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Abstract

Purpose: Development of a targeted MS?/MS3
approach for the determination of positional
Isotopomers.

Methods: Initial data acquired on Thermo Scientific™
Orbitrap 1Q-X™ Tribrid Mass Spectrometer was used for
the structural annotation. A targeted MS" based assay
utilizing the above data to get the structural information
of the metabolites was developed on a novel hybrid
nominal mass instrument.

Results: A targeted MS?/MS3 method was established
for the determination of positional isotopomers in
Adenosine Monophosphate (AMP). The method was
used for evaluation of the effect of hypoxia on cellular
metabolism in an in-vitro model.

Introduction

Fluxomics or flux analysis aims to quantify metabolism
by computing the flow of carbon or nitrogen atoms
through various metabolic pathways. Use of stable
Isotopes for flux analysis in biology has contributed
greatly to the understanding of cellular metabolism and
regulation. However there remains a challenge to
determine accurate flux rates for metabolites which are
formed from multiple precursors utilizing different
enzymatic pathways. Positional isotopomer distribution
of metabolites obtained by utilizing multiple tracers are
Invaluable pieces of information for the computation of
these fluxes. Classically done by GC-MS and NMR,
here we show the application of liquid chromatography-
based separation of metabolites with the use of hybrid
dissociation strategies using HCD and CID MSn
fragmentation for positional isotopomer determination.
In this work we used the fragmentation data on a
HRAM mass spectrometer for the structural annotation
of the fragments to develop a targeted assay for the
Isotopomer determination. We chose the nucleotide
AMP for our initial analysis due to its involvement in a
wide variety of biological process and that its
biosynthesis involves multiple pathways.
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Figure 1. Example of positional isotopomers: The M+1
Isotopologue of Glutamate can have 6 different
Isotopomers depending on the stable isotope label
present and its position.
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Figure 2. Nucleotides are required for a wide variety of
biological processes and are building blocks of DNA and
RNA. AMP biosynthesis involves multiple pathways that
provide carbon and nitrogen precursors. Analytical
method to delineate the contribution from each pathway
can lead to a better understanding of biosynthetic
regulation.
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There are many pathological states that are
characterized by low oxygen. In fact, three of the five
leading causes of death in the US result from impaired
oxygen and nutrient delivery — heart attack, stroke and
respiratory failure. However, low oxygen is not always
pathological. Chronic adaptation to hypoxia can even
be beneficial. Here we investigated the in-vitro effect of
hypoxia on the cellular metabolism.
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Material and Methods

Sample

Credentialed E-Coli Cell Extract Kits (Cambridge
Isotopes) consisting of U-13C Labeled E-Coli and
Unlabeled !°C E-coli Extract were used for initial data
acquisition and structural annotation of fragments.

KP4 Cells (a human pancreatic cancer cell line) was
used for this study. Cells were grown in 21% Oxygen
(normoxia) and 0.5% Oxygen to stimulate hypoxic
conditions. Cells were grown in four different media:

1. Unlabeled Media

2. 13C4 Glucose: To monitor the metabolism of carbon
through glycolysis and other pathways

3. N, Glutamine: To monitor the
Incorporation into various metabolites

4. 13C4 Glucose and °N, Glutamine: To show the
utility of nominal mass instrument for experiments
typically limited to higher resolution mass
spectrometers (>120K).

nitrogen

Data Acquisition

Extracts were separated on a HILIC column and
analyzed Thermo Scientific® Vanquish™ Horizon
UHPLC system coupled to a Thermo Scientific™
Orbitrap™ 1Q-X™ Tribrid™ mass spectrometer. In this
method, a full scan was followed by the targeted
fragmentation of AMP utilizing both HCD (higher energy
collisional dissociation) and CID (collision-induced
dissociation). MS3 fragmentation was carried out for the
higher intensity fragments.

A targeted MS?/MS3 assay was developed on Thermo
Scientific™ Stellar™ MS, a hybrid quadrupole-radial
ejection linear ion trap mass spectrometer.
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Figure 4. Thermo Scientific Stellar MS diagram

Full Product lons Scan (PRM) - +

Fast MS" - +

Alternate Fragmentation - -
Strategies (HCD, CID)

Stepped Collision Energies - +

Fast Method Development - +

Table 1. Advantage of using nominal mass Stellar MS for
stable isotope workflows compared to triple-quadrupole
nominal mass instruments

Data Analysis

HRAM data was processed using Thermo Scientific™
Mass Frontier™ 8.1 software for structural annotation of
fragments. Targeted-MS?/MS® method was processed
using Thermo Scientific™ TraceFinder™ 5.2 Software.
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Figure 5. HRAM discovery to accurate and sensitive
guantitation of stable isotope labeling pattern via Stellar
MS
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Figure 6. AMP fragmentation and annotation on the
Stellar MS: The use of HCD and CID MS? Product scans
as well as MS23 of the fragment containing the adenine
ring can provide valuable information regarding the
nitrogen and carbon positional labeling.
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Figure 9. ™N, Glutamine Cell Extract- AMP Labeling: MS?
Spectra of [M+4] isotopologue.
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Figure 10. Cell Extract- AMP : MS?3 Spectra of adenine
ring gives fragments indicating loss of nitrogen from
glutamine and aspartate.
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Figure 7. B3C4 Glucose Cell Extract- AMP (C,,H4N:O-P)
Labeling: [A] Full Scan MS of AMP from HRMS shows

difference in [M+9] abundances of hypoxia vs normaxia.
[B] Stellar MS was used to quantify the isotopologues of
AMP. From the PRM of each isotopologue, m/z 79.1
which is the fragment from the phosphate ion (which
does not contain nitrogen or carbon) of AMP was chosen
for quantification. PRM eliminates the need to set up
transitions
Quantification of AMP isotopologues using Stellar MS.

for multiple parent-product scans. [C]

M+9 is reduced in hypoxia compared to normaxia.
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Figure 12. N, Glutamine Cell Extract- Glycine Labeling:
HRMS spectra of glycine confirming that nitrogen in
glycine is unlabeled.

T: ITMS - ¢ ESI t Full ms2 355.0500@hcd35.00 [65.0000-366.0000]

897 9 21% O
o} ™ OH 2 13, 15
\ 1
1 0E4 C5H415N4N_ ‘)Cﬂ g‘cﬁb/P\H C5C5H14 N4N°7P
> Ho—“c@? o
[2 97.20 ) g
3 508 oo ‘ 153.30 17513 18714 21082 23624 24388 32438
= 994 9636|9908 13727 l ‘ | \ 216. | 355.00
0 7404 || S0P qt0m gy 1819V 7 g Jigg0s | ez 2116 09590 | aas0n a0 26502 27406 20004 3114531893 33699 1
b L e T
70 80 90 100 110 120 130 140 150 160 {70 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370
mz
T: ITHIS -¢ ESI t Full ms2 355.0500@hed35.00 [65.0000-366.0000] . 13 15
79.03 9 o AOH C5C5H14 N4N07P
A‘\:” ECHb/P\
N H
C5H415N4N- HOJ’C\{—i ? 0.5% 02
H”C’D

97.05 138.14
11000 12297

17466 184.94 205.08 23100 24871
810 |

2.0E4
2z
]
5 1.0E4
£
£ 153.98 | | 21594 | ‘ \ 35499
0 78.33] 11518 | 12905 [M108 1T 46505 17900 19803 [ 722504) 23899 | 25453 26497 27311 | 20207 30905 31901 | 33683 1
el Tt e ‘ ; et

T T LI AL T T T T AL MY T D L N L L L L A AL MMM |
70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 36O 370
m'z

270.80 286.69 32487

jg039 %19
:

: 315,80
7911 N R Unlabeled-Normal ~ C1oH1sNsO7P
4063 r/ N o on MM
96 84 N ‘ >/ \\ ijf f\ />
3.0E3 N Ho<<j/\ OH N~
K NH ¢
g ) E Ny
IS 2083 134.12 210.96
1083
7835 150,83 178.80
. ‘?932 T e | 19252 2029 57 47 253,73 28366  296.55 Haps
t T T T T T T T t t T T T t T T T T T
T ITMS - c STt Full ms2 359 0500@heas0'00 (64.0000-363 ooy 140 160 180 200 nz 220 240 260 20 300 520 340
35115
o 21% O
2.0E3 - R 2 13
N N Yo, gc%’P\ C5C5H14N5°TP
r/ P oH
> 15E3 . | >/ Hotich I
2 o 78.08 SN He
£ 97.02
= NH i
5082 124 ’13 15425 16713 2862 21597 240,92 3021
7820175 g5, ' [1s00s | et resoe| 2000 s a7oe 27152 a0 4T apgp MO49]
T T T T T T T T T T T T T T T T T T T T T T T T
80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
m/z
T. ITMS - ¢ ESI t Full ms2 351.0500@hcd30.00 [64.0000-362.0000]
1 35083
o A s am 05%0, C5CsHq,N;0;P
‘ > AL e, P
Cusef 7 N
» 10E4 7894 N N/ Hocl iﬁ oH
[ 13 !

e
~ 50E3 97 .09

80.06

NH,

13412 16297 19106 20399 21590 23352 307.48

9621‘ 107.13
0 e :

T
80 100

120

\ | | [
| 1095 19407 |igg00  1gras | 19817 | 22692 | 25413 26873 28323 | 31506 33200 [352.59

T T T T T T T T T
140 160 180 200 220 240 260 280 300 320 340 360
miz

Figure 8. B3C, Glucose Cell Extract- AMP (C,,H4N:O-P)
Labeling: Fragmentation of [M+5] isotopologue shows
that in both hypoxia as well as normoxia, the ribose ring
gets labeled.
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Figure 9. N, Glutamine Cell Extract- AMP (C,,H4N:O-P)
Labeling: Quantification using Stellar MS PRM shows no
diference between hypoxia and normoxia. However not
all nitrogen [M+5] are labeled.

Figure 13. BC4 Glucose and N, Glutamine Cell Extract-
AMP Labeling: MS? spectra of [M+9] isotopologue shows

— nitrogen labeled adenine ring. MS3 fragmentation reveals

that glycine nitrogen is not labeled.

Conclusions

A workflow for targeted stable isotope analysis of
Isotopomer is described.

The use of product scans with MS" and alternate
fragmentation can give positional information of label
using nominal mass resolution instrument.
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