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INTRODUCTION

EXPERIMENTAL

GCxGC-TOFMS

Small molecule metabolite analysis presents challenges that
historically have relied heavily upon standard quadrupole
GC/MS utilizing targeted methods of selected ion monitoring
and tandem GC/MS/MS mass spectrometric techniques.
The complex nature of metabolomic samples demand
analytical solutions and instrumental methods that will
identify the small molecule metabolomic profile completely,
as well as discover significant key components of interest.
Comprehensive two-dimensional gas chromatography
(GCxGC) expands the peak capacity of the chromatographic
separation, thereby increasing resolution and analyte
characterization necessary for complex biological samples.
Two orthogonal separation phases (such as nonpolar and
polar) are utilized to maximize separation capacity in a single
analysis. The high data density and narrow peak widths
inherent to GCxGC analysis requires a detection system able
to characterize the peak shape and small molecule
metabolite identification. Time-of-flight mass spectrometry
(TOFMS) offers continuous full range non-skewed mass
spectral information and fast acquisition rates ideal for
metabolomic identifications. The combination of TOFMS
data and Deconvolution algorithms facilitates trace level
analyte detection that would otherwise be hidden and
coeluted with other compounds in the sample.
This presentation will show metabolomic data that illustrates
the benefits of multi-dimensional chromatography coupled
with time-of-flight mass spectrometry. Two-dimensional
chromatographic plots of biological samples showing
increased peak capacity and structural orientation not
possible in one-dimensional chromatography will be
highlighted. The metabolomic sample data presented will
show increased analyte detectability as a result of cryofocusing in the GCxGC process. In addition, classifications
for specific chemical functional groups can be utilized as a
user-defined data mining method to aid in data reduction
and increase overall experimental results. Sample groups
representing normal and disease state will also be discussed.

OBJECTIVES
This research study conducted on diabetic and non-diabetic
subjects will demonstrate the capabilities of twodimensional chromatography combined with time-of-flight
mass spectrometry to identify the metabolomic profile and
show significant sample group differences by calculating
Fisher Ratios in trimethylsilyl (TMS) derivatized urine samples
for normal and diseased state individuals.
Demonstrate the increased detectability of
GCxGC-TOFMS analysis to identify the small metabolite
profile in complex biological matrices.
Show the benefit of time-of-flight mass spectrometry to
acquire the data density needed to detect trace level
analytes that would otherwise be buried by coeluting
compounds.

LECO PEGASUS® 4D GCxGC-TOFMS

Time-of-flight mass spectrometry begins as GC separated
molecules enter the ion source chamber. Electron impact
ionization takes place in the source chamber by an applied
electron beam of -70eV. Once a molecule is ionized it may
undergo fragmentation due to excessive internal energy
acquired during ionization. Positive fragment ions are
pushed electrically at 5000 pulses per second (5kHz) and
simultaneously accelerated from the ion source by electrical
potential differences between the push pulse electrode and
accelerating grid electrode. Accelerated ions leave the
source and enter the drift region with essentially the same
kinetic energy (KE). Mass analysis by TOFMS is measured by
the travel time from the source to the detector of an ion with a
specific mass to charge (m/z) ratio. The travel time of an ion is
proportional to m/z1/2. In other words, the heavier the ion, the
longer its time-of-flight. Accelerated ions travel through
optics, steering, and focusing plates to a reflectron or ion
mirror. The reflectron improves resolution by compensating
for small differences in the time of flight and spread of energy
in ions with the same m/z ratios. Ions continue to travel in an
optimal vacuum of approximately 10-6 Torr to the detector.
The detector type is a microchannel plate (MCP) that
amplifies the ion signal by the cascading effect of electronion emissions. Two significant advantages of time-of-flight
mass spectrometry are simultaneous sampling of all ions for
each mass spectrum and fast acquisition rates up to 500
spectra/second.
Heated Transfer Line
Vial with Calibration Compound
Push Pulse Plate
Electron Focusing
Optics
Ion Source Chamber

2nd
dimension
column

Electron
Beam

Gas
Chromatograph

Sampling Inlet

Secondary
Oven

Capillary
Column

Ion Focusing
Optics

Z Steering and
Deflection Plates

Main
Oven
Thermal Modulator
Signal
Out

st

1 dimension column

Show analyte deconvolution applied to the diabetes study
GCxGC-TOFMS analysis.

Einzel Lens
Y Steering
Plates
Turbomolecular
Pump

Main Analysis
Chamber
0.1-1µ Torr
Reflectron

Instrument control/data
processing computer

462

383

146

14000
12000
10000
8000
6000

286

126
212
195

4000
2000

Figure 1. Normal control subject Non-diabetic: Contour Plot Total Ion Chromatogram of
TMS-derivatized urine sample showing the small molecule metabolite profile.
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Figure 4. The Fisher Ratio plot shown above graphically represents unknown chemical
differences between the normal control non-diabetic sample group and the Type I diabetic
diseased state sample group.

Table 3. A partial Compound Table is illustrated above showing the top 25 compounds with the highest
Fisher Ratio values. These compounds represent the most variation between the diabetic and nondiabetic sample group.

GCxGC-TOFMS Analysis Parameters
Gas Chromatograph: Agilent 7890 equipped with a LECO
two-stage cryogenic modulator and secondary oven
Primary Column: 30 m x 0.25 mm id. x 0.25 µm film
thickness Rtx-5ms (Restek Corp., Bellefonte, PA)
Secondary Column: 1.5 m x 0.18 mm id. x 0.20 µm film
thickness Rtx-200 (Restek Corp., Bellefonte, PA)
Carrier Gas: Helium set @ 1.5 mL/min.
Injection Mode: Splitless Injection Volume: 3 µL
Inlet Temperature: 260°C
Primary Column Temperature Program: Initial temperature
set @ 40°C for 1 min. ramped @ 6°C/min. to 290°C; final
hold time 10 minutes
Secondary Column Temperature Program: Initial
temperature set @ 50°C for 1 min. ramped @ 6°C/min. to
300°C; final hold time 10 minutes
Total Run Time: 52.67 minutes

Table 1. A Compound Statistics table is generated in the Statistical Compare feature of
ChromaTOF software. The example above shows that Peak 390 was found in the Type I
diabetic Class 1 and not found in the Normal Control Class 2.
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Figure 2. Diseased state subject Type I diabetic: Contour Plot Total Ion Chromatogram of
TMS-derivatized urine sample showing the small molecule metabolite profile.
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GCxGC parameters
Column Temperature Offset: 10°C
Modulator Temperature Offset: 25°C
Modulation Period: 5 s Hot Pulse Time: 0.08 s
Cool Time Between Stages: 1.7 s
Mass Spectrometer: LECO Pegasus 4D
Acquisition Delay: 250s
Mass Range: 45 - 800µ
Acquisition rate: 200 spectra/s
Ion source temperature: 230 °C
Detector Voltage: 1750 V
Electron Energy: -70 eV

Statistical Compare generated useful statistical information from the GCxGC-TOFMS
research study conducted between non-diabetic and diabetic subjects. The Fisher Plot
shown in Figure 4 shows that variation and chemical differences between sample
groups can be quickly identified. The compound table (Table 3) and the Compound
Statistics Table (Table 1) provide insightful information into the chemical nature and
metabolite profile between disease state and non-disease state individuals.

CONCLUSIONS

Figure 5. Contour plot showing 5 peak
markers over what appears to be 2
resolved peaks.
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Sample Extraction Procedure
• 10 mL aliquots were acidified to pH2 with conc. H2SO4
• 6 samples from each subject were extracted with
2 mL methylene chloride
• Approximately 2 mg of sodium sulfate was added to
each extract
BSTFA Derivatization Procedure
• 200 µL extract was placed in a 2 mL amber glass
autosampler vial containing 0.5 mg of sodium sulfate
• 30 µL of pyridine was added the vial
• 100 µL of BSTFA was placed in the vial
• Samples were heated at 60°C for 1 hour
• Derivatized samples were then analyzed by GCxGCTOFMS on the same day as prepared

STATISTICAL COMPARE/FISHER RATIO CALCULATION
The Statistical Compare option feature in the ChromaTOF software allows the user the ability to view statistical comparisons from groups of samples. This software feature aligns the data for the
groups of samples specified in Statistical Compare. For example, by aligning data between different peak tables, the software can match peaks from the sample groups based on criteria such as
peak area and relative standard deviation. Statistical comparisons can then be calculated using the software to facilitate comparisons among sample groups. Fisher Ratios can be calculated by the
ChromaTOF software. The Fisher Ratio method uses an indexing scheme to discover the unknown chemical differences among known classes of complex samples.

Sample Preparation
• 4 Urine samples
- 2 Non-diabetic control subjects
- 1 Type I diabetic
- 1 Type II diabetic

Detector

Illustrate the Fisher Ratio calculation between diabetic
and non-diabetic sample groups as a data mining tool.

GCxGC-TOFMS RESULTS

Figure 3. Diseased state subject Type II diabetic: Contour Plot Total Ion Chromatogram of
TMS-derivatized urine sample showing the small molecule metabolite profile.

Results of the Diabetic Profile study between diabetic and non-diabetic subjects are shown in
the figures above by the total ion chromatograms depicted as contour plots. These
chromatographic examples visually illustrate peak differences between sample types as well
as highlight the benefits GCxGC-TOFMS offer which include increased peak capacity,
improved analyte detectability, and enhanced resolution. On average over 1000 peaks were
found per sample with a signal-to-noise ratio of 100 for this study. The red cross hatched area
in each contour plot is an unprocessed region developed in the Classifications feature of
ChromaTOF® software which eliminates unwanted background peaks.
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Figure 7. Extracted ion chromatogram of
the unique masses for each of the
5 analytes found.

Figure 6. Surface plot showing second dimension
separation of 5 compounds.
Peak # Name
899 Lycopene
900 Azelaic acid, bis(TMS) ester
901 1,4-Benzenedicarboxylic acid, bis(TMS) ester
902 Benzene, (1-isocyanato-2-propenyl)903 Bicyclo[5.3.0]decan-2-one,
-9-(1-phenyl-1TMS-methylene)Table 2. Peaks 899–903 with library matched
identifications.

The figures above illustrate the ability of two-dimensional chromatography to separate
compounds that would otherwise be coeluted in the first dimension. Figure 6 shows the
unique masses for the 5 analytes demonstrating the ability of time-of-flight mass
spectrometry and deconvolution algorithms to identify closely eluting components.

The experimentation conducted demonstrates that comprehensive two-dimensional
gas chromatography combined with time-of-flight mass spectrometry (GCxGC-TOFMS)
is an ideal instrument for identification of the small molecule metabolite profile in
complex biological samples. GCxGC-TOFMS analysis was conducted on 6 sample
replicates each from 2 non-diabetic normal control subjects and 2 diabetic diseased
subjects. The contour plots represented by Figures 1 through 3 show the increased peak
capacity, enhanced resolution, and improved peak detectability that comprehensive
GCxGC offers. An average of over 1000 peaks were found per sample with a signal-tonoise ratio of 100. Benefits of time of flight mass spectrometry (TOFMS) are highlighted
in Figures 5 through 7 by the deconvolution example of 5 analytes in less than
200 milliseconds. The Statistical Compare feature of the ChromaTOF software was
executed between the normal and diseased state sample data. Fisher Ratios were
calculated for the diseased and non-disease state sample groups. The Fisher Plot shows
that distinct chemical differences and potential key components can be observed quickly
utilizing this feature as a statistical model to aid in the data mining process as well as
provide efficient and accurate information that will completely characterize the
metabolite profile.
This research study confirms that GCXGC-TOFMS analysis is an excellent tool for the
characterization of the small molecule metabolite profile. The Statistical Compare and
Fisher Ratio features allow the analyst to efficiently mine the data for key chemical
differences and metabolites that will aid in the search for disease biomarkers.

For further information regarding the results obtained in this study, please contact the
authors at john_heim@leco.com.

