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Polyamine analysis within the eubacterial thirteen phyla Acidobacteria,  
Actinobacteria,Chlorobi,Chloroflexi,Chrysiogenetes,Deferribacteres,  
Fibrobacteres,Firmicutes,Fusobacteria,Gemmatimonadetes,Nitrospirae,

Planctomycetes, and Verrucomicrobia
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　Cellular polyamines of the recently described 51 eubacteria distributed within 13 phyla were analyzed by HPLC, 
to demonstrate polyamine profiles in numerous eubacterial taxa of different lines of descent. Homospermidine or nor-
spermidine was found within the phyla Acidobacteria, Chloroflexi and Chlorobi. In the phylum Nitrospirae, mesophilic 
Nitrospira and Leptospirillum contained spermidine alone, whereas thermophilic Thermodesulfovibrio contained nor-
spermine, spermine and homocaldopentamine. The phylum Chrysiogenetes contained spermidine alone, and the phylum 
Deferribacteres cadaverine, spermidine and spermine, and the phylum Fibrobacteres spermidine. Spermidine and sperm-
ine were distributed within the phylum Fusobacteria. The phylum Gemmatimonadetes contained homospermidine alone. 
Within the phylum Planctomycetes, homospermidine was the major polyamine. The phylum Verrucomicrobia contained 
spermidine alone. In the phylum Firmicutes, the mesophiles of the order Clostridiales contained low levels of cadaverine, 
spermidine, spermine and agmatine and thermophilic Heliobacterium was rich in spermine. The order Halanaerobiales 
contained spermidine and spermine. In the orders Bacillales and Lactobacillales, many mesophiles contained spermidine 
and agmatine and some lacked polyamines. In the phylum Actinobacteria, the orders Rubrobacterales, Coribacteriales and 
Sphaerobacterales contained no cellular polyamines whereas thermophilic Thermoleophilum contained branched penta-
amines. The eubacteria tested can be characterized by major triamine profiles (spermidine, norspermidine and/or homo-
spermidine), roughly corresponding to their phylogenetic positions at class or order level. Tetra-amines and penta-amines 
appeared in thermophiles. Psychrophily, halophily, acidophily and alkaliphily found in some eubacteria within the 13 
phyla seem to be not related to their polyamine profiles.
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INTRODUCTION
　Studies on cel lular polyamine distribution 
profiles have already provided valuable chemo-
taxonomic information on the classification of 
the domain Bacteria (Eubacteria) (Hamana, 2002a; 
Hamana & Matsuzaki, 1992). Polyamine analysis has 
been established in the systematics of the phyla 
Proteobacteria (Hamana et al., 2000a, 2000b, 2001, 
2003a, 2003b, 2004; Hamana & Takeuchi, 1998) and 
Bacteroidetes (Hamana & Matsuzaki, 1990; Hamana 
& Nakagawa, 2001a, 2001b; Hosoya & Hamana, 

2004), and eubacterial Gram-positives (Hamana, 
1994, 1999b, 1999c; Hamana & Satake, 1995; Hamana 
et al., 2002) and thermophiles (Hamana et al., 1996, 
1997, 1998; Hosoya et al., 2004). The significance of 
this approach for the recently validated eight phyla 
Acidobacteria, Chloroflexi, Nitrospirae, Chlorobi, 
Chrysiogenetes, Deferribacteres, Fusobacteria and 
Gemmatimonadetes, phylogenetically deeply branch-
ing in Eubacteria (Boone & Castenholz, 2001), was 
investigated in the present study. Polyamines of 
some novel species belonging to the two large 
Gram-positive groups, the two phyla Firmicutes 
and Actinobacteria (Boone & Castenholz, 2001), have 
not been clarified. Polyamine data in the related 
minor three phyla Fibrobacteres, Planctomycetes 
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and Verrucomicrobia, tentatively published in a 
local report (Hamana, 1999a), were cited in the pres-
ent study. Polyamine distributions within 51 newly 
described (mostly validated) strains of these taxa 
(total 13 phyla) were analyzed to fill up polyamine 
distribution catalogues in numerous so far not inves-
tigated eubacterial taxa of different lines of descent. 
Polyamine profiles in thermophiles, psychrophiles, 
halophiles, acidophiles and alkaliphiles found within 
the 13 phyla were also analyzed.

MATERIALS AND METHODS
 Fifty-one newly available strains were aerobically 
or anaerobically grown at the optimum growth tem-
perature in the medium No. designed by the culture 
collections (ATCC Bacteria Collection 2005, IAM 
Catalogue of Strains 2004, JCM Catalogue of Strains 
2005, and NCIMB Catalogue of Strains 2002), and the 
media NB, Nutrient Broth (Nissui); NB-U, Nutrient 
Broth plus 2% urea; MB, Marine Broth 2216 
(DIFCO); TSB, Trypticase Soy Broth (BBL); GAM, 
GAM Broth (Nissui); BA, Blood Agar Medium con-
taining heart extract and peptone (Eiken Chemical); 
199, polyamine-free synthetic 199 medium, ordinarily 
used for tissue culture (Nissui); YTA, Yeast extract/
Tryptone/Sodium acetate and PYE, Peptone/Yeast 
extract. Exponentially growing cells or living cells 
in the early stationary growth phase (200-1000 
mg wet weight) were harvested by centrifugation 
from 200-1000 ml liquid cultures or 2-4 agar plates. 
The pellets of organisms were homogenized in 0.5 
M perchloric acid (PCA, HClO4). Polyamines were 
extracted into 0.5 M PCA and analyzed by high-
performance liquid chromatography (HPLC) on a 
L6000 High-Speed Liquid Chromatograph (Hitachi) 
(Hamana, 2002a, 2002b; Hamana et al., 1998).
　When no major polyamine (detected at the level 
of 2.00-0.10 mmol/g wet weight cells) was found and 
polyamines were nondetectable (<0.005 mmol/g wet 
weight cells) in the PCA extracts, cell residues after 
the PCA extraction were hydrolyzed with 6 M HCl 
at 110℃, for 20 h. By HPLC of the hydrolyzates to 
confirm complete polyamine extraction into 0.5M 
PCA, the two nondetectable polyamine data could 
be expressed as that the organism (grown under 
the used condition) lacks cellular polyamines. It is 
well known that the composition of medium, culture 
temperature and growth stage can influence cellu-
lar polyamine content, but cannot change the major 
polyamine profile. Therefore, the present investiga-

tion focused on identifying major cellular polyamine 
components.

RESULTS AND DISCUSSION
Acidobacteria
　A novel Fe (III)-reducing bacterium, Geothrix  
fermentans (Coates et al., 1999), newly analyzed in 
the present study, contained homospermidine as the 
major polyamine (Table 1). This organism as well as 
Acidobacterium and Holophaga species belongs to 
the phylum Acidobacteria (Coates et al., 1999). Two 
acidophilic Acidobacterium capsulatum strains also 
contained homospermidine alone as reported previ-
ously (Hamana, 1999a), suggesting a wide distribu-
tion of this triamine within this phylum.

Chloroflexi
  Two Chloroflexus species and two Herpetosiphon 
species belonging to the class Chloroflexi contained 
homospermidine as the major polyamine, as previ-
ously reported (Hamana et al., 1997). In this study, 
three newly reported species were subjected to 
polyamine analysis: one was a slightly thermophilic 
photosynthetic bacterium, Roseiflexus castenholzii, 
growing at 50℃ , belonging to the class Chloroflexi 
(Hanada et al . , 2002) and the other two were 
filamentous slight-thermophiles growing at 55℃ , 
Anaerolinea thermophila and Caldilinea aerophila 
belonging to the class Anaerolineae (Sekiguchi et 
al., 2003). The major polyamine of R. castenholzii 
was homospermidine, suggesting the ubiquitous 
occurrence of homospermidine within the class 
Chloroflexi (Table 1). Although tetra-amines were 
detected as minor polyamines in the thermophilic 
Chloroflexus species, tetra-amines were not found in 
this slight-thermophile growing at 55℃.
　In the class Anaerolineae, the major polyamine of 
A. thermophila was norspermidine, however, its pro-
file was similar to that of an extreme thermophile, 
Thermomicrobium roseum containing norspermine, 
caldopentamine and caldohexamine of the class 
Thermomicrobia (Table 1). On the other hand, C. 
aerophila as well as five slight-thermophiles of the 
class Chloroflexi contained homospermidine. In A. 
thermophila and C. aerophila, the major polyamine 
type did not change in the cultures harvested at dif-
ferent growth stages (Table 1).
  Slightly thermophilic Sphaerobacter thermophilus 
growing at 55℃ (Demharter et al., 1989; Hugenholtz 
& Stackebrandt, 2004) as a single species of the 
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order Sphaerobacterales of the class Thermomicrobia 
lacked polyamines when the organism was grown 
in both organic and synthetic media (Hamana, 
1999c). The one species, Thermomicrobium roseum 
belonging to the order Thermomicrobiales of the 
class Thermomicrobia, was validated in this phylum 
(Yakimov et al., 2003). This extreme thermophile, 
growing at 70℃, contained three penta-amines and 
a hexa-amine synthesized from spermine, thermo-
spermine and/or norspermine (Hamana et al., 1998). 
Homospermidine and branched polyamine were not 
detected.
　Two different polyamine patterns observed in 
the phylum Chloroflexi suggest heterogeneous poly-
amine distribution profiles within this phylum.

Nitrospirae
　The phylum Nitrospirae phylogenetically compris-
es Nitrospira, Leptospirillum, Magnetobacterium and 
Thermodesulfovibrio species (Boone & Castenholz, 
2001; Garrity & Holt , 2001b; Hippe, 2000) . We 
reported that the major polyamine of Leptospillum 
ferrooxidans was spermidine and extremely (mod-
erately) thermophilic Thermodesulfovibrio yellow-
stonii, growing at 60℃ , contained norspermidine, 
norspermine, spermine and homocaldopentamine in 
addition to spermidine (Hamana et al., 1997, 1998). 
Nitrospira marina, newly analyzed in the present 
study, contained spermidine alone (Table 1). The 
two mesophiles, acidophilic L. ferrooxidans and neu-
trophilic N. marina, have same polyamine profiles.

Chlorobi
　The major polyamine of two photosynthetic 
Chlorobium species, slightly thermophilic C. tepidum 
(growing at 45℃) and mesophilic C. linicola belong-
ing to the phylum Chlorobi, was homospermidine 
(Hamana et al., 1997). Two strains of C. linicola, avail-
able in the present study, contained also homosper-
midine as the major polyamine (Table 2). Since other 
novel genera belonging to this phylum were not 
available, the chemotaxonomic significance of the 
occurrence of homospermidine is unclear.

Chrysiogenetes
  The phylum Chrysiogenetes is currently represent-
ed by a single species, which was reportedly distinct 
from members of other phyla (Boone & Castenholz, 
2001; Garrity & Holt, 2001a). Chrysiogenes arsena-
tis is mesophilic, exhibiting anaerobic respiration 

in which arsenate serves as the electron acceptor 
(Macy et al., 1996). This organism contained spermi-
dine alone as the major polyamine, as shown in the 
present study (Table 2).

Deferribacteres
  Chemoorganotrophic heterotrophs, Deferribacter, 
Flexistipes, Geovibrio and Denitrovibrio species in 
this phylum, respire anaerobically with terminal 
electron acceptors including sulfur, nitrate, Fe(III) 
and arsenate (Boone & Castenholz, 2001; Garrity 
& Holt, 2001c; Miroshnichenko et al., 2003; Takai 
et al. , 2003). The two moderately thermophilic 
Deferribacter species, D. desulfuricans and D. abyssi, 
growing at 60-62℃, available in the present study, 
contained cadaverine, spermidine and spermine 
(Table 2).

Fibrobacteres
　Fibrobacter species only comprise the phylum 
Fibrobacteres (Boone & Castenholz, 2001). It has 
been reported previously that three Fibrobacter spe-
cies contained spermidine as the major polyamine 
(Hamana, 1999a). These results were shown again 
in the present study that compared polyamine pat-
terns among some related phyla (Table 2).

Fusobacteria
　The genera Fusobacterium, Ilybacter, Leptotrichia, 
Propionigenium, Sebaldella and Streptobacillus spe-
cies comprise the phylum Fusobacteria (Boone & 
Castenholz, 2001). In the present study, polyamines 
of seven Fusobacterium species available, includ-
ing newly analyzed F. equinum (Dorsch et al., 2001), 
were described. Spermidine and spermine were 
detected in all the mesophilic species (Table 2). 
Putrescine and/or agmatine were found in three 
species, however, the significance of the diamine and 
guanidinoamine distribution is unclear.

Gemmatimonadetes
　Gemmatimonas aurantiaca was isolated as a 
representative of the new eubacterial phylum, 
Gemmatimonadetes (Zhang et al., 2003). This organ-
ism contained homospermidine alone (Table 2). The 
occurrence homospermidine instead of spermidine 
in this deeply branching phylum as well as the 
other early branching different lines of descent, 
Acidobacteria, Chloroflexi and Chlorobi, is phyloge-
netically interesting.
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Planctomycetes
　The phylum Planctomycetes includes the gen-
era Planctomyces, Gemmata, Isosphaera, Pirellula, 
Blastopirellula and Rhodopirellula (Boone & 
Castenholz, 2001; Schlesner et al., 2004; Ward et al., 
2000). Homospermidine was found in Rhodopirellula 

species, analyzed here, in addition to the previ-
ously analyzed four genera, as shown in Table 2. 
Spermine was not detected in Isosphaera pallida 
growing at 45℃ as well as other mesophilic species. 
Among them, Planctomyces limnophilus contained 
spermidine instead of homospermidine. The previ-
ous results were cited from our report (Hamana, 

Table 2.　 Cellular concentration of polyamines in the phyla Chlorobi, Chrysiogenetes, Deferribacteres, 
Fibrobacteres, Fusobacteria, Gemmatimonadetes, Planctomycetes and Verrucomicrobia

Organism Strain
Culture condition Polyaminesa(mmol/g wet cells)

Medium pH Tm(℃ ) 4 5 34 44 343 Agm
Phylum Chlorobi
　Chlorobium tepidum ATCC 49652T b ATCC 37 6.7 45 0.01 - - 2.35 0.04 -
　Chlorobium limicola ATCC 17092b ATCC 37 6.7 30 0.01 - - 2.26 - -
　Chlorobium limicola NCIMB 8325 NCIMB 10 6.0 30 - - - 0.60 - -
　Chlorobium limicola NCIMB 8346 NCIMB 10 7.0 30 - - - 0.65 - -
Phylum Chrysiogenetes
　Chrysiogenes arsenatis ATCC 700172T ATCC 2139 7.0 28 - - 0.55 - - -
Phylum Deferribacteres
　Deferribacter desulfuricans JCM 11476T JCM 324 6.5 62 - 0.65 0.30 - 0.15 -
　Deferribacter abyssi JCM 11955T JCM 365 6.5 60 - 0.65 0.55 - 1.10 -
Phylum Fibrobacteres
　Fibrobacter intestinalls ATCC 43854T c ATCC 1943 6.6 37 - - 1.50 - - -
　Fibrobacter succinogenes subsp. elongata ATCC 43856T c ATCC 1943 6.6 37 0.17 - 1.75 - - 1.05 
　Fibrobacter succinogenes subsp. succinogenes ATCC 19169T c ATCC 1943 6.6 37 0.19 - 2.10 - - 1.13 
Phylum Fusobacteria
　Fusobacterium equinum JCM 11174T GAM 7.3 37 0.20 - 0.60 - 1.30 -
　Fusobacterium necrophorum subsp. funduliforme JCM 3724T GAM 7.3 37 - - 0.10 - 0.66 -
　Fusobacterium necrophorum subsp. necrophorum JCM 3718T GAM 7.3 37 - - 0.48 - 0.45 -
　Fusobacterium nucleatum subsp. nucleatum JCM 8532T GAM 7.3 37 - - 0.04 - 1.20 -
　Fusobacterium nucleatum subsp. vincentii JCM 11023T GAM 7.3 37 0.30 0.05 0.20 - 0.04 -
　Fusobacterium pseudonecrophorum JCM 3721T GAM 7.3 37 1.51 - 0.15 - 0.25 0.25 
　Fusobacterium varium JCM 3722T GAM 7.3 37 1.75 - 0.04 - 0.22 0.05 
Phylum Gemmatimonadetes
　Gemmatimonas aurantiaca JCM 11422T JCM 211 7.0 30 - - - 0.97 - -
Phylum Planctomycetes
　Planctomyces brasiliensis NCIMB 13185T  c ATCC 1732 7.0 30 - - 0.22 0.74 - -
　Planctomyces limnophilus ATCC 43296T c MB 7.6 30 2.80 - 0.90 - - -
　Planctomyces maris NCIMB 2232T c ATCC 1521 7.2 30 - - 0.06 0.72 - -
　Blastopirellula marina ATCC 49069T c ATCC 1657 7.5 30 0.01 - 0.15 1.50 - -
　Pirellula staleyi ATCC 27377T c ATCC 36 7.0 30 - - 0.30 1.62 - -
　Isosphaera pallida ATCC 43644T c ATCC 1962 7.6 45 0.02 - 0.02 1.48 - -
　Rhodopirellula baltica NCIMB 13988T NCIMB 1540 7.0 28 - - 0.05 0.67 - -
Phylum Verrucomicrobia
　Prosthecobacter dejongeii NCIMB 12777T  c ATCC 462 7.5 30 - - 1.30 - - -
　Prosthecobacter fusiformis NCIMB 12778T  c ATCC 462 7.5 30 - - 2.10 - - -
　Prosthecobacter vanneervinii ATCC 700199T c ATCC 462 7.5 30 - - 2.30 - - -
　Verrucomicrobium spinosum ATCC 43997T  c ATCC 1661 7.5 30 0.01 - 2.25 - - -
a See Table 1. b, c data from Hamana et al., 1997, Hamana, 1999a.
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1999a), however, similar polyamine data were report-
ed simultaneously elsewhere (Griepenburd et al., 
1999).

Verrucomicrobia
　The phylum Verrucomicrobia includes the genera 
Prosthecobacter and Verrucomicrobium (Boone & 
Castenholz, 2001; Ward et al., 2000) and their four 
species contained spermidine alone, as previously 
reported (Hamana, 1999a) (Table 2).

Firmicutes
　Polyamine analyses of two novel anoxygenic 
phototrophs and two novel halophilic anaerobes 
located in the large phylum Firmicutes were added 
in the present study. The family Heliobacteriaceae 
located in the order Clostridiales of this phylum 
comprising the genera Heliobacterium, Heliobacillus, 
Heliophilum and Heliorestis, is a group of anoxygen-
ic phototrophs (Boone & Castenholz, 2001; Madigan, 
2001). Three heliobacteria analyzed previously con-
tained low levels of cadaverine, spermidine, sperm-
ine and agmatine (Hamana, 1999c). Uptake of these 
polyamines from the media was not excluded. In the 
present study, slightly thermophilic Heliobacterium 
modesticaldum and mesophilic Heliophilum fascia-
tum were analyzed. Polyamine profiles were identi-
cal within the five heliobacteria, however, slightly 
thermophilic H. modesticaldum, growing at 50℃, 
was rich in a tetra-amine, spermine (Table 3). In 
the family Clostridiaceae of this order, thermo-
philes often show a tendency for tetra- and penta-
amines instead of di- and tri-amines (Hamana, 1999c; 
Hamana et al., 1996; Hosoya et al., 2004).
　Recently, two newly reported halophilic anaerobes 
Halanaerobium fermentans and Selenihalanaerobacter 
shriftii belonging to the order Halanaerobiales of 
this phylum were published (Blum et al., 2001; Boone 
& Castenholz, 2001; Kobayashi et al., 2000; Oren, 
2000). The two species growing at 10% concentra-
tion of NaCl as well as eight other halophilic anaer-
obes (Hamana, 1999c), ubiquitously contained spermi-
dine and spermine (Table 3).
　In the previous study on aerobic Gram-positive 
cocci located in the order Bacillales of this phylum, 
the presence or absence of spermidine was conflict-
ing (Hamana, 1994). Polyamines of new members 
belonging to two families of this order (Boone & 
Castenholz, 2001) were analyzed. All species of the 
genera Planococcus (Nakagawa et al., 1996; Yoon 

et al., 2003), Sporosarcina (except for S. pasteurii) 
(Yoon et al., 2001b), Planomicrobium (Dai et al., 2005; 
Yoon et al., 2001a), Filibacter (Clausen et al., 1985) 
and Kurthia (Boone & Castenholz, 2001) of the fam-
ily Planococcaceae contained spermidine as the 
major polyamine (Table 3). Caryophanon species 
of the family Caryphanaceae (Farrow et al., 1994) 
contained spermidine (Table 3). Alkalibacterium, 
Carnobacterium, Desemzia and Marinilactibacillus 
species are members of the family Carnobacteriaceae 
of the order Lactobacillales (Ishikawa et al., 2003; 
Ntougias & Russell, 2001; Toffin et al., 2005; Yumoto 
et al., 2004). Two Carnobacterium species and two 
Marinilactibacillus species contained spermidine as 
the major polyamine. Polyamines were not detected 
in a Desemzia species and two Alkalibacterium spe-
cies grown in organic media used for their good 
growth. Further polyamine analysis of these taxa is 
needed to evaluate chemotaxonomic usefulness.

Actinobacteria
　We reported the absence of appreciable amounts 
of polyamines in slightly thermophilic Rubrobacter 
radiotolerans growing at 60℃ (Hamana, 1994). In the 
present study, significant amounts of polyamines 
were not detected in the moderately thermophilic 
Rubrobacter xylanophilus growing at 60℃ (Ferreira 
et al., 1999) and mesophilic Conexibacter woesei 
(Monciardini et al., 2003) of the order Rubrobacterales 
(the subclass Rubrobacteridae) (Boone & Castenholz, 
2001) (Table 4). On the other hand, extremely ther-
mophilic Thermoleophilum species, growing at 70℃, 
phylogenetically located in the order, contained nor-
spermidine, spermidine and quaternary branched 
penta-amines (Hamana et al., 1998).
　Atopob ium , Co l l in s e l l a , Cor i obac t e r ium , 
Eggerthella, Olsenella and Slackia comprise the 
order Coribacteriales (the subclass Coribacteridae) of 
the class Actinobacteria (Boone & Castenholz, 2001; 
Dewhirst et al., 2001; Kageyama et al., 1999; Wade et 
al., 1999). Three Collinsella species, Coriobacterium 
glomerans, Slackia exigua, Eggerthella lenta and 
Olsenella uli analyzed in the present study, as well 
as Atopobium rimae previously reported (Hamana & 
Satake, 1995), lacked appreciable amounts of cellular 
polyamines (Table 4).
　Slightly (moderately)-thermophilic (growing at 
60℃ ), acidophilic Acidothermus cellulolyticus, grown 
in both organic and synthetic media, belonging to 
the order Actinomycetales (Boone & Castenholz, 
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Table 3．Cellular concentration of polyamines in the phylum Firmicutes

Organism Strain Culture condition Polyamines a (mmol/g wet cells)
Medium pH Tm(℃ ) 4 5 34 44 343 Agm Pea

Phylum Firmicutes
Order Clostridiales
　Family Heliobacteriaceae
　　Heliobacterium chlorum ATCC 35205T b ATCC 112 7.0 27 - 0.03 0.04 - 0.07 0.05 -
　　Heliobacterium gestii ATCC 43375T b ATCC 1552 7.1 37 - 0.03 0.15 - 0.04 0.20 -
　　Heliobacterium modesticaldum ATCC 51547T PYE 6.9 50 - - 0.07 - 0.30 0.02 -
　　Heliobacillus mobilis ATCC 43427T b ATCC 1552 7.1 37 - 0.09 0.06 - 0.08 0.06 -
　　Heliophilum fasciatum ATCC 51790T PYE 6.9 37 - - 0.04 - 0.07 0.02 -
Order Halanaerobiales
　Family Halanaerobiaceae
　　Halanaerobium acetoethylicum ATCC 43120T b ATCC 1476 7.3 30 0.01 - 0.08 - 0.16 - -
　　Halanaerobium praevalens ATCC 33744T b ATCC 1275 7.0 30 0.01 - 0.07 - 0.02 - -
　　Halanaerobium salsulgo ATCC 51327T b ATCC 1879 6.5 30 0.03 - 0.50 - 0.30 - -
　　Halanaerobium fermentans JCM 10494T JCM 260 7.6 35 - - 0.10 - 0.02 - -
　Family Halobacteroidaceae
　　Halobacteroides halobius ATCC 35273T b ATCC 1342 6.8 30 0.17 - 0.24 - 0.06 - -
　　Halanaerobacter lacunaris ATCC 49944T b ATCC 1824 7.0 30 0.01 - 0.04 - 0.14 - -
　　Acetohalobium arabaticum ATCC 49924T b ATCC 1871 7.8 30 0.02 - 0.10 - 0.42 - -
　　Orenia marismortui ATCC 35420T b ATCC 1342 6.8 30 0.02 - 0.36 - 0.07 - -
　　Sporohalobacter lortetii ATCC 35059T b ATCC 1302 7.0 30 0.01 - 0.12 - 0.26 - -
　　Selenihalanaerobacter shriftii ATCC BAA-73T ATCC 2264 7.0 30 - - 0.10 - 0.02 - -
Order Bacillales
　Family Planococcaceae
　　Planococcus maritimus JCM 11543T MB 7.6 28 - 0.08 1.45 - 0.08 - -
　　Planococcus citrens JCM 2532T c 199 7.2 30 0.01 - 2.10 - - 0.28 -
　　Planococcus kocurii JCM 2569T c 199 7.2 30 0.02 - 1.50 - - 0.20 -
　　Sporosarcina aquimarina JCM 10887T TSB 7.3 30 - - 1.20 - - - -
　　Sporosarcina pasteurii NCIMB 8841T NB-U 7.0 30 - - - - - - -
　　Sporosarcina globispora IAM 14760T NB 7.2 30 - - 1.35 - - - -
　　Sporosarcina ureae IAM 13053T c 199 7.2 30 - - 0.65 - - - -
　　Sporosarcina psychrophila IAM 12468T b 199 7.2 15 - - 1.24 - - - -
　　Planomicrobium chinense JCM 12466T MB 7.6 30 - - 0.66 - - - -
　　Planomicrobium koreense JCM 10704T MB 7.6 28 - - 0.75 - - - -
　　Planomicrobium okeanokoites  IFO 12536T d 199 7.2 30 0.01 - 1.41 - - 0.18 -
　　Filibacter limicola NCIMB 11923T TSB 7.3 20 - - 1.47 - - - -
　　Kurthia gibsonii JCM 6105T NB 7.0 30 - - 0.75 - - - -
　　Kurthia sibirica JCM 8563T NB 7.0 17 - - 1.10 - - - -
　　Kurthia zopfii JCM 6101T NB 7.0 30 - - 0.95 - - - -
　Family Caryophanaceae
　　Caryophanon latum NCIMB 9533T YTA 7.5 30 - - 1.80 - - 0.35 -
　　Caryophanon tenue NCIMB 9535T YTA 7.5 30 - - 1.50 - - 0.60 -
Order Lactobacillales
　Family Carnobacteriaceae
　　Alkalibacterium olivoapovliticus NCIMB 13710T NCIMB 473 7.2 25 - - - - - - -
　　Alkalibacterium psychrotolerans JCM 12281T JCM 455 10.0 27 - - - - - - -
　　Carnobacterium divergens JCM 5816T JCM 1 (MRS) 6.5 30 - - 1.17 - - - -
　　Carnobacterium piscicola JCM 5348T JCM 1 (MRS) 6.5 25 - - 0.50 - - - -
　　Desemzia incerta JCM 1969T BA 7.4 37 - - - - - - -
　　Marinilactibacillus piezotolerans JCM 12337T JCM 404 7.2 37 - - 0.90 - - - -
　　Marinilactibacillus psychrotolerans IAM 14980T IAM B-133 8.5 5 - - 0.53 - - - -

8.5 35 - - 0.78 - - - -
a See Table 1. b, c, d data from Hamana, 1999c, Hamana, 1994, Hamana & Matsuzaki, 1990.
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2001; Demharter et al., 1989) lacked polyamines 
(Hamana, 1999c), as shown as a reference datum 
(Table 4). Polyamines were not detected in vari-
ous Gram-positives belonging to the two orders 
Actinomycetales and Bifidobacteriales of this phylum 
including many slight- or moderate-thermophiles 
growing at 45-60℃ (Hamana, 1999c). On the other 
hand, thermophilic Thermoactinomyces species 
belonging to the order Bacillales of the phylum 
Firmicutes contained spermidine and spermine as 
the major polyamines (Hamana, 1999c).

Polyamine profiles of the thermophiles, 
psychrophiles, halophiles, acidophiles 
and alkaliphiles in the 13 phyla
　Homospermidine or norspermidine was the 
major polyamine in the early deeply branched 
five phyla Acidobacteria, Chloroflexi, Chlorobi, 
Gemmatimonadetes and Planctomycetes. Mesophilic 
species, slightly thermophilic species and acidophilic 
species in each phyla (or classes) show the same tri-
amine profile, indicating that slight thermophily and 
acidophily do not affect polyamine distributions.
　Thermophilic Thermomicrobium species within 
the class Thermomicrobia in which slightly alkali-
philic Sphaerobacter was isolated, and thermophilic 
Thermodesulfovibrio species within the phylum 
Nitrospira in which acidophilic Leptospirillum was 
isolated, contained norspermine, penta-amines and 
a hexa-amine. These results suggested that the 
occurrence of these long polyamines coincided with 
their extreme/moderate thermophily and had no 
direct correlation to their optimum alkaline or acidic 
growth conditions.
　Within the order Rubrobacterales, extremely ther-
mophilic Thermoleophilum species contained qua-
ternary branched penta-amines whereas polyamines 
were not detected in slight/moderate thermophiles 
of Rubrobacter and a mesophile, Conexibacter woesei. 
Polyamines were not detected in slightly-thermo-
philic, slightly-acidophilic Actinothermus of the order 
Actinomycetales as well as mesophilic, neutrophilic 
species of the order Coriobacteriales.
　Halophilic anaerobes in the order Clostridiales 
and halococi in the order Bacillales had no unique 
polyamine profiles within the orders, suggesting that 
their halophily does not affect their polyamine pro-
files.
　Within the family Carnobacteriaceae in the order 
Lactobacillales, polyamines were not detected in 

the two alkaliphiles, Alkalibacterium olivoapovliti-
cus and A. psychrotolerans. The absence of major 
polyamines was also found in a mesophilic species, 
Desemzia incerta, in this order. Alkaliphilic, psy-
chrotolerant Marinilactibacillus psychrotolerans as 
well as neutrophilic, mesophilic M. piezotolerans 
contained spermidine alone. Although psychrophilic 
or psychrotolerant species were found in the orders 
Bacillales and Lactobacillales, they were similar to 
the mesophilic species in the two orders, in their 
polyamine profiles.
　The occurrence of a tetra-amine, spermine, seems 
to be correlated to moderate thermophily in many 
eubacterial thermophiles. Penta-amines were selec-
tively produced in extreme thermophiles. Slight-
thermophily as well as psychrophily, halophily, 
acidophily and alkaliphily within the 13 phyla did 
not correlate directly to their cellular polyamine 
components as a phylum-, class-, order-, family- or 
genus-specific chemotaxonomic marker.

ACKNOWLEDGEMENTS
　The authors are indebted to the culture collec-
tions JCM, IAM, NCIMB and ATCC for supplying 
bacterial strains.

REFERENCES
Blum, J.S., Stolz, J.F., Oren, A. & Oremland, R.S. 
(2001). Selenihalanaerobacter shriftii gen. nov., 
sp. nov., a halophilic anaerobe from Dead Sea 
sediments that respires selenate. Arch. Microbiol. 
175: 208-219.
Boone, D.R. & Castenholz, R.W. (2001). Taxonomic 
outline of the Archaea and Bacteria. In Boone, 
D.R. & Castenholz, R.W. (eds.), Bergey’s Manual of 
Systematic Bacteriology, 2nd ed., vol. 1. p. 155-166, 
Springer, Berlin.
Clausen, V., Jones, J.G. & Stackebrandt, E. (1985). 
16S ribosomal RNA analysis of Filibacter limicola 
indicates a close relationship to the genus Bacillus. 
J. Gen. Microbiol. 131: 2659-2663.
Coates, J.D., Ellis, D.J., Gaw, C.V. & Lovley, D.R. 
(1999). Geothrix fermentans gen. nov., sp. nov., 
a novel Fe(III) -reducing bacterium from a 
hydrocarbon-contaminated aquifer. Int. J. Syst. 
Bacteriol. 49: 1615-1622.
Dai, X., Wang, Y.N., Wang, B.J., Liu, S.J. & Zhou, Y.G. 
(2005). Planomicrobium chinense sp. nov., isolated 
from coastal sediment, and transfer of Planococcus 
psychrophilus and Planococcus alkanoclasticus 



─ 30 ─

Polyamines of eubacterial thirteen phyla Hosoya et al.

to Planomicrobium as Planomicrobium psychro- 
philum comb.  nov.  and  Planomicrobium  alkanoclasticum 
comb. nov. Int. J. Syst. Evol. Microbiol. 55: 699-702.
Demharter, W., Hensel, R., Smida, J. & Stackebrandt, 
E. (1989). Sphaerobacter thermophilus gen. nov., 
sp . nov . a deeply root ing member o f the 
Actinomycetes subdivision isolated from thermo-
philically treated sewage sludge. System. Appl. 
Microbiol. 11: 261-266.
Dewhirst, F.E., Paster, B.J., Tzellas, N., Coleman, 
B., Downes, J., Spratt, D.A. & Wade, W.G. (2001). 
Characterization of novel human oral isolates 
and cloned 16S rRNA sequences that fall in the 
family Coriobacteriaceae: description of Olsenella 
gen. nov., reclassification of Lactobacillus uli 
as Olsenella uli comb. nov. and description 
of Olsenella profusa sp. nov. Int. J. Syst. Evol. 
Microbiol. 51: 1797-1804.
Dorsch, M. , Love, D.N. & Bailey, G.D. (2001) . 
Fusobacterium equinum sp. nov., from the oral 
cavity of horses. Int. J. Syst. Evol. Microbiol. 51: 
1959-1963.
Farrow, J.A.E., Wallbanks, S. & Collins, M. (1994). 
Phylogenetic interrelationships of round-spore-
forming bacil l i containing cell walls based 
on lysine and the non-spore-forming genera 
Caryophanon, Exiguobacterium, Kurthia, and 
Planococcus. Int. J. Syst. Bacteriol. 44: 74-82.
Ferreira, A.C., Nobre, M.F., Moore, E., Riney, F.A., 
Battista, J.R. & Costa, M.S. (1999). Characterization 
and radiation resistance of new isolates of 
Rubrobacter radiotolerans and Rubrobacter 
xylanophilus. Extremophiles 3: 235-238.
Garrity, G.M. & Holt, J.G. (2001a). Phylum B.V. 
Chrysiogenetes phy. nov. In Boone, D.R. & 
Castenholz, R.W. (eds.) , Bergey’s Manual of 
Systematic Bacteriology, 2nd ed., vol. 1. p. 421-425, 
Springer, Berlin.
Garrity, G.M. & Holt, J.M. (2001b). Phylum B.VIII. 
Nitrospirae phy. nov. In Boone, D.R. & Castenholz, 
R.W. (eds.) , Bergey’s Manual of Systematic 
Bacteriology, 2nd ed., vol. 1. p. 451-464, Springer, 
Berlin.
Garrity, G.M. & Holt, J.M. (2001c). Phylum B.IX. 
Deferribacteres phy. nov. In Boone, D.R. & 
Castenholz, R.W. (eds.) , Bergey’s Manual of 
Systematic Bacteriology, 2nd ed., vol. 1. p. 465-471, 
Springer, Berlin.
Griepenburg, U. , Ward-Rainey, N. , Mohamed, 
S. , Schlesner, H., Marxsen, H., Rainey, F.A., 

Stackebraudt, E. & Auling, G. (1999). Phylogenetic 
d i v e r s i t y ,  p o l y am ine p a t t e rn and DNA 
base composition of members of the order 
Planctomycetales. Int. J. Syst. Bacteriol . 49: 
689-696.

Hamana, K. (1994). Polyamine distribution patterns 
in aerobic Gram-positive cocci and some radio-
resistant bacteria. J. Gen. Appl. Microbiol. 40: 
181-195.

Hamana , K . (1999a ) . Po lyamine d istr ibut ion 
profiles of the orders Planctomycetales and 
Verrucomicrobiales and Fibrobacter and Acido-
bacterium phyla in the domain Bacteria. Ann. 
Gunma Health Sci. 20: 1-5.

Hamana, K. (1999b) . Distribution of cell wall-
linked polyamines within the Gram-negative 
anaerobes of the subbranch Sporomusa belonging 
phylogenetically to Gram-positive taxa. Microbios 
100: 145-157.

Hamana , K . (1999c ) . Po lyamine d istr ibut ion 
catalogues of clostridia, acetogenic anaerobes, 
ac t inobacter ia , bac i l l i , he l i obacter ia and 
haloanaerobes within Gram-positive eubacteria 
─Distribution of spermine and agmatine in 
thermophiles and halophiles ─ . Microbiol. Cult. 
Coll. 15: 9-28.

Hamana, K. (2002a). Polyamine distribution pattern 
and chemotaxonomy of bacteria. Microbiol. Cult. 
Coll. 18: 17-43 (in Japanese).

Hamana, K. (2002b). Extraction and HPLC analysis of 
bacterial polyamines. Ann. Gunma Health Sci. 23: 
149-158 (in Japanese).

Hamana, K. & Matsuzaki, S. (1990). Occurrence of 
homospermidine as a major polyamine in the 
authentic genus Flavobacterium. Can. J. Microbiol. 
36: 228-231.

Hamana, K. & Matsuzaki, S. (1992). Polyamines as a 
chemotaxonomic marker in bacterial systematics. 
Crit. Rev. Microbiol. 18: 262-283.

Hamana, K. & Nakagawa, Y. (2001a). Polyamine 
distribution profiles in the eighteen genera 
phylogenetically located within Flavobacterium-
Flexibacter-Cytophaga-Sphingobacterium complex. 
Microbios 106: 7-17.

Hamana, K. & Nakagawa, Y. (2001b). Polyamine 
distribution profiles in the newly validated genera 
and species within the Flavobacterium-Flexibacter-
Cytophaga-Sphingobacterium complex. Microbios 
106: 105-116.

Hamana, K. & Satake, S. (1995). Absence of cellular 



─ 31 ─

Microbiol. Cult. Coll. June 2006 Vol. 22,  No. 1

polyamines in Gram-positve anaerobic cocci and 
lactic acid bacteria. J. Gen. Appl. Microbiol. 41: 
159-163.
Hamana, K. & Takeuchi, M. (1998). Polyamine 
profiles as chemotaxonomic marker within 
a l pha , b e t a ,  g amma , d e l t a ,  a nd ep s i l o n 
subclasses of class Proteobacteria: Distribution 
of 2-hydroxyputrescine and homospermidine. 
Microbiol. Cult. Coll. 14: 1-14.
Hamana, K., Hamana, H., Niitsu, M. & Samejima, 
K. (1996) . Polyamine of thermophil ic Gram-
positive anaerobs belonging to the genera Caldi-
cellulosiruptor, Caloramator, Clostridium, Copro-
thermobacter, Moorella, Thermoanaerobacter and 
Thermoanaerobacterium. Microbios 85: 213-222.
Hamana, K., Niitsu, M., Samejima, K. & Hanada, S. 
(1997). Polyamines of thermophilic phototrophs, 
Chloroflexus and Chlorobium, and the phylo-
genetically related non-phototrophs, filamentous 
g l id ing Herpe tos iphon and iron -ox id iz ing 
‘Leptospirillum'. Microbios 91: 27-35.
Hamana, K., Niitsu, M., Samejima, K., Itoh, T., 
Hamana, H. & Shinozawa, T. (1998). Polyamines 
of the thermophilic eubacteria belonging to 
the genera Thermotoga, Thermodesulfovibrio, 
Thermoleophilum, Thermus, Rhodothermus and 
Meiothermus, and the thermophilic archaebacteria 
belonging to the genera Aeropyrum, Picrophilus, 
Methanobacterium and Methanococcus. Microbios 
94: 7-21.
Hamana, K., Okada, M., Saito, T. & Nogi, Y. (2000a). 
Polyamine distribution profiles among some 
members of the gamma subclass of the class 
Proteobacteria. Microbiol. Cult. Coll. 16: 51-61.
Hamana , K . , Sa i to , T . & Okada , M. (2000b) . 
Polyamine profiles within the beta subclass of 
the class Proteobacteria: Distribution of 2-hydro-
xyputrescine. Microbiol. Cult. Coll. 16: 63-69.
Hamana , K . , Sa i t o , T . & Okada , M . (2001) . 
Distribution profiles of spermidine and homo-
spermidine within the alpha subclass of the class 
Proteobacteria. Microbiol. Cult. Coll. 17: 3-12.
Hamana, K., Saito, T., Okada, M., Sakamoto, A. & 
Hosoya, R. (2002). Covalently linked polyamines 
in the cell wall peptidoglycan of Selemonas, 
Anaeromusa, Dendrosporobacter, Acidaminococcus 
and Anaerovibrio belonging to the Sporomusa 
subbranch. J. Gen. Appl. Microbiol. 48: 177-180.
Hamana, K. , Sakamoto, A., Tachiyanagi, S. & 
Terauchi, E. (2003a). Polyamine profiles of some 

members of the gamma subclass of the class 
Proteobacteria: Polyamine analysis of recently 
described twelve genera. Microbiol. Cult. Coll. 19: 
3-11.

Hamana, K., Sakamoto, A., Tachiyanagi, S., Terauchi, 
E. & Takeuchi, M. (2003b). Polyamine profiles of 
some members of the alpha subclass of the class 
Proteobacteria: Polyamine analysis of recently 
described twenty genera. Microbiol. Cult. Coll. 19: 
13-21.

Hamana, K., Saito, T., Okada, M. & Niitsu, M. (2004). 
Polyamine distribution profiles among some 
members within delta- and epsilon-subclasses of 
Proteobacteria. Microbiol. Cult. Coll. 20: 3-8.

Hanada, S., Takaichi, S., Matsuura, K. & Nakamura, 
K. (2002). Roseiflexus castenholzii gen. nov., sp. 
nov., a thermophilic, filamentous, photosynthetic 
bacterium that lacks chlorosomes. Int. J. Syst. 
Evol. Microbiol. 52: 187-193.

Hippe , H. (2000) . Leptospi l lum gen, nov. (ex 
Ma r k o s y a n 1972 ) ,  n om .  r e v . ,  i n c l u d i n g 
Lep tosp i r i l lum f erroox idans sp . nov . ( ex 
Markosyan 1972), nom. rev. and Leptospirillum 
thermoferrooxidans sp. nov. (Golovacheva et al. 
1992). Int. J. Syst. Evol. Microbiol. 50: 501-503.

Hosoya, R. & Hamana, K. (2004). Distribution of two 
triamines, spermidine and homospermidine, and 
an aromatic amine, 2-phenylethylamine, within the 
phylum Bacteroidetes. J. Gen. Appl. Microbiol. 50: 
255-260.

Hosoya, R., Hamana, K., Niitsu, M. & Itoh, T. (2004). 
Polyamine analysis for chemotaxonomy of thermo-
philic eubacteria: Polyamine distribution profiles 
within the orders Aquificales, Thermotogales,  
Thermodesulfobacteriales, Thermales,Thermanaero-
bacteriales, Clostridiales and Bacillales. J. Gen. Appl. 
Microbiol. 50: 271-287.

Hugenho l t z , P . & S tackebrandt , E . (2004) . 
Reclassification of Sphaerobacter thermophilus 
from the subclass Sphaerobacteridae in the phylum 
Actinobacteria to the class Thermomicrobia 
(emended description) in the phylum Chloroflexi 
(emended description). Int. J. Syst. Evol. Microbiol. 
54: 2049-2051.

Ishikawa, M., Nakajima, K., Yanagi, M., Yamamoto, 
Y. & Yamasato, K. (2003). Marinilactibacillus 
psychrotolerans gen. nov., sp. nov., a halophilic 
and alkaliphilic marine lactic acid bacterium 
isolated from marine organisms in temperate 
and subtropical areas of Japan. Int. J. Syst. Evol. 



─ 32 ─

Polyamines of eubacterial thirteen phyla Hosoya et al.

Microbiol. 53: 711-720.
Kageyama, A., Benno, Y. & Nakase, T. (1999). 
Phylogenetic evidence for the transfer of 
Eubacterium lentum to the genus Eggerthella as 
Eggerthella lenta gen. nov., comb. nov. Int. J. Syst. 
Bacteriol. 49: 1725-1732.
Kobayashi , T. , Kimura, B. & Fuji i , T. (2000) . 
Halanaerobium fermentans sp. nov., a strictly 
anaerobic, fermentative halophile isolated from 
fermented puffer fish ovaries. Int. J. Syst. Evol. 
Microbiol. 50: 1621-1627.
Macy, J.M., Nunan, K., Hagen, K.D., Dixon, D.R., 
Harbour , P .J . , Cahi l l , M. & Sly , L .I . (1996) . 
Chrysiogenes arsenatis gen. nov., sp. nov., a new 
arsenate-respiring bacterium isolated from Gold 
Mine Wastewater. Int. J. Syst. Bacteriol. 46: 
1153-1157.
Madigan, M.T. (2001). Family VI Heliobacteriaceae. 
In Boone, D.R. & Castenholz, R.W. (eds.), Bergey’s 
Manual of Systematic Bacteriology, 2nd ed., vol. 1. 
p. 625-630, Springer, Berlin.
Miroshnichenko, M.L., Slobodkin, A.I., Kostrikina, 
N.A., L’Haridon, S., Nercessian, O., Spring, S., 
Stackebrandt, E., Bonch-Osmolovskaya, E.A. 
& Jeanthon, C. (2003). Deferribacter abyssi sp. 
nov., an anaerobic thermophile from deep-sea 
hydrothermal vents of the Mid-Atlantic Ridge. Int. 
J. Syst. Evol. Microciol. 53: 1637-1641.
Monciardini, P., Cavaletti, L., Schumann, P., Rohde, 
M. & Donadio, S. (2003). Conexibacter woesei 
gen. nov., sp. nov., a novel representative of a 
deep evolutinary line of descent within the class 
Actinobacteria. Int. J. Syst. Evol. Microbiol. 53: 
569-576.
Nakagawa, Y., Sakane, T. & Yokota, A. (1996). 
Emendation of the genus Planococcus and transfer 
of Flavobacterium okeanokoites Zobell and Upham 
1944 to the genus Planococcus as Planococcus 
okeanokoites comb. nov. Int. J. Syst. Bacteriol. 46: 
866-870.
Ntougias, S. & Russell, N.J. (2001). Alkalibacterium 
olivoapovliticus gen. nov., sp. nov., a new obligately 
alkaliphilic bacterium isolated from edible-olive 
wash-waters. Int. J. Syst. Evol. Microbiol. 51: 
1161-1170.
Oren, A. (2000). Change of the names Haloanaero-
biales, Haloanaerobiaceae and Haloanaerobium 
to Halanaerobiales , Halanaerobiaceae and 
Halanaerobium, respectively, and further nomen-
clatural changes within the order Halanaerobiales. 

Int. J. Syst. Evol. Microbiol. 50: 2229-2230.
Sch lesner , H . , Renamann , C . , T inda l l , B . J . , 
Gade, D., Rabus, R., Pfeiffer, S. & Hirsch, P. 
(2004). Taxonomic heterogeneity within the 
Planctomycetales as derived by DNA-DNA 
hybridization, description of Rhodopirellula 
baltica gen. nov., sp. nov., transfer of Pirellula 
marina to the genus Blastopirellula gen. nov. as 
Blastopirellula marina comb. nov. and emended 
description of the genus Pirellula. Int. J. Syst. 
Evol. Microbiol. 54: 1567-1580.
Sekiguchi, Y., Yamada, T., Hanada, S., Ohashi, A., 
Harada, H. & Kamagata, Y. (2003). Anaerolinea 
thermophila gen. nov., sp. nov. and Caldilinea 
aerophila gen. nov., sp. nov., novel filamentous 
thermophiles that present a previously uncultured 
lineage of the domain Bacteria at the subphylum 
level. Int. J. Syst. Evol. Microbiol. 53: 1843-1851.
Taka i , K . , Kobayash i , H . , Nea l son , K .H . & 
Horikoshi, K. (2003). Deferribacter desulfuricans 
sp. nov., a novel sulfur-, nitrate- and arsenate-
reducing thermophile isolated from a deep-sea 
hydrothermal vent. Int. J. Syst. Evol. Microdiol. 53: 
839-846.

Toffin, L., Zink, K., Kato, C., Pignet, P., Bidault, A., 
Bienvenu, N., Birrien, J.L. & Prieur, D. (2005). 
Marinilactibacillus piezotolerans sp. nov., a novel 
marine lactic acid bacterium isolated from deep 
sub-seafloor sediment of the Nankai Trough. Int. J. 
Syst. Evol. Microbiol. 55: 345-351.

Wade, W.G., Downes, J., Dymock, D., Hiom, S., 
Weightman, A.J., Dewhirst, F.E., Paster, B.J., 
Tzellas, N. & Coleman, B. (1999). The family 
Coriobacteriaceae: reclassification of Eubacterium 
exiguum (Poco et al. 1996) and Peptostreptococcus 
heliotrinreducens (Lanigan 1976) as Slackia exigua 
gen. nov., comb. nov. and Slackia heliotriniredu-
cens gen. nov., comb. nov., and Eubacterium lent-
um (Prevot 1938) as Eggerthella lenta gen. nov., 
comb. nov. Int. J. Syst. Bacteriol. 49: 595-600.

Ward, N.L., Rainey, F.A., Hedlund, B.P., Staley, 
J .T. , Ludwig, W. & Stackebrandt, E. (2000) . 
Comparative phylogenetic analyses of members 
of the order Planctomycetales and the division 
Verrucomicrobis: 23S rRNA gene sequence 
analysis supports the 16S rRNA gene sequence-
derived phylogeny. Int. J. Syst. Evol. Mcribiol. 50: 
1965-1972.

Yakimov, M.M., Lunsdorf, H. & Golyshin, P.N. (2003). 
Thermoleophilum album and Thermoleophilum 



─ 33 ─

Microbiol. Cult. Coll. June 2006 Vol. 22,  No. 1

minutum are culturable representatives of group 
2 of the Rubrobacteridae (Actinobacteria). Int. J. 
Syst. Evol. Microbiol. 53: 377-380.
Yoon, J.-H., Kang, S.-S., Lee, K.-C., Lee, E.S., Kho, Y.H., 
Kang, K.H. & Park, Y.-H. (2001a). Planomicrobium 
koreense gen. nov., sp. nov., a bacterium isolated 
from the Korean traditional fermented seafood 
jeotgal, and transfer of Planococcus okeanokoites 
(Nakagawa e t a l . 1996) and P lanococ cus 
mcmeekinii (Junge et al. 1998) to the genus 
Planomicrobium. Int. J. Syst. Evol. Microbiol. 51: 
1511-1520.
Yoon, J . -H. , Lee, K. -C. , Weiss , N. , Kho, Y.H. , 
Kang, K.H. & Park, Y.-H. (2001b). Sporosarcina 
aquimarina sp . nov. , a bacterium isolated 
f rom seawater in Korea , and trans fer o f 
Bacillus globisporus (Larkin and Stokes 1967), 
Bacillus psychorophilus (Nakamura 1984) and 
Bacillus pasteurii (Chester 1898) to the genus 
Sporosarcina as Sporosarcina globispora comb. 
nov., Sporosarcina psychrophila comb. nov. and 

Sporosarcina pasteurii comb. nov., and emended 
description of the genus Sporosarcina. Int. J. Syst. 
Evol. Microbiol. 51: 1079-1086.
Yoon, J.-H., Weiss, N., Kang, K.H., Oh, T.-K. & Park, 
Y.-H. (2003). Planococcus maritimus sp. nov., 
isolated from sea water of tidal flat in Korea. Int. 
J. Syst. Evol. Microbiol. 53: 2013-2017.
Yumoto, I., Hirota, K., Nodasaka, Y., Yokota, Y., 
Hoshino, T. & Nakajima, K. (2004). Alkalibacterium 
psychrotolerans sp. nov., a psychrotolerant obligate 
alkaliphile that reduces an indigo dye. Int. J. Syst. 
Evol. Microbiol. 54: 2379-2383.
Zhang, H., Sekiguchi, Y., Hanada, S., Hulgenholtz, 
P., Kim, H., Kamagata, Y. & Nakamura, K. (2003). 
Gemmatimonas aurantiaca gen. nov., a Gram-
negative, aerobic, polyphosphate-accumulating 
micro-organism, the first cultured representative 
of the new bacterial phylum Gemmatimonadetes 
phyl . nov. Int . J . Syst . Evol . Microbiol . 53: 
1155-1163.

Acidobacteria, Actinobacteria, Chlorobi, Chloroflexi, Chrysiogenetes, Deferribacteres,  
Fibrobacteres, Firmicutes, Fusobacteria, Gemmatimonadetes, Nitrospirae, Planctomycetes, 

およびVerrucomicrobia の真正細菌 13 門におけるポリアミン分析
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2）理化学研究所バイオリソースセンター微生物材料開発室

　ポリアミンが未分析であった真正細菌 51 種（13 門）についてポリアミンをHPLCにより分析し，化学分類マー
カーとしてのポリアミン構成を考察した．Acidobacteria 門，Chloroflexi 門，Chlorobi 門では主ポリアミンとして
ホモスペルミジンかノルスペルミジンを含有していた．Nitrospirae 門では，Nitrospira と Leptospirillumがスペ
ルミジンを，好熱性Thermodesulfovibrio がスペルミジンに加え，ノルスペルミジン，ノルスペルミン，スペル
ミン，カダベリン，ホモカルドペンタアミンを有していた．Chrysiogenetes 門は現在 1種のみであるが，スペル
ミジンを含有していた．Deferribacteres 門ではカダベリン，スペルミジン，スペルミンを含有し，Fibrobacteres
門はスペルミジンを有していた．Fusobacteria 門では全 6種においてスペルミジン，スペルミンが検出された．
Gemmatimonadetes 門はホモスペルミジンを含有した．Planctomycetes 門では 1種を除き主ポリアミンはホモス
ペルミジンであった．Verrucomicrobia 門ではスペルミジンを有していた．Firmicutes 門では Clostridiales 目で
低濃度のカダベリン，スペルミジン，スペルミン，アグマチンを有し，好熱性Heliobacteriumはスペルミンが高
濃度であった．Halanaerobiales 目ではすべての種でスペルミジンとスペルミンを含有していた．Bacillales 目，
Lactobacillales 目では，ホモスペルミジンやスペルミンは検出されず，スペルミジンとアグマチンの存在に科や属
間の差が認められた．Actinobacteria 門では，Rubrobacterales 目，Conexibacteriales 目，Actinomycetales 目でポ
リアミンを検出せず，好熱性Thermoleophilumが例外として分岐 4級ペンタアミンを含有した．トリアミンのス
ペルミジン，ノルスペルミジン，ホモスペルミジン，のいずれかの存在が網や目レベルでの系統分類と対応してい
た．分析した菌群には好熱菌，好冷菌，好塩菌，好酸菌，好アルカリ菌を含んでおり，テトラアミン（スペルミン）
の含量とペンタアミンの存在は好熱性と相関している場合が多く，好冷性，好塩性，好酸性，好アルカリ性はポリ
アミン構成に影響を与えているようには思われなかった．


