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the DNA G+C contents of strains NBRC 14957 (Marinilabilia 
agarovorans) and NBRC 15948T (Marinilabilia salmonicolor) were 
41.2 and 41.5 mol%, respectively. All of the above information 
indicates that these two strains belong to a single species. Since 
Marinilabilia salmonicolorwas first described as Cytophaga salmon-

icolor, Marinilabilia salmonicoloris a senior subjective synonym of 
Marinilabilia agarovorans. However, the agar-degrading ability of 
strain NBRC 14957 is a prominent biochemical characteristic; 
therefore, this strain is considered as Marinilabilia salmonicolor 
biovar Agarovorans. 

List of species of the genus Marinilabilia 

I. Marinilabiliasalmonicolor (Veldkamp 1961) Nakagawa and 
Yamasato 1996, 600VP emend. Suzuki, Nakagawa, Harayama 
and Yamamoto 1999, 1555 (Cytophaga salmonicolor Veldkamp 
1961,339) 

sal.mo.ni'co.lor. L. masc. n. salmo -onis salmon; L. masc. n. 
color color; N.L. adj. salmonicolor intended to mean salmon
colored. 

Slender flexible cylindrical rods with rounded or slightly 
tapering end, 0.3- 0.5 x 2-50 pm, usually around 10-20 11m 
in length. Resting stages are not observed. Motile by gliding. 
Gram-negative. The color of the cell mass is salmon to pink. 
Chemo-organotrophic. Facultative anaerobe. Good growth 
is obtained in a normal aerobic atmosphere. Marine strains 
require elevated salt concentrations. Peptones, Casamino 

acids, yeast extract, ammonium, and nitrate are suitable 
nitrogen sources. Arabinose, xylose, glucose, galactose, 
man nose, fructose, sucrose, l,a,ctose, maltose, cellobiose, 
trehalose, raffinose, inulin, and starch are fermented. Gela
tin is liquefied slowly. Catalase is produced. The optimum 
temperature is 28-37°C. The optimum pH is around 7. The 
major respiratory quinone is MK-7. The major polyamine is 
spermidine. 

Source: marine mud containing decayed algae. 
DNA G+C content (mol%): 41.2-41.5 (HPLC). 
Type strain: ATCC 19041, CIP 104809, DSM 6480, LMG 

1346, NBRC 15948. 
Note: strain NBRC 14957 can degrade agar and is biovar 

Agarovorans. 

Genus II. Anaerophaga Oenger, Warthmann, Ludwig and Schink 2002, 177vp 
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An.a.e.ro.pha'ga. an Gr. pref. an not; Gr. n. aer aeros air; Gr. v. phagein to devour, to eat up; 
N.L. fem. n. Anaerophaga an anaerobic eater. 

Slender flexible rods with rounded ends. Strictly anaerobic. Chemo
organotrophic. Nonphotosynthetic. Have a fermentativ€ type of 
metabolism, using organic compounds as substrates. Inorganic 
electron acceptors are not used. Media containing a reductant, 
e.g., cysteine, are necessary for growth. Catalase-negative. Isolated 
from oil-conl<'iminated sediment in an oil separation tank. 

Type species: Anaerophaga thermohalophila Denger, Warth
mann, Ludwig and Schink 2002, 177VP 

DNA C+C content (mol%): 42. 

Further descriptive information 

The only described species so far is Anaerophaga therrnohalophila. 
The strains Fru22T a nd Glc12 were isolated as possible agents 
I()r tenside (surfactant) production in microbially improved oil 
recovery (MIOR). Therefore, the organism was enriched and 
se lected under conditions of elevated temperature (50°C) and 
increased salinity (7.5%, w/v). 

The isolated strains ferment hexoses and pentoses to equal 
l1Iolar amounts of acetate, propionate, and succinate (Denger 
and Schink, 1995; Dengel' et a!., 2002) , according to the follow
ing equations: 

:1 Cr;H 120 6 ~ 2 C2H'P2- + 2 CgH50 2- + 2 C"H"Ot + 8 H+ + 2 H20, or 
~) C5H100'i ~ 5 C2H~02- + 5 ClI,,02- + 5 C'IH40t + 20 H ' + 5 H20 

No CO
2 

is released in this type of mixed-acid fermentation. 
Upon prolonged exposure of fully grown cultures to day

lig-ht, an orange-red pigment was produced, which could be 
('xlracted from cell pe llets by acetone or hexane, indicating 

that it was a lipophilic component. Absorption spectra of 
these extracts showed maxima at 488 and 518 nm and a fur
ther shoulder around wavelength 460 nm, as is typical of caro
tenoids (Reichenbach et aI., 1974). Carotenoids are known 
to be produced by several representatives of aerobic gliding 
bacteria, including Flexibacter sp., Cytophaga sp., and several 
myxobacteria (Reichenbach and Dworkin, 1981). Strain 
Fru22T is the first strict anaerobe producing such pigments, 
although the moderately oxygen-tolerant anaerobe Cytophaga 
xylanolytica also produces carotenoids (Haack and Breznak, 
1993). When pigmented cell material after centrifugation was 
treated with 10% KOH, the color turned dark-red to brown
ish , similar to the fl ex irubins of Cytophaga, Sporocytophaga, and 
Flexibacter spp. (Achenbach et aI., 1978; Reichenbach et a!., 
1974). 

Unfortunately, these strains do not grow on agar surfaces, 
even if the medium is poured and stored in an oxygen-free glove 
box under a N/C02 atmosphere (90/10, v/v). Thus, whether 
gliding motility occurs co uld not be determined. Spore-like 
structures or spheres are observed in ageing cultures. 

Surface-active compounds were produced by strain Fru22T 

optimally at the end of exponential growth (Denger and 
Schink, 1995). This tenside efficiently stabilized hexadecane/ 
water emulsions . Production was enhanced in the presence of 
hexadeca ne, which provides a lipophilic surface in the culture. 
The surface-active compound(s) was associated partly with the 
cells and cell surfaces, but was also released into the culture 
medium. 
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Enrichment and isolation procedures 

Anaerophaga thermohalophila strain Fru22T and a similar strain, 
Glc12, were enriched originally from blackish-oily sedimentary 
residues in an oil separation tank near Hannover, Germany. 
The mineral salts medium for enrichment and cultivation was 
bicarbonate-buffered (50 mM), cysteine-reduced (1 mM), and 
contained, together with other minerals, 75 g of NaCI and 4.0 
g of MgCl

2
·7Hp per liter (Denger and Schink, 1995). The pH 

was 6.7-6.8. During the enrichment, the medium received a few 
drops (50 fll per 25 ml of medium) of hexadecane to provide a 
lipophilic boundary layer. Subcultures were inoculated with oily 
drops from the surface of the preculture. All details concern
ing cultivation and physiological characterization have been 
described before (Denger and Schink, 1995). Growth rates and 
yields were best at 20-70 g of total salt per liter. At 80 g of salt per 
liter, growth was partly inhibited, and there was no growth at <20 
g of salt per liter. 

Maintenance procedures 

Cultures are maintained either by repeated transfer at inter
vals of. 2-3 months or by freezing in liquid nitrogen using tech
niques common for strictly anaerobic bacteria. No information 
exists about survival upon lyophilization. 

Differentiation of the genus Anaerophaga 
from other genera 

There are substantial differences between Anaerophaga thermo
halophila strain Fru22T

, Cytophaga fermentans, and the described 
species of the genus Marinilabilia. First, strain Fru22 is strictly 
anaerobic. Moreover, the growth parameters of strain Fru22, 
especially its growth up to 55°C and its salt tolerance up to 12% 
(w/v) salt with an optimum around 6% salt, clearly separate this 
strain from all described Cytophaga and Marinilabilia species. So 
far, only few CytO'phaga species show temperature maxima at 
40-45°C (Cytophaga apriea, Cytophaga lytiea) or 45°C ( CytO'phaga 
diflluens); all three species also tolerate NaCI concentrations 
up to 6%, but, unlike Anaerophaga thermohalophila, all are strict 
aerobes. Cytophaga ap'riea and Cytophaga diffluens have been 

reclassified recently as Flammeovirga apriea and Persieobacter diJ
jluens (Nakagawa et aI. , 1997). 

The genus Capnocytophaga has been separated from other 
Cytophaga species as a genus of facultatively anaerobic bacteria 
that need CO

2 
at enhanced concentrations for efficient growth. 

In addition, Capnocytophaga species produce acetate, propi
onate, and succinate during sugar fermentation; however, all 
have been described as facultatively aerobic organisms, whereas 
Anaerophaga thermohalophila is strictly anaerobic. Moreover, all 
species of Capnocytophaga described so far are associated with 
higher animals, especially the oral cavity of man (Leadbetter 
et aI., 1979). No thermophilic or halophilic representatives of 
Capnocytophaga are known. 

Taxonomic comments 

As indicated by phylogenetic analysis of 16S rDNA sequences, 
strain Fru22T is a member of the phylum Baeteroidetes, compris
ing Cytophaga, Flavobacterium, and Bacteroides as representative 
genera. Based on the similarities of 16S rRNA gene sequences, 
the closest relatives are representatives of the genus Marini
labilia (formerly Cytophaga; Suzuki et aI., 1999). However, 
overall sequence similarities of around 91.6% indicate only a 
moderate relationship and justify the establishment of a new 
genus, Anaerophaga. These genera share a common origin 
with Cytophagafermentans (Bachmann, 1955) ; the correspond
ing overall 16S rRNA gene sequence similarities are 87.9-
89.1 %. Strain Fru22 shares several properties with Cytophaga 
and Marinilabilia species, e .g., its morphology (thin , slender 
rods), production of a flexirubin-like pigment, and produc
tion of sphere-like structures in ageing cultures (Reichen
bach, 1992; Staley et aI., 1989). Moreover, the facultatively 
anaerobic species Cytophaga fermentans, Cytophaga xylanolytiea, 
Marinilabilia salmonicolor, and Marinilabilia agarovorans all have 
been described to produce acetate together with propionate 
and succinate as main products of sugar fermentation (Haack 
and Breznak, 1993; Staley et aI. , 1989). The G+C content of 
the DNA of Cytophaga f ermentans and Marinilabilia sp. is in the 
range of 30-42 mol%; strain Fru22 (41.8 mol%) would be a t 
the upper limit of this range. 

List of species of the genus Anaerophaga 

l. Anaerophaga thermohaJophila Denger, Warthmann, Ludwig 
and Schink 2002, 177vp 

ther.mo.ha.lo'phi.la. Gr. n. therrne heat; GI-. n. hals, halossalt; 
N.L. adj. philus -a -um (from Gr. adj. philos -e -on) friend, lov
ing; N.L. fem. adj. thermohalophila heat and salt loving. 

Slender flexible rods (0.3 x 3-8 ~lm) with rounded ends. 
Formation of spheres and spore-like structures occur in age
ing cultures. Strictly anaerobic. Catalase- and oxidase-nega
tive. Cytochromes of the lrtype present. Glucose, fructose, 
arabinose, xylose, cellobiose, mannose, trehalose, raffinose, 
galactose, starch, and lactose are used for growth. Hexoses 
and pentoses are fermented to equimolar amounts of acetate, 
propionate, and succinate. No growth occurs with ribose, 
sorbose , rhamnose, dulcitol, mannitol, glycerol, glycerate, 

tartrate, malate, glycolate, lactate, pyruvate, succinate, fumar
ate, methanol, ethanol, ethylene glycol, acetoin, a lanine, 
serine, threonine, glutamate, aspartate, proline, cellulose, 
arabinogalactan, chitin, yeast extract, or peptone. Growth 
requires media with an enhanced CO/bicarbonate content 
and salt concentrations of at least 2% (w/v). Growth occurs 
with 2-12% (w/v) salt (optimum, 2-6%). Growth occurs at 
37-55°C (optimum, 50°C); no growth occurs at 30 and 60°C. 
Ageing cultures exposed to dayl ight form an orange-red car
otenoid pigment similar to flexirubin . Habita,t: anox ic sub
surface sites of enhanced temperature and salt content. 

Source: contaminated oil tank sediment. 
DNA C+C content (mol%): 41.8 ± 0.7 (HPLC) . 

, Type strain: Fru 22, DSM 12881, OCM 798, 
Sequence accession no. (16S -rRNA gene): AJ 418048. 
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