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1. Introduction
Metabolomics presents challenges for both the analytical
methods used and the data reduction required to interpret
the results. Metabolomic samples demand analytical
solutions and instrumental methods that will identify the
small molecule metabolite profile completely as well as
discover significant key components of interest.
Comprehensive multi-dimensional gas chromatography
time-of-flight mass spectrometry (GCxGC-TOFMS) has
emerged as an excellent instrumental option for the
characterization of complex metabolite profiles.
This study investigates tissue extraction techniques to
optimize a simple and fast procedure which provides
characterization of the small metabolite profiles between
two different fish species. The experimental research
conducted explores the differences between the
metabolite profiles of N-(t-butyldimethylsilyl)-Nmethyltrifluoroacetamide (MTBSTFA) derivatized muscle
tissue from different fish species analyzed by GCxGCTOFMS. GCxGC-TOFMS provides increased peak capacity
and resolution for the chromatographic separation while
fast TOFMS acquires the mass spectral data density
necessary to characterize complex biological samples. The
combination of TOFMS data and deconvolution
algorithms facilitate trace level analyte detection that
would otherwise be hidden and coeluted with other
compounds in the sample. Two - dimensional
chromatographic plots of biological samples showing
increased peak capacity and structural orientation not
possible in one dimensional chromatography will be
highlighted.
In addition, this research demonstrates a data mining
strategy from GCxGC-TOFMS with results which focus on
locating the metabolite differences between species.
Processed sample data was loaded as separate classes
®
into the Statistical Compare feature of ChromaTOF
software for peak table alignment, statistics generation,
and Fisher Ratio calculations in order to define the
unknown chemical variations between metabolites from
different fish species, (Wild Canadian White Lake Perch,
and Lake Michigan Lake Trout). Results from the statistical
comparison were subsequently exported to a
commercially available peripheral multivariate analysis
software package, Miner3D, whereby analyte differences
between the metabolite profiles of two fish species were
examined.
2. Experimental Conditions
This research was designed to study MTBSTFA derivatized
fish muscle tissue extractions for the small molecule

metabolite profile intended to detect possible chemical
variations between wild Canadian White Lake Perch and
Lake Michigan Lake Trout. A series of 2.5 gram aliquots of
muscle tissue from each species were finely ground and
placed in 20 mL glass scintillation vials. Two drops of
concentrated sulfuric acid were added to each sample to
approximately pH 2. Samples were extracted with 5 mL of
methylene chloride after sonication for 1 hour at 37°C.
The methylene chloride supernatant was siphoned from
the extraction mixture and placed in a new vial. The
supernatant was centrifuged and solids were removed
prior to evaporation under a stream of nitrogen. Before
derivatization the samples were reconstituted in 500 µL of
methylene chloride. Derivatization was carried out with
N-(t-butyldimethylsilyl)-N-methyltrifluoroacetamide
(MTBSTFA). A 200 µL aliquot of extractant was placed in a
2 mL amber glass autosampler vial containing 0.5 mg of
sodium sulfate. To each sample vial 30 uL of pyridine and
100 µL MTBSTFA was added and sealed. The vials were
heated at 60°C for 1 hour. Derivatized samples were then
analyzed by GCxGC-TOFMS on the same day as
prepared.
GCxGC-TOFMS results were generated with a LECO
®
Pegasus 4D time-of-flight mass spectrometer (TOFMS).
The Pegasus 4D GC-TOFMS instrument was equipped
with an Agilent 7890 gas chromatograph featuring a
LECO two stage cryogenic modulator and secondary
oven. LECO ChromaTOF software was used for all
acquisition control, data processing, Statistical Compare,
and Fisher Ratio calculations. A 30 m x 0.25 mm x 0.25 µm
film thickness, Rxi-5ms, (Restek Corp., Bellefonte, PA) GC
capillary column was used as the primary column for the
GCxGC-TOFMS analysis. In the GCxGC configuration a
second column 1.25 m x 0.10 mm id. x 0.10 µm film
thickness, BPX-50, (SGE, Austin, TX) was placed inside the
LECO secondary GC oven after the thermal modulator.
Helium carrier gas flow rate was set to 1.0 mL/min at a
corrected constant flow. The primary column was
o
programmed with an initial temperature of 50 C for 2.0
o
o
minutes and ramped at 6 C/minute to 280 C for 12
minutes. The secondary column temperature program
o
was set to an initial temperature of 55 C for 2.0 minutes
o
o
and then ramped at 6 C/minute to 285 C with a 12
minute hold time. The thermal modulator was set to
o
+20 C relative to the primary oven and a modulation time
of 4.5 seconds was used. The total GCxGC-TOFMS run
time was 53.17 minutes. The MS mass range was 40-750
m/z with an acquisition rate of 150 spectra/second. The ion
o
source chamber was set to 230 C and the detector voltage
was 1800V with an electron energy of -70eV.
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3. Results and Discussion
Results of the metabolite profile study between perch and
lake trout subjects are shown in Figures 1 and 2 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 offers which include increased
peak capacity, improved analyte detectability, and
enhanced resolution. On average over 1900 peaks were
found per sample with a S/N ratio of greater than 200 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.

Creating a Statistical Compare Method
The figures below illustrate several key windows used in
the process of building the Statistical Compare method for
this research. A Statistical Compare method is created in
the database tree as a new method. Classes are then
created in the Class Table and samples are added to the
appropriate class. The Sample Table can be viewed and
checked for accuracy in ChromaTOF. A Compound Table
is generated from the Class and Sample Table. From the
Compound Table, analyte peak alignment is completed
and various statistics calculated for all of the analytes.
After analyte alignment is completed, a Fisher Ratio can
be calculated for each analyte found in the Compound
Table. Data from the Compound Table was then exported
as a .csv file for multivariate analysis in the peripheral
software program Miner3D. Multivariate analysis
including PCA and K-means clustering was calculated for
the top 340 analytes according to their Fisher Ratio values.
The graphical results are shown in Figure 7.

Figure 1. Lake Michigan Lake Trout: Contour Plot Total Ion Chromatogram of
MTBSTFA-derivatized fish extraction showing the small molecule metabolite
profile. Over 1900 peaks were found at a S/N of 200.

Figure 3. The figure above shows the Sample Table of seven Perch and seven
Lake Trout samples data processed from the GCxGC-TOFMS analysis.

The partial Compound Table shown below was generated
by the processed data files from seven perch and seven
lake trout samples which were derivatized with MTBSTFA
and analyzed by GCxGC-TOFMS.
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Figure 2. Wild Canadian White Lake Perch: Contour Plot Total Ion
chromatogram of MTBSTFA-derivatized fish tissue extraction showing the
small molecule metabolite profile. Over 1950 peaks were found with a
S/N of 200.

Data Mining Strategy Using the Statistical Compare Feature
The "Statistical Compare" option available in ChromaTOF
software allows the user to view statistical comparisons as
a data processing step for groups of samples. The groups
of samples are divided into different classes. ChromaTOF
software aligns the data for the specified group of samples
from the data processed peak tables. Upon completion of
peak alignment, statistical information on various peak
properties (such as peak height, peak area, retention
time, etc.) can be viewed in the Compound Table
generated by Statistical Compare. Additionally, "Fisher
Ratios" can be calculated from the Compound Table for
each analyte. The Fisher Ratio is a statistical calculation
that can be used to discover the unknown chemical
differences among known classes of complex samples. In
addition Statistical Compare results can be exported as a
.csv file and applied to third party software programs for
supplemental data reduction such as multivariate
analysis.

Figure 4. A partial Sample Group Compound Table is illustrated above
showing the top 19 compounds with the highest Fisher Ratio values.
These compounds represent the most variation between the lake trout
and perch analytes.

The Fisher Ratio plot shown below illustrates the analytes
of highest variance from the Compound Table developed
in Statistical Compare. The most intense peaks shown in

Multivariate Analysis
Multivariate analysis is based on multivariate statistics,
which involves observation and analysis of more than one
statistical variable at a time. The technique is used to
perform studies across multiple dimensions while taking
into account the effects of all variables on the responses of
interest. This study applied ChromaTOF's Statistical
Compare and Fisher Ratios to a data set of fourteen
samples from Wild Canadian White Lake Perch and Lake
Michigan Lake Trout that determined the analytes with
highest variation across the entire sample population.
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Figure 7. The figure above shows the 2D graph of PCA 1 on the x-axis and PCA 2
on the y-axis, as well as the cluster analysis depicted for 5 different colors
developed in the third party software program Miner3D. The goal for this GCxGCTOFMS analysis was to find metabolites that were unique to either Lake Trout or
Perch species. Ten analytes illustrated inside the green oval were found to be
unique to the Wild Canadian White Lake Perch, while three analytes shown
inside the red oval in the graph above were found to be unique to the Lake
Michigan Lake Trout.

Figure 5. The partial Fisher Ratio plot shown above graphically represents unknown chemical differences between the
Lake Michigan Lake Trout and the Wild Canadian White Lake Perch. The greatest Fisher Ratio value (analyte 1219) is
shown as the highest intensity value in the graph.

Figure 6. Shown above is a partial section of the Microsoft Excel spreadsheet exported as a .csv file from ChromaTOF which
is then imported into a peripheral multivariate analysis software program.
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Results from the Compound Table can be conveniently
exported as a .csv file to be used as an excel spreadsheet in
external data analysis software packages. The partial
spreadsheet shown below represents the analytes with the
highest Fisher Ratios and shows the columns used for the
multivariate analysis conducted for the fish metabolite
study. The columns represent the variables Peak
Compound Name, the Class (perch or lake trout) and the
peak area for each analyte in a sample.

The Statistical Compare results generated a Compound
Table which was exported as a .csv file in Excel format and
applied to the peripheral multivariate analysis platform,
Miner3D. PCA analysis was conducted on the variables of
analyte identification (Compound Name), class, (Perch or
Lake Trout), and analyte (Peak Area). Following PCA
analysis, K-means clustering was applied for five clusters.
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Figure 5 by their Fisher Ratio show the compounds that
exhibit the highest class to class variation. The application
of the Fisher Ratio to the Statistical Compare "Compound
Table" provides a data reduction technique to find
metabolites of interest in a large data set.
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The two-dimensional graph shown in Figure 7 was
developed in the commercially available Miner3D
software. The graph shows clear differences as well as
similarities in the small molecule metabolites found in
both fish species analyzed by GCxGC-TOFMS.
Using Statistical Compare and Fisher Ratios to Find
Unknown Data Patterns
The Statistical Compare feature can be utilized to find
significant differences between analytes of different
classes. The example shown in Figures 8 and 9 illustrates
the use of the Fisher Ratio and the Compound Statistics by
Class Table to find an analyte with dietary benefits for
cardiovascular health. This example shows that
significantly higher concentrations of the essential fatty
acid, Linolenic acid, can be found in the Perch species.

Figure 8. Shows the Compound Statistics by Class table for Linolenic acid(1TMS). The Compound Stats by Class table reveals an unknown pattern
between the different concentrations of Linolenic acid found in perch and
lake trout for this study. The results indicate that the average peak area of
Linolenic acid found in perch is nearly 100 times greater than the average
peak area of Linolenic acid found in lake trout. The statistical inference
implies that Wild Canadian White Lake Perch is a better source of dietary
Linolenic acid than Lake Michigan Lake Trout.

4. Conclusions
This research presents a step by step data mining
approach using Wild Canadian White Lake Perch versus
Lake Michigan Lake Trout GCxGC-TOFMS metabolomics
data to demonstrate the value of the LECO
ChromaTOFStatistical Compare feature. In addition, the
capability to export useful results tables to peripheral
multivariate software providing supplemental data
interpretation was shown. A comprehensive GCxGCTOFMS analysis accompanied by statistical comparison
targeting high variance data through Fisher Ratios along
with multivariate PCA and Clustering analysis was
illustrated. This exploratory research presents an
optimized GCxGC-TOFMS analysis with a data mining
strategy using preliminary statistical methods prior to
multivariate analysis that establishes a viable
experimental approach which identifies significant
metabolite variation between complex biological
samples. The results presented illustrate that significantly
increased analytical performance is achieved by utilizing
GCxGC-TOFMS for the characterization of small molecule
metabolite profiles. Several new ChromaTOF software
features were applied which allow the analyst to find
significant unknown chemical differences among known
classes of complex samples. The new features available in
LECO's ChromaTOF software were used to align a large
set of data and define the highest variance for analytes
between two different fish species. Furthermore, it was
demonstrated that results from Statistical Compare and
Fisher Ratio calculations can be exported quite simply into
multivariate analysis programs whereby PCA and
Clustering analysis can be applied. This research
illustrates the capability of the Statistical Compare
software feature to facilitate data reduction, and define
metabolite variance thereby increasing the overall
experimental results between complex biological sample
classes.
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Figure 9. Shows TMS derivatized Linolenic acid in the Compound Table generated by Statistical Compare. A relatively
large Fisher Ratio was calculated indicating high variation between the lake trout and perch classes. Linolenic acid is
an essential fatty acid which has been assessed for its dietary benefits in cardiovascular health.
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