.3485 631
1.3530 641
9.3808 648
oss mass, m

ract derived

3C m/z ppm

6.3004 1
5.2995 2.1/
0.3471 1
5.3670 3
1.3609 0.1/
5.4047 1/
9.3708 0.2/
1.3983 4
4.4333 0
2.4434 1
3.4308 0
1.4424 1
1.4531 0
8.4758 3

molecular for

d fragment 

m n(C) 

.9 19
/* 20
.1 22
.4 23
/* 23
/* 25
/* 23
.1 25
.5 27
.1 27
.1 28
.4 28
.4 30
.0 29
rmula 



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 

‘*’ no ele
the lowes
 

S-60. Produ

m/z 647.37

Molecular f

C23H41O6N5

C27H46O5N6

C27H48O6N6

C28H46O6N6

C28H48O7N6

C30H48O6N6

C29H52O7N6

C30H50O7N6

emental com
st mass dev

uct ion spec

724 (RT: 26.

formula 

5Na, * 

6Na 

6Na 

6Na 

6Na 

6Na 

6Na 

6Na 
mposition co
viation is pre

ctra, fragmen

.74) at a CE

Relativ

ould be calc
esented 
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nt ion EICs 

E of 35% 

ve abundan

culated for th

6 

and list of 

 

nce [%] 12

2.59 506
22.47 557
7.25 575

13.94 585
100.00 603

7.21 611
15.38 619
63.58 629

he neutral lo

all FragExtr

2C m/z 13

6.2959 529
7.3431 584
5.3558 602
5.3367 613
3.3486 631
1.3503 641
9.3798 648
9.3629 659
oss mass, m

ract derived

3C m/z pp

9.3726 
4.4341 
2.4443 
3.4315 
1.4435 
1.4539 
8.4776 
9.4656 

molecular for

d fragment 

pm n(C) 

1.9/* 23
1.6 27
5.2 27
0.6 28
1.5 28
3.9 30
1.4 29
0.6 30

rmula with 



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 

‘*’ no ele
the lowes
 

S-61. Produ

m/z 651.56

Molecular f

C20H37N2 
C19H37ON2 
C21H37ON2 
C21H39O2N2

C21H38O3N 
C21H41O3N2

C39H73O4N2

emental com
st mass dev

uct ion spec

653 at a CE o

formula 

2 

2 

2 
mposition co
viation is pre

ctra, fragmen

of 35% 

Relativ

ould be calc
esented 
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nt ion EICs 

ve abundan

culated for th

7 

and list of 

 

nce [%] 12

5.06 305
3.60 309

13.17 333
100.00 351

2.02 352
37.64 369
36.65 633

he neutral lo

all FragExtr

2C m/z 13

5.2939 325
9.2904 328
3.2897 354
1.3009 372
2.2849 373
9.3119 390
3.5590 672
oss mass, m

ract derived

3C m/z pp

5.3613 
8.3551 
4.3604 
2.3715 
3.3563 
0.3821 
2.6896 

molecular for

d fragment 

pm n(C) 

4.1 20
1.2 19
1.1 21
0.8 21
0.7 21
1.9 21
4.0 39

rmula with 



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

‘*’ no ele
the lowes

S-62. Produ

m/z 761.36

Molecular f

C23H46O5N3

C24H39O5N8

C25H36O6N7

C24H34O4N
C26H34O6N7

C25H32O4N
C26H37O6N8

C25H41O7N8

C26H32O5N
C25H48O10N
C28H49O4N
C26H41O8N8

C28H43O5N
C29H39O5N
C29H42O3N
C29H43O5N
C28H45O6N
C30H39O5N
C29H44O4N
C30H41O6N
C30H43O7N
C30H50O8N9

emental com
st mass dev

uct ion spec

612 at a CE o

formula 

3P3,* 

8P2, C24H32O

7P2, C25H29O

13P, C24H41O

7P2, C26H27O

13P, C25H39O

8P2, C26H30O

8P2, C25H34O

13P, C26H39O
N3P3 

10P2 

8P2, C26H34O

15 

15 

15P 

15 

15 

15 

15P 

15 

15 

9P2 
mposition co
viation is pre

ctra, fragmen

of 35% 

R

O3N13P 
O4N12P 
O6N8P2 
O4N12P 
O6N8P2 
O4N13P 
O5N13P 
O7N8P2 

O6N13P 

ould be calc
esented 

Page S-58

nt ion EICs 

Relative abun

culated for th

8 

and list of 

 

ndance
[%]

12

3.84 537
19.23 581
2.89 592
6.82 599

17.03 602
19.53 609
38.99 619
22.79 627
32.38 637
4.40 643

39.10 651
81.82 655
61.11 669
10.77 677
8.03 679
5.92 681

31.72 687
37.26 689
6.22 697

100.00 707
57.90 725
11.49 726

he neutral lo

all FragExtr

2C m/z 13

7.2636 560
1.2509 605
2.2191 617
9.2596 623
2.2032 628
9.2457 634
9.2302 645
7.2562 652
7.2405 663
3.2547 668
1.3401 679
5.2512 681
9.3512 697
7.3213 706
9.3322 708
1.3550 710
7.3615 715
9.3188 719
7.3442 726
7.3299 737
5.3409 755
6.3251 756
oss mass, m

ract derived

3C m/z pp

0.3390 
5.3289 0
7.2988 1
3.3440 1
8.2947 1
4.3286 4
5.3178 0
2.3403 1.0
3.3270 1
8.3333 
9.4352 
1.3387 0
7.4460 
6.4132 
8.4325 
0.4467 
5.4541 
9.4215 
6.4453 
7.4301 
5.4415 
6.4257 

molecular for

d fragment 

pm n(C) 

1.6/* 23
0.7/4.5 24
1.1/4.0 25
1.3/3.7 24
1.4/3.6 26
4.0/0.9 25
0.7/4.2 26
01/3.8 25

1.0/3.8 26
0.0 25
1.1 28

0.8/3.8 26
8.1 28
5.9 29
0.8 29
2.3 29
8.2 28
9.4 30
1.3 29
8.5 30
7.6 30
0.1 30

rmula with 



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

‘*’ no ele
the lowes
 

S-63. Produ

m/z 787.50

Molecular f

C11H18O4N3

C13H21O4N4

C15H30O3N3

C16H29O3N4

C4H31O10N9

C18H31O4N4

C21H34O5N5

C20H34O6N5

C15H39O5N8

C20H36O6N7

C34H35N6 
C26H45O7N6

C23H41O8N8

C35H63O8N
C35H65O9N
emental com
st mass dev

uct ion spec

031 at a CE o

formula 

3 

4 

3 

4 

9 

4 

5 

5 

8P, * 

7 

6 

8 

10 

10 
mposition co
viation is pre

ctra, fragmen

of 35% 

Relativ

ould be calc
esented 
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nt ion EICs 

ve abundan

culated for th

9 

and list of 

 

nce [%] 12

7.55 256
2.75 297

18.77 300
8.61 325
3.02 365
6.58 367

13.28 436
37.30 440
11.71 442
16.73 470
5.61 527

10.81 553
35.09 557
8.70 751

100.00 769
he neutral lo

all FragExtr

2C m/z 13

6.1297 267
7.1548 310
0.2287 315
5.2236 341
5.2190 369
7.2341 385
6.2581 457
0.2508 460
2.2780 457
0.2727 490
7.2935 561
3.3348 579
7.3046 580
1.4826 786
9.4943 804
oss mass, m

ract derived

3C m/z pp

7.1664 
0.1974 
5.2783 
1.2797 
9.2298 
5.2920 
7.3263 
0.3174 
7.3263 
0.3398 
1.4027 
9.4205 
0.3846 
6.5923 
4.6111 

molecular for

d fragment 

pm n(C) 

1.9 11
3.0 13
1.8 15
0.7 16
0.5 4
0.2 18
6.1 21
0.9 20

1.1/* 15
1.2 20
3.3 34
0.7 26
0.8 23
0.2 35
1.6 35

rmula with 



 

Figure 

ions for 

No. M

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

‘*’ no ele
the lowes

S-64. Produ

m/z 877.37

Molecular f

C13H21O2N4

C23H38O10P
C24H34O5N5

C25H37O4N6

C24H36O6N5

C25H39O5N6

C26H37O5N6

C26H39O6N6

C26H41O7N6

C32H46O7N4

C30H58ON6P
C31H47O7N8

C33H61ON3P
C32H51O8N8

C33H57O11N
C33H56O2N9

C36H54O9N7

C38H57O8N8

C38H57O9N8

C37H75O9P6

emental com
st mass dev

uct ion spec

75 at a CE o

formula 

4P2 
P 

5P2 

6P2 

5P2 

6P2 

6P2 

6P2 

6P2 

4P2 
P6,* 

8P2 
P7,* 

8P2,* 
N2P3,* 

9P5,* 

7P2 

8P2 

8P2 

6,* 
mposition co
viation is pre

ctra, fragmen

f 35% 

Relativ

ould be calc
esented 
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nt ion EICs 

ve abundan

culated for th

0 

and list of 

 

nce [%] 12

3.18 327
2.28 505
3.95 534

13.77 547
6.07 552

14.47 565
22.24 575

100.00 593
10.66 611
2.41 660
2.45 704

10.83 705
2.52 732
8.66 737
3.21 750

23.86 765
3.22 790
5.23 815

33.15 831
5.64 849

he neutral lo

all FragExtr

2C m/z 13

7.1135 340
5.2199 528
4.2030 558
7.2343 572
2.2122 576
5.2446 590
5.2289 601
3.2394 619
1.2505 637
0.2834 692
4.3085 734
5.2997 736
2.2970 765
7.3309 769
0.3168 783
5.3242 798
0.3392 826
5.3688 853
1.3703 869
9.3829 886
oss mass, m

ract derived

3C m/z pp

0.1575 
8.2996 
8.2822 
2.3174 
6.2914 
0.3286 
1.3160 
9.3262 
7.3368 
2.3959 
4.4025 
6.4063 
5.4107 
9.4375 
3.4226 
8.4343 
6.4662 
3.5005 
9.4990 
6.5046 

molecular for

d fragment 

pm n(C) 

0.3 13
0.3 23
0.1 24
0.5 25
2.4 24
1.0 25
1.1 26
1.2 26
0.2 26
0.4 32

1.1/* 30
5.7 31

0.4/* 33
1.2/* 32
0.3/* 33
0.3/* 33

7.7 36
9.9 38
1.8 38

0.2/* 37
rmula with 



 

Figure 

ions for 

No. Mol

1 C12H
2 C14H
3 C15H
4 C16H
5 C17H
6 C25H
7 C23H
8 C20H
9 C20H

10 C26H
11 C23H
12 C24H
13 C24H
14 C22H
15 C25H
16 C24H
17 C23H
18 C26H
19 C26H
20 C28H
21 C26H
22 C22H
23 C25H
24 C28H

S-65. Produ

m/z 790.31

lecular form

H13O6N3Fe 
H18N9Fe,* 
H22O9N7 
H27O7N5Fe,
H26O7N6Fe,
H14O5N7, C2

H50O3N2P4F
H28O11N6Fe
H54O7NP4Fe
H37O10N4Fe
H34N14P2Fe,
H50O5N2P4F
H40O10N6Fe
H44O2N8P6,*
H52O5N2P4F
H52O6N2P4F
H51O6N3P4F
H31O11N7P,*
H38O11N6Fe
H48O8N8Fe,
H40O12N6Fe
H44O14N11 
H61O11P5 
H50O9N8Fe,

uct ion spec

63 at a CE o

mula 

 C16H39O2N
 C17H38O2N

25H26N3P4 
Fe, C23H38O
e, C20H40O6N
e, C20H42O1

e, C26H49O5P
,* 

Fe, C24H38O
e, C24H52O5N
* 
Fe, C25H40O
Fe, C24H40O
Fe, C23H39O
* 

e, C26H50O6N
 C28H60O3N

e 

 C28H62O4N

ctra, fragmen

of 35% 

NP4Fe 
N2P4Fe 

8N6Fe 
N2P4Fe 

2N5Fe 
P4Fe 

10N6Fe 
N2P4Fe 

10N6Fe 

11N6Fe 

11N7Fe 

N2P4Fe 
N4P4Fe 

N4P4Fe 

Page S-61

nt ion EICs 

rel. intens

1 

and list of 

 

sity [%]

2.58 35
2.85 36
8.86 44

92.88 45
15.70 48
3.11 49
8.87 58

10.15 58
5.06 60
3.43 62
3.11 62
4.60 62

21.88 62
11.60 63
2.66 64
9.45 64
9.96 64

11.75 64
39.41 66
15.30 68
96.33 68
11.41 68
3.07 69

73.88 69

all FragExtr

12C m/z

51.0153 36
68.1026 38
44.1444 45
57.1258 47
82.1207 49
92.1054 51
82.2112 60
84.1156 60
00.2189 62
21.1844 64
24.1911 64
26.2012 65
28.2158 65
38.2008 66
40.2162 66
44.2112 66
45.2077 66
48.1819 67
66.1948 69
80.2938 70
84.2048 71
86.3064 70
92.2897 71
98.3050 72

ract derived

13C m/z p

63.0555 
82.1494 
59.1927 
73.1788 0
99.1785 0
17.1887 0
05.2850 0
04.1823 0
20.2891 0
47.2700 1
47.2700 
50.2781 0
52.2931 1
60.2736 
65.3029 1
68.2872 1
68.2872 0
74.2719 
92.2816 0
08.3848 0
10.2918 
08.3848 
17.3715 
26.3978 0

d fragment 

ppm n(C) 

1.32 12
9.0/* 14

6.6 15
0.8/3.7 16
0.1/4.2 17
0.6/3.6 25
0.7/2.9 23
0.7/4.3 20
0.9/2.6 20
1.5/4.8 26

0.2/* 23
0.3/3.0 24
1.2/2.1 24

0.1/* 22
1.4/1.9 25
.252.1 24

0.7/4.0 23
0.9/* 26

0.8/2.4 26
0.1/3.2 28

0.0 26
0.0 22
0.1 25

0.8/2.2 28



Page S-62 

 

25 C26H42O13N6Fe, C26H54O8N2P4Fe 47.79 702.2152 728.3026 0.2/3.2 26
26 C28H52O10N8Fe 24.63 716.3150 744.4077 0.0 28
27 C30H46O9N8Fe 23.38 718.2735 748.3731 0.5 30
28 C29H48O10N8Fe 13.80 724.2837 753.3824 0.1 29
29 C30H48O10N8Fe 90.80 736.2837 766.3844 0.1 30
30 C29H58O6N4P4Fe 2.68 738.2684 767.3695 4.5 29
31 C30H50O11N8Fe, C30H62O6N4P4Fe 100.00 754.2943 784.3955 0.1/2.8 30

‘*’ no elemental composition could be calculated for the neutral loss mass, molecular formula with 
the lowest mass deviation is presented 
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