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m/z Cloud - A New Type of Mass Spectral Library for the Identification of Unknowns

even if the Unknown Compound is not Present in the Library
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Introduction

Analysis of numerous small molecules and structural assignments of individual
metabolic components is a major bottleneck in various areas of metabolomics.
In mass spectrometry widely used library search systems are designed to iden-
tify compounds represented in the reference library. If the unknown compound
is not represented in the library, the compound cannot be identified by this
method. Here we present a new type of mass spectral library providing the
functionality required for elucidation of unknowns even if compounds are not
present in the library.

Precursor lon Fingerprinting

A few years ago, Precursor lon Fingerprinting (PIF) was developed (Figure 1.).
This innovative approach identifies substructural information through the
comparison of product ion spectra of structurally related compounds. Struc-
tural information is derived by utilizing previously characterized ion structures
stored in reference libraries of tandem mass spectral data and matching them
with unknown product ion spectra. PIF is a very powerful technique that heav-
ily depends upon libraries containing spectra of precursor ions of various
chemical classes acquired at various experimental conditions. Here we present
a new type of spectral library providing the functionality required for elucida-
tion of unknowns even if compounds are not present in the library.

m/z Cloud Consortium

For the purpose of library creation, precursor ions (isolated, activated, and dis-
sociated ions) can be selected using various criteria; however, the more prod-
uct ion spectra that are generated, the more comprehensive a library can be
built. Spectra and associated experimental data are organized into a logical
structure called spectral ion trees (Figure 2.), where branches represent precur-
sor ions and nodes the corresponding product ion spectra. The library is imple-
mented in a relational database that will be accessible through a public domain
web site of an emerging consortium named “m/z Cloud”. Since the consortium
is predominantly oriented towards high-resolution, accurate mass spectra, the
database design, spectral management, and library search algorithms require a
completely new architecture compared to traditional spectral databases
(Figure 3).

Public Domain Web Server Clients

www.mzcloud.org

ESI (+), LTQ Orbitrap
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Quasi-equilibrium theory: The probabilities of the various possible decomposition products of an
ion depend upon its structure, internal energy, and the energy depos-
ited during ion activation, but are independent of the structure of the
precursor ion and the formation mechanism of the ion undergoing
decomposition.
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Novel Spectral Database

Even if the acquisition process follows a standardized experimental protocol,
reproducible product ion spectra are difficult to achieve since the probabilities
of various possible ion decomposition products depend on its internal energy
that can differ for identical ions if derived from different parent compounds.
Since the standardized criteria cannot be met completely, several product ion
spectra for the same precursor ion should be acquired using various experi-
mental conditions (collision energies, isolation widths, etc.) to compensate for
possible differences between reference and investigated spectra. Various
mathematical methods have been developed to harness the spectral dissimi-
larities to allow correct identification of fragment structures. The idea of this
project is to create a library of comprehensive spectral ion trees based on
structurally characterized product ion spectra to enable the identification of
substructures in unknowns (Figure 4.). Each structurally characterized product
ion spectrum will contain the precursor ion m/z value, a list of product ion m/z
values with mass accuracies, corresponding absolute and relative intensities,
ion polarity, charge state, the structure of the precursor ion, and the structure
of the parent molecule.

For the assignment of fragment structures to a precursor ion in the process of
creating structurally characterized product ion spectra, it is extremely benefi-
cial to have high-resolution spectra since the accurate m/z values of precursor
and product ions greatly reduce the number of possible molecular formulas for
fragment structures. Also, the determination of the structural arrangement for
the elucidated molecule benefits from exact mass measurements by constrain-
ing the elemental composition of the elucidated molecule and consistently
validating the calculated mass of recognized fragment structures and accurate
m/z values of precursor and product ions.
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