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Abstract: We present a wiki-based interface for multiple-stage mass spectra with
molecular structures and their physicochemical properties. Spectra for 453 metabo-
lites were measured on QqTOF-MSn and their ion peaks were annotated with consid-
eration of fragmentation patterns, especially bond cleavages. The resulting informa-
tion was classified on wiki pages, where related molecular formulas and their rela-
tionships were likewise accumulated. Each page is rendered with search operation(s)
using formulas as keys, and related information is automatically updated as database
contents increase. Our data management model allows internet beginners to collab-
oratively input and organize information in a multi-user environment. The system,
with links to our MassBank database (http://massbank.jp/), is available at
http://metabolomics.jp/wiki/Index:MassBank.

1 Introduction

Metabolomics has become a standard technology in analyzing natural products [VBNS+07],
and metabolite identification from mass spectra (MS) is a much investigated research topic.
Identification from electrospray-ionization (ESI) spectra has been hampered by practical
problems, however, because metabolites share similar molecular structures and physico-
chemical properties. First, there is no comprehensive database for ESI-MS. Fragmentation
pattern of ESI has been considered machine-type dependent, and few research groups have
attempted to accumulate and provide freely downloadable spectral information [Nat08,
SRL+08, WKG+09]. Second, fragmentation rules have not been well understood com-
pared to what has been accomplished in electron-ionization (EI) MS [McL59]. To over-
come these difficulties, we have designed and implemented a distributed database called
MassBank (http://massbank.jp/) for ESI spectra. Over 10 institutions joined our
consortium and share spectra as well as data management systems. In this short article,
we introduce a recent activity on our wiki-based interface to MassBank. Hereafter, MS
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stands for a deconvoluted set of ion peaks p whose m/z (mass to charge ratio) and scaled
intensity (from 0 to 1000) can be accessed by functions mass(p) and intensity(p), respec-
tively. We use these functions rather informally for elements other than ion peaks when
the context is unambiguous. We also use the word ‘mass’ to refer to m/z hereafter.

2 Data Acquisition

2.1 Statistics of Mass Spectral Data

As of June 2009, twelve laboratories contribute their mass spectra to MassBank (see
http://massbank.jp/en/published.html). The total number of ESI spectra
is > 10, 000 for over 1, 500 molecules with overlap. All records are accessible for free,
and software programs are also available under the GNU General Public License. Be-
cause the overview of the database including supported search methods will be presented
elsewhere, we focus on the analysis of precursor-product ion relationships here.

2.2 Peak Annotation

The current study used spectra of 453 metabolite standards measured on QqTOF-MSn

(Applied Biosystems Japan, Tokyo) at Keio University. Peaks were annotated with con-
sideration of fragmentation patterns, especially bond cleavage. Let us assume that, for a
standard compound M , a set of spectral peaks

{PM |∀p ∈ PM intensity(p) > 5}

is obtained. Our annotation process consisted of the following steps.

1. For each ion peak p ∈ PM , find a molecular formula fp that is a subset of molecular
composition of M and whose mass is within 50 ppm from the mass(p). If not,
remove p from PM .

2. For each remaining p ∈ PM , assign a connected molecular substructure mp of M
that corresponds to fp. If such a structure is not found, then remove p from PM .

3. For each remaining p ∈ PM , find all peaks q ∈ PM such that its structure mq can
be obtained by a single fragmentation step (i.e. cleaving up to 2 bonds) from mp.
Output all pairs (p, q). This step tries to list precursor-product pairs only, not an
arbitrary pair of fragments.

Assignments were manually checked using two commercial software programs: Mass
Frontier (Thermo Fisher Scientific Inc., Waltham MA, USA) and ACD/MS Fragmenter
(Fujitsu Inc., Kawasaki, Japan). Through this process, 1,483 different molecular formulas
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Figure 1: Statistics of Precursor-Product Ions

were identified, among which 5,557 precursor-product ion pairs were assigned. Note that
the vast majority of peaks were left unannotated: we could annotate only 3,925 out of
130,246 peaks (3%, 9 peaks per spectra on average). Among the assigned molecular
formulas, as much as 985 appeared only once. Most frequently appearing ions (and their
frequency in parentheses) were C6H5 (100), C5H5 (80), C3H6N (71), and C4H3 (70),
respectively. Not surprisingly, many ions were unsaturated fragments of C and H only
and the mass of most frequent molecular formulas were under 200. Details of annotation
results will be presented elsewhere (Ojima et al. in preparation).

3 Results and Discussion

3.1 Statistics of ESI Fragmentation

The notable character of annotated ions is the absence of clear correlation between fre-
quency and mass (Figure 1). Usually MS contain more peaks of smaller mass, and such
peaks are not informative for metabolite identification. However, except for some highly
frequent masses (lower right dots in Figure 1), annotated ions showed low frequency and
were distributed almost evenly up to mass 600. This indicates that annotated ions of
smaller mass are equally as informative in structure prediction as those of larger mass.
It must be noted that our annotation process is easier than the identification of metabo-
lites [RSGB09]. Since we know the molecular structure in advance, we only need to
traverse its possible, connected substructures (we did not consider a coupling of isolated
fragments) in steps in Section 2.2. Although the enumeration problem of such substruc-
tures is NP-hard [HRM+08], it is feasible for small metabolites under our strict condition.
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3.2 Similarity Measure using Fragment Ions

The main purpose of annotation is to use it for metabolite identification from spectra
in a future. For a fragment ion p to be used for identification, its frequency freq(p)
should not be high. To identify informative ions, Shannon’s information content H(p) =
− log(freq(p)) was used. Then, the similarity of two molecular structures M1 and M2

was defined as
=

p∈PM1∩PM2
H(p). Note that all ions were equally weighted regardless of

their mass by considering the result of Section 3.1.

3.3 Wiki-based Interface for Spectral Information

The information source of the analyses is essentially molecular formulas of product-pre-
cursor pairs, and all analyses are straightforward. Our novelty is not the analysis contents
but the accessibility of processes and results on MediaWiki pages, i.e. traceability of
research [AS08]. In other words, all operations are performed at the user-level on the
wiki-based system and any user can reproduce, verify, and edit details just like editing a
Wikipedia article.

Fragmentations observed in ESI-MSn are a quite different type of chemical reactions from
those observed in EI-MS; all the ions produced in EI-MS have odd-number electrons (“rad-
ical ions”), whereas those in ESI-MS have even-number electrons. Empirical rules that
have been accumulated for the fragmentations in EI-MS are never applicable to the degra-
dation reactions in ESI-MSn. Only a few empirical rules are known in ESI-MSn [Nak02],
and we need to accumulate more rules on its degradation reactions. To provide a web-
based forum of more chemical discussions among the mass spectral research communities,
we provide a wiki-based platform linked with MassBank. Since the wiki part is used for
annotation and discussion, not for actual spectra, default page contents should be as suc-
cinct as possible. For this reason, our wiki pages contain minimum possible information
for drawing fragmentation scheme.

Let us explain an example at

http://metabolomics.jp/wiki/MassBank:KOX002841.

The page source is the simplest: identified molecular formulas and their precursor-product
relationships only. At the time of page access, the minimum information is processed into
a precursor-product table as its display, and the search for related pages is performed on
demand. This molecule is Glycolate (MassBank ID: KOX00284), and its structural neigh-
bor, Taurocolate (KOX00601), is automatically detected through the similarity of fragment
ions. All results are always up-to-date even if other users add or remove data pages asyn-
chronously. By checking such information, users can add comments and questions on
precursor-product relationships as ordinary texts on wikis. Its advantage is obvious for a

1Currently, related pages are password-protected. To access, please login using the name “MassBank” and
password “GCB2009”.
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collaborative project like our MassBank because page edit is open to all registered con-
tributors.

The difference from conventional approaches such as Semantic Wiki is its simplicity [Ari09,
HBB+09]. Data are plainly organized in a tabular form, and are exempted from site-
specific predicates or manual addition of page links. Users’ task is drastically alleviated
since formatting and linking can be delegated to an embedded Lua programming lan-
guage [Ier06], whose programs are also written inside wiki pages. Its computational power
is restricted by running time and by closed I/O libraries to avoid web vandalism. Using
Lua functionality, pages can be designed to minimize redundancy of data.

4 Conclusion

We implemented spectral annotation of precursor-product relationships on a MediaWiki
based platform. All pages and Lua programs can be managed at the user-level, and this
consequently guarantees traceability of research. Wiki users are also encouraged to leave
references and traces of thinking in the annotation so that fragmentation rules can be
later summarized from input information. A login account can be obtained on request
to massbank@iab.keio.ac.jp.
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