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cies is its inability to utilize tricarboxylic acid
cycle intermediates such as succinate, fumar-
ate, citrate, a-ketoglutarate, and aconitate.
Strain 107 (ATCC 27126) has been designated
the type strain of this species.

Alteromonas marinopraesens (ZoBell and
Upham) comb. nov. (group E-2) and strain
217. The 17 strains which comprise this group
are straight rods (Fig. 4) which are motile by
means of a single polar flagellum inserted at
one pole (Fig. 32). None of the strains accumu-
lates PHB as an intracellular reserve product or
utilizes aromatic compounds. The GC content
in the DNA of six representative strains is 43.2
± 1.0 moles % (Table 2, 3). All or a majority of
the strains have an extracellular gelatinase,
lipase, and chitinase. Table 4 gives the diag-
nostic traits which separate A. marinopraesens
from A. macleodii. Strains 214 (B-16 of Mac-
Leod), 215 (type strain of Vibrio haloplanktis),
and 216 (type strain of V. marinopraesens)
were not included in the computer analysis. A
phenotypic screening of these strains showed
that they resembled our isolates (strains 119-
132) in most of their traits but differed in that
some strains (indicated in parentheses) lacked
the following characters universally present in
our isolates: chitinase (214-216), ability to uti-
lize D-mannose (215, 216), sucrose (214, 215),
N-acetylglucosamine (215, 216), citrate (215,
216), ethanol (215), and the ability to grow at
35 C (214, 215). Strains 214 and 216, unlike the
remaining strains of group E-2, were able to
grow at 4 C. The moles per cent GC content in
the DNA of strains 214, 215, and 216 is in the
range of our isolates (Table 2, 3). The pheno-
typic similarity of these strains and the simi-
larity of the moles per cent GC content in
their DNA suggests their placement in one
species. Since the two specific designations
marinopraesens and haloplanktis have been
proposed for two different strains in the same
publication (55), both are equally valid. We
have chosen marinopraesens as the specific
epithet for group E-2 and consider halo-
planktis a synonym. Strain 121 which is repre-
sentative of our isolates has been deposited in
culture collection (ATCC 27127). A. marino-
praesens, strain 214, has been the subject of
extensive studies by MacLeod and his collabo-
rators (22, 23, 34, 35).

In 1940, White (54) isolated a strictly aero-
bic, polarly flagellated, gram-negative, straight
rod from a surface discoloration of salted
butter. This organism, which was designated
P. nigrifaciens, produced a brown-black pig-
ment, required sodium chloride for growth and
was able to grow at 4 C. Pigment production

was inhibited at temperatures above 25 C.
Although the natural source and distribution of
this organism is not known, the isolation of
bacteria causing a discoloration of butter from
different creameries suggests a possible soil or
fresh water origin. The moles % GC in the
DNA of strain 217 is 42.9, suggesting its place-
ment into the genus Alteromonas as well as a
possible relationship to A. marinopraesens
(Table 2). The traits which differentiate strain
217 from this species are given in Tables 1 and
4. It seems inadvisable to make a formal taxo-
nomic assignment of this isolate until addi-
tional strains similar to strain 217 are isolated
and characterized, and their natural source is
determined. It should be noted that the orga-
nism of Norton and Jones (38), which was des-
ignated as marine isolate of P. nigrifaciens and
which was not available to us for this study,
differs in many nutritional traits from strain 217
and probably should not be equated with this
strain.
Groups B-1 and B-2. The three strains

which belong to group B-1 and the four strains
in group B-2 are straight rods which have a
tendency to form rosettes (Fig. 5, 6). Members
of these groups are motile by means of four to
six flagella inserted at a single pole (Fig. 25).
Strains of group B-2 often give rise to involu-
tion forms whose extent and occurrence varies
with the conditions of cultivation. All strains
accumulate PHB as an intracellular reserve
product. Strains capable of growth on ben-
zoate, p-hydroxybenzoate, or quinate give an o
cleavage of catechol or protocatechuate. Group
B-1 which is linked to group B-2 at the 68% S-
value differs from B-2 in its ability to utilize D-
mannose, glycolate, L-valine, nicotinate, and
allantoin and by its inability to utilize meso-
inositol (Table 1). The GC content in the DNA
of the members of group B-1 is 63.3 4 0.6
moles % (Table 2, 3). Strains 54, 55, and 56 of
group B-2 have a GC content of 59.0 4 0.8
moles %. Strain 57, which is linked at the 78%
S-value to the remaining strains of group B-2,
has a GC content of 62.7 + 0.8 moles %, signif-
icantly different from the other strains of this
group. Phenotypic differences also indicate
that this strain is distinct from the other
members of group B-2. Unlike strains 54, 55,
and 56, strain 57 is able to denitrify, utilize
cellobiose, salicin, glucuronate, glutarate, ita-
conate, and histamine, and is unable to utilize
'y-aminobutyrate or grow at 35 C. Strains 51
and 52 have been deposited in culture collec-
tion (ATCC 27120, 27121).
Pseudomonas doudoroffii sp. nov. (group

C-3) and group C-1. The 11 strains com-
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prising group C-3 are straight rods (Fig. 7)
which are motile by means of one to three fla-
gella, usually inserted at both poles of the cell
(Fig. 33). All the strains of this group accumu-

late PHB as an intracellular reserve product.
Strains capable of growth on benzoate or p-
hydroxybenzoate degrade catechol or protoca-
techuate by means of an o cleavage. Ten
strains of P. doudoroffii are able to utilize D-
fructose; none utilize other monosaccharides,
disaccharides, sugar alcohols (including glycer-
ol), or C4-C, monocarboxylic fatty acids. The

GC content in the DNA of five representative
strains of P. doudoroffii is 59.1 + 1.0 moles %
(Table 2, 3). Strain 66 which differs from the
remaining strains of P. doudoroffii by its ina-
bility to utilize fructose, glutarate, glycolate,
and DL-glycerate also differs significantly in its
moles % GC content (55.6 =t 1.0) and probably
should not be considered a member of this
species. Strain 70 (ATCC 27123) has been des-
ignated the type strain of P. doudoroffii.
Group C-1 consists of two strains which, like

P. doudoroffii, are straight rods, accumulate
PHB, cleave aromatic compounds (including
m-hydroxybenzoate) by means of an o cleav-
age, and are unable to utilize disaccharides.
Unlike P. doudoroffii, the members of group

C-1 have a single polar flagellum at one pole
and are able to utilize C4-C6 monocarboxylic
fatty acids, glycerol, L-leucine, L-isoleucine, L-
valine, L-lysine, L-tyrosine, L-phenylalanine,
ethanolamine, butylamine, and trigonelline
(Table 1). In addition, the GC content of
strains 58 and 59 (63.8 + 0.6 moles %) is higher
than that of P. doudoroffii (Table 2, 3).
Group D-1. The two strains belonging to

this group are straight rods which are motile
by means of a single polar flagellum. Both
strains accumulate PHB as an intracellular
reserve product and are able to utilize ben-
zoate, m-hydroxybenzoate, p-hydroxybenzoate,
and quinate. Cells grown on these aromatic
substrates degrade catechol or protocatechuate
by means of a m cleavage. The GC content of
strains 77 and 78 is 64.7 + 0.5 moles % (Table
2, 3).
Pseudomonas marina (Cobet et al.) comb.

nov. (group F-2). The seven strains which
comprise this species are straight rods (Fig. 7).
Five are motile by means of two to five flagella
inserted at one pole (Fig. 20, 28); the re-

maining two strains are nonmotile. All the
strains accumulate PHB as an intracellular
reserve product and are oxidase negative. The

GC content in the DNA of five representative
strains is 63.0 0.5 moles % (Table 2, 3). The
analysis of the moles per cent GC content of

strain 219 by Cobet et al. (7) is in agreement
with our determinations. None of the strains
utilizes aromatic compounds or disaccharides;
all are able to grow on D-glucose, D-galactose,
and D-fructose. Six strains are able to grow at
4 C. Strain 219, designated Arthrobacter mari-
nus by Cobet et al. (7), differs from the other
members of group F-2 in its ability to grow at
40 C and utilize L-phenylalanine. This strain,
like one other strain of group F-2, is nonmotile.
We have compared strain 219 with the type
strain of Arthrobacter globiformis (ATCC
8010). Both strains were grown on YEB, YEA,
BM containing 0.2% D-glucose, and BMA con-
taining 0.2% D-glucose. The cells were ex-
amined by means of phase-contrast micros-
copy and stained to determine their Gram
reaction in exponential, early stationary, and
late stationary phases of growth. On all the
media used, the cells of strain 219 were gram-
negative, straight rods, usually occurring sin-
gly but sometimes in pairs. The rods became
shorter in stationary phase but were never
coccoid. In all the media tested, A. globiformis
underwent the cycle of development charac-
teristic of Arthrobacter (52). A rudimentary
mycelium was observed during exponential and
early stationary phases of growth which became
segmented and fragmented by late stationary
phase. The cells were gram-variable during ex-
ponential phase, becoming gram-positive in sta-
tionary phase. These results indicate that
strain 219 has none of the morphological char-
acteristics of Arthrobacter. With the exception
of motility, the properties of this strain are
those of the genus Pseudomonas (51). Its close
similarity to motile strains of group F-2 in-
dicates that this group should bear the desig-
nation Pseudomonas marina. Strain 140 (ATCC
27129), a motile isolate of this species, has
been deposited in culture collection.
Pseudomonas nautica sp. nov. (group G-

3), groups G-1, G-2, and strain 218. The
strains which make up groups G-1, G-2, and
G-3 are unable to utilize sugars, sugar acids,
and sugar alcohols (Table 1). All are straight
rods. Group G-1 consists of 11 strains which
are motile by means of a single polar flagellum
(Fig. 9, 34) and accumulate PHB as an intra-
cellular reserve product. The GC content in
the DNA of five representative strains is 55.8
L 0.7 moles % (Table 2, 3). Strains capable of
growth on benzoate, m-hydroxybenzoate, p-
hydroxybenzoate, quinate, or L-tryptophan
give a m cleavage of catechol or protocate-
chuate. Although this group deserves species
status, it has been left undesignated for rea-
sons previously discussed. Strain 146 (ATCC
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27130) is representative of this group.
P. nautica (group G-3) consists of 34 straight

rods (Fig. 11) of which 32 are motile. All of the
motile strains have a single polar flagellum
(Fig. 36). Ten strains have one to three lateral
flagella in addition to the polar flagellum. The
lateral flagella, which are present in a minority
of the population, have a distinctively shorter
wave length (Fig. 37). None of the members of
P. nautica is able to accumulate PHB as an
intracellular reserve product. Strains 164 and
193 have a moles % GC content in their DNA
of 61.0 4 1.1 (Table 2, 3); strains 170, 179, 185,
and 189 have a GC content of 57.8 + 1.2 moles
%, significantly different from that of strains
164 and 193. No phenotypic differences have
been found which reflect this difference in GC
content. Strains of P. nautica which are able to
utilize benzoate cleave catechol by means of
an o cleavage. All or most of the strains of this
species have a lipase and are able to denitrify
and utilize n-hexadecane. Strains of this spe-
cies are the only isolates in our collection
which have the latter trait. Although none of
the strains are able to utilize carbohydrates,
three strains have an extracellular amylase.
Repeated attempts to isolate spontaneous
mutants capable of growth on glucose were
negative. Strain 179 (ATCC 27132) has been
designated the type strain of this species. A
highly specific enrichment procedure for P.
nautica is the enrichment medium for denitri-
fiers previously described (5) containing 0.2%
(w/v) sodium butyrate.
Group G-2 consists of five strains which are

motile by means of a single polar flagellum
(Fig. 10, 35). None of the strains utilizes aro-
matic compounds. The GC content in the
DNA of strains 156 and 157 is 55.6 + 0.6 moles
% (Table 2, 3); the GC content of strains 159
and 160 is 52.0 + 0.8 moles %. This significant
difference in GC content correlates with phe-
notypic differences. Strains 156 and 157, un-
like strains 158, 159, and 160, do not accumu-
late PHB or utilize glycine, are able to grow at
40 C, and utilize caprylate, pelargonate, adi-
pate, and laevulinate. As seen from Table 4,
there are no universally positive or negative
traits which distinguish strains 156 and 157
from P. nautica. The best distinguishing trait
is the ability of most strains of P. nautica to
utilize n-hexadecane. The similarity between
the phenotypes and the moles per cent GC
contents of P. nautica and strains 156 and 157
suggests a possible relationship. The taxo-
nomic placement of these two strains cannot
be resolved on the basis of the available data.
Strain 218, the type strain of Pseudomonas

perfectomarinus (ZoBell and Upham), is a
nonmotile, curved rod which is able to deni-
trify and does not accumulate PHB as an in-
tracellular reserve product (Table 1). The
moles % GC content (61.7) in the DNA of this
strain falls in the range of group G-3 (P. nau-
tica) (Table 2, 3). However, numerous pheno-
typic differences distinguish this strain from
P. nautica. Unlike group G-3, strain 218 is able
to utilize D-glucose, maltose, saccharate, glucu-
ronate, malonate, glycolate, DL-glycerate, a-
ketoglutarate, itaconate, mesaconate, glycerol,
ethyleneglycol, L-aspartate, L-tyrosine, and
ethanolamine and does not have an extracel-
lular lipase. Strain 218 also differs by many
traits from the other species and groups having
a similar GC content. The original description
of this strain (55) stated that it was motile by
means of "one to several flagella at each pole".
No flagella could be detected in strain 218 by
means of the Leifson technique or by electron
microscopy. Strain 218 does, however, conform
to the original description in being able to
denitrify and hydrolyze starch but not gelatin.
Group H-1. The four strains which comprise

this group are straight rods (Fig. 12) which are
motile by means of a single polar flagellum
(Fig. 38). All of the strains accumulate PHB as
an intracellular reserve product. The GC con-
tent in the DNA of members of this group is
54.9 ± 0.9 moles % (Table 2, 3). Strains which
utilize p-hydroxybenzoate or quinate cleave
protocatechuate by means of a m cleavage. All
of the strains of group H-1 have a lipase and
are able to utilize D-glucose and D-fructose but
not other hexoses, disaccharides, or glycerol.
Group H-1 is linked to group H-2 at the 74%
S-value (Fig. 45). In spite of this close linkage,
these two groups differ in 18 phenotypic traits
(Table 1) as well as in the moles per cent GC
content in their DNA (Table 2, 3). Strain 197
(ATCC 27133) is a typical member of this
group.
Groups I-1 and 1-2. The strains which be-

long to these two groups are motile, straight
rods (Fig. 13, 14). Group I-1 has one to two
polar flagella (Fig. 39); group I-2 has three to
six polar flagella (Fig. 27). In both groups, the
flagella are inserted at one pole. Members of
group 1-2 may aggregate into rosettes and have
a tendency to give rise to involution forms.
The four strains which comprise group I-1 and
the five strains of group 1-2 are linked at the
76% S-value (Fig. 45). The traits which sepa-
rate these groups are given in Tables 1 and 5.
With the exception of strain 213 (group 1-2)
none of the members of groups I-1 and 1-2 is
able to utilize carbohydrates or aromatic com-

424 J. BACTERIOL.

 on S
eptem

ber 30, 2020 by guest
http://jb.asm

.org/
D

ow
nloaded from

 

http://jb.asm.org/


AEROBIC MARINE EUBACTERIA

40 45 50 5,5 6P 6,5 70 75 89 8 90

A-1 P,-,m

A-2 P,-,m

B-1
B-2
C-1
C-2

C-3
D-1

D-2

P,+,o

P,+,o

,"+,o

D-3 Pr,+,O

D-4 P,+.o

E-1 P.-

E-2 P.-

F-1 P,,+

F-2 P.+

G-1 P,+,m

G-2 P.*

G-3 PL-,o

H-1 P,+,m

H-2 P.-

I-1 P.+

1-2 v+'o

40455055 65 707 80 85 90
PERCENT SIMILARITY

FMG. 45. Numerical analysis of strains. Symbols apply to all strains within a group: (P) polar flagella; (Pr)
peritrichous flagella; (PL) polar flagella, some strains also have one to three lateral flagella of a shorter wave
length; (+) accumulate PHB; (*) PHB is accumulated by three out of five strains; (-) do not accumulate
PHB; (m) degrade diphenolic intermediates by means of a m cleavage; (o) degrade diphenolic intermediates
by means of an o cleavage.

pounds. Strain 213 is able to utilize D-glucose by means of an o cleavage. The GC content of
and p-hydroxybenzoate. Cells grown on the the members of group I-1 is 56.4 i 0.6 moles %
latter compound decompose protocatechuate (Table 2, 3). In group 1-2, significantly dif-

I
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ferent GC contents occur within two sets of
strains linking at the 82% S-value. Strains 209,
210, and 211 have a GC content of 61.2 ± 0.0
moles % as opposed to 63.6 + 0.6 moles % in
the DNA of strain 212. Two phenotypic char-
acters, growth at 35 C and the ability to deni-
trify, also distinguish strain 212 (and 213) from
strains 209, 210, and 211. Three members of
group 1-2 (209, 210, and 213) produce colonies
containing a blue-black pigment which is
water insoluble. Norton and Jones (38) have
described a marine isolate with a similar pig-
mentation. However, the large number of nu-
tritional differences between their isolate and
the pigmented strains of group 1-2 suggests
that these organisms belong to distinct species.
Strains 207 (ATCC 27135) and 210 (ATCC
27136) from groups I-1 and I-2 have been de-
posited in culture collection.
Alcaligenes pacificus sp. nov. (group C-2).

The six strains which make up this species
are straight rods (Fig. 15) which are motile by
means of peritrichous flagella (Fig. 40). All of
the strains accumulate PHB as an intracellular
reserve product. The GC content of four repre-
sentative strains is 67.8 + 0.5 moles % (Table
2, 3). Strains which are able to utilize ben-
zoate, m-hydroxybenzoate, or p-hydroxyben-
zoate degrade catechol or protocatechuate by
means of an o cleavage. All the strains are able
to utilize D-glucose and D-fructose but not
other hexoses or disaccharides. Strain 62
(ATCC 27122) has been designated the type
strain of this species.

Alcaligenes cupidus sp. nov. (group D-2).
The five strains which comprise this species
are straight rods (Fig. 16) which are peritri-
chously flagellated (Fig. 41). All the strains are
oxidase negative and accumulate PHB as an
intracellular reserve product. The GC content
in the DNA of three representative strains is
61.0 4 1.1 moles % (Table 2, 3). Strains capa-
ble of utilizing benzoate, o-hydroxybenzoate,
m-hydroxybenzoate, p-hydroxybenzoate, or
quinate cleave catechol or protocatechuate by
means of an o cleavage. Strains of A. cupidus
are some of the nutritionally most versatile
isolates in our collection (Fig. 46), being able
to utilize 69 to 85 different carbon compounds
as sole sources of carbon and energy. Strain 79
(ATCC 27124) has been designated the type
strain of this species.

Alcaligenes venustus sp. nov. (groups D-3
and D-4). The 14 strains belonging to this spe-
cies are straight rods (Fig. 17) which are motile
by means of peritrichous flagella (Fig. 42). All
the strains accumulate PHB as an intracellular
reserve product. Strains which are able to uti-

lize benzoate, o-hydroxybenzoate, m-hydroxy-
benzoate, p-hydroxybenzoate, quinate, or L-
tryptophan cleave catechol or protocatechuate
by means of an o cleavage. All the strains are
able to grow at 4 C. Groups D-3 and D-4, both
of which are included in the species A. venus-
tus, are linked at the 72% S-value (Fig. 45).
These two groups are separable on the basis of
three phenotypic traits. Unlike group D-4,
group D-3 is able to utilize galacturonate and
propyleneglycol and is unable to utilize DL-
glycerate (Table 1). The GC contents in the
DNA of four representative strains of group D-
3 and four representative strains of group D-4
are nearly identical (Table 2, 3); their com-
posite value is 53.7 ± 0.8 moles %. Since phe-
notypically these two groups are distinguished
only by three universally positive or negative
traits and since their moles per cent GC con-
tent is very similar, they have been combined
into a single species. Strain 86 (ATCC 27125)
has been designated the type strain of this
species.

Alcaligenes aestus sp. nov. (group F-1).
The six strains which comprise this species are
straight rods (Fig. 18) which are motile by
means of peritrichous flagella (Fig. 43). All the
strains accumulate PHB as an intracellular
reserve product. The GC content in the DNA
of four representative strains is 57.4 4 0.5
moles % (Table 2, 3). None of the strains is
able to utilize aromatic compounds. A distinc-
tive property of this species is the ability of all
the strains to utilize C7-C,, dicarboxylic acids.
Strain 134 (ATCC 27128) has been designated
the type strain of this species.
Group H-2. The six strains in this group are

motile by means of a single polar flagellum
(Fig. 44). Three strains are straight rods (Fig.
19), the remaining are curved rods. None of
the strains accumulates PHB as an intracel-
lular reserve product, nor do they utilize aro-
matic compounds or carbohydrates. The GC
content in the DNA of four representative
strains is 30.5 + 1.5 moles %. The large
standard deviation is probably due to the large
density difference between the sample and ref-
erence DNA species used in the CsCl deter-
minations. The members of group H-2 are nu-
tritionally the least versatile strains in our
collection (Fig. 46). Although group H-2 is
linked to group H-1 at the 74% S-value (Fig.
45), the two groups are separable by a large
number of traits (Table 1). Strain 202 (ATCC
27134) is a typical strain of this group. As dis-
cussed previously, the properties of group H-2
suggest that these isolates deserve a new ge-
neric and specific designation. Additional
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FIG. 46. Nutritional versatility of the species and groups studied. (crossbarred band) group with GC con-

tent of 30.5 moles %; (barred band) Alteromonas; (white band) Pseudomonas and undesignated groups with
GC contents of 52.0 to 56.4 moles %; (black band) Alcaligenes.

strains should, however, be isolated and char-
acterized before a formal taxonomic treatment
of this group is attempted.

This study represents a beginning in the
taxonomic characterization of gram-negative,
flagellated, nonfermentative bacteria of marine
origin. Although the described species and
groups are well characterized, their generic as-

signments are in part unsatisfactory due to a

dependence on flagellation and moles per cent
GC content for generic separations. Further
work is necessary in order to obtain adequate
generic traits which would allow this large as-

semblage of organisms to be split into well de-
fined genera. It should be stressed that with a

few exceptions our isolates have been obtained
from a restricted geographical area and cannot
be considered representative of the total heter-
otrophic, bacterial flora of the sea.
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Errata

Replication of the R Factor Rtsl in
Proteus mirabilis

YOSHIRO TERAWAKI AND R. ROWND
Laboratory of Molecular Biology and Department of Biochemistry, Univetsity of

Wisconsin, Madison, Wisconsin 53706

Volume 109, no. 2, p. 495, column 1, lines 42-43: Change "The proportion of light, hybrid, and
heavy Rtsl ribonucleic acid (RNA)" to "The proportion of light, hybrid, and heavy Rtsl DNA."

Taxonomy of Aerobic Marine Eubacteria
LINDA BAUMANN, PAUL BAUMANN, M. MANDEL, AND RICHARD D. ALLEN

Department of Microbiology, University of Hawaii, Honolulu, Hawaii 96822, and Department of Biology, The
University of Texas, M. D. Anderson Hospital and tumor Institute at Houston, Houston, Texas 77025

Volume 110, no. 1, p. 402, abstract, line 24: change "doudoroffi" to "doudoroffii." p. 419, col-
umn 1, line 27: sentence beginning "It should be stressed ... " should be changed to read as fol-
lows: "It should be stressed that the GC range designated as characteristic of both genera is purely
arbitrary. The large discontinuity in the GC composition of the groups assigned to Alteromonas
and Pseudomonas suggests.... "


