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A Gram-negative, rod-shaped and motile bacterial isolate, designated strain NS9', isolated from
air of the Sainsbury Centre for Visual Arts in Norwich, UK, was subjected to a polyphasic
taxonomic study including phylogenetic analyses based on partial 16S rRNA, gyrB and lepA gene
sequences and phenotypic characterization. The 16S rRNA gene sequence of NS9T identified
Massilia haematophila CCUG 38318", M. niastensis 5516S-1T (both 97.7 % similarity), M.
aerilata 5516S-117 (97.4 %) and M. tieshanensis TS3" (97.4 %) as the next closest relatives. In
partial gyrB and lepA sequences, NS9 shared the highest similarities with M. haematophila
CCUG 38318" (94.5%) and M. aerilata 5516-11" (94.3 %), respectively. These sequence data
demonstrate the affiliation of NS9' to the genus Massilia. The detection of the predominant
ubiquinone Q-8, a polar lipid profile consisting of the major compounds diphosphatidylglycerol,
phosphatidylethanolamine and phosphatidylglycerol and a polyamine pattern containing 2-
hydroxyputrescine and putrescine were in agreement with the assignment of strain NS9 to the
genus Massilia. Major fatty acids were summed feature 3 (C4.1w7¢ and/or iso-Cy5.o 2-OH),
Ci6:0) Cis:1w7c and Cyo.0 3-OH. Dissimilarities in partial /lepA and gyrB gene sequences as
well as results from DNA-DNA hybridizations demonstrate that strain NS9' is a representative of
an as-yet undescribed species of the genus Massilia that is also distinguished from its close
relatives based on physiological and biochemical traits. Hence, we describe a novel species, for
which we propose the name Massilia norwichensis sp. nov., with the type strain NS9' (=CCUG
65457 =LMG 28164").

The genus Massilia La Scola et al. 2000 belongs to
the betaproteobacterial family Oxalobacteraceae, together
with the closely related genera Telluria, Pseudoduganella,
Duganella and Janthinobacterium (Kdampfer et al, 2011;
Wang et al., 2012; Kong et al, 2013). The genus was
described on the basis of a single clinical isolate from the
blood of a 25-year-old immunocompromised patient
with meningoencephalitis, which was assigned to the type

Abbreviation: DDH, DNA-DNA hybridization.

The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene
sequence of NSQ' is HG798294. Sequences of gyrB and lepA of NSQ'
and reference strains are deposited under accession numbers
HG798295-HG798311, KF780159, KF780161, KF780163 and
KF780165 (gyrB) and HG798312-HG798328, KF780160,
KF780162, KF780164 and KF780166 (lepA).

Two supplementary figures are available with the online Supplementary
Material.

species Massilia timonae (La Scola et al., 1998). Since then,
22 additional species have been described: Massilia aerilata
(Weon et al., 2008), M. albidiflava (Zhang et al., 2006), M.
alkalitolerans (Kampfer et al, 2011), M. aurea (Gallego
et al., 2006), M. brevitalea (Zul et al., 2008), M. consociata
(Kampfer et al., 2011), M. dura (Zhang et al., 2006), M.
flava (Wang et al., 2012), M. haematophila (Kampfer et al.,
2011), M. jejuensis (Weon et al., 2010), M. lurida (Luo et al.,
2013), M. lutea (Zhang et al., 2006), M. namucuonensis
(Kong et al., 2013), M. niabensis (Weon et al., 2009), M.
niastensis (Weon et al., 2009), M. oculi (Kimpfer et al.,
2012), M. plicata (Zhang et al., 2006), M. suwonensis
(Kdampfer et al., 2011), M. tieshanensis (Du et al., 2012), M.
umbonata (Rodriguez-Diaz et al., 2014), M. varians
(Kampfer et al., 2011) and M. yuzhufengensis (Shen et al.,
2013). These species were isolated from clinical and
environmental specimens eye, blood, soil, air, water and
ice. According to the genus description (La Scola et al.,
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1998; Kampfer et al., 2011), members of the genus Massilia
are characterized as Gram-negative, aerobic, non-spore-
forming, motile rods. The major isoprenoid quinone is Q-
8. The polar lipid profile contains predominantly dipho-
sphatidylglycerol, phosphatidylethanolamine and phos-
phatidylglycerol. The DNA G+ C content ranges from 62.4
to 68.9 mol%.

Strain NS9" was isolated in summer 1997 from the air of the
Sainsbury Centre for Visual Arts in Norwich, UK. The
present investigation was designed to establish the taxo-
nomic position of this isolate. Strain NS9" was routinely
grown on PYE agar (0.3 % yeast extract, 0.3 % peptone from
casein, 1.5 % agar, pH 7.2) or the corresponding broth and
1/10 PYE agar at 28 °C. Colony morphology of strain NS9*
was studied using cells grown on PYE agar for 3 days at
28 °C. Gram-staining was carried out with cells grown for 2
and 7 days at 28 °C on PYE agar according to Gerhardt et al.
(1994) and was observed under a Leitz Dialux 20 micro-
scope at x 1000 magnification. In all samples, the cells
stained Gram-negative and were rod-shaped. Growth was
tested on MacConkey II agar (BD Biosciences), Columbia III
agar supplemented with 5% sheep blood and PYE agar
supplemented with 4 % NaCl (w/v) at 28 °C. NS9" did not
grow on MacConkey agar or on PYE agar supplemented
with 4 % NaCl, but grew well on blood agar without haemo-
lysis. After growth on SIM soft agar (Merck) for 8 days, no
H,S or indole production was detected and there were no
signs of motility. In order to avoid any influence of the
medium, testing for motility was repeated in 1/10 PYE and
PYE soft agar tubes (0.3%; w/v) according to the test
conditions applied in the SIM test. After 5 days of cultiva-
tion in 1/10 PYE soft agar, strain NS9T showed diffuse
growth surrounding the stab channel in a narrow area
approximately 1-5 mm below the surface, indicating
motility under microaerobic conditions. In the correspond-
ing test in PYE soft agar tubes, strain NS9" grew only on the
surface. A colony of strain NS9' that had been grown on
PYE agar for 1 week at 28 °C did not show oxidase activity
in the BBL DrySlide oxidase test (BD Biosciences). This trait
is in line with the emended description of the genus, which
lists this trait as variable between species of the genus
(Kampfer et al, 2011). The test for the presence of catalase
activity was positive, as demonstrated by the production of
bubbles when cells were suspended in 3 % (v/v) H,0,.

Detailed physiological characterization of strain NS9' in
comparison with the type strains of the closest related species
of Massilia was performed using the 96-well physiological
and biochemical test panel described by Kiampfer (1990)
and Kimpfer et al. (1991). The detailed carbon substrate
assimilation pattern of strain NS9” is listed in the species
description. Differentiating characteristics from type strains
of other species of the genus Massilia are given in Table 1.

The phylogenetic position of strain NS9" was studied by
analyses of partial 16S rRNA, lepA and gyrB gene sequences.
Genomic DNA was extracted from a loop of biomass using
the ULTRACIlean Microbial DNA Isolation kit according to

the manufacturer’s protocol (MO BIO Laboratories). The
16S rRNA gene of strain NS9* was amplified by a PCR
containing 0.65 pl of each primer solution (50 pmol pl™")
(27f and 1492r; Lane, 1991), 30 ul REDTaq ReadyMix PCR
mixture with MgCl, (Sigma-Aldrich), 26.2 pl sterile water
and 2.5 pl 1:5-diluted genomic DNA. The amplification
was carried out in a MultiGene Gradient PCR thermal cycler
(Labnet International) and consisted of an initial denatura-
tion at 95 °C for 5 min followed by 30 cycles of denaturation
at 94 °C for 90 s, annealing at 55 “C for 90 s and elongation
at 72 °C for 5 min and a final extension at 72 °C for 10 min.
PCR products were purified using the Wizard SV Gel
and PCR Clean-Up System (Promega) according to the
manufacturer’s instructions and were sequenced at LGC
Genomics (Berlin, Germany). The 16S rRNA gene sequence
of NS9” was composed of 1404 bases and was compared to
entries in databases using the EzTaxon-e server (eztaxon-e.
ezbiocloud.net/; Kim et al, 2012). Highest sequence
similarities were found with M. haematophila CCUG
38318" and M. niastensis 55165-1" (both 97.7%), M.
aerilata 5516S-11" and M. tieshanensis TS3" (both 97.4%).
For phylogenetic analyses, the 16S rRNA gene sequences of
NS9" and type strains of established species of Massilia were
aligned using cLusTAL w (Thompson et al., 1994) and edited
manually for gaps and ambiguous nucleotides using BioEdit
(Hall, 1999). Comparison of the edited 16S rRNA gene
sequences (1327 bp) resulted in slightly higher similarity
values, but M. aerilata 5516S-11", M. niastensis 5516S-1"
(both 97.9 %) and M. haematophila CCUG 38318 (97.8 %)
were still identified as the closest relatives of strain NS9'.

Phylogenetic calculations based on 16S rRNA gene sequences
were carried out applying the maximume-likelihood algo-
rithm using the Tamura—Nei model (Tamura & Nei, 1993)
with 1000 bootstrap replications included in MEGA 5.2.2
(Tamura et al., 2011). In this tree, strain NS9” branched next
to M. aerilata and was slightly more distant from M.
niastensis and M. tieshanensis, whereas M. haematophila
was found in a separate clade (Fig. 1). However, none of the
branching nodes were supported by significant bootstrap
values.

The phylogenetic position of NS9" within the genus Massilia
was further studied by employing partial sequences of the
housekeeping genes gyrB and lepA (encoding DNA gyrase
subunit B and GTP-binding protein, respectively) of M.
aerilata DSM 19289", M. albidiflava CIP 109189", M. aurea
AP13Y, M. consociata CCUG 580107, M. dura CCUG
52213, M. haematophila CCUG 38318", M. lutea CIP
109190%, M. niabensis KACC 126327, M. niastensis KACC
12599%, M. plicata DSM 17505", M. timonae CCUG 45783",
M. varians CCUG 352997, Telluria chitinolytica CIP 1040697
and Telluria mixta CCUG 35206". Primers for amplification
of partial gyrB and lepA sequences were designed based on
corresponding sequences in closely related strains. For PCR
amplification of partial housekeeping genes, the following
primers were constructed: gyrB_f (5'-TCSTTCCTSAAYA-
AYGGCG-3")/gyrB_r (5'-TCGGTCATGATGATGATRCG-
G-3') and lepA_f (5'-ACSATCAAGGCCCAGACCGC-3")/
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Table 1. Physiological properties of strain NS9" that distinguish it from type strains of related species of the genus Massilia

Strains: 1, NS9T; 2, M. niastensis KACC 12599"; 3, M. aerilata DSM 19289"; 4, M. tieshanensis KACC 14940%; 5, M. haematophila KACC 137717
(unless indicated, data from Weon et al., 2010); 6, M. varians KACC 13770" (Weon et al., 2010); 7, M. aurea DSM 18055 " (Gallego et al., 2006); 8,
M. niabensis KACC 126327 (Weon et al., 2009); 9, M. suwonensis 54148-257 (Weon et al., 2010); 10, M. consociata CCUG 58010 (Kampfer et al.,
2011); 11, M. alkalitolerans YIM 31775% (Xu et al., 2005); 12, M. brevitalea DSM 18925" (Zul et al., 2008; Weon et al., 2009); 13, M. jejuensis 5317]-
187 (Weon et al., 2010); 14, M. timonae DSM 16850" (Weon et al., 2008). +, Positive; (+ ), weakly positive; —, negative; ND, not determined/no
data available. Data are from this study unless indicated. For M. alkalitolerans KACC 12188" (formerly Naxibacter alkalitolerans KACC 12188"), the
data for this strain published by Weon et al. (2010) were not considered because the Korean Agricultural Culture Collection does not list this species

or the corresponding collection number in their catalogue.

Characteristic 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Oxidase e A S € L S - -+ 4
Hydrolysis of aesculin + +* (4 +* - + + - - + + +7 + o+
Assimilation of:
D-Glucose () () () + - = + = () o+ + +7 -+
L-Arabinose + (+)* 4% 4% — + — - - + ND _d - 4
Gluconate - - —* (+)* - — — — - - ND _d - ¥
Adipate - = = —* + + -+ ND ND +4 - -
Citrate - —* —* —* - — + — — + — _d - 4
L-Rhamnose - — —* —* - + + - - ND _ - 4
Suberate - —* —* - 4 - + - + — ND + -
Lactate (+) —* —* 4% - — — — + — ND _ - ¥
L-Alanine - - —* —* — + + - — _ ND _ - 4
3-Hydroxybenzoate - — —* —* + - - — — — ND - - —
L-Serine + —* - —* - + + — + — ND — - 4
Propionate - + - - + +  (+) - + + ND + - -
L-Histidine —* - —* - - - - + — + - - 4+
3-Hydroxybutyrate - — - —* + + + — + + ND + - 4
4-Hydroxybenzoate - — —* —* + - - — - ND ND — -
L-Proline - - - - - + + - + + + + - 4+

*Result agrees with previously published data.

fData from: a, Kimpfer et al. (2008); b, Gallego et al. (2006); ¢, Zul et al. (2008); d, Weon et al. (2009); e, Lindquist ef al. (2003).

lepA_r (5'-ATCAGTTCGCGCATCTTGGC-3"). PCRs were
performed in 50 pl volumes using the REDTaq ReadyMix
PCR mixture with MgCl, (Sigma-Aldrich) each containing
21 pl distilled water, 25 pl RedTaq mixture, 1 pl of each
primer (gyrB_f and gyrB_r or lepA_f and lepA_r) (10 pmol
ul™") and 2 pl 1:5-diluted genomic DNA as a template.
Conditions for gyrB amplification were initial denaturation
at 94 °C for 5 min followed by 25 cycles of denaturation at
94 °C for 1 min, primer hybridization at 58.9 “C for 45 s
and elongation at 72 °C for 1 min and a final elongation at
72 °C for 5 min. PCR products were separated electrophor-
etically on a 2.5% LM agarose gel (D-1 LE agarose; Fisher
Molecular Biology) and stained with ethidium bromide and
bands of the expected size of approximately 910 bp were
excised and extracted from the gel using the Wizard SV Gel
and PCR Clean-Up System (Promega). Under these PCR
conditions, only small amounts of the corresponding PCR
product were obtained from M. plicata DSM 17505" and M.
dura CCUG 52213". Therefore, the excised bands were
reamplified and treated as described above. Conditions for
lepA gene amplification were an initial denaturation step at
94 °C for 5 min followed by 30 cycles of denaturation at

94 °C for 1 min, primer annealing for 30 s with stepwise
decreasing temperature (0.2 °C steps) from 64.4 to 62.4 °C
and 20 cycles at 59 °C and elongation at 72 °C for 90 s and
final extension at 72 °C for 5 min. In almost all strains,
specific PCR products of the expected size of approximately
1400 bp were detected by electrophoretic separation on a
2% agarose gel (agarose NEEO; ROTH) and ethidium
bromide staining. In M. lutea CIP 109190" and M. dura
CCUG 522137, specific PCR products were obtained by
lowering the primer annealing temperature to 59 °C. An
appropriate PCR product from M. plicata DSM 17505"
could only be obtained by using another primer pair, lepA_f 2
(5'-ARCGYGGCATYACSATYAARGC-3")/lepA_r_2 (5'-A-
CRTCRWACATYTGRCGCGG-3'), and an annealing tem-
perature of 55 “C. Purified PCR products were sequenced by
LGC Genomics (Berlin, Germany). Resulting sequences of
lepA and gyrB and corresponding sequences retrieved from
the GenBank/EMBL/DDB] databases were aligned using
CLUSTAL W provided in BioEdit (Thompson et al., 1994; Hall,
1999). Sequences were edited manually by removal of 5" and
3’ ends to obtain sequences matching in length (gyrB,
810 bp; lepA, 1299 bp) and removal of gaps. The partial gyrB
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71 Massilia brevitalea byr23-80T (EF546777)
Massilia jejuensis 5317J-18T (F1969486)
Massilia aurea AP13T (AM231588)
Massilia niabensis 5420S-26T (EU808006)
Telluria mixta CCUG 352067 (KJ183019)
Massilia suwonensis 5414S-25T (F1969487)
— Massilia haematophila CCUG 38318T (AM774589)
I_i Massilia alkalitolerans YIM 317757 (AY679161)
92 Massilia varians CCUG 352997 (AM774587)
Massilia consociata CCUG 580107 (FN814307)
—: Massilia yuzhufengensis Y1243-1T (JQ409016)
Massilia oculi CCUG 43427AT (FR773700)
Massilia tieshanensis TS3T (HM130516)

Massilia niastensis 5516S-1T (EU808005)
4|7_|7—Massilia aerilata 5516S-11T (EF688526)
Massilia norwichensis NS9T (HG798294)

— Massilia timonae UR/MT95T (U54470)
'————— Massilia flava YOT (HM777013)
—— Massilia namucuonensis 333-1-0411T (JF799985)
Massilia lurida D57 (HQ839786)
Massilia umbonata LPO1T (HM053474)
AFE Massilia albidiflava 45T (AY965999)
Massilia lutea 1017 (AY966001)

'— Massilia dura 16T (AY965998)

Telluria chitinolytica CIP 1040697 (KJ183020)
63 Massilia plicata 76T (AY966000)
Duganella radicis Sac-41T (EU672807)

Pseudoduganella violaceinigra YIM 313277 (AY376163)
Duganella sacchari Sac-22T (EU672806)

r Duganella zoogloeoides 1AM 126707 (D14256)
99 - Duganella phyllosphaerae T54T (FR852575)

96 | Herminiimonas saxobsidens NS11T (AM493906)

ﬂEHerminiimonas glaciei UMB49T (EU489741)
Herminiimonas arsenicoxydans ULPAs1T (AY728038)
Herbaspirillum autotrophicum 1AM 14942T (AB074524)

498|_— Herbaspirillum lusitanum P6-12T (AF543312)

Janthinobacterium lividum DSM 15227 (Y08846)

83 - Janthinobacterium agaricidamnosum W1r3T (Y08845)
Burkholderia cenocepacia LMG 166567 (AF148556)

0.01

Fig. 1. Maximum-likelihood tree based on 16S rRNA gene sequences (1327 nt) showing the phylogenetic position of strain
NS9". Confidence of branching nodes was investigated by 1000 bootstrap replications; only bootstrap values >60% are
shown. The tree was calculated applying the software package MEGA 5.2.2 (Tamura et al, 2011) using the Tamura—Nei
evolutionary model (Tamura & Nei, 1998). Burkholderia cenocepacia LMG 16656 was used as an outgroup. Bar, 0.01
accumulated changes per nucleotide.

and lepA gene sequence data were used to infer phylogenetic
trees employing MEGA 5.2.2 (Tamura et al., 2011) (Figs S1
and S2, respectively, available in the online Supplementary
Material) applying the Tamura—Nei evolutionary model
(Tamura & Nei, 1993) and the maximum-likelihood
algorithm. The neighbour-joining algorithm and Kimura’s

two-parameter model (Kimura, 1980) were employed for
analysis of the phylogeny based on amino acid sequences
translated from corresponding nucleotide sequences (results
not shown). Burkholderia cenocepacia 123157 was used as
an outgroup. Among representative species of the genus
Massilia, including the two species of Telluria, gyrB sequence
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similarities were in the range 89.1-97.6% and lepA gene
sequence similarities were between 83.2 and 98.8 %. These
data suggest that species of the genus Massilia are separated
from each other in the gyrB gene sequence at values below
98 % similarity and in the lepA gene at values below 99 %
similarity. In the gyrB sequence, strain NS9 shared the
highest similarity with M. haematophila CCUG 38318"
(94.5%), and similarity to the other strains included in the
comparison was between 88.5 % (M. lutea CIP 109190") and
93% (M. aerilata DSM 19289"). The partial lepA gene
sequence of NS9" shared the highest similarity with M.
aerilata DSM 192897 (94.3 %), and similarity to other
strains was between 84.9% (M. lutea CIP 109190") and
93.6 % (M. varians CCUG 352997). For both housekeeping
gene sequences, the highest similarity was clearly below the
threshold value concluded from similarity values between
established species. In amino acid sequences obtained after
translation of the corresponding gene sequences, members
of the Massilia/ Telluria group showed GyrB similarities of
94.4-99.6 % and LepA similarities of 84.0-100 % over 270
and 433 amino acids, respectively. Strain NS9" showed the
highest sequence similarity in the GyrB sequence to M.
haematophila CCUG 38318" and in the LepA sequence to M.
aerilata DSM 19289" (99.6 and 98.3 %, respectively). Very
high similarities (>99 %) between members of different
species indicate that the partial amino acid sequences of the
proteins GyrB and LepA are not useful for identification of
novel strains at the species level. It is also worth mentioning
that, among the set of strains included in our comparison of
gyrB and lepA gene sequences and also of the corresponding
protein sequences, M. alkalitolerans DSM 17462" and M.
varians CCUG 35299" exhibited the highest similarity values
for the two genes and proteins (gyrB, 97.6 %; lepA, 98.8 %
GyrB, 99.6%; LepA, 100%), which reflects their close
relatedness at the 16S rRNA gene sequence level (Figs 1, 2, S1
and S2; Kdmpfer et al., 2011; Kong et al, 2013; Luo et al,
2013; Shen et al., 2013). In agreement with the observation
of the highest sequence similarities in gyrB and the
corresponding protein sequences, M. haematophila CCUG
38318" was identified as the closest phylogenetic relative of
strain NS9' (Fig. S1). As in the 16S rRNA gene phylogeny
(Fig. 1), the trees based on lepA and also the amino acid
sequence of the corresponding protein identified M. aerilata
DSM 192897 as the closest relative of NS9* (Fig. S2), and this
was also indicated in trees reconstructed from concatenated
sequences (Fig. 2).

DNA-DNA hybridization (DDH) experiments were per-
formed between NS9" and the type strains of closely related
species of the genus Massilia according to the method of
Ziemke et al. (1998) with a modification in nick transla-
tion; 2 ug DNA was labelled for 3 h of incubation at 15 °C.
DDH values obtained after hybridization of NS9" with M.
niastensis KACC 12599T, M. aerilata DSM 19289T, M.
haematophila CCUG 38318", M. brevitalea DSM 18925",
M. jejuensis KACC 12634", M. aurea AP13", M. niabensis
KACC 12632", M. consociata CCUG 58010" and M.
yuzhufengensis CGMCC 1.120417 were respectively 37.1,

43.5, 45.1, 59.9, 7.3, 11.8, 40.9, 21.6 and 55.0 %. These
results demonstrate that strain NS9' can be considered to
be a representative of a novel species. Furthermore, in
comparison with 16S rRNA gene sequence similarities, the
DDH values support the view of Kim et al. (2014) that
the threshold for species demarcation can be raised from
97 % to approximately 98.5% 16S rRNA gene sequence
similarity.

For production of biomass for quinone and polar lipid
analyses, NS9" and the reference strains were grown in PYE
broth at 28 °C and harvested when cells had reached the
stationary growth phase. Quinone and polar lipid analyses
were carried out using lyophilized biomass as described
previously (Tindall, 1990a, b; Altenburger et al, 1996).
Biomass subjected to polyamine analyses was harvested in
the late exponential growth phase as recommended by
Busse & Auling (1988) and analysed as described by Busse
et al. (1997). For HPLC analysis, the instrumentation
described by Stolz et al. (2007) was used. The predominant
respiratory ubiquinone was Q-8 (96.4 %), followed by
minor amounts of Q-7 (2.4 %) and Q-9 (1.2 %). The polar
lipid profile of NS9* (Fig. 3) and all reference strains
(results not shown) showed diphosphatidylglycerol, phos-
phatidylglycerol and phosphatidylethanolamine in major
amounts, in accordance with the emended description of
the genus Massilia (Kdmpfer et al., 2011). Additionally,
NS9" possessed an unidentified polar lipid (L1) in moderate
amounts that was also detected in trace to moderate
amounts in M. albidiflava CIP 109189", M. aurea AP13,
M. consociata CCUG 580107, M. haematophila CCUG 383187,
M. dura CCUG 52213%, M. lutea CIP 109190", M. niastensis
KACC 12599", M. plicata DSM 17505", M. timonae CCUG
45783", M. varians CCUG 35299", M. aerilata DSM 19289"
and T. chitinolytica CIP 104069" but not in T. mixta CCUG
35206'. Moreover, strain NS9' showed minor amounts of
an unidentified aminophospholipid (APL) that was detected
as a major compound in M. aurea AP13" and in moderate to
minor amounts in M. plicata DSM 17505T, M. timonae
CCUG 45783" and M. dura CCUG 52213". M. albidiflava
CIP 109189", M. consociata CCUG 580107, M. haematophila
CCUG 38318", M. lutea CIP 109190", M. niastensis KACC
12599%, M. varians CCUG 35299" and T. chitinolytica CIP
104069" showed the presence of minor to trace amounts of
an unidentified aminolipid (AL) with chromatographic
motility corresponding to that of the aminophospholipid
(APL) of NS9* (Fig. 3). However, the absence of a positive
reaction in staining for the presence of phosphate might be
due to the low abundance of this aminolipid in these strains.
Neither APL nor AL was detected in M. aerilata DSM
19289 and T. mixta CCUG 35206". Another unidentified
polar lipid (L2) was detected only in NS9" and T. mixta
CCUG 35206". NS9" showed a polyamine pattern char-
acteristic of the majority of members of the class
Betaproteobacteria, with the major compounds putrescine
[74.4 pmol (g dry weight) '] and 2-hydroxyputrescine
[13.2 pmol (g dry weight)™']. Spermidine and spermine
were detected in smaller amounts [3.5 and 1.6 pmol (g dry
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96 Massilia consociata CCUG 580107 (HG798298/HG798315)

0.02

Massilia tieshanensis KACC 149407 (KF780165/KF780166)
Massilia niastensis KACC 125997 (HG798303/HG798320)

Massilia alkalitolerans DSM 174627 (ATYR01000025/ATYR01000001)
Massilia varians CCUG 35299T (HG798308/HG798325)

Massilia yuzhufengensis CGMCC 1.12041T (KF780159/KF780160)
Massilia aerilata DSM 192897 (HG798295/HG798312)

Massilia norwichensis NS9T (HG798305/HG798321)

Massilia haematophila CCUG 38318T (HG798300/HG798317)

Massilia brevitalea DSM 189257 (KF780161/KF780162)
6?‘_7': Massilia jejuensis KACC 12634T (KF780163/KF780164)
99 Massilia niabensis KACC 126327 (HG798302/HG798319)

97
Massilia timonae CCUG 45783T (HG798307/HG798324)
Massilia aurea AP13T (HG798297/HG798314)
77 Massilia lutea CIP 1091907 (HG798301/HG798318)
100 Massilia albidiflava CIP 1091897 (HG798296/HG798313)
98 Massilia dura CCUG 522137 (HG798299/HG798316)
70 _|:Te//uria chitinolytica CIP 104069T (HG798309/HG798326)
] 100 Massilia plicata DSM 175057 (HG798304/HG798322)

99

Pseudoduganella violaceinigra YIM 31327T/DSM 158877 (EU714411/KE384358)

{ Duganella zoogloeoides IAM 12670T/ATCC 25935T (EU714412/KB912919)
100 Duganella phyllosphaerae T54T (HG798311/HG798328)

Telluria mixta CCUG 352067 (HG798310/HG798327)

Burkholderia cenocepacia 123157 (AM747720/AM747720)

Fig. 2. Phylogenetic tree based on concatenated partial gyrB and /lepA gene sequences applying the maximum-likelihood
algorithm. The tree was reconstructed using the software package MeGA 5.2.2 (Tamura et al, 2011) and confidence of
branching nodes was analysed by 1000 bootstrap replications; only bootstrap values >600% are indicated. Burkholderia
cenocepacia 12315" was used as an outgroup. Bar, 0.02 accumulated changes per nucleotide. Strain names and accession

numbers for gyrB/lepA sequences are shown.

weight)fl, respectively], and only traces of 1,3-diaminopro-
pane [0.1 pumol (g dry weight) '] were detected. Similar
polyamine patterns containing the major diamines 2-
hydroxyputrescine and putrescine and significantly smaller
amounts of spermidine, spermine and 1,3-diaminopropane
were also detected in all reference strains analysed in this
study, including M. aerilata DSM 19289", M. albidiflava CIP
109189T, M. aurea AP13T, M. consociata CCUG 580107, M.
dura CCUG 52213", M. lutea CIP 109190", M. niastensis
KACC 125997, M. plicata DSM 17505%, T. chitinolytica CIP
104069" and T. mixta CCUG 35206" (results not shown).
Hence, the polyamine patterns of species of the genus
Massilia are in good agreement with those of the majority of
species of the class Betaproteobacteria (Busse, 2011).

Biomass of strain NS9" and reference strains for fatty acid
analysis was grown on TS agar at 28 °C for 48 h. Fatty acid
extraction and analysis was performed as described by
Kiampfer & Kroppenstedt (1996) using an HP 6890 gas
chromatograph with the Sherlock MIDI software version
2.11 and the TSBA peak-naming table version 4.1. The
major fatty acids of strain NS9' were summed feature 3
(Ci6:1w7c and/or is0-C5.9 2-OH; 41.5 %), Ci6.0 (26.6 %),
Cig.107¢ (8.9%) and C,y.o 3-OH (7.4 %); minor amounts
(<5.0%) of Cy7.¢ cyclo, Cy5.0, Ci4.0 and Cyy.¢ 2-OH were
also present. The fatty acid profile of strain NS9" is typical

of species of the genus Massilia, with minor differences
from other type strains of the genus in the relative abun-
dance of fatty acids (Table 2).

Results from sequence analysis of partial 16S rRNA, gyrB
and lepA genes clearly demonstrate that strain NS9" is a
member of the genus Massilia, and its polar lipid profile,
fatty acid profile, quinone system and polyamine pattern
are in agreement with this classification. Furthermore, gyrB
and lepA gene sequences and DDH results suggest that NS9*
is a representative of a novel species, which is supported by
its physiological characteristics. Hence, we here propose a
novel species, Massilia norwichensis sp. nov., to accommod-
ate strain NS9”.

Description of Massilia norwichensis sp. nov.

Massilia norwichensis (nor.wi.chen’sis. N.L. fem. adj.
norwichensis of or belonging to Norwich, the city where
the type strain was isolated from air of the Sainsbury
Centre for the Visual Arts).

Cells are rod-shaped and stain Gram-negative. Motility is
only observed under microaerobic conditions in 1/10 PYE
soft agar (0.3%). Colonies are approximately 1-2 mm
in diameter, circular, bright, smooth, semi-translucent,
whitish pale to ochre—yellow with lightly coloured entire
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Fig. 3. Two-dimensional TLC displaying the polar lipid profile of
strain NSO after detection with molybdatophosphoric acid. DPG,
Diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phos-
phatidylglycerol; L1-2, unidentified polar lipids; APL, unidentified
aminophospholipid.

margins on PYE agar after 3 days of cultivation at 28 °C.
Catalase-positive and oxidase-negative. Grows well on
PYE, 1/10 PYE and Columbia agar supplemented with
5% defibrinated sheep blood, but haemolysis is not
observed. No growth on MacConkey agar or on PYE agar
supplemented with 4% (w/v) NaCl Sulphide, indole
production and motility on SIM agar are negative.
Positive for assimilation of L-arabinose, maltose, D-ribose,
D-xylose, acetate, fumarate, glutarate, L-malate, 2-oxoglu-
tarate, pyruvate, L-aspartate and L-serine, weakly posi-
tive for assimilation of cellobiose, D-glucose, salicin and
DL-lactate and negative for assimilation of N-acetyl-D-
galactosamine, N-acetyl-D-glucosamine, p-arbutin, D-
fructose, D-galactose, gluconate, D-mannose, melibiose,
L-rhamnose, sucrose, trehalose, adonitol, #yo-inositol,
maltitol, D-mannitol, D-sorbitol, putrescine, propionate,
cis- and trans-aconitate, adipate, 4-aminobutyrate, azelate,
citrate, DL-3-hydroxybutyrate, itaconate, mesaconate, sube-
rate, L-alanine, f-alanine, L-histidine, L-leucine, L-ornithine,
L-phenylalanine, L-proline, L-tryptophan, 3-hydroxybenzo-
ate, 4-hydroxybenzoate and (DrL-3-) phenylacetate. The
respiratory quinone system consists of the major compound
ubiquinone Q-8 and small amounts of Q-7 and Q-9. Major
compounds of the polar lipid profile are diphosphatidylgly-
cerol, phosphatidylethanolamine and phosphatidylglycerol.
Furthermore, moderate amounts of two unidentified
lipids, L1 and L2, and minor amounts of an unidentified
aminophospholipid are present (Fig. 3). The polyamine

Table 2. Cellular fatty acid compositions of strain NS9' and type strains of closely related species of the genus Massilia, including

the type species M. timonae

Strains: 1, NS9T; 2, M. niastensis KACC 125997 (data in parentheses from Weon et al., 2009); 3, M. aerilata DSM 192897 (data in parentheses from
Weon et al., 2008); 4, M. tieshanensis KACC 14940%; 5, M. haematophila KACC 13771% (data from Kampfer et al., 2011); 6, M. varians KACC
137707 (Kampfer et al., 2011); 7, M. aurea DSM 180557 (Gallego et al., 2006); 8, M. niabensis KACC 126327 (Weon et al., 2009); 9, M. suwonensis
5414S-25" (Weon et al., 2010); 10, M. consociata CCUG 58010~ (Kampfer et al., 2011); 11, M. alkalitolerans KACC 12188" (Weon et al., 2010); 12,
M. brevitalea DSM 189257 (Zul et al., 2008; Weon et al., 2009); 13, M. jejuensis 5317]-18" (Weon et al., 2010); 14, M. timonae DSM 16850 (Weon
et al., 2008). —, <1 % or not detected. Data were obtained in this study unless indicated.

Fatty acid 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Cio:0 3-OH 7.4 9.3 (5.5) 6.6 (4.7) 14.7 3.0 3.3 4.8 6.6 5.4 4.3 3.2 4.9 6.1 4.6
Ciz2.0 4.5 7.9 (4.7) 4.5 (3.4) 10.9 3.3 3.7 4.6 8.9 4.4 3.4 3.3 5.0 5.9 3.3
Ci2.0 2-OH - 3.4 (2.4) - 6.3 15 20 19 - 24 18 22 20 17 22
Cua:0 3.9 - 2.1 (1.9) O - 0.6 — 12 - - - - -
Cia.0 2-OH 2.2 - 2.8 (2.5) - - - - - - - - - - -
anteiso-Cys. ¢ - - - - 1.5 - - - - - - - - -
Cis:0 26.6 18.6 (26.9) 26.5 (30.6) 16.3 26.2 28,5 368 236 288 215 266 23.0 225 305
is0-Cie.0 - - - - 21 — - - - 22— - - -
Cy7:0 cyclo 48 34 1.7 (6.1) - 27 - - - 29— - - 1.0 37
is0-Cy7.0 - - - - 1.6 — - - - - - - - -
is0-Cy7.,09¢ - - - - 14 - - — - - - - — -
Cig. 107¢ 8.9  16.5 (12.3) 8.7 (11.7) 81 87 81 25 78 78 128 66 90 121 79
Cao:0 - 2.6 - - - - - - - - - - - -
Summed feature 3* 41.5  38.1 (38.1) 43.8 (35.2) 40.7 44.7 51.7 483 460 458 54.0 552 542 49.0 470

*Summed feature 3 includes Cy¢.,7¢ and/or iso-C;s.¢ 2-OH. Since branched fatty acids were not detected (with the exception of M. haematophila
KACC 137717), it appears most likely that summed feature 3 indicates the presence of Ci¢.1007c.
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pattern is composed of the major compounds putrescine
and 2-hydroxyputrescine, small amounts of spermidine and
spermine and traces of 1,3-diaminopropane. Major fatty
acids are summed feature 3 (C,¢.,0w7c and/or is0-Cy5.¢ 2-
OH), Cis.0, Ci5:.1w7c and Cyy. 3-OH; minor amounts of
Ci7.0 cyclo, Cis.0, C14.0 and Cyy.¢ 2-OH are also present.

The type strain is strain NS9' (=CCUG 65457"=LMG
281640), isolated from air of the Sainsbury Centre for
Visual Arts in Norwich, UK.
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