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We explored the use of matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) for iden-
tification of Fusobacterium nucleatum subspecies. MALDI-TOF MS spectra of five F. nucleatum subspecies (animalis, fusiforme,
nucleatum, polymorphum, and vincentii) were analyzed and divided into four distinct clusters, including subsp. animalis, nu-
cleatum, polymorphum, and fusiforme/vincentii. MALDI-TOF MS with the modified SARAMIS database further correctly identi-
fied 28 of 34 F. nucleatum clinical isolates to the subspecies level.

Fusobacterium nucleatum is an opportunistic pathogen, associ-
ated with various forms of periodontal diseases and extraoral

infections, as well as colorectal cancer (1, 2). F. nucleatum is a
highly heterogeneous species and was classified into five subspe-
cies: animalis, nucleatum, polymorphum, vincentii, and fusiforme
(3–5). Recent studies based on phylogenetic analysis of the nucleic
acid sequences of 16S rRNA, rpoB, zinc protease, and 22 other
housekeeping genes suggested that F. nucleatum subsp. fusiforme
and vincentii be classified into a single subspecies, F. nucleatum
subsp. fusiforme/vincentii (4, 5).

Different subspecies may vary in pathogenesis relating to dif-
ferent levels of disease activity (6–8). Fusobacterium nucleatum
subsp. nucleatum is isolated mostly in periodontal diseased sites,
whereas F. nucleatum subsp. fusiforme/vincentii is often isolated
from healthy sites as normal flora (9). F. nucleatum subsp. anima-
lis and polymorphum are associated with pregnancy complications
(7), and F. nucleatum subsp. animalis is also associated with in-
flammatory bowel disease (10). Until now, molecular technolo-
gies have been the most effective and widely accepted tools for
subspecies identification (3, 4, 11). At the subspecies level of F.
nucleatum, the sequence divergences of 16S rRNA genes were only
0.6% to 1.9%, so full-length sequencing of 16S rRNA was desirable
(4).

This study aimed to explore the use of matrix-assisted laser
desorption ionization–time of flight mass spectrometry (MALDI-
TOF MS) for the identification of F. nucleatum at the subspecies
level. A commercially available database was amended using 15 F.
nucleatum isolates comprising the type strains and other well-
characterized clinical isolates of the five subspecies and then tested
for rapid identification of F. nucleatum subspecies.

(This study was presented in part at the 113th General Meeting
of the American Society for Microbiology, Denver, CO, 18 to 21
May 2013.)

Bacterial strains and clinical isolates. Five F. nucleatum type
strains (subsp. animalis ATCC 51191T, subsp. fusiforme ATCC
51190T, subsp. vincentii ATCC 49256T, subsp. polymorphum
ATCC 10953T, and subsp. nucleatum ATCC 25586T) and one ad-
ditional strain of subsp. nucleatum ATCC 23726 were obtained
from the American Type Culture Collection (ATCC; Manassas,

VA). Nine F. nucleatum collection strains (two subsp. animalis,
one subsp. fusiforme, one subsp. vincentii, three subsp. polymor-
phum, and two subsp. nucleatum) were obtained from the Case
Western Reserve University collection by phenotypic and geno-
typic methods as described previously (10). A total of 34 F. nuclea-
tum clinical isolates were collected from Case Western Reserve
University, Memorial Sloan-Kettering Cancer Center, Harvard
University School of Public Health, and bioMérieux, Inc. The iso-
lates were stored in Trypticase soy broth with glycerol at �80°C,
cultivated on Columbia agar (Becton, Dickinson and Company,
Sparks, MD) supplemented with 5% sheep blood, and incubated
at 37°C for 48 h in an anaerobic chamber, as previously described
(10).

Full-length 16S rRNA gene sequencing. Bacterial DNA was
extracted from a pure colony with a Pure Link genomic DNA
minikit (Invitrogen, Carlsbad, CA). The 16S rRNA gene of Fuso-
bacterium strains was amplified by PCR using universal primers
17F (5=-GTT TGA TCC TGG CTC AG-3=) and 1512R (5=-TAC
CTT GTT ACG ACT T-3=), platinum high-fidelity Taq DNA poly-
merase (Invitrogen), and an Applied Biosystems 2720 thermal
cycler (Applied Biosystems, Foster City, CA), as described previ-
ously (10). The PCR products were purified and used for DNA
sequencing at the Genomics Core Facility (Case Western Reserve
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University, Cleveland, OH) using 17F and 1512R and additional
internal primers as described previously (10). The sequences were
assembled and aligned using VectorNTI (Invitrogen), and BLAST
analysis was performed using NCBI GenBank, Human Oral Mi-
crobiome Database, and The Ohio State University core database
for subspecies identification.

MALDI-TOF MS. A small portion of one or more colonies of a
pure culture was directly smeared onto a FlexiMass disposable
target plate (bioMérieux, Marcy l’Etoile, France), immediately
followed by addition of 1 �l alpha-cyano-4-hydroxycinnamic acid
(CHCA; bioMérieux) matrix solution and allowed to air dry at
room temperature. Three independent isolated colonies were de-
posited for each strain. This procedure, including isolate cultiva-
tion, was repeated twice to minimize the effect of variations aris-
ing from the process of sample preparation. Spectrum acquisition
was performed on a Vitek MS mass spectrometer (bioMérieux) as
described previously (12). All spectra were processed by the
LaunchPad v2.8 software with baseline correction, peak filter-
ing, and smoothing yielding peak lists with peak apex m/z
values and corresponding intensities. The peak lists were pro-
cessed by the Spectral Archiving and Microbial Identifica-
tion System (SARAMIS) software package (version 4.0.0.14;
bioMérieux) for identification.

SARAMIS database amendment. The original SARAMIS da-
tabase (version 4.10) contained spectra of only one subspecies
(subsp. nucleatum) and further spectra assigned only to the species
level. The six ATCC strains (representing all five subspecies) and
nine well-characterized clinical isolates were used to amend the
database with F. nucleatum subspecies. For each strain, nine spots
were analyzed (three different spots of three cultivations), and
nine independent spectra were recorded and used to create Super-
Spectra for each subspecies using the SARAMIS software (13). As
a first step, spectra of individual subspecies were imported and
compared by cluster analysis (applying a single linkage agglomer-
ative clustering procedure) and evaluated for consistency. Even-
tual outliers were reevaluated by comparing individual m/z values
and noise distribution in raw spectra and by checking for possible
sample confusion. When concluding that deviation of a spectrum
from the typical pattern was due to a technical error, the spectrum
was removed from the database.

In a next step, spectra of all subspecies were compared by clus-
ter analysis, and taxonomic units were defined for which Super-
Spectra for automated identification could be computed. At this
stage, the low discrimination between the subspecies vincentii and
fusiforme became evident; hence, spectra of both subspecies were
used to compute a combined SuperSpectrum. SuperSpectrum
computing was performed according to the manufacturer’s rec-
ommendations in the SARAMIS manual. As F. nucleatum subsp.
fusiforme and vincentii are classified into one single subspecies (4,
5), the amended database identified isolates of four subspecies:
animalis, fusiforme/vincentii, nucleatum, and polymorphum.

MALDI-TOF MS identification. The 34 F. nucleatum clinical
isolates were analyzed by the Vitek MS system, and subspecies
were determined by the above-mentioned F. nucleatum subspe-
cies amendment of the database. For each isolate, nine replicate
spectra (three different spots of three cultivations) were acquired
and matched against the amended SuperSpectra database.
SARAMIS generated a confidence-based ranked list of significant
matches, with the degree of spectral concordance expressed as
confidence levels. By default, a confidence value of �80% is con-

sidered reliable identification (13). The match with the highest
taxonomic precision is ranked first (top hit); for example, 85%
confidence for species A subspecies B overrides 95% confidence
for species A. Furthermore, any conflicting result with an incon-
sistent entry on any taxonomic rank (genus, species, subspecies) is
highlighted in red to warn the user of a possible mixed-sample
result.

Among the five ATCC type strains representing the five F. nu-
cleatum subspecies, distinct peak patterns were recorded. In a typ-
ical spectrum, 80 to 250 peaks were recorded in the mass range
between 3,000 and 20,000 Da, with the highest-intensity peaks
consistently positioned in the range of 4,000 to 13,000 Da (Fig.
1A). While the overall similarity of the spectra is evident, several mass
peaks allowed the differentiation of subspecies. For example, in the
6,100 to 6,500-Da range, m/z 6,176, 6,294, and 6,405 Da were typical
for subsp. polymorphum; m/z 6,148, 6,309, and 6,347 Da were typ-
ical for subsp. nucleatum; m/z 6,150, 6,260, and 6,348 Da for
subsp. vincentii/fusiforme; and m/z 6,177, 6,268, and 6,349 Da
were typical for subsp. animalis (Fig. 1A). By browsing the
genomic sequences of strains ATCC 51191, ATCC 51190, ATCC
23726, ATCC 25586, ATCC 10953, and ATCC 49526 (EMBL-EBI
databases as of July 2014; http://www.dkfz.de/srs/), the mass dif-
ferences can be correlated to variations in protein sequences for
some peaks: for example, peaks at m/z 6,149 � 1 and 6,176 � 1 can
be tentatively assigned to ribosomal proteins L33. In subspecies
animalis and polymorphum, an arginine is found at position 41,
while a lysine is found in the other subspecies, corresponding to
the encountered mass difference of 27 � 1 Da. Similarly, peaks at
m/z 6,348 � 1 and 6,405 � 1 can tentatively be assigned to ribo-
somal proteins L32, with the N-terminal methionine cleaved. In
subspecies polymorphum, a glutamine at position 39 replaces an
alanine, as found in the other subspecies.

A total of 135 spectra obtained from the 15 reference strains
were retained in the SARAMIS database, representing the five sub-
species. A cluster analysis revealed four distinctive clusters (Fig.
1B), with subspecies fusiforme and vincentii forming a single clus-
ter in accordance with taxonomic studies (4, 5). Although a sepa-
ration of these two subspecies in separate subclusters is suggested,
a high share of background similarity suggested the combination
of both subspecies to subspecies fusiforme/vincentii. For subspe-
cies animalis, the type strain was found to be rather dissimilar to
the two clinical isolates but nevertheless included in a subspecies-
specific cluster. In subsequent analyses, four subspecies were con-
sidered.

A total of 34 clinical isolates were examined in parallel by
16S rRNA gene sequencing and MALDI-TOF MS/SARAMIS.
SARAMIS identification of all isolates yielded confidence val-
ues of �80% for subspecies, and there was no significant dif-
ference among the three independent experiments (data not
shown). Twenty-eight (82.4%) of 34 isolates were identified to
the subspecies level in accordance with sequence-based identi-
fication (Table 1). Among these, 10 belonged to F. nucleatum
subsp. animalis, 8 to F. nucleatum subsp. polymorphum, 5 to F.
nucleatum subsp. nucleatum, and 5 to F. nucleatum subsp. fusi-
forme/vincentii.

Until now, MALDI-TOF MS has had difficulty identifying or-
ganisms in the genus Fusobacterium to the species level (14), albeit
their medical relevance is increasingly recognized (15). For 34
clinical isolates of the validation set, subspecies identification con-
cordant with 16S sequencing was achieved for 28 isolates with the
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amended SARAMIS database. Discordant subspecies identifica-
tion was obtained for 4 isolates, while 2 isolates were identified to
the species level (Table 1), which may be due to limitations in 16S
rRNA sequencing and/or MALDI-TOF technologies. One poten-
tial reason for shortcomings in identification performance may be
the limited number of isolates available for database expansion on
one side and validation on the other side. We are exploring other
genomic and proteomic techniques to further study these discor-
dant results.

Further identification will be more accurate after the SARAMIS
database is expanded with additional F. nucleatum subspecies refer-
ence strains. With that, MALDI-TOF MS can rapidly and auto-

matically identify F. nucleatum to the subspecies level in a few
minutes. As accurate identification of F. nucleatum to the subspe-
cies level may improve knowledge about the pathogenicity, epide-
miology, and clinical relevance, it is predicted that MALDI-TOF
MS can be used in routine practice in clinical microbiology labo-
ratories to identify F. nucleatum at the subspecies level.
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