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Abstract

A Gram-stain negative, oxidase- and catalase- positive, motile, aerobic, non-pigmented spirillum, designated CPA1T, was

isolated from the surface-sterilized tissues of a halophyte, Halimione portulacoides, collected from a salt marsh in

Aveiro, Portugal. The isolate was mesophilic, facultatively alkaliphilic and halophilic, and grew between 18 and 42.5
�
C

(optimum 30
�
C), from pH 5.0 to 11.5 (optimum 7.0–7.5), from 0.5 to 5%NaCl (w/v, optimum 2%). Analysis of the 16S

rRNA gene sequence showed that this strain belongs to the genus Saccharospirillum, as the highest sequence

similarities were observed with Saccharospirillum impatiens EL-105T (96.46%), Saccharospirillum salsuginis YIM-Y25T

(96.32%) and Saccharospirillum aestuarii IMCC 4453T (95.17%). The next closest matches were with other genera and

below 95.0%. Phylogenetic analyses revealed that the strain forms a robust clade with other species of the genus

Saccharospirillum. The main respiratory quinone was Q-8 and the major fatty acids were C16 : 0 and summed feature 8

(C18 : 1!7c and/or C18 : 1!6c). The DNA G+C content was 55.2mol%. Molecular, physiological and biochemical differences

between strain CPA1T and other type strains of species of the genus Saccharospirillum support the addition of this

novel species to the genus, and the name Saccharospirillum correiae sp. nov. is proposed, with CPA1T (=CECT 9131T

=LMG 29516T) as the type strain.

The genus Saccharospirillum, established by Labrenz et al.
[1], belongs to the family Saccharospirillaceae and, at the
time of writing, it comprises three species with validly pub-
lished names, all of which have been isolated from saline
environments: Saccharospirillum impatiens from a hypersa-
line lake [1], Saccharospirillum salsuginis from subterranean
brine [2], and Saccharospirillum aestuarii from mudflats
[3]. The genus has been described as Gram-negative spirilla,
non-spore forming, containing poly-b-hydroxybutyrate,
which may form coccoid bodies in older cultures, and posi-
tive for peroxidase, catalase and cytochrome oxidase activi-
ties, with Q-8 as the prevalent respiratory quinone, and
C16 : 1!7c, C16 : 0 and C18 : 1!7c as the predominant fatty
acids [1]. This genus has also been described as comprising
obligate aerobes, microaerophiles or facultative anaerobes.
The motility and presence of flagella has been determined
to be species-dependent [3].

In a study of the bacterial diversity associated with the inter-
nal tissues of the halophyte Halimione portulacoides, 665
isolates were obtained and characterized [4]. Briefly, healthy

specimens of the halophyte were collected in Ria de Aveiro,
Portugal, and above- and below-ground tissues were sepa-
rated and surface sterilized. Dilutions of macerated tissues
were plated in Tryptic Soy Agar (TSA, Merck), R2A
(Merck) and Marine Agar (MA, Difco). The present study
focuses on strain CPA1T, an isolate obtained from surface
sterilized above-ground tissues of H. portulacoides. Strain
CPA1T was routinely streaked on MA medium and incu-
bated under aerobic conditions at 28

�
C.

Genomic DNA of the strain was extracted using a Genomic
DNA Purification kit #0513 (Thermo Scientific), following
the manufacturer’s instructions. The 16S rRNA gene was
amplified by PCR with universal primers 27F and 1492R, as
described elsewhere [4], and sequenced with primers 27F
[5] and 704F [6]. Analysis of similarity using a near full
length 16S rRNA gene sequence (1418 nt) also gave evi-
dence that strain CPA1T belongs to the genus Saccharospir-
illum, as highest similarities were seen with this genus: S.
impatiens EL-105T (96.46%), S. salsuginis YIM-Y25T

(96.32%) and S. aestuarii IMCC 4453T (95.17%). The next
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closest matches occurred with type strains of the genus
Reinekea, with less than 95.0% 16S rRNA gene sequence
similarities. Similarities with type strains belonging to other
genera were below 92.0%.

For phylogenetic analyses, the sequences of closely related
taxa were obtained from the EzTaxon database [7].
Sequence alignments were carried out with CLUSTAL Omega
[8], and BioEdit version 7.2.5 [9] was used to edit the
aligned sequences. Phylogenetic analyses were performed
using MEGA version 6.0 [10] by using Kimura’s two-parame-
ter model [11] in the reconstruction of neighbour-joining
(NJ), [12], maximum-likelihood (ML), [13] and maximum
parsimony (MP), [14] trees. Bootstrap values based on 1000
replications were obtained in these phylogenetic analyses.
The topology of the ML tree was the same as the MP tree.
Fig. 1 shows that strain CPA1T forms a robust clade with
the three species of the genus Saccharospirillum with validly
published names. High bootstrap values were observed,
ranging from 72 to 96%, depending on the tree building
method, confirming CPA1T as a potential novel member of
this genus.

Optimal growth conditions for strain CPA1T were deter-
mined using MA medium. The temperature range for
growth and the optimum were tested by incubating at 4, 18,
26, 30, 37, 42.5 and 50

�
C. At the optimum growth tempera-

ture, the pH range and optimum were assayed using pH val-
ues from 4 to 12, at intervals of 0.5 . At the optimum growth
temperature and pH, the strain’s growth requirements for,
and tolerance to salt was assessed using the following NaCl
concentrations: 0.5 (TSA without additional NaCl), 2 (MA
without additional NaCl), 3 [MA supplemented with
1% NaCl (w/v)] , 5, 10, 12, 15 and 20% NaCl (w/v).

Growth in biochemical and phenotypic tests was determined
on MA, and incubation was conducted at 30

�
C for 48 h,

unless otherwise stated. A Gram staining kit (Merck) was used
according to the manufacturer’s instructions. Determination
of cell size, as well as morphology and motility was carried out
using light microscopy (Nikon 80i). The hanging-drop
method [15] was used to assess gliding motility, after growing
the strain in half strength MA for 72 h, and using cavity slides.
Catalase and oxidase activities were determined using H2O2-
reagent (Liofilchem) and oxidase strips (Liofilchem), respec-
tively. Growth in thioglycollate medium (Merck) was used to
assess oxygen metabolism, and incubation was followed for 7
days. Production of H2S was assessed using Kligler’s Iron Agar
(Merck). Ability to hydrolyse starch, casein, cellulose and
xylan was assessed by methods described in Fidalgo et al. [4].

Biochemical tests were carried out using API 20NE, API
ZYM and API 50CH strips (bioM�erieux) according to the
manufacturer’s instructions, except for using 0.9% (w/v)
NaCl solution for preparing cell suspensions. Saccharospiril-
lum impatiens DSM 12546T was tested under the same con-
ditions for comparison. These results are given in the
species description and Table 1. Some results of the API
50CH tests of S. impatiens DSM 12546Tdiffered from the
original description by Labrenz et al. [1]. The differences
observed may result from the use of different suspension
medium and different incubation temperatures.

Determination of G+C content was performed by HPLC
[16]. The result obtained for strain CPA1T was 55.2%, which
is close to the values determined for other species of the
genus Saccharospirillum, which are 54.5 to 54.8mol% for S.
impatiens EL-105T [1], 58.5mol% for S. salsuginis YIM-
Y25T [2], and 56.5mol% for S. aestuarii IMCC 4453T [3].

Saccharospirillum aestuarii IMCC4453T (GQ250189)

Saccharospirillum salsuginis YIM-Y25T (EF177670)

Saccharospirillum impatiens EL-105T (AJ315983)

Saccharospirillum correiae CPA1T (KY310592)

Reinekea marinisedimentorum DSM 15388T (AJ561121)

Reinekea aestuarii IMCC4489T (GQ456131)

Reinekea blandensis MED297T (DQ403810)

Litoricola marina IMCC2782T (FJ943234)

Litoricola lipolytica IMCC1097T (EF176580)

Salinispirillum marinum GCWy1T (KJ195687)

Gynuella sunshinyii YC6258T (KC213486)

Amphritea atlantica M41T (AM156910)

100/100/100

100/100/100

100/100/98

99/99/99

99/90/91

96/72/81

100/95/94

57/--/76

55/--/--

0.01

Fig. 1. Neighbour-joining (NJ) tree showing the phylogenetic positions of strain CPA1T and representatives of other related taxa, based

on 16S rRNA gene sequences. Filled circles indicate nodes that were also recovered in the maximum-parsimony (MP) tree and the

maximum-likelihood (ML) tree, based on the same sequences. Bootstrap values (expressed as percentages of 1000 replications)

�50% are shown at branching points for NJ/ML/MP trees. Amphritea atlantica M41T was used as an outgroup. Accession numbers for

the type strains are shown in parenthesis. Bar, 0.01 nt substitution rate (Knuc) units.
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Assessment of fatty acid profiles, polar lipids and quinones
was conducted as described by Proença et al. [17] and per-
formed in parallel with similar assessments of S. impatiens
DSM 12546T. To obtain cells for fatty acid profile determina-
tion, growth was obtained on MA at 30

�
C for 48 h. The main

fatty acids observed for strain CPA1T were C16 : 0 and summed
feature 8 (C18 : 1!7c and/or C18 : 1!6c), which add up to over
78% of the total (complete profile in Table 2). Summed fea-
tures arise when the equivalent chain length value obtained
corresponds to a fatty acid that cannot be separated from
another fatty acid. Consequently, the relative concentration of
the possible two or more fatty acids is given as a singular value
[18]. The results are in accordance with what has previously

been described for the genus. Growth for determination of

quinones and polar lipids was obtained using Marine Broth

(MB) and incubating at 30
�
C for 72 h. The main quinone

detected was Q-8, which is in accordance with data for the

genus. Q-9 was also detected, but in minor amounts. The

polar lipid profiles obtained for strain CPA1T and S. impatiens

DSM 12546T were very similar, suggesting that both strains

belong to the same genus (Fig. S1, available in the online Sup-

plementary Material). The lipids phosphatidylethanolamine,

monomethylphosphatidylethanolamine and phosphatidylcho-

line were identified in the profile of strain CPA1T, but diphos-

phatidylglycerol and phosphatidylglycerol were not detected.

Table 1. Differential characteristics of strain CPA1T and species of the genus Saccharospirillum with validly published names

Strains: 1, CPA1T; 2, S. impatiens DSM 12546T (data from this study unless otherwise stated); 3, S. salsuginis YIM-Y25T [2]; 4, S. aestuarii IMCC 4453T

[3]. +, Positive; W, weakly positive; �, negative; ND, not determined;

Characteristic 1 2 3 4

Cell morphology Spirilla Spirilla* Spirilla Curved rods

Motility Motile Motile* Motile Non motile

Relation to oxygen Obligately

aerobic

Aerobic to

microaerophilic*

Obligately

aerobic

Facultatively

anaerobic

Temperature range 18–42.5
�
C <2.5–43

�
C* 15–50

�
C 10–42

�
C

pH range 5–11.5 5.5–9.5* 6–10 5–12

NaCl (w/v) range 0.5–5% <1–13%* 1–15% 0.5–10%

H2S production � +* � �

Hydrolysis of:

Casein + ND � +

Starch � variable* � �

Carboxymethyl cellulose � ND ND +

API 20NE

Hydrolysis of gelatin + �† � +

Reduction of nitrates to nitrites � �† + +

Indole production � � + �

Assimilation of D-mannose and D-maltose � � + ND

Assimilation of malic acid � �† + ND

API ZYM

Alkaline phosphatase, esterase (C4), esterase lipase (C8),

a-glucosidase

+ W + ND

Naphtlol-AS-BI-phosphohydrolase, b-galactosidase W W + ND

Leucine arylamidase + +† + ND

Acid phosphatase + � + ND

N-acetyl-b-glucosaminidase + � ND ND

a-Fucosidase W � ND ND

API 50CH

D-Ribose, D-galactose, D-glucose, D-fructose, D-mannose,

D-cellobiose, D-maltose, D-trehalose, glycogen, L-rhamnose,

D-lactose (bovine), D-saccharose (sucrose)

� �† + ND

Inositol, D-manitol, D-sorbitol, L-arabinose, D-raffinose � � + ND

Glycerol, salicin � �† � ND

Aesculin ferric citrate, D-melibiose, starch, D-turanose, D-fucose,

gentibiose

� �† ND ND

DNA G+C content (mol%) 55.2 54.5–54.8* 58.5 56.5

*Data from [1].

†Result differed from that published in [1].
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The physiological and biochemical test results for strain
CPA1T are given in the species description. The phyloge-
netic and 16S rRNA gene sequencing data, as well as the
similarities in biochemical and physiological characteristics,
indicate that strain CPA1T belongs to the genus Saccharo-
spirillum. This novel strain is distinguishable from other
species in the genus with validly published names, and these
differentiating characteristics are listed in Table 1. As the

threshold for genomic delineation of a novel species (97%
16S rRNA gene sequence similarity) [19, 20] was not sur-
passed, there was no need for DNA–DNA relatedness tests
to be performed. So, CPA1T is suggested to represent a
novel species of the genus Saccharospirillum, and the name
Saccharospirillum correiae sp. nov. is proposed.

DESCRIPTION OF SACCHAROSPIRILLUM

CORREIAE SP. NOV.

Saccharospirillum correiae (cor.rei¢ae. N.L. gen. masc. n. cor-
reiae of Correia, in honour of Portuguese microbiologist
António Correia).

Cells are Gram-stain-negative, oxidase and catalase positive,
motile (not by gliding) obligately aerobic, non-pigmented
spirilla (0.47–0.93 µm�2.33–7.6 µm). Colonies are whitish,
opaque in the centre and less so around the regular smooth
edges and 0.5–1.5mm in diameter after incubation in MA
for 48 h at 30

�
C. Moderately halophilic, mesophilic, and

facultatively alkaliphilic, growing at salinities of 0.5 to
5%NaCl (w/v) with the optimum at 2% NaCl (w/v). Grows
from 18

�
C to 42.5

�
C (optimum 30

�
C) and from pH 5.0 to

11.5 (optimum pH 7.0–7.5). Does not produce H2S. Hydrol-
yses casein and xylan, does not hydrolyse starch and cellu-
lose. In API 20NE strips, it is positive for b-glucosidase,
protease (hydrolysis of gelatine) and b-galactosidase
(hydrolysis of para-nitrophenyl-b-D-galactopyranose); and
negative for the reduction of nitrates to nitrites, nitrates to
nitrogen, indole production, fermentation (D- glucose), argi-
nine dihydrolase, urease, assimilation of D-glucose, L-arabi-
nose, D-mannose, D-mannitol, N-acetyl-glucosamine, D-
maltose, potassium gluconate, capric acid, adipic acid, malic
acid, trisodium citrate and phenylacetic acid. In API ZYM
strips, it is positive for alkaline phosphatase, esterase (C4),
esterase lipase (C8), leucine arylamidase, valine arylamidase,
acid phosphatase, naphtol-AS-BI-phosphohydrolase
(weakly), b-galactosidase (weakly), a-glucosidase, b-gluco-
sidase, N-acetyl-b-glucosaminidase and a-fucosidase
(weakly); and negative for lipase (C14), cystine arylamidase,
trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase
and a-mannosidase. In API 50CH strips it does not produce
acid from glycerol, erythritol, D-arabinose, L-arabinose, D-
ribose, D-xylose, L-xylose, D-adonitol, methyl-b-D-xylopyra-
noside, D-galactose, D-glucose, D-fructose, D-mannose, L-
sorbose, L-rhamnose, dulcitol, inositol, D-manitol, D-sorbi-
tol, methyl-a-D-mannopyranoside, methyl-a-D-glucopyra-
noside, N-acetylglucosamine, amygdalin, arbutin, aesculin
ferric citrate, salicin, D-celiobiose, D-maltose, D-lactose
(bovine), D-melibiose, D-saccharose (sucrose), D-trehalose,
inulin, D-melezitose, D-raffinose, starch, glycogen, xylitol,
gentibiose, D-turanose, D-lyxose, D-tagatose, D-fucose, L-
fucose, D-arabitol, L-arabitol, potassium gluconate, potas-
sium 2-ketogluconate and potassium 5-ketogluconate. The
main fatty acids are C16 : 0 and summed feature 8 (C18 : 1!7c
and/or C18 : 1!6c), and the main respiratory quinone is Q-8.
The main polar lipids comprise phosphatidylethanolamine,

Table 2. Fatty acid composition of CPA1T and type strains of

species of the genus Saccharospirillum

Strains: 1, CPA1T; 2, S. impatiens DSM 12546T (data from this study); 3,

S. impatiens EL-105T (data from [1]); 4, S. salsuginis YIM-Y25T [2]; 5, S.

aestuarii IMCC 4453T [3]. Values represent percentage of total fatty

acids. ECL, equivalent chain length; �, not detected; TR, trace amounts

(<1%). Summed features represent groups of two or more fatty acids

that could not be separated. Summed feature 2 contains C12 : 0 alde-

hyde, C14 : 0 3-OH and/or iso-C16 : 1 and/or unknown ECL 10.927;

summed feature 3 contains C16 : 1!7c and/or iso-C15 : 0 2-OH; summed

feature 8 contains C18 : 1!7c and/or C18 : 1!6c.

Fatty acid 1 2 3 4 5

Unknown ECL

15.272 TR 2.2 � � �

17.314 1.7 � � � �

Saturated

C12 : 0 aldehyde � � � � 4.2

C14 : 0 1.5 TR � TR TR

C16 : 0 31.4 27.4 19.0 11.4 24.3

C17 : 0 TR TR � 1.2 TR

C18 : 0 TR TR � � 1.1

Unsaturated

C16 : 1!7c � � 21.8 � �

C17 : 1!6c � TR � 1.2 TR

C17 : 1!8c TR TR � 2.3 TR

C18 : 1!7c � � 51.2 53.4 �

C19 : 1 � � 1.9 � �

Branched-chain

iso-C14 : 0 3-OH � � � 1.4 �

iso-C16 : 0 TR TR � 13.3 7.9

iso-C18 : 0 � � � TR 1.5

iso-C18 : 1H � � � 1.2 �

Hydroxyl

C14 : 0 3-OH � � 1.6 � �

C14 : 1 3-OH � � 2.3 � �

Cyclic

cyclo-C17 : 0 4.0 TR � � TR

cyclo-C19 : 0!8c 2.1 � � 1.4 TR

Summed features

2 5.4 2.8 � 3.8 �

3 3.3 15.9 � � �

8 46.8 44.5 � � 46.6

3* � � � 5.2 6.7

7† � � � � 1.4

*Summed feature 3 (from [2]) contains C16 : 1!7c and/or C16 : 1!6c.

†Summed feature 7 (from [3]) contains C19 : 1!6c and/or C19 : 1!7c.

Fidalgo et al., Int J Syst Evol Microbiol 2017;67:2026–2030

2029

https://doi.org/10.1601/nm.2548
https://doi.org/10.1601/nm.2548
https://doi.org/10.1601/nm.2548
https://doi.org/10.1601/nm.2548
https://doi.org/10.1601/nm.2548
https://doi.org/10.1601/nm.2549
https://doi.org/10.1601/nm.2549
https://doi.org/10.1601/nm.14368
https://doi.org/10.1601/nm.21245
https://doi.org/10.1601/nm.21245


monomethylphosphatidylethanolamine and unidentified
polar lipids.

The type strain, CPA1T (=CECT 9131T=LMG 29516T) was
isolated from the surface sterilized above-ground tissues of
the halophyte Halimione portulacoides. The G+C content of
the DNA of the type strain is 55.2mol%.
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