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The Importance of Qualitative Flux Analysis
Extend Your Metabolomics Insight

Flux analysis elevates

metabolic studies to a different mgl e
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composition of a cell, flux Laspartats -

analysis reveals in vivo pathway ]/L/L TY econae
(S)-malate

activity. o

?\rﬂ\f -threo-isocitrate
- Nicola Zamboni, PhD, Institute for mmmte]&/ﬂ‘ M
\!/\/k 2- oxoglutarate ?

Molecular Systems Biology, ETH Zurich

(R)-2-hydroxyglutarate

succinate

X/II\,\J\(UA i Hi, X
succinyl-CoA
- H

L-glutamate L-glutamine

- . - MassHunter VistaFlux
For Research Use Only. Not for use in diagnostic procedures. ‘e’ - = :
v 9 P <.z Agilent Technologies April 29, 2016

4



— b

VistaFlux Stable Isotope Tracing
Isotopologue Tracking

Use of stable isotope labels (13C, °N, and 2H) isotopomers of M+1

Monitor stable isotope incorporation i

”OWOK\iOH Isotopologues
O hr M+0: *C,C,H,0O,
M+1: 13C,C,H,O,
apr T M+2: 13C,C,H,0,
M+3: 13C.C,H,O,
i Lt | M+4: 5C,CoH 0,

Fumarate C,H,0, [
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ManuaQualitative Fldxalysis a Tedious Process
Current Flux Data Analysis Workflow

Manually
Integrate peaks visualize on
and transfer pathways using
abundance to Cytoscape,
spreadsheet Adobe
lllustrator etc.

Extract
Determine m/z chromatogram
for all possible for all
Isotopologues iIsotopologues
for all targets

Create target

metabolite list Review results

MassHunter VistaFlux
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Accelerate Your Research With VistaFlux!

Agili |l ent 0s

‘APathways to |
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APCDL
Manager

Create Target
Metabolite List

Acquire Data
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Acquisition
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Extract
Features

VistaFlux Workflow
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Target List Creation In VistaFlux

[£#] Pathways to PCDL
Settings  Tools  Help

Pathway Data Selection Mode Prefer Compound Names from
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METLIN

Source  BioCyc/MetaCyc - @ Pathway Names
Organism/Database Add/Remaove Fellow Pathway Members

Homo sapiens - () Reaction Partners Create PCD/PCDL ew U
Search Text Select Highlighted

Target List

. [ Cear | 20 Unigue Resolved Compounds
. Selecton
Creation 269 Pathways —

ID Name o

Homo sapiens Pathway

PWYEE-388 Fatty acid o-oxidation 11
PWY66-389 phytol degradation
Ve N PWY66-331 Fatty acid B-cxdidation VI {peroxisome)
. FWYeE-352 = PCDL Manager for ics - D: DLATCA-BioCyc-IDHL.cdb
S p e C Ify FWYE6-333 3 : Fle Edit View PCDL Links Help
FWYBE-354 38| ¢ P Find Compounds & I | ) 5 | a8 8 @
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| I n te re Stl n g PWYEE5T rof | SedeSemch | BachSeach | Bech Surmay Ede Compounds || Speckral Search Browse Specira Edit Specira
PWYE6-338 Tq Neme:  Fumaric acid Edit actions Molecule:
P t h PWY66-333 ay 1UPAC: Add New
atnways P4 e —
\ ) PWYEE-400 g Mass: 116.01096 cas: 110178 | Save As New -] o
gmm i T 5“ CremSpider Update Selected
3 Fornula:  C4HA04 vETLN: 32282
[} Delete Selected
4 N\ lontype KEGG: CO0122 oH
G e n e rate @ Neutral HMP. HMDBOO1
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= Cation itp://dbkch umist ac uk /ExactMasses him
|| M e ta b O I I te Compound in the pathway is FUM fumarate)
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. J
[F] Prirt/Copy in Summary Fommat
Compound Name Formuia Mass  Arion  Caion  RT(mn) = CAS ChemSpider  METLIN HMP KEGG LMp 1UPAC Name =]
L Glutamate C5HINO4 14705316 o 2260 | 56-860 13 HMDBOO148 | CO0025
( ) LAspatic Acid C4H7NO4 13303751| [ =] 2290 | 56848 15 HMDBO0191 | CO0049
L-Lactic acid C3H603 9003163 [ =] 2930 45858 CO0186 | LMFADIOSD410
. Glutathione, cxidized C20H32NE01252 61215156 | [ [ 4840 | 27025418 &5 00127
D ete r m I n e Suceinic acid C4HE04 11802651 [ [&] 5050 110156 14 HMDBOO254 00042 | LMFADT170043 P
| 2Hydroxyghuterste C5HE05 14803717 [&] 5.110| 2889:31-8 63268 02630
» | Fumaricadd C4HA04 1160109 | [] [&] 5130 110178 242 HMDBOO134 | COD122
Trace r L-Malic zcid C4HE05 1402182 [ [a] 5130 45931 HMDBOO156 | CO0149
Onagiutaric acid C5HE05 14602152 [ [&] 5240 | 328507 19 HMDB00208 | CO00026 w
5-guanyiate diphosphate (guanosine dichosphate) |C10HISNSO11P2 44302433 | ] [&] 5830 | 146918 ] HMDBO1201 | C00035
\_ J ADP CI0HISNS010P2 |427.02042| [ ] 5930 | 58640 u522 HMDBO1341 | CO0DI8
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Acquire Data on Agilent LC/TOF ol OE/Q

Acquire

Data

Use Accurate
|| Mass

TOF/Q-TOF

Separate
Isobaric
Metabolites
with RT

For Research Use Only. Not for use in diagnostic procedures.

What measurement factors

are important in flux

analysis?
(best metabolite
performance)

Mass Accuracy and High Resolution

Confidently track isotopologues of metabolites in
complex samples

Isotopic Fidelity

Detect incorporation of isotopic label through P P
metabolic pathways

Dynamic Range

Detect low levels of stable isotope incorporation P P
in the presence of other intense isotopologues

MassHunter VistaFlux

i3+ Agilent Technologies ol 29, 2016

9



Data Analysis in VistaFlux
rofinder Batch Isotopologue Extraction

Extract

Features

Targeted Data
Mining for
Metabolites

Score by
Isotopologues
and Retention

Time

E Agilent MassHunter Profinder B.08.00 - C5-GIn-IDH2 - Profinder-Gin-IDH2.m

File Edit View Method Wizards

00 &= | B Add/Remove Sample Files...

Help

1l Compound Groups (17 total) x
@%1 Automatically Show Columns Eéi
Mame W Mass(Tgt) T8 RT(Tgt) T8 Height (med) T+ Area (med) ¥+ j
L-Glutamate 147.0532 226 200658 2810812
L-Aspartate 1330375 22% 33364 356533
L-Lactate 500317 283 1078822 7874230
Pyruvate 838.016 334 11703 108947
Glutathione, ox... 612.152 434 111893 708376 =
» Fumarate 116011 513 68819 528178
2-Oxoglutarate 1460215 524 2108 12638
GDP 443.0243 583 26739 169388
ADP 427.0254 593 381270 2418234
Aconitate 1740164 Bl 3223 33233 I
D-threo-isoditrate 192027 61 116093 1066637
Citrate 192,027 61 116093 1066637
GTP 522.9907 657 24772 133141
Succinate 118.0266 505 47670 240387 EI
3 Compound Details x
E@ Automatically Show Columns Eﬁ
File /W Mass(Tgt) T8 Abund T4 Area T4 Height ¥ j
€5 _GIn_0_5hr_Ad 116011 508029 508029 84055
C5_GIn_0_5hr_Bd 116011 496584 456584 B1806
C5_GIn_0_5hr_Cd 116011 495529 495529 62618
C5_GIn_Ohr_Ad 116.011 700597 700597 50434
C5_GIn_Ohr_Bd 116011 731773 731773 80777 =
€5 GIn_Ohr_Cd 116011 729356 728356 93387
C5_GIn_lhr_Ad 116011 469151 469151 67192
C5_GIn_1hr_Bd 116.011 401330 401330 68320
€5 _GIn_1hr Cd 116011 377979 377979 i
C5_GIn_3hr_Ad 116011 563106 563106 69690
€5_GIn_3hr_Bd 116011 528179 528179 65495
C5_GIn_3hr_Cd 116.011 493159 433159 67020
C5_GIn_ghr_Ad 116011 634750 634750 77143 EI
[l Il [
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Data Analysis in VistaFlux
Sophisticated Matage Isotopologue Extraction Algorithm

For each target metabolite:

A Extracts chromatogram for each possible isotopologue using specified RT range and
wider m/z tolerance

A Integrates sum of EICs and evaluates to narrow RT range
A Extracts MS and disqualifies ions not meeting criteria (m/z match and elution profiles)
A Creates new, combined EIC from sum of qualified ions

A Scores remaining peaks based on number of qualified isotopologue ions, relative
abundance, and distance from target RT

A Determines raw isotopologue abundance
A Calculates corrected isotopologue abundance using natural isotope abundance and

purity of the isotope tracer
Benefits:

A Minimizes false positive results
A Provides more accurate isotopologue abundances, which yields more precise results

MassHunter VistaFlux
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Isotopologue Extraction Example

First Stage ExtracfioNider m/z and RT Window

M+0

M-1 M+2
M+0 M+3 m:
M+1 M+4 e

M+6
M+7

— M1 —— M) —— M+
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Challenging Isotopologue Extraction Example
Second Pass Extractiodarrower m/z and RT Windov

Qualified lons After 2"d Pass

120,000

eak 2 has no qualified ions
sum . A Peak 2 h lified
M0 after narrow window extraction
+ 80,000 . . .
+6 fails elution profile test so
mﬂll A M+6 fails elut file test
M+5 | o peak 4 is eliminated
+ .
- eak 3 wins i closest to
Ve A Peak 3 i cl tt

expected RT and has the most
iIsotopologue peaks

20,000

0

3.0 35 40 45 50 55 6.0 65 7.0 75 80

— M) — M] e— M1 e— 15— 16 em—Sum EIC
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Visualiz€rofindeResults on Pathways
OmpPremium Visualization
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