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Combining Flexibility and Ultrahigh Performance
in Mass Spectrometry
Michael L. Easterling Ph.D.
Bruker Daltonics, Inc. Billerica, MA

As a result of the ongoing expansion in the types of
mass spectrometric tools and workflows available to
the scientific community, one of the toughest
challenges which faces the modern user is to properly
outfit themselves with the systems needed to
efficiently answer analytical questions. From
selection of an appropriate sample cleanup mode to
an ionization strategy, to a detection technique, and a
variety of post processing options, the parameter
space for technique selection is seemingly infinite.
The power derived from this flexibility has created a
unique opportunity for expansion in mass
spectrometry to a variety of application areas that
have not been conventionally considered.

Historically, Fourier transform ICR mass
spectrometry has been viewed as an “event horizon”
platform for the early adaptation or development of
many tools used today in conventional mass
spectrometry, to include; electron induced dissociation
techniques, electrospray ionization, top-down MS, and
HDX. Many of these tools developed for the life
sciences either had their genesis in, or were refined
on FTMS platforms. This tradition is carried on today
with the incorporation of MALDI imaging and other
advanced or emerging techniques into FTMS
instrumentation where these technologies can utilize
the unique capabilities and spectral figures-of-merit
found in FTMS to answer questions in a fashion that
compliments other MS strategies. While many types
of mass spectrometers can provide access to
workflows attributed to FTMS, none can leverage the
additional dimension of ultrahigh performance that
makes FTMS the most powerful and flexible tool in the
mass spec arsenal.

This talk will examine how ultrahigh performance can
provide definitive molecular formula determination and
identification for a variety of application focus areas.
Specifically, we will look at high resolving power
(>250,000 FWHM) mass spectrometry applied to a
variety of workflows. In each case, the “extra”
chemical information encoded in the isotopic peaks
serves as a unique signature to the atomic
composition of the target molecule. While
methodologies based on analysis of the geometric
features of unit-resolved isotopic distributions have
become fashionable to overcome the degeneracy
associated with mass based elemental assignment,
they cannot definitively exclude the possibility of
alternative atomic combinations or mixtures.
Measuring the individual atomic contribution to each of
these peaks can uniquely provide complete
confidence formula elucidation, even for complex
mass spectra
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Challenges in Metabolomics and metabolism
studies addressed by UHR-TOF-MS technology
combined with unique software capabilities
Aiko Barsch Ph.D.,
Bruker Daltonics, Bremen, Germany

An MS system’s performance in terms of mass
accuracy, resolution, dynamic range, sensitivity and
MS/MS performance are often pushed to their limits
with complex samples originating from Metabolomics
or drug Metabolism studies. The micrOTOF and
maxXis instrument series provide an unparalleled
combination of the necessary MS performance
features required to analyze these highly complex
samples. When utilized in conjunction with tailored
software solutions, this potent combination perfectly
addresses the needs in Metabolomics and
MetabolitelD for accurate and comprehensive small
molecule analysis.

One crucial advantage of ultra high resolution UHR-
TOF technology is the speed of analysis by coupling
U-HPLC systems without compromising on the
performance in terms of mass accuracy or resolution
even at high acquisition rates. Overall, the sample
throughput is increased addressing the need for
handling of large sample numbers.

Presently, identification of unknown metabolites is
often defined as the major bottleneck in Metabolomics
and likewise represents a daily challenge in drug
metabolism studies. With increasing molecular mass
of a compound, the number of possible molecular
formulae increases exponentially. Even a mass
accuracy of 0.1 ppm is not sufficient for an
unambiguous formula identification for m/z values
above 500. The unique SmartFormula 3D software
tool extends formula generation to higher m/z values
by combining mass accuracy, isotopic pattern, adduct
and neutral loss information from MS and MS/MS data.
An interactive link between SmartFormula 3D results,
mass spectra and molecular structures is provided by
the Fragment Explorer. This integrated tool is based
on well-known ChemDraw™ technology for chemical
structures, and has been especially designed for
faster interpretation of MS/MS data.

Several examples will be presented which highlight
the different aspects and benefits of applying UHR-MS
technology for metabolomics and metabolism studies.
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Hyphenation of NMR, MS and Chromatography.
Manfred Spraul Ph.D.,
Bruker Biospin, Inc. Germany

NMR over the last years has strongly moved into
mixture analysis, this can be either directly by looking
into biofluids, food materials or extracts of any kind.
Such NMR has developed into one of the main 2
technologies for metabolomics analysis, the other
being mass spectrometry.

The strength of NMR is its unmatched reproducibility
and transferability and its high dynamic range under
full quantification. On the other hand MS has very high
sensitivity and advantages when looking into large
molecules in mixtures. Therefore the 2 technologies
integrated for direct mixture analysis produce a lot of
synergy. Therefore an integrated system has been
developed, called the Metabolic Profiler, this system
also contains a liquid handler for sample preparation
and transfer. The system allows to measure NMR and
LC-MS (preferably ultrahigh pressure LC) in a
synchronized mode, this guaranties high quality
results on integrated statistics like the heterostatistical
correlation spectroscopy. Examples are given for
biofludi and food analysis.

Another integrated system, which can be built up by
expanding the Metabolic Profiler is the LC-SPE-
NMR/MS system. In this case the task is to isolate
compounds from a mixture to do structure
confirmation or elucidation using NMR and MS. The
system contains an LC-NMR interface, preferably a
post column solid phase extraction unit. The system
operates in such a way, that the MS (or MS + UV)
information is used to decide on which peaks are
interesting for post-column trapping and subsequent
NMR analysis. With this technology NMR sensitivity
can be boosted substantially, especially when
transferring the trapped content into a small volume
cryogenic probe. In addition multiple trapping allows to
further enhance the NMR sensitivity. All this is
possible under full automation. The system is
introduced and examples are given.
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TOP-DOWN PROTEOMICS, A MULTI-
PLATFORM PRIMER
Michael L. Easterling Ph.D.
Bruker Daltonics, Inc. Billerica, MA

Although the idea of “top-down” processing intact
proteins has been around for a some time, only
recently have software and hardware advances
allowed this thesis to be pursued as a viable workflow.
While there are many differing opinions about the
most efficient way to gather information from top-down
protein work, the most conventional misconception is
that it requires the use of high performance
instrumentation. Indeed, almost any kind of mass
spectrometer capable of interfacing either MALDI or
ESI can be used to generate data from intact proteins.

The challenge for the modern mass spectrometrist is
to determine what kind of “hammer” to apply to the
problem at hand. “Lower end” analyzers such as ion
traps that offer lower resolving power and mass
accuracy have been given new life by recent
advances in the combination of advanced ion
fragmentation techniques such as electron transfer
dissociation (ETD) and increased analytical
performance, and are unquestionably capable of
performing top-down quality control (QC) roles.

Time-of-flight instrumentation coupled with
electrospray ionization (ESI) has recently seen
architectural improvements that allow resolving
powers in excess of 50,000 allowing charge state and,
ergo, mass determination of larger proteins even
under fast chromatographic conditions. MALDI-TOF
has seen recent methodological advances that allow
protein terminal sequencing that rivals standard
Edmund sequencing techniques in terms of sequence
coverage.

Finally, the MS arsenal is completed with Fourier
Transform (FTMS) based instruments which remain
the most flexible and evaluative form of analyzer for
the top-down protein chemists. This discussion will
focus on how each of these platforms play an integral
role in advancing top-down strategies and how each
can be used in an integrated whole protein strategy to
complement bottom-up workflows.
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