Delivering the Right Results

Development of a New Metabolomics Method using GC-TOFMS with Automated Derivatization System

Overview

Purpose: Development of a metabolomics workfiow by using an automated derivatization system
in order to make metabolomics workllow simpler. We cal the system “Online Derivatization
stom

Methods: In order to compare the ofline derivatization sample (Manual derivatization) and the
e dervaizaon sample (Automated dervatzaton). e appled wo kinds of sample mixures
(e.9. amino acids and fatty acids) to e samples were dissolved in 20mg/mi
athoxyamineloyidne salvion to neck o st s 1t aine datssion et o
used for clinical samples. To make online derivatization samples, the sample solutions were
diluted with Acetonitile. After that, the CombiPAL first picked up 20 uL of 10% MSTFA Solution,
and then picked p 4 uL of the diluted sample solution and injected into a Large Volume Injection
port. The sample solution with MSTFA was simuhtaneously evaporated and derivatized in the inet.
The data was acquired by using a LECO TruTOF GC-TOFMS.

Resuls: Amost all compounds n the amino acids and fny acids mixure sample were detecied
i the same einion s of tusa in the cffine defaliatin sanples wih o
nensites. The ciher amino acids, Gyine and Lysin, sso were. detected Wi enough
e a5 the form that s modiied win tmethylsit roup. They were detoced at reenton
times earlier than our anticipation, because the numbers of the TMS groups on the amino acids
one less than the amino acids in the offine sample. The results indicate that the
derivatization of the online sample was completed without a long incubation time.

Introduction

GC-TOFMS is a powerful tool for investigation of metabolic profiing and is widely used as a
standard workflow world-wide. The protocol was completed by some pioneer scientists. In the

ridlow, derivatization such as rimethylsilylation s the ke to get reasonable results with system
biological metabolites. The standard operating procedures is widely used and requires a long
incubation for the  trimethysilylation. These steps are usually operated as a batch process
‘manually. Since it is known that the timethylsilyl group is not stable during long storage, we think
that development of an online derivatization system that is coupled to each GC-MS acquisition
which derivatizes all components quickly would allow the stabilization and the simplification of
experiments.

Large Volume Injection (LVI) systems are commonly used to enhance analytical sensitivity.
Ore tpe of the Lvi, LVI-S200, s a spral shaped inert and can receve about 100 uL
sample solution. In this study, we applied the system to
Because he shape of the Inset b o replcats o simethyisilation n Sampe vias:
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Figure 1. Flow chart of the sample preparations for making the onling and the offline
derivatization samples.

Large Volume Injection System

The LVI system consists of four consecutive periods. The first period is for sample injection
(See Figure 2). During that time, the insert is held at 80°C which is less than the boiling point of
the solvent. The second period is for sample derivatization. Aimost all of the solvent is evaporated
and ejected from the solvent vent by using a 150 mLimin purge flow. The derivatization is finished
during this time. The derivatized sample components are then transferred to the column by
heating the insert to 300°C. In the final period, the insert is cleaned and cooled in preparation for
the

“The aim of this-study is confirmation of performance of the LVI as
system. We have optimized experimental performance of the online derivatization system and will
discuss the application for metabolomics study.

Sample preparation and materials

The flow chart of the protocol to make the samples for the online and the offine
derivatization experiments is shown at figure 1. An Amino Acid Standard mixture and a Fatty Acid
Mixture(FAG1) were purchased from Fluka Analytical and Lamﬂan Fine Chemical, respectively. A
10 uL aliquot of the Amino Acid Standard solution was dispensed to each vial insert and dried
using a vaouum cvaparator. The cred amino ackl Stndard samples were uced for onine and
offine derivatization testing. Fatty acid solutions were diluted to Img/mL. o total fatty acid by using
heptane and 10 ul_of the solutions were used for each experiment. The amino acid samples were
treated the same. Methoxyamine hydrochloride was purchased from WAKO. Twenty milligrams of
the powder were dissolved into 1 mL of pyridine. A 10 uL aliquot of each solution was added to
the sample vial. The MSTFA+1% TMCS was purchased from PIERCE. A 20 ulL aliquot of the
MSTFA Solution was directly added to the sample for the offiine derivatization measurement to
derivatize before sample injection. The 10% MSTFA solution diluted with heptane was also used
forthe online derivatization experiment.
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Figure 2. Derivatization steps using the LVI system
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Amost al etenton mes of amino acds i he online dervatzaton sample correspond exacty o tose ofhe
offine. mple. In contrast, two amino acids, Glycine and Lysine, were eluted in regions earlier
ran each amino a6k f 1 offine Sample. I s Ghee, he wo amind aids were deected 85 8 Giycine N

column | DB-5MS_30m. 250um. 0.25um

Ramping 4 min at 50 deg. -> 20 deg/min -> 320 deg. hold for 5min
i

ster and the Lysine, N2, N6-Bis(trimethylsilyl)-, trimethylsilyl ester,
espocively. ALihe same time,in th resuls ofthe oft e dervaization Sampl, hese two amino accs were
identified as the Glycine N,N-Bis(rimethylsilyl)- trimethylsilyl ester and the Lysine, N2,

3min at 80 deg. -> 150deg./min -> 300 deg. hold for 13min

LECO TruTOF® HT GC-TOFMS

Acquisition Rate | 20Hz
1 m/z35 - 500

‘Table 1. Analytical Conditions

Results and Discussion

In the GC-TOFMS data for both the online and offine derivatization samples, 16 amino acids were
detected in a region from 519.5 to 940.4 seconds (see Table 2 and Figure 3). The sample acquisition was
repeated 5 times for the each sample. The Relative Standard Deviation (%) of the offine and the online
derivatizations were 3.0 t0 17.9%, and 2.1 10 9.3%, respectively.
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Figure 3, Anaryucal ton Chmmamurams of the amino acid mixture samples
for both the online and the offline derivatizations.

ter, respectively. Thus, the online derivatization technique yielded one
less TMS group than the offine technique for these two amino acids. Iterestingly, the two amino acids have
the form *N.N-BIS(TMS)-"in the offine sample data. Since there was no suchstructure in the online sample
data, we think such rimethysilylation needs a longer incubation time or a higher concentration of the MSTFA.
However, we think that the online derivatization is a useful derivatization method because all of the Glycine
and Lysine derivatives were chromatographically resolved.

In our results for the different derivatization techniques, 9 fatty acids were detected in a region from 748.6.
t0 978.5 seconds (see Table 3 and Figure 4). The sample acquisition was repeated 5 times for each sample.
‘The Relative Standard Deviation (%) for offline verses online derivatization was 1.110 4.5% and 3.0 10 13.7%,
respectively. Al peak areas were normalized using Linoleic acid as the internal standard.

Since retention time of the lysine-4TMS (R.T=835.7 ) approximates with the peak of the Histidine-3TMS
(RT=8353 s), there is an overlapped peak in the offine derivatization data (see figure 5). Since the GC-
TOFMS can collect full mass spectrum with higher time resolution (more than 20 Hz). that can provide
enough data points to each peak 1o separate compound's spectrum mathematically by using the Signal
deconvolution algorism.
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Figure 5. Peak shifting of the Lysine.
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“This study confirmed that the online derivatization is complete within a few minutes. The incubation time
is significantly shorter than in the offiine method. We think this is because of a concentration process in the
stomach shaped insert that is heated at 80°C. A large majority of the solvent was heptane (boiling point 98°C).
“The insert temperature was below the boiling point of heptane. The rate of the trimethyisilylation reaction was
increased due 1o the temperature. The subsequent 150 mLimin flow of purge gas accelerated the
evaporation of the solution, concentrating the reactants.

GC-TOFMS is an advantageous tool for non-target analysis of complex samples and befits metabolic
profiling because metabolomics samples, such as tissue extracts, contain many metabolites. Some are listed

samples are required for multivariate analysis. Our new method using the online derivatization system is
simpler than the common method. Therefore, we expect the method to streamiine such work and improve the
work efficiency.

Conclusions

1 Online derivatization of Fatty Acids and Amino Acids was confirmed.  This technique can replace manual

Online Derivatization
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Figure 4. Analytical lon Chromatogram of the Fatty acid mixture samples.

2 The online derivatization method did not produce the
peak position of some amino acids shif
3 The shift of the lysine peak due to online derivatization, improved chromatographic separation.

LN-BIS(TMS)-"type trimethylsilyl group. Therefore,
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