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Loading MZmine

 After downloading and opening Mzmine version 2.53 from GitHub,
try to launch it.
* Mac Users will encounter security problems

* Overcoming them takes time — you have to approve each module in the
security pane —you can only do one at time, so it takes multiple launches of
the software

* Now load the three pooled samples and the pooled MSMS sample
* Do not alter the title of the uploaded files

* Highlight the four files, and sort them




What is in each file?

o0 @®
LA Raw data files

| sl Pos_PooledSample MSMS_1.mzXML

. Pos_PooledSample_l1.mzXML
! _ Pos_PooledSample_2.mzXML
__ Pos_PooledSample_3.mzXML

|k1 #99 @039 MsL p +

|k1 #100 @0.40 MS2 (59.0492) p +

|1 #101 @0.40 MS2 (86.9924) p +

|kt #102 @0.40 MS2 (110.0085) p +
”u #103 @0.40 MS2 (114.9875) p +
|1 #104 @0.40 MS2 (129.0394) p +
|1 #105 @0.40 M52 (145.0340) p +
|k1 #106 @0.40 M52 (161.0119) p +
|k1 #107 @0.40 MS2 (198.9395) p +
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Under “Visualization”, load pooled samples

Hata methods  Feature list methods ~ Visualization  Tools

TIC/XIC visualizer _

Iransitions  Animations  Slide s Spectravisualizer
2D visualizer

3D visualizer
LICN

MS/MS visuali
Neutral loss visualizer

I, Raw data files
L Pos_PooledSample MSMS_1.mzXML
Pos_PooledSample_1.mzXML
5Pos_PooledSample_2.mzXML

mfz scan histogram

Diagnostic fragmentation filtering

[ SN Please set the parameters

Scan number | -

Base Filtering Integer

Retention time 0.00 - 8.00 min.  Auto range
MS level 1

Scan definition

5 e Polarit Any &
Pos_PooledSample_3.mzXML scatter plot Y 8
Histogram plot Spectrum type Any
Peak intensity plot
Kendrick mass plot
Van Krevelen Diagram oK Cancel
[ ] e Please set the parameters
Raw data files 3 selected | As selected in main window
Retention time: 0.00 - 8.00 min.
Scans MS level: 1 Set filters Clear filters
Plot type Base peak intensity (2]
m/z 50.0000 - 1000.0000 Auto range From mass From formula
All
Peaks Clear
oK Cancel Help
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Total ion current of the three pooled samples

8.0E5 282.1693
7.5E5
7.0E5
6.5E5 265.7061
6.0E5
& 5.5E5
£ 5.0E5
8>
E 4.5E5
% 4.0E5
E- 3.5E5 241.0716 2703158
& 3.085 {14 0658 327.204
@ 5 5e5 200.2364
2.0E5
1.5E5
1.0E5 204.1223 403.2322
5.0E4 331.2491 200.2366
' 61.0395
0.0E0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
Retention time
o [
Lookmg at the data with ZD-p'OtS
© AutoSave B TIC/XIC visualizer I
H Insert Draw Design Trai Spectra visualizer ]
£ 20 visualizer < —
v \;] « &= calibri (B 3D visualizer
i - MS/MS visualizer
side [ ¥ Neutral loss visualizer
m/z scan histogram
Diagnostic fragmentation filtering
Uing MZmine |
eoe Scatter plot i
L\ Raw data files —  Histogram plot F
L Pos_PooledSample MSMS_1.mzxML  Peak intensity plot
| = Pos_PooledSample_1.mzXML Kendrick mass plot
& Van Krevelen Diagram e e Please set the parameters
= Pos_PooledSample_3.mzXML
Type of plot Resampled data [C]
Raw data files Pos_PooledSample_2.m... As selected in main window a
Scans MS level: 1 Set filters Clear filters
m/z 50.0000 - 1000.0000 Auto range From mass From formula
oK Cancel Help
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4.00

Retention time
izing
!.Sb

Recolor

1000.0000
950.0000
900.0000
850.0000
800.0000
750.0000
700.0000
650.0000
600.0000
550.0000
500.0000
450.0000
400.0000
350.0000
300.0000
250.0000
200.0000
150.0000
100.0000
50.0000

zjw

zjw

.50 6.00 6.50 7.00 7.50 .00 850 9.00 9.50 10.0

5.00
Retention time

4.50

100 150 2.00 2.50 3.00

0.50




ansitions Animations

Slide Sh

Examining the data in 3D

TIC/XIC visualizer =
Spectra visualizer 9
2D visualizer

[ 3visualizer |
MS/MS visualizer
Neutral loss visualizer
mjz scan histogram
Diagnostic fragmentation filtering e

LA Raw data files

Scatter plot

B Pos_NRSP_01.mazxmL Hgstogram S [ ] [ ] Please set the parameters
Pos_NRSP_02.mzXML Peak intensity plot Raw data files 3 selected As selected in main window
EPos_NRSP_03.mzxML Kendrick | Retention time: 0.00 - 8.00 min. il lear fil
BB pos_NRSP_04.mzXML endrick mass plot Scans e Set filters Clear filters
S Pos_NRSP_05.mzXML Van Krevelen Diagram i 50.0000 - 1000}0000 Auto range From mass From formula
5l Pos_NRSP_06.mzXML P e

Add
Features Remove
Retention time resolution 500
m/z resolution 500
OK Cancel Help
3D-plot of samples 1-6
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More narrow mass window for the XIC plot

XIC (base peak), m/z: 100.0000 - 150.0000

3.6E5
3.4E5
3.2E5
3.0E5
2.8E5
2.6E5
g 2.4E5
2.2E5
2.0E5
1.8E5
1.6E5
1.4E5
1.2E5
1.0E5
8.0E4
6.0E4 110.0082]

105.0333
4.0E4 11.0441
2.0E4 Al TR

114.0662

Base peak inten

120.0810

141.0167

A

“l &A 121.0282 ‘
{ A 111.0427
0.0E0 W A -«E\.A‘& Man | MMA A PN 8 Aan o A AA

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00
Retention time

149.0959 1230

= Pos_NRSP_01.mzXML — Pos_NRSP_02.mzXML Pos_NRSP_03.mzXML Pos_NRSP_04.mzXML Pos_NRSP_05.mzXML Pos_NRSP_06.mzXML

Students: What is m/z 114.0662?

11
! her limited ind
Here’'s another limited mass window
XIC (base peak), m/z: 150.0010 - 200.0000
6.0E5 172.1331
5.5E5
5.0ES
4.5E5 v
.E. 4.0E5 "
E 3.565 ‘
-‘% 3.065 162.1124 \‘
8 ) ses ’I |‘
E 2.065 | 180.0660
1.5E5 169.0354 166.0862
1.0E5 |‘ 1685954
f\\ |\ | | iesa3in 177.1281 |
::: s o e Jﬁ'\xm'& @M}\v’{\«xﬂ | VO VYV VU 15612
) 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00
Retention time
— Pos_NRSP_01.mzXML — Pos_NRSP_02.mzXML Pos_NRSP_03.mzXML Pos_NRSP_04.mzXML Pos_NRSP_05.mzXML Pos_NRSP_06.mzXML
Students: What is m/z 172.133? Why does it have this shape?
Students: What is m/z 180.066?
12
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229.119/0.82
114.066/0.58
204.123/1.01
283.178/2.55

203.15/0.67
190.049/2.59

61.039/0.55
180.065/2.91
162.112/0.55
137.045/1.46
278.193/4.73
166.086/1.88
132.101/1.58

196.06/2.22
203.053/0.52
312.131/2.05
247.109/3.74
155.082/1.74
132.077/0.61

156.077/0.5
282.119/1.56
196.061/2.38
173.092/0.86
169.036/1.38

298.115/1.8

Important ions from PLS-DA analysis

S N

[ ]
®
@
[ ]
]
m/z tolerance  0.002

Low

|
10 15

T | T T
20 25 30 35 40

' m/z 229.129

' OK

High Q@ o Please set the parameters

m/z or 5.0 ppm

Cancel
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XIC of m/z 229.129

9.1294
0.0E0

229.1278

229.1300 229.1299 229.1280 229.1295 229.1279
i

A

229.1309 229.1278

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00

Retention time

— Pos_NRSP_01.mzXML — Pos_NRSP_02.mzXML Pos_NRSP_03.mzXML Pos_NRSP_04.mzXML Pos_NRSP_05.mzXML

Pos_NRSP_06.mzXML

14
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Precursor m/z

Searching for MSMS spectra for m/z 229.129

240.0000
220.0000
200.0000
180.0000
160.0000
140.0000
120.0000
100.0000
80.0000
60.0000
40.0000
20.0000
0.0000

0.00 0.05

On my Mac | got a divide-by-zero error. Nonetheless, the MSMS spectrum was found.

0.10

0.15 0.20 0.25 0.30 0.35

Retention time (min)

0.40 0.45

0.50

0.55

0.60

0.65
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MSMS spectrum of prolylhydroxyproline, m/z 229.129

2.0E3 |y

1.963
1.8E3
1.7€3
1.663
1.563
1.4E3
1.363
1.263

2 11E3

1.083

9.0E2

8.0E2

7.062

6.0E2

5.0E2
4.0E2
3.0E2

Intensi

2.0E2
1.0E2
0.0E0

70.0655

57.0743

L . T ool o

Pos_PooledSample MSMS_1.mzXML#295 @0.64 MS2 (229.1299) p +, base peak: 229.1313 m/z (1.8E3)
Scan definition: Full

166.0953

114.0642

184.1126
138.1062
158.0959

- - i APV SR N | N R .

212.1039

|-

229.1313

(| M T T

60.0000 80.0000

100.0000 120.0000 140.0000 160.0000 180.0000 200.0000

220.0000

240.0000
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Predicted MSMS spectrum of m/z 229.129

Similar but not identical to observed Pro-OH-Pro

oz 700857

> sty 10000
= Formis: coast
7]
c
)
-
=
()]
>
=
L.
1]
@
Precursor ion
I '™ | - .| | ol |
m/z
XIC of m/z 283.178
XIC (base peak), m/z: 283.1760 - 283.1800
4.085 | 283.1760
3.565 | ‘
|
3.0E5 | \
z ‘
2
@ 2.565 |
-
£ |
'§2.0£5
Q I
2831765 |
ﬁ 1.565 | \
[
|
1.0E5 | \
|
5.0E4 /
83.1780 283.1781 283.1800 283.1781 283.1765 283.1788 ) 283.1782 '283.1768 2831769 283.1761 283.1765
0.0E0 — —— m—— —
200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 3.00
Retention time
— Pos_NRSP_01.mzXML — Pos_NRSP_02.mzXML —— Pos_NRSP_03.mzXML — Pos_NRSP_04.mzXML — Pos_NRSP_05.mzXML  Pos_NRSP_06.mzXML
. .« .
Students: What is this ion?
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Let’s look at the MSMS spectrum of m/z 283.178

@] © Please set the parameters

Raw data files Pos_PooledSample MSM... As selected in main window &l

Scans Eetention;time:0.00 =:6.00.min, Set filters Clear filters

MS level: 2

Plot type Base peak intensity &)

m/z 283.1760 - 283.1800 Auto range From mass From formula
All

Peaks Clear
OK Cancel Help

19

All MSMS spectra containing m/z 283.178

9.0E3 T
8.5E3
8.0E3
7.5E3
7.0E3
6.5E3
6.0E3
5.5E3
5.0E3
4.5E3
4.0E3
3.5E3
3.0E3
2.5E3
2.0E3
1.5E3
1.0E3
5.0E2
0.0E0

Base peak intensity

283.1781

XIC (base peak), m/z: 283.1760 - 283.1800

T 2831777

283.4777

283.178

283.1781

J.]lll.ni

283.1783

0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60 3.80 4.00 4.20 4.40 4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00
Retention time

20
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Selecting MSMS spectra of m/z 283.178

Insert  Draw  Design

<
¢

Mere's anothes imted mass window

o0e

LA Raw data files
Pos_NRSP_01.mzXML
Pos_NRSP_02.mzXML

TIC/XIC visualizer ‘

. Spectra visualizer

2D visualizer

3D visualizer

MS/MS visualizer < E——
Neutral loss visualizer

mjz scan histogram

Diagnostic fragmentation filtering

Scatter plot

Histogram plot o [ ]

Peak intensity plot

Kendrick mass plot Raw data files

Van Krevelen Diagram

Retention time

L Pos_NRSP_03.mzXML iz

L Pos_NRSP_04.mzXML

= Pos_NRSP_05.mzXML Intensity

& Pos_NRSP_06.mzXML

P05 _PooledSample MSMS_1.mzXML Normalize by

Pos_PooledSample MSM...

0.00

283.1760

Please set the parameters

As selected in main window <]
- 6.00 min. Auto range
- 283.1800 Auto range From mass

Total intensity in MS/MS scan [

All data points &

Min. MS/MS peak intensity 10

OK Cancel Help

From formula

21
L3
Recovering the MSMS spectrum of m/z 283.178
Pos_PooledSample MSMS_1.mzXML#1698 @2.52 MS2 (283.1765) p +, base peak: 89.0611 m/z (6.1
E3)
Scan definition: Full
7.0E3 T S SO
89.0611 E—)

6.083 Note the multiple increases/decreases in 44.02

5.0E3
%4.053
g
‘£ 3.0E3 133.0844
= 283.1800

2.0E3

177.1139
1.0E3
l 239.1471
0.0E0 . : . . 0 L70 180 190 200 210 220 230 240 250
50.0000 100.0000 150.0000 200.0000 250.0000 300.00
This “metabolite” is hexaethylene glycol - HO-CH,CH,-0-CH,CH,-O-CH,CH,-OH
22
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XIC of m/z 190.049

XIC (base peak), m/z: 190.0470 - 190.0511

190.0478 190.0495 190.0479 190.0493

190.0488  190.0495 ./J/ N

190.0493

190.0494  190.0500190.0496 190.0;

2.00 2.05 2.10

2.15 2.20 2.25 2.30 2.35

— Pos_NRSP_01.mzXML — Pos_NRSP_02.mzXML

2.40 2.45

Pos_NRSP_03.mzXML

2.50

2.55 2.60
Retention time

Pos_NRSP_04.mzXML

265 270 2.75 2.80 2.85 2.90 295

Pos_NRSP_05.mzXML ~ Pos_NRSP_06.mzXML

3.00)

23

MSMS of m/z 190.049

Pos_PooledSample MSMS_1.mzXML#1741 @2.57 MS2 (190.0501) p +, base peak: 144.0432 m/z (2.0

E4)
Scan definition: Full

2.2E4

2.0E4

1.8E4

1.6E4
2 1.4E4
1.2E4
1.0E4
8.0E3
6.0E3
4.0E3
2.063

0.0E0
50.0000

Intens

65.0368

89.0371 116.0479
|

144.0432

172.0367

180.0497

100.0000

150.0000

200.00

L.70 1.80 190 200 2.10 220 230 240 250 260

24
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Reference MSMS spectra in MONA database

Fragment unknown
m/z: 144.0459
intensity: 100.00
Formula: unknown

[Fragment unknown

Fragment unknown m/z: 162.0580
m/z: 116.0521 intensity: 37.24
intensity: 34.63 [Formula: unknown

Formula: unknown

Relative Intensity

Fragment unknown
m/z: 172.0422
intensity: 21.02
Formula: unknown

100 120 140 160 180 200
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From Human Metabolome Database

Kynurenic acid (KYNA) is a well-known endogenous antagonist of the glutamate
ionotropic excitatory amino acid receptors N-methyl-D-aspartate (NMDA),
alphaamino-3-hydroxy-5-methylisoxazole-4-propionic acid and kainate receptors and
of the nicotine cholinergic subtype alpha 7 receptors.

KYNA neuroprotective and anticonvulsive activities have been demonstrated in
animal models of neurodegenerative diseases. Because of KYNA's neuromodulatory
character, its involvement has been speculatively linked to the pathogenesis of a
number of neurological conditions including those in the ageing process.

Different patterns of abnormalities in various stages of KYNA metabolism in the CNS
have been reported in Alzheimer's disease, Parkinson's disease and Huntington's
disease. In HIV-1-infected patients and in patients with Lyme neuroborreliosis a
marked rise of KYNA metabolism was seen. In the ageing process KYNA metabolism
in the CNS of rats shows a characteristic pattern of changes throughout the life span.

A marked increase of the KYNA content in the CNS occurs before the birth, followed
by a dramatic decline on the day of birth. A low activity was seen during ontogenesis,
and a slow and progressive enhancement occurs during maturation and ageing.

27

More on Kynurenic acid

This remarkable profile of KYNA metabolism alterations in the mammalian brain has been
suggested to result from the development of the organisation of neuronal connections and
synaPtic plasticity, development of receptor recognition sites, maturation and ageing. There is
significant evidence that KYNA can improve cognition and memory, but it has also been
demonstrated that it interferes with working memory. Impairment of cognitive function in various
neur%d(?generative disorders is accompanied by profound reduction and/or elevation of KYNA
metabolism.

The view that enhancement of CNS KYNA levels could underlie cognitive decline is supported by

the increased KYNA metabolism in Alzheimer's disease, by the increased KYNA metabolism in

gpwn's syndrome and the enhancement of KYNA function during the early stage of Huntington's
isease.

Kynurenic acid is the only endogenous N-methyl-D-aspartate (NMDA) receptor antagonist
identified up to now, that mediates glutamatergic hypofunction. Schizophrenia is a disorder of
dopaminergic neurotransmission, but modulation of the dopaminergic system by glutamatergic
neurotransmission seems to play a key role.

Despite the NMDA receptor antagonism, kynurenic acid also blocks, in lower doses, the
nicotinergic acetycholine receptor, i.e., increased kynurenic acid levels can explain psychotic
symptoms and cognitive deterioration. Kynurenic acid levels are described to be higher in the
cerebrospinal fluid (CSF) and in critical central nervous system (CNS) regions of schizophrenics as
compared to controls. (PMID: 17062375 , 16088227 ).

KYNA has also been identified as a uremic toxin according to the European Uremic Toxin Working
Group (PMID: 22626821).

28
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