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Introduction

Central carbon and energy metabolism are key metabolic pathways in
biological science, thus it is important to be able to accurately measure their
reaction rates. However, current methods of detecting metabolites via
13C-Metabolic flux analysis (13C-MFA) are limited by the instability of
metabolites such as a-keto acids and phosphate compounds, leading to
Inaccurate measurements. This study hence presents a novel dual strategy
method that aims to increase compound stability while maximising efficiency
- N-Methylphenylethylamine (MPEA) is used to derivatize unstable
metabolites while the remaining metabolites undergo simple extraction. This
IS the first instance of MPEA being used for the derivatization of phosphate
groups.

Material & Methods

Glycolysis

1. HepG2 cells culture
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Fig 1. HepG2 cells was
cultured with DMEM, followed
by a 13C-labelling experiment
to track how glucose is
metabolized.
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Fig 2. Dual strategy method
used.

(1) Derivatization of a-Keto
acids and phosphate
metabolites (NTP/dANTPs)
with MPEA under optimised
reaction conditions.

(2) Non-derivatization of other
metabolites using simple
extraction.

2. Dual strategy
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Fig 3. Metabolites were
directly analyzed using
Liquid Chromatography
and Mass Spectrometry
(LC-isMRM-MS) analysis.
Gradient elution method was
used, where non-derivatized
molecules are separated
using an amide column, and
derivatized molecules were
separated using a C18
column. Separated molecules
were then passed through an
electrospray ioniser before
entering the mass
spectrometer which detected
the mass-to-charge ratio.

3. LC-isoMRM-MS analysis

m+0
m+1
m+2
m+3
m+4
m+5
m+5

Q1 Q2 Q3

4. MID calculation
Fig 4. Methodological

Assessment & Data
Analysis

Limit of detection was a
signal-to-noise Ratio (S/N) of
3 and limit-of-quantification
was S/N 10. Analyst 2.2.0
was used to extract
information including
accurate m/

Z, peak intensity, and
retention time (RT) on the
detected metabolites from
raw data.

1.5x10%
(M+H] 600.0908

600.0921
1.1x10%4

7.5x10%4

Intensity (cps)

3.8x10%4

) |

600 625
m/z

0.0+ —
550 575

650

MID (%)

M M+1 M+2 M+3 M+4

(B)

MPEA-derivatized PA

° n*
)\rf"
I \/@
. -
136.1 1051

1051

Intensity (cps)
o o o o S

136.1

(A)
. ~ EDC
RvJLOM ©/\/ - R‘JLT
" 0
R’-g-ON : NS  HOBLEDC  R*-P-N
om @\/ L
(C) (D)
MPEA-derivatized GTP MPEA-derivatized dGTP
—_N ,—_-N
o o0 o ol "\ o o o o o o
1B o8 -8- Z .g- -g_ _n- Z
dﬁf" d <s..°:5—{~ﬁ:ﬁ- ' M el H ﬁ;ﬁ« W
™ " NH,
S06 0 1520 4901 5
4.0x10%4 x10*
152.0 490.0
g 3.0x10" § 9.8x10"
) A
%‘ 2.0x10' 506.0 %‘ 6.5x10' 1o ¢
206.1 [M+H]"* < s
[ € 1.0x10 £ 330’
- ‘ 641.1 (M+H]* o J l ‘ 625.1 [MeH]*
l " 00 | l 2l l 00 4 1

(D) —=—MPEA tagged ATP M

3.2x10°-

I 1

2.4x10°-
© ©
5 * 5
»~ 1.6x10°4
S i S
o * o

8.0x10* =

0.0

0 2 5 10 25 50 100

Concentration of MPEA (uM)

(A)

6.4x10°

4.8x10°-

3.2x10°

Peak intensity

1.6x10°

0.0

—=— MPEA tagged GA
—eo— MPEA tagged PA
—— MPEA tagged OXA
—»— MPEA tagged a-KG

Peak intensity

100 200 300 400 500 600 700

m/z

....... 0.0

1 i |
300 400 S00 €00 700
m/z

100 200

P (C) —e— MPEA tagged ATP —— MPEA tagged dGTP

—— MPEA tagged UTP —— MPEA tagged dCTP

3.2x10°,

2.4x10°

1.6x10°

Peak area

8.0x10*-

0 10 20 30 40 50 100

Water (%)

0 2 5 10 25 50 100
Concentration of catalyst (uM)

-------

0 5 10 15 30 60 120

Time (mi

n)

(B)

\)
Q&\

Time

.oQé\o o b'o \b \“‘ q.“‘ ﬁ;x\ ‘;x\

—=— MPEA tagged ATP
—e— MPEA tagged UTP
—+— MPEA tagged GTP
—»— MPEA tagged CTP

=S

—e— MPEA tagged dATP
—<— MPEA tagged dTTP
—— MPEA tagged dGTP
—e— MPEA tagged dCTP

S 6‘\\‘\ o @'\(‘ \’(‘ 6’0 \b \4\ q:lx A;X‘ b:!‘
N Time

e. Lee Kong Chian School of Medicine, Nanyang Technological University, 639798, Singapore

Collision-induced
dissociation was used to
fragment derivatized
molecules to aid In
compound identification. 12
metabolites were detected
from the MPEA-
derivatization strategy.

The derivatized phosphate
molecules were derivatized
with MPEA under different
conditions to find the optimal
reaction conditions. Under
optimised conditions, the
efficiency of MPEA and
phosphate metabolites was
greater than 90%.

MPEA-derivatized phosphate
metabolites were stored at 4°
C for 4 weeks and their
stabilities were measured,
showing remarkable stability,
proving that this method is
superior to traditional
methods.

Detection of MPEA-derivatized a-keto acids improved by up to 2750- fold,
and MPEA-derivatised NTPs and dNTPs also improved by almost two orders
of magnitude. LODs of the non-derivatized metabolites were as low as 0.2
ppb. All 101 metabolites had intra- and inter-day relative standard deviations
(RSDs) below 20%, suggesting that the method was reliable for the
quantification of central carbon and energy metabolism.

MRM transitions of fumarate isotopomers.
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First, the dual strategy was applied to
detect metabolites in HepG2 cells,
which allowed for the detection of 4
additional metabolites compared to
the traditional method. Then, isotopic
MRM transitions were generated,
and dual strategy was applied to

detect isotopologue metabolites in
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[U-13C]-glucose cultured HepG2

cells. Derivatization by MPEA
.  significantly increased detection
sensitivity of isotopic metabolites and
yielded more consistent results than
the traditional method. Hence, dual
strategy is reliable and can be
applied to intracellular 13C-MFA.

This dual strategy can be applied to investigate the metabolite differences
between cancer and non cancer cells.

Conclusion

This study establishes the use of dual strategy for 13C-MFA using MPEA
derivatization which significantly improved stability and detection of certain
metabolites. This demonstrates the potential for dual strategy to facilitate
accurate quantification of metabolites in biological systems.
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