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MAGGIE: Component 4 - Mass Spectrometry

Research Objectives:

The objectives of MAGGIE include the provision of robust GTL technologies and comprehensive
characterization to elucidate functional relationships and pathways. Toward this goal Component 4 has
generated unique technologies as well as helped identified new biological interactions. The informatics and
analytical technology platforms that we’ve developed as well as the biochemistry that it has been developed
for, are presented below:

Research Progress and Implications:

As of year 4 of 4 year project, the following work has been performed.

Development of bioinformatic Platforms (Anal. Chem. 2006, 2008 & 2010). The success of bioinformatic
platforms is based on their ability to identify, quantify and statistically assess features of interest. XCMS
(XCMS: processing mass spectrometry data for metabolite profiling using nonlinear peak alignment,
matching, and identification, Smith et al. 2006) provides a comprehensive software package for untargeted
metabolomics. Recently, new algorithms for feature detection and alignment were incorporated into XCMS
(Highly sensitive feature detection for high resolution LC/IMS, Tautenhahn et al. 2008). This has also
been developed for meta-analysis in a new program called metaXCMS (Anal. Chem. 2010). Furthermore,
algorithms for peak detection and comparison of FT/ICR spectra were integrated into XCMS. The next step in
data analysis is the structural characterization of metabolites representing these features. To accomplish this,
MS/MS experiments are used to ascertain structural information about the molecule. XCMS? (XCMS2:
processing tandem mass spectrometry data for metabolite identification and structural
characterization, Benton et al. 2008) is an extension of XCMS which facilitates the import, processing and
automatic searching of MS/MS spectra against the METLIN database. Included in this platform is a “similarity
search” functionality that analyzes MS/MS patterns for structural classification of unknown molecules. Current
developments focus on the structural elucidation of unknown metabolites. A graphical user interface was
developed, that allows for an easy and intuitive search in the METLIN database, using the combined
information from MS/MS fragments, neutral losses, and the exact mass.

Novel multiprotein and metal protein complexes identified in the hyperthermophilic archaeon
Pyrococcus furiosus by non-denaturing fractionation of the native proteome (Nature 2010, BMC
Systems Biology 2010, BMC Bioinformatics 2011, Mol. Cell. Proteomics 2009). In this collaborative work
with Component 1, a high throughput nano- LC-ESI-MS/MS platform developed by Component 4 was used to
identify 106 potential heteromeric protein complexes containing 243 individual proteins as well as metal
containing proteins. We attempted to directly determine the identity of PCs from native microbial biomass
using Pyrococcus furiosus, a hyperthermophilic archaeon that grows optimally at 100 degrees C, as the
model organism. Novel PCs were purified by large scale fractionation of the native proteome using
non-denaturing, sequential column chromatography under anaerobic, reducing conditions.

Identification of a New Endogenous Metabolite and Characterization of Metabolite-Protein Interactions
(J. Am. Chem Soc. 2009). The emerging field of global mass-based metabolomics provides a platform for
discovering unknown metabolites and their specific biochemical pathways. We report the identification of a
new endogenous metabolite, N(4)-(N-acetylaminopropyl)spermidine and the use of a novel proteomics based



method for the investigation of its protein interaction using metabolite immobilization on agarose beads. The
metabolite was isolated from the organism Pyrococcus furiosus, and structurally characterized through an
iterative process of synthesizing candidate molecules and comparative analysis using accurate mass
LC-MS/MS. The biochemical role of the novel metabolite as well as that of two other polyamines: spermidine
and agmatine is investigated through metabolite immobilization and incubation with native proteins. The
identification of eleven proteins that uniquely bind with N(4)-(N-acetylaminopropyl)spermidine, provides
information on the role of this novel metabolite in the native organism. The immobilization approach
demonstrated here has the potential for application to other newly discovered endogenous metabolites found
through untargeted metabolomics, as a preliminary screen for generating a list of proteins that could be
further investigated for specific activity.

Phosphonium labeling for increasing metabolomic coverage of neutral lipids using electrospray
ionization mass spectrometry (Rapid Commun Mass Spectrom. 2009). Mass spectrometry has become
an indispensable tool for the global study of metabolites (metabolomics), primarily using electrospray
ionization mass spectrometry (ESI-MS). However, many important classes of molecules such as neutral lipids
do not ionize well by ESI and go undetected. Chemical derivatization of metabolites can enhance ionization
for increased sensitivity and metabolomic coverage. Here we describe the use of
tris(2,4,6,-trimethoxyphenyl)phosphonium acetic acid (TMPP-AA) to improve liquid chromatography
(LC)/ESI-MS detection of hydroxylated metabolites (i.e. lipids) from serum extracts. Cholesterol which is not
normally detected from serum using ESI is observed with attomole sensitivity. This approach was applied to
identify four endogenous lipids (hexadecanoyl-sn-glycerol, dihydrotachysterol, octadecanol, and
alpha-tocopherol) from human serum. Overall, this approach extends the types of metabolites which can be
detected using standard ESI-MS instrumentation and demonstrates the potential for targeted metabolomics
analysis.

Mass Spectrometry Technology (Nature 2007, PNAS 2008, and Nature Prot. 2008, Anal. Chem. 2010 &
2011). The interest in leveraging mass spectrometry for studying enzyme activities in complex biological
samples derives from its high sensitivity and specificity. However, signal suppression and significant sample
preparation limits its overall utility. We introduced Nanostructure-Initiator Mass Spectrometry (NIMS) as a new
approach for mass spectrometry analysis. And have since developed Nanostructure-Initiator Mass
Spectrometry enzymatic (Nimzyme) assay which uses the fluorous liquid-coated surface of
Nanostructure-Initiator Mass Spectrometry (NIMS) to noncovalently attach enzyme substrates through
fluorous tags. This ‘soft’ immobilization allows efficient desorption/ionization while also enabling the use of
surface washing steps to reducing signal suppression from complex biological samples as a result of the
preferential retention of the tagged products and reactants.

Comprehensive lonization (Analytical Chemistry 2008 and Spectroscopy 2008). Separate LC-MS
analyses in positive and negative ionization mode were performed on methanol extracts using, ESI, APCI and
multimode (MM) which is simultaneous ESI and APCI ionization. The fundamental observation that was
obtained for each of the investigated ionization methods was that >90% of the ions detected in a particular
polarity mode were found unique to that particular polarity when compared to the opposite polarity of the
same ionization method. As the entire dataset was evaluated, three categories of ions emerged. (1) lons with
corresponding ions detected in opposite polarity. (2) lon-features for which different in-source fragmentation
cannot be excluded, and hence, potentially only unique in a molecular ion sense. (3) lon-features that are
truly unique to a particular polarity.

Correlating the Transcriptome, Proteome and Metabolome (J. Proteome Research 2008) Here we
present a comprehensive platform for the transcriptomic, proteomic and metabolite profiling using gene array
measurements and mass spectrometry that not only allows the identification of a novel metabolite
N*-acetylthermospermine, but also the characterization of transcript, protein and metabolite level changes.
Finally, our novel metabolite immobilization and proteomics approach demonstrated here with P. furiosus,
allowed us to discover protein candidates that may play a part in the regulation of identified endogenous
metabolites and have a specific interaction with metabolites of interest. The combination of these
technologies have been used to monitor global molecular changes in response to environment stress, and for
mapping networks that define connectivity in function between gene expression, proteins and metabolites for
the model organism, Pyrococcus furious.



Providing Proteomics Support to Components 1, 2 and 3

High throughput proteomics methods using robotics and nano-LC-MS/MS have been developed to facilitate
automated analysis of MAGGIE proteomic samples provided by the above components. These methods have
been used to identify protein complexes in over 9300 samples to date.
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