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Overview

The mass range typically scanned in LC-MS-based
metabolomics measurements (100 — 1,000 m/z) leads to
a large number of detected features that include both real
analytes and chemical noise. While the contribution of
chemical noise can be reduced through the use of
intensity thresholding or application of matched
filtration'2 during feature identification, an unknown
number of chemical noise features are often included in
downstream data processing and analysis. Higher
confidence can be placed in metabolomic data if the
identified features are observed in multiple replicates of
the same sample. Therefore, a modified accurate mass
and time (AMT) tag approach?® was used to catalogue
those metabolomic features reproducibly observed in
human plasma and serum samples, which were
subsequently used in comparative analyses of control
and disease samples.
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Introduction

A comparative study using capillary LC-FTICR was
performed to both assess the effect of fasting and non-
fasting on metabolomic profiles of plasma and serum and
to develop a feature database for future comparative
analyses. Samples collected from the same ten
individuals were pooled accordingly to create the
following four uniform samples:

« fasting serum
« non-fasting serum
« fasting plasma
« non-fasting plasma

Subsequently, ten healthy and ten newly diagnosed type
1 diabetic patient samples from the Diabetes
Autoantibody Standardization Program (DASP) were
analyzed by capillary LC-FTICR to identify potential novel
biomarkers of type 1 diabetes mellitus.

Methods

« Samples prepared in triplicate by chloroform/methanol
extraction

« Aqueous fractions analyzed by reversed-phase
capillary LC-FTICR

« Raw data deconvoluted and clustered into mass, time,
and intensity features

« Resulting datasets aligned by either manual method or
automated approach

Manual alignment was accomplished using a two-step
iterative process:

« Initial alignment of common features using wide LC
normalized elution time (NET) window (+ 0.075 NET)
and mass window representative of instrument mass
measurement accuracy (+ 3 ppm) to produce composite
reference dataset

« Re-alignment of original datasets to reference dataset,
which allowed use of tighter LC NET window (+ 0.02
NET) during second comparative iteration.

« Automated alignment accomplished using MultiAlign
software (developed in house), which employs
MSWARP* algorithm

« After alignment of different datasets (+ 3 ppm and
+0.02 NET), a master list of common features is
generated.
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ner

M5 Scan

The retention times of all datasets were transformed to a
common scale by correlating elution time subsections of
different datasets to each other and finding the transformation
function of elution time that allows the best overlap of
continuous subsections from different datasets.

« Metabolomic feature databases populated with
monoisotopic masses and LC NETSs for features reported
in both manual alignment and automated dataset
alignment outputs

« Comparative datasets from individual control and type 1
diabetic patient samples were then matched against the
feature database using VIPERS.

Results

Aligned Datasets

Normalized Datasets

Table 1.

Manual Automated
method method

# Features available for alignment (n =12) | 3,334+ 244 | 3,334+244

# Database entries 1,973 2,216
# Features from control/patient datasets
matching database (n = 52) 264498 410£135
C i of built from manually

aligned datasets versus those datasets aligned using the MultiAlign
software. The automated method reproducibly aligned a larger fraction of
the data.
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Alignment of fasting serum (FS), fasting plasma (FP), non-fasting serum
(NFS), and non-fasting plasma (NFP) datasets using MultiAlign. Those
features reproducibly observed in 3 of 3 replicates were added to the
metabolomic plasma/serum database.
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Intensity normalization of those datasets shown in Figure 3. Typical CVs
for those features observed in 3 of 3 replicates were 25-35%.
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Mass error histograms for datasets constructed using the manual

method (left) versus the database constructed using MultiAlign (right).

The use of MultiAlign did not affect the quality of the data but resulted

in a larger database available for matching to individual datasets.
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Principle Component 1
PCA scores plot showing segregation of control samples from type
1 diabetic samples. Only those features that were observed in all
10 control and/or all 10 patient datasets were used for the PCA.
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Corresponding PCA loads plot for the data shown in Figure 7.
Eight features were found to be outliers in the loads plot.
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Conclusions

* MultiAlign provides more effective and efficient
alignment of datasets from multiple LC-MS experiments
compared to manual methods

* Type 1 diabetic plasma samples were significantly
segregated from healthy control samples based on
metabolomic fingerprint

« Significant difference in phospholipid profiles were
observed between control and type 1 diabetic samples
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Metabolomic features were tentatively identified based on accurate mass
measurements, isotopic distribution (see Figure 9), targeted MS/MS

and/or ison to authentic

Figure 9.
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Comparison of theoretical isotopic distributions (blue) to observed isotopic
distributions (green) for select features tentatively identified in LC-FTICR
analyses of human plasma.
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