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Summary 

Nine isolates of filamentous bacteria obtained from activated sludge and morphologically assigned to the 
genus Haliscomenobacter in addition to the type strain of Haliscomenobacter hydrossis DSM !IOOT were 
studied for cellular fatty acid composition, quinone type, physiological characteristics and protein profiles. 
Two selected representative strains had the MK-7-menaquinone as the major quinone, and the MK-6-
menaquinone as minor component. The main components of cellular fatty acids in all strains were the 13-
methyltetradecanoic acid (i 15: 0) followed by straight chain unsaturated acids of 16: 1 and saturated acids 
of 16: 0 and 18: o. Hydroxylated fatty acids of 3-0H i 15 : 0 and 2-0H i15 : 0 were found in higher amount 
in the type strain of H. hydrossis, whereas the isolates from activated sludge produced these acids in minor 
amounts or traces. Analysis of physiological properties showed phenotypic homogeneity among [he tested 
organisms. From 240 tested organic compounds, only few sugars (D-glucose, D-fructose and a few others) 
could be utilized as sole carbon source. Standardized protein profiles of the isolates were very similar to 
the protein profile of H. hydrossis DSM 1 lOOT. The results of the chemotaxonomic characterization are in 
line with the phylogenetic allocation of the genus Haliscomenobacter within the Saprospira subgroup of 
the flavobacter-bacteroides phylum. 
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Introduction 

As already pointed out by Mulder and Deinema (1992) 
isolates of the genus Haliscomellobacter are always pre
sent in activated sludge flocs, sometimes in large amounts. 
Only one species, Haliscomenobacter hydrossis, has been 
described so far (van Veen et aI., 1973). It is characterized 
by their straight, thin, needle shaped, sheath forming 
chains of cells (Mulder, 1989; Mulder and Deillema, 
1992) which may prorude from the sludge floes. Despite 
their frequent detection in activated sludge floes by mic
roscopic investigations, these filamentous bacteria are dif
ficult to isolate and cultivate, and for this reason, only few 
studies have been published on the physiology of H. hy
drossis (van Veen et aI., 1973; Krul, 1977; Ziegler and 
Doft, 1990), mainly based on few or even single isolates. 
On the basis of oligonucleotide cataloging the genus was 
placed into the cytophaga-flavobacterium group (Paster et 
a!., 1985), and in a recent srudy of small subunit rRNA 
sequence analysis it was shown that H. hydrossis belongs 
into the Saprospira subgroup of the "flavobacter-bac-

teroides" phylum which contains Saprospira grandis, 
Flexibacter elegalls and F. sanctii (Gherna and W'oese, 
1992). 

Because information about phenetic data of this genus is 
scarce, and the few results published in literature are main
ly based on studies with single isolates and no chemorax
onomic data are available until now, the aim of this study 
was a comprehensive physiological and chemotaxonomic 
characterization of a representative set of isolates mor
phologically assigned to the genus Haliscomenobacter. 

Materials and Methods 

[solates, growth conditions, morphological characterization 
and identification 

Nine filamentous isolates were obtained from the sewage treat
ment plants Berlin-Ruhleben and Berlin-Marienfelde (Germany). 
Methods for isolation and presumptive morphological identifica-
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tion are described elsewhere (Ziegler et aI., 1990). In addition to 
these isolates (Halisc:omenobacter sp. VI-39, VI-40, VIAl, VIA2, 
VI-44, VI-46, VI-48, VI-49, VI-50; see Fi~ 1) the type strain of 
Haliscomenobacter hydrossis DSM 1/00 obtained from the 
Deutsche Sammlung von Mikroorganismen und Zellkulturen, 
Braunschweig, Germany, was included. The type of the filament
ous bacteria was determined by microscopic examination accord
ing to Eikelboom (1975) and Eikelboom and van Buiisen (1981). 
The morphological and cytological characteristics have been de
scribed in detail by Ziegler et al. (1990), and the results of nu
trient requirements of the isolates have been reported elsewhere 
(Kampfer et aI., 1995). Three of the isolates (VI-40, VI-42, VI-46) 
have been further used for the development of the lldlis
comenob,/cter specific 16S rRNA oligonucleotide probes HHY 
(Wagner et aI., 1994). 

All strains were grown in liquid G:vlBN medium. To 960 ml of 
aqua dest. containing 0.36 g NH4Cl, 0.15 g MgS04 x 7 H 20, 0.1 
g CaC!z x 2 H20, 0.42 g NaHC01, 0.05 g NaC!, and 0.5 g TRIS, 
10 ml of an aqueous solution containing 0.075 g/250 ml FeCl1 x 
6 H20 and 0.075 g/250 ml EDTA were added; pH was adjusted 
to 7.2, and the mixture was autoclaved at 121°C. To this solu
tion, 10 ml of a sterile solution containing 0.11 g K2HP04 and 
0.08 g KHzP04, 10 ml of a sterile filtered solution containing 
0.5 g D-fructose, and 10 ml of a sterile filtered vitamin solution 
according to Eikelboom (1975) was added. All strains were 
grown for 48 to 72 h at 25°C at ISO rpm. 
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Physiologic,/I characterization 

All strains were tested for 329 physiological features, including 
240 carbon source utilization tests, 40 enzymatic tests with 
chromogenic substrates and 49 sugar acidificaiion tests. The test 
compounds are listed elsewhere (Kampfer ct aI., 1991). As a basal 
medium for all tests, the G1VIBN medium was used. All test media 
were prepared double-concentrated (with the exception of NaCI) 
and 100 III of each was filled into microtitre plates. The filaments 
of all strains, grown in 40 ml GMBN, were mechanically dis
rupted using a Ultraturrax (according to Kalllpfer et al. 1991), 
and centrifuged at 15.000 rpm for 10 min. After washing twice 
with sterile saline and centrifugation steps, 100 III of the sus
pensions (MacFarland standard rube No.5) were filled into each 
well of the microplates. The microplates were covered with plas
tic seals, and test results were read photometrically after a seven 
da}' incubation at 25°C. All test results were also read visually. 

Qllinone and fatty acid analyses 

Quinones were studied using the type strain of H. hydrossis 
DSM 1100T and one isolate (VI-42). Strains were grown aerobi
cally at 25°C in Gl\1BN medium, and for determination of quino
nes, thin layer chromatography according to the method of Col
lins (1985) was used. The reference substances for MK-6 and 
MK-7 were obtained from Flavobacterium breve NCTC 11099T 

and Sphingobacterium thalpophilulII NCTC 11429T (Dees et aI., 
1985). 

6 7 8 9 10 11 12 
Fig.!. Normalized cellular protein electrophoretic patterns of Haliscomenobacter isolates. Samples were electrophoresed from top to 
bottom. The lanes contained extracts of Haliscomenobacter sp. VIA2, (2), VI-44 (3), VI-48 (4), VI-46 (5), Haliscomenobacter 
hydrossis DSM 11001 (6), Haliscomenobacter sp. V1-41 (7), VI-40 (8), VJ-39 (9), VI-49 (10), and VI-50 (11), Lanes 1 and 12 contained 
reference proteins (molecular masses, M" are given). 



For extraction and analysis of fatty acids, wet cells han'ested 
from n-h-cultures in GMBN medium incubated aerobicallv at 
25°C were studied. Fatty acids were transmethylated ~irh 
methanolic HCI and fatty acid methyl esters were analyzed by gas 
liquid chromatography using a Shimadzu GC 9A equipped with a 
fused silica capillary column (50 m x 0.32 mm) as reported by 
Kampfer et al. (1992). 

Electrophoresis of soluble proteins 

Exponcnrial growing cultures in GMBN medium were har
vested by centrifugation, washed once with 1 ml of 10 mmol/I 
Tris-hydrochloride pH 7.3, 5 mmolll MgCl1, resuspended in 1 ml 
of the same buffer and the cells were disrupted by sonication 
(Branson sonifyer, Danbury, C.T., U.S_A.) in an ice-water bath. 
l~'sates were centrifugated in a microfuge at 3000 rev/min for 5 
min, and 800 ~I of the supernatant fluids were collected. After 
measuring the protein conrenr (lowry method), the Iysates were 
distributed in lots containing 50 ~g protein and then lyophilized. 
Dried extracts were resuspended in 25 ).11 sample buffer (10 ml 
buffer conrained 1.5 ml of 0.5 molll Tris, pH 6.8; 4 ml of 10% 
50S; 2 ml glycerol; 0.1 ml of 0.4% bromophenol blue; 0.4 ml 
H20; and 1 ml mercaptoethanol), and stored frozen. Five III of 
each sample was loaded on the polyacrylamide gels using the 
Mini-Protean II system (Biorad, Miinchen, Germany). Composi
tion, run specifications and staining was done by a modification 
of the method of Laemmli (1970). High range (containing five 
proteins) and low range standards (conraining six differenr pro
teins) obtained from BioRad, Miinchen, were used as 50S-PAGE 
standards. Reading of the gels was performed using a computer
conrrolled video system (Cybertech, Berlin, FRG). Normalization 
of the electrophoretic traces was performed between the range 
defined by standard proteins of molecular weights of 116.250 
and 14.400 with the GeiCompar program (Vauterin and Vaute
rin 1992). 

Results and Discussion 

Quinones. Both strains studied for quinone profile con
tained menaquinones of the type MK-7 as major compo
nent (70-90%). The menaquinone MK-6 was present, but 
only in minor amounts (10-30%). The presence of mena
qui nones is a common trait within genera allocated into 
the flavobacter-bacteroides phylum (Collins and Jones 
1981). Especially within the genera Flexibacter, Cytopha
ga, and Flavobacterium, quinones of the types MK-6 and 
MK-7 are present (Col/ins and Jones, 1981; Reichenbach, 
1989). In addition, a study on filamentous bacteria from 
sewage, belonging to the F1avobacterium-Cytophaga com
plex have shown the predominance of the menaquinone 
system MK-7 and MK-6 in all isolates studied (Poen et al., 
1984). 

Fatty acid analysis. The analysis of all strains revealed 
characteristic profiles for the Haliscomenobacter isolates 
(Table 1) with four major fatty acids, listed in descending 
order: 20-41 % 13-methyltetradecanoic acid (i 15: 0), 
7-22% cis-9 hexadecenoic acid (16: 1), 4-11% hex
adecanoic acid (16: 0), and 4-7% octadecanoic acid 
(18: 0)_ Interestingly, the type strain of H. hydrossis DSM 
1100T contained high amounts of the hydroxylated fatty 
acids 3-0H i15: 0 and 2-0H i15: 0 in addition to minor 
amounts of 3-0H i 17: O. These fatty acids were only pre
sent in minor amounts in the isolates (Table 1). It must be 
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Table I. Cellular fatty acid composition of Haliscomenobacter 
hydrossis DSM 1100T and nine isolates morphologically assigned 
to the genus Haliscomellobacter 

% of total in: 
Fatty acid H. hydrossis Haliscomenobacter sp. 

DSM l100T 

(n = 9) 

14:0' 0.17 0- 0.20 
15:0 0.56 0.5- 3.8 
16:0 5.68 4.2-11.1 
17:0 0.26 0- 0.4 
18:0 6.93 3.7- 7.3 
19:0 0.11 0 

i13:0 0.41 0- 0.3 
i15:0 21.06 20.4-41.5 
i16:0 2.76 0.6- 2.8 
16:1 17.26 7.4-22.5 
i 17: 1 1.77 0- 1.5 
a17:1 2.34 0- 1.3 
i17:0 1.03 0.2- 1.3 
18: 1 0.58 0- 0.7 
cis-9 18: 1 0.23 0- 0.8 
cis-9,1118:1 0.26 0- 1.2 

2-0H i15:0 15.49 0- 3.7 
3-0H i15:0 22.84 0- 2.3 
3-0H i17:0 0.25 0- 0.2 

• number of carbon atoms: number of double bonds. 
b range among isolates. 

stated that the growth of the isolates was very poor in 
GMBN medium and took several days in order to obtain 
sufficient biomass for fatty acid extraction. In constrast, 
cultivation of the type strain resulted in much faster 
growth and in the production of higher amounts of 
biomass. 

The high content of 13-methyltetradecanoic acid 
(i15: 0) and the presence of 2-0H ilS: 0 and 3-0H-iI5: 0 
was also found in filamentous isolates of the cytophaga
flavobacterium group studied by Po en et al. (1984) and is 
characteristic for the genera Flavobacterium (Moss and 
Dees, 1978; Dees et al., 1985), Flexibacter (Reichenbach, 
1989), and Bacteroides (Mayberry, 1980). Similar to the 
quinone system, the fatty acid profile closely resemble 
those of other bacteria of the flavobacter-bacteroides phy
lum sensu Gherna and Woese (1992). 

Physiological tests. All ten strains of Haliscomenobacter 
showed a very similar profile in the physiological charac
terization. All strains were able to grow with D-fructose, 
D-glucose, and starch as sole carbon source in GMBN 
basal medium_ The chromogenic substrates pNP-N-acetyl
~-D-glucosaminide, pNP-~-D-glucopyranoside, pNP
phosphate (pH 7.0), pNP-phosphate (pH 8_2), L-alanine
pNA, L-arginine-pNA, glycine-pNA, L-lysine-pNA (pNP 
= para-nitrophenyl-; pNA = para-nitroanilide) were hy
drolyzed by all strains. N-acetyl-D-glucosamine, D
glucosamine and D-galactose were utilized and pNP-al-
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pha-L-arabinopyranoside and pNP-phenyl-phospho03te 
were hydrolyzed by four isolates. Six isolates were able to 
use D-xylose as sole carbon source and showed a positive 
reaction in D-alanine-pNA and L-proline-pNA hydrolysis. 
Three isolates cleaved the chromogenic substrate pNP-al
pha-D-maltoside, and only two were able to grow with L
arabinose. The vast majority of substrates could not be 
utilized by any of the ten strains: N-acetyl-D-galactos
amine, amygdalin, D-arabinose, arabonic acid, p-arburin, 
D-cellobiose, dextrane, D-fucose, L-fucose, alpha-D
galacturonate, D-glucarate, gluconate, O-glucosa'minic 
acid, D-glucuronate, glycogen, glycyrrhizinic acid, inulin, 
lactose, lactulose, D-Iyxose, L-Iyxose, D-maltosc, D-man
nose, L-mannose, D-mannoheptulose, alpha-D-melezi
tose, alpha-D-melibiose, alpha-methyl-D-mannoside, me
thyl-alpha-D-glucopyranoside, B-methyl-D-xyloside, mu
cate, 5-oxogluconate, alpha-D-raffinose, L-rhamnose, D
ribose, D-sucrose, salicin, L-sorbose, D-tagatose, D-trehal
ose, D-turanose, L-xylose, adonitol, D-arabitol, L
arabitol, dulcitol, meso-~rythritol, glycerol, i-inositol, mal
titol, D-mannitol, tributyrine, meso-xylitol, acetate, buty
rate, caprate, heptanoate, isobutyrate, isovalerate, prop
ionate, sorbinic acid, cis-aconitate, trans-aconitate, ad i
pate, azelate, citraconate, citrate, fumarate, glutarate, gly
cerate, glycerophosphate, glycolate, glyoxylate, DL-3-hy
droxybutyrate, 4-hydroxybutyrate, DL-2-hydroxyiso
butyrate, L-2-hydroxyisocaprate, DL-2-hydroxyisovaler
ate, 2-hydroxyvalerate, DL-isocitrate, itaconate, D-Iac
tate, DL-Iactate, L-Iactate, levulinate, DL-malate, L-ma
late, maleate, malonate, mesaconate, mesoxalate, ox
aloacetate, 2-oxoglutarate, 2-oxoisocaprate, pimelate. py
ruvate, suberate, succinate, D-tartrate, meso-tartrate, L
tartrate, tartronate, I-butanol, 2-butanol, ethanol, I-hex
anol, 1,8-octanediol, acetamidocaprate, acetyl-L-gluta
mate, acetyl-L-glutamine, acetyl-glycine, acetyl-DL-me
thionine, acetyl-L-proline, D-alanine, L-alanine, (3-alanine, 
DL-2-aminoadipate, DL-2-aminobutyrate, DL-3-amino
butyrate, DL-2-aminoisobutyrate, 4-aminobutyrate, 
aminoxyacetate, D-arginine, L-arginine, D-asparagine, L
asparagine, L-asparrate, DL-aspartate, betaine, casein, L
cysteinate, L-citrulline, DL-2,4-diaminobutyrate, diami
nopimeltate, 2,3-diaminopropionate, dimethylglycine, D
glutamate, L-glutamate, L-glutamine, L-glycine, gly
cinanhydride, D-histidine, L-histidine, L-homoserine, DL
delta-hydroxylysine, L-hydroxyproline, DL-isoleucine, L
isoleucine, D-Ieucine, L-Ieucine, D-Iysine, L-Iysine, D
methionine, L-methionine, DL-methioninesulfone, L-nor
leucine, D-norvaline. L-norvaline, L-ornithine, D-pheny
lalanine, L-phenylalanine, phenylglycine, D-proline, L
proline, sarcosine, D-serine, L-threonine, D-tryptophan, 
L-tryptophan, L-valine, butylamine, cadaverine, carnitine, 
creatine, creatinine, ethalnolamine, ethylamine, urea, 
hexylamine, putrescine, spermidine, spermine, taurine. 
trigonelline, tryptamine, tyramine, acetamide, allantoine, 
cytosine, glycinamide, hippurate, indole-3-acetate, L
leucinamide. oxamid acid, salixylamide, thiamine, uracil, 
ureidosuccinate, L-valinamide, anthranilate, 3-aminoben
zoate, 4-aminobenzoate, benzoate, furan-2-carbonic acid, 
3-hydroxybenzoate, 4-hydroxybenzoate, 2-hydroxy
phenylacetate, 3-hydrocyphenylacetate, 4-hydroxyphenyl-

acetate, isophthalate, D-mandelate, L-mandelate, pheno
xyacetate, phenylacetate, phenyllactate, phenylpropion
ate, phenylpyruvate, phthalate, protocatechuate, quinate, 
salicylate, tropate, and vanillate. Growth with D-glucose 
in the presence of 1 %,2%.5%.7%, and IO''l'o, NaCI, and 
0.005%, 0.01 %, and 0.02% Na-azide was also negative 
for all strains. None of the tested strains were able to 
hydrolyze pNP-N-acetyl-B-O-galactosaminide, pNP-D
acetyl-alpha-D-glucosaminide, pNP-B-D-cellobioside, 
pNP-alpha-L-fucopyranoside, pNP-B-L-fucopyranoside, 
pNP-B-D-galactopyranoside, pNP-B-D-galacruronide, 
pNP-alpha-D-glucopyranoside, pNP-r~-D-glucuronide, 
pNP-B-D-lactoside, pNP-alpha-D-mannopyranoside, 
pNP-B-D-malroside, pNP-13-D-melibiosidc, pNP-alpha-L
rhamnopyranoside, pNP-B-D-xyloside, pNP-sulphate, 
pNP-phosphate (pH 5.4), bis-pNP-phosphate, pNP-phos
phoryl-choline, 2-desoxythymidin-5' -pNP-phosphate, 
acetyl-L-alanine-pNA, acctyl-L-leucine-pNA, benzoyl-DL
arginine-pNA, glutamate-l-pNA, gamma-L-glutamate
pNA, L-glutamate-gamma-3-carboxy-pNA, L-phenyl
alanine-pNA, L-proline-pNA, succinyl-L-phenylalanine
pNA, and L-valine-pNA, and none of them were able to 

produce acid from the following carbohydrate: N-acetyl
D-glucosamine, D-arabinose, L-arabinose, arabonic acid, 
D-cellobiose, dextrane, D-fructose, D-galactose, alpha-D
galacturonate, gluconate, D-glucosamine, D-glucose, D
glucuronate, glycogen, inulin, lactose, lactobionic acid, 
lactulose, L-Iyxose, D-maltose, D-mannose, alpha-D
melezitose, alpha-D-melibiose, alpha-methyl-D-manno
side, methyl-alpha-D-glucopyranoside, (3-methyl-D-xylo
side, mucate, alpha-D-raffinose, L-rhamnose, D-ribose, 
sucrose, salicin, L-sorbose, starch, D-tagatose, D-rrehal
ose, D-turanose, D-xylose, L-xylose, dulcitol, m-erythritol, 
glycerol, i-inositol, maltitol, D-mannitol, D-xylitol, and 
tributyrine. 

Most of the physiological tests gave negative results. 
Few data on the physiology of Haliscomenobacter pub
lished until now (van Veen et aI., 1973; Krul, 1977; 
Ziegler and Dott, 1990; Mllider, 1989; Mllider and 
Deinema, 1992). Krul (1977) reported, that D-glucose to
gether with some components from trypticase soy broth 
could be useful as energy source. Mulder and Deinema 
(1992) reported that D-glucose can be used as carbon 
source, whereas glycerol and lactate cannot be utilized, 
which is in line with our results. In contrast, the utilization 
of sucrose was reported to be positive, but this could not 
be confirmed in our study. In addition, Mulder (1989) 
listed glucosamine and lactose, and to a lesser extent man
nitol as carbon and energy sources. The utilization of lac
tose and D-mannitol was not observed for any isolate in 
this study. As already mentioned above, isolates of the 
genus Haliscomenobacter are difficult to cultivate. It could 
be shown in a detailed study on the nutritional require
ments of these isolates, that D-glucose and D-fructose 
were good substrates for the cultivation of Haliscomeno
bacter (Kampfer et aI., 1995), however a strict dependency 
was found for the presence of calcium, magnesium, and 
phosphate in the media for all isolates and high ammonia 
concentrations (> 2 g 1-1) inhibited the growth of Halis
comenobacter. Furthermore, Haliscomenobacter prefered 



a distinct range of phosphorus concentration (0.05-0.2 g 
I-I), and a low concentration of yeast extract and peptone 
(Kampfer et aI., 1995). 

Cel/Illar proteill patterns. The normalized profiles of 
whole cell proteins are shown in Figure 1. All isolates 
revealed very similar protein profiles with a characteristic 
lane pattern, indicating a high phenotypic similarity. 

COllclusioll. This study reports a comprehensive pheno
typic characterization of nine Gram-negative filamentous 
isolates from sewage sludge, morphologically charac
terized as thin rods in chains enclosed by a small sheath, 
and assigned to the genus Haliscomenobacter in compari
son with the reference strain of H. hydrossis DSM 1100 T. 

The homogeneous physiological patterns and cellular pro
tein profiles suggest that the isolates belong to the species 
H. hydrossis. Nevertheless, for the exact species allocation 
DNA-DNA hybridizations are necessary. The quinone sys
tem and fatty acid profiles show the resemblance of these 
isolates to genera of the "flavobacter-bacteroides" phy
lum, and therefore support the current phylogenetic clas
sification. 

Because isolation and cultivation of these organisms is 
difficult and time consuming, the use of specific 165 rRNA 
targeted oligonuleotide probes as reported earlier (Wagner 
et aI., 1994) can be very useful for in-situ detection and 
identification of Haliscomenobacter. However, for a more 
detailed knowledge of the physiology and the ecological 
role of the genus, more pure culture studies are required. 
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