
TTT JOURNAL OF SYSTEMATIC BACTERIOLOGY , Jan. 1987, p. 1-3 

Copyright 0 1987, International Union of Microbiological Societies 
0020-7713/87/010001-03$02.00/0 

Vol. 37, No. 1 

Transfer of Pseudomonas perfectomarina Baumann, Bowditch, 
Baumann, and Beaman 1983 to Pseudomonas stutzeri (Lehmann and 

Neumann 1896) Sijderius 1946 
KARL DOHLER,’ VOLKER A. R. HUSS,2 AND WALTER G. ZUMFT1* 

Biologie, Universitat Erlangen, 8520 Erlangen,2 Federal Republic of Germany 
Lehrstuhl fur Mikrobiologie, Universitat Karlsruhe, 7500 Karlsruhe I ,  and Institut fur Botanik und Pharrnazeutische 

We propose the transfer of Pseudomonas perfectomarina to the species Pseudomonas stutzeri as strain ZoBell. 
The proposal is based on 60% deoxyribonucleic acid (DNA)-DNA homology with P .  stutzeri ATCC 1758ST, a 
similar guanine-plus-cytosine content, and the conformity of more than 100 nutritional and general 
characteristics. 

A presumed marine bacterium was isolated by ZoBell and 
Upham (30) from a location off the California coast and 
named “Pseudomonas perfectomarinus” [sic]. Rhodes et al. 
introduced this bacterium to research on denitrification (23), 
which since has become one of the best studied organisms 
for this objective. Several papers have addressed the taxo- 
nomic relationship of the bacterium, leaving open its exact 
position among the pseudomonads (1, 3, 6, 28). 

In a recent study of marine pseudomonads, “P. 
perfectomarinus,” representing a single strain, was given 
the status of a species; its name was amended to P. 
perfectomarina (2). Deoxyribonucleic acid (DNA)-DNA ho- 
mology data and extensive reexamination of physiological 
traits, however, show P. perfectomarina to belong to Pseu- 
domonas stutzeri. We propose its reclassification as the 
ZoBell strain of P. stutzeri and removal from the approved 
list of bacterial names (18). 

MATERIALS AND METHODS 

Organisms and growth conditions. The organisms used in 
this study are listed in Table 1. The bacteria were cultured on 
plates of LB agar containing the following components (in 
grams per liter): tryptone, 10; yeast extract, 5; NaCl, 10; 
Bacto-Agar, 15. The media for Pseudomonas marina and 
Pseudomonas nautica were prepared with synthetic seawa- 
ter. For DNA preparations, strains were grown at 30°C for 
16 h on a gyratory shaker (200 rpm) in 1 liter of liquid 
medium containing synthetic seawater or LB medium in a 
2-liter conical flask. 

Phenotypic characterization. The utilization of carbon 
compounds was studied as described by Stanier et al. (26). 
Carbon compounds were added to the basal medium as 
described by Palleroni and Doudoroff (20). The tests for 
oxidase activity, production of extracellular enzymes 
(lipase, amylase, and gelatinase), and the accumulation of 
poly-P-hydroxybutyrate were done by published procedures 
(25). The sodium requirement was tested as described pre- 
viously (12). 

DNA preparation. High-molecular-weight DNA was pre- 
pared by the method of Marmur (16) with the following 
modification. The DNA was precipitated with N-cetyl- 
N,N,N-trimethylammonium bromide to remove polysac- 
charides before treatment with ribonuclease (4). Purified 
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DNA was dialyzed against standard saline citrate buffer 
(SSC is 0.15 M NaCl plus 0.015 M trisodium citrate, pH 7.0) 
and stored at 4°C in the presence of a few drops of chloro- 
form. For the determination of the guanine-plus-cytosine 
(G+C) content the DNA was dialyzed against 0 . 1 ~  SSC. 

DNA base composition and DNA-DNA hybridization. De- 
termination of the G+C content was carried out as described 
previously (10). DNA base composition was calculated from 
T,,, values (8). Renaturation rates of DNA in solution con- 
taining 37.5 kg of DNA per ml of 2~ SSC and 30% dimethyl 
sulfoxide were determined under optimal conditions of reas- 
sociation (25°C below T,,,) in a Gilford 2600 spectrophotom- 
eter equipped with a thermoprogrammer (5, 10). Dimethyl 
sulfoxide was added for lowering the melting temperature 
(7). The degree of binding was calculated according to De 
Ley et al. (5). 

Determination of the genome size. The genome size ( M )  
was estimated from a formula given by Gillis and De Ley (9): 
M = [70.03 - 0.35%(G+C)] 107/k’, where k’ is an apparent 
reaction rate constant related to the renaturation rate and 
DNA concentration. High-molecular-weight DNA from 
Escherichia coli C600 was used as the reference for a known 
genome size (2.55 x lo9), and k’ was corrected accordingly 
(9). Strains were checked with a modified method of 
Eckhardt for the presence of plasmids by agarose gel elec- 
trophoresis (24). 

RESULTS AND DISCUSSION 
Palleroni et al. (19, 22) formed five RNA homology groups 

within the Pseudomonas genus from in vitro hybridization of 
ribosomal RNA with immobilized DNA. Homology group I 
consists of P. aeruginosa, saprophytic and phytopathogenic 
fluorescent pseudomonads, the nonpigmented, denitrifying 
stutzeri group, and nonpigmented strains that form the 
alcaligenes group (19). A relationship of P. perfectomarina 
to species of ribosomal ribonucleic acid (rRNA) homology 
group I was indicated from an analysis of key enzymes of 
L-tyrosine biosynthesis (3, 28). Immunochemical studies on 
nitrous oxide reductase from denitrifying pseudomonas also 
pointed to a relationship of P. perfectomarina with group I. 
Polyclonal antibodies against N 2 0  reductase of P .  
perfectomarina formed in Ouchterlony double immunodiffu- 
sion immunoprecipitates with crude extracts of the other 
N20-reducing pseudomonads of group I, except with that of 
P. nautica. Antibodies against nitrite reductase (cytochrome 
cd) from P. perfectomarina showed cross-reaction only with 

1 



2 DOHLER ET AL. INT. J .  SYST. BACTERIOL. 

TABLE 1. DNA base composition, genome size, and DNA-DNA 
homologies determined by optical measurement of DNA 

renaturation rates 

Species 
%Db with P. 

+ G : ~ y  perfectomarina 
ATCC 14405T (mol%) 

~~ ~~ 

P .  perfectomarina ATCC 14405T 62 
P. stutzeri ATCC 1758gT 65 
P .  stutzeri DSM 50227 63 
P .  mendocina DSM 50017= 62 
P .  aeruginosa DSM 50071T 66 
P .  fluorescens DSM 50111 61 
P .  marina DSM 50416 63 
P .  nautica DSM 5041gT 58 

2.3 
2.4 
3.5 
2.8 
4.0 
3.7 
2.3 
1.7 

98 
60 
61 
19 
11 
21 
37 
13 

Genome size was expressed as molecular complexity x lop9 daltons. 
Ir %D, Degree of binding. 

P. stutzeri DSM 50227 of all strains examined of rRNA 
homology group I (H. Korner, K. Frunzke, K. Dohler, and 
W. G. Zumft, unpublished data). 

Because of these enzymic and immunochemical resem- 
blances, several Pseudomonas species within rRNA 
homology group I were subjected to in vitro DNA-DNA 
hybridization to clarify the taxonomic position of P .  per- 
fectomarina (Table 1). A value of 60% DNA-DNA homology 
was found for P .  perfectomarina with the type strain of P .  
stutzeri; the homology was slightly higher with strain DSM 
50227 of this species. On the other hand, the degree of 
binding between P .  stutzeri ATCC 17588T and DSM 50227 
was 58%. Low degrees of homology were found to other 
members of rRNA group I and to two representative mem- 
bers of marine pseudomonads (Table 1). Organisms having 
homology values between 60 and 70% under optimal condi- 
tions of reassociation are usually considered at the low end 
of a species relatedness range, while values above 70% are 
regarded more likely of species identity (11). 

The G + C  content of P .  perfectomarina DNA was 62 
mol%. This would place this strain into the branch of lower 
G+C content within the stutzeri group (15, 21). The genome 
size was almost identical to that of the type strain of P .  
stutzeri. We found no plasmids whose presence could bias 
the determination in the strains listed in Table 1. 

Since DNA homology data indicated P .  perfectomarina to 
be related to P .  stutzeri, we compared physiological traits 
among these bacteria (Table 2). Of the common traits for P .  
stutzeri (19), 82 were virtually identical with those of P .  
perfectomarina. Out of 83 general or nutritional character- 
istics for P .  perfectomarina shown in Table 2, 71 were 
identical to the data for the type strain of P. stutzeri (21, 26). 
Our data for P .  perfectomarina agree with those of Baumann 
et al. (l), except for weak lipase activity and utilization of 
D-fructose, glycine, and L-proline. P .  perfectomarina was 
also compared with three other species of rRNA homology 
group I. We tested the utilization of those 39 organic 
compounds as the sole carbon source which were proposed 
by Stolp and Gadkari (27) to allow species differentiation by 
routine examination. Of these characteristics, 37 were iden- 
tical between P .  perfectomarina and P .  stutzeri ATCC 
17588T, 30 coincided with those of P .  mendocina DSM 
50017T, 26 with those of P .  aeruginosa DSM 50071T, and 
only 23 with the characteristics of P .  jluorescens DSM 
50111. 

Previously examined phenotypic traits (1,21,26) not listed 
in Table 2 further underline the great similarity between P .  
perfectomarina and P .  stutzeri. Both organisms utilize the 

following compounds as carbon sources: valerate, isovaler- 
ate, caproate, heptanoate, caprylate, pelargonate, caprate, 
glutarate, 2-oxoglutarate, itaconate, and mesaconate. The 
following substrates are not used by both organisms: D- 
arabinose, salicin, adipate, pimelate, suberate, D-mandelate, 
L-mandelate, benzoyl formate, benzoate, o-hydroxybenz- 
oate, phenylacetate, quinate, 4-aminobutyrate, 5-aminovale- 
rate, DL-kynurenine, kynurenate, anthranilate, benzyl- 
amine, spermine, histamine, butylamine, betaine, sarcosine, 
creatine, hippurate, acetamide, nicotinate, trigonelline, n- 
hexadecane, and D-fucose . DL-glycerate and isobutyrate are 
used only by P .  perfectomarina; gluconate, azelate, sebac- 
ate, and aconitate are used only by P .  stutzeri. 

ZoBell and Upham (30) stated in the original description of 
P .  perfectomarina that this strain was motile by means of 
one to several flagella at each pole. We detected no flagella 
by the method of Mayfield and Inniss (17), as modified by 
Stolp and Gadkari (27), and none were found by the Leifson 
technique and electron microscopy (1). However, colonies 
of P .  perfectomarina sometimes spread on freshly prepared, 
moist LB agar plates, or on semisolid LB medium, support- 
ing the initial observation by ZoBell and Upham. 

A further similarity between P .  perfectomarina and P .  

TABLE 2. Comparison of general and nutritional characteristics 
between P .  perfectomarina and P .  stutzeria 

P. perfectomarina p.  stutZeriC P .  stutzerid 
ATCC 14405T 221T Traitb 

Motility (+> + + 
+ Gelatinase - 

Lipase (+) + + 
D-Fructose + d + 

+ Sucrose - - 
Saccharate + d 

+ Citraconate - - 

d + Mannitol - 
Ethylene glycol + + 
Propylene glycol + + 
2,3-Butylene glycol + d + 
n-Propanol + d 
n-Butanol + d + 
Isobutanol + d + 
Glycine + d + 
L-Serine - 
L-Isoleucine - 
L-Valine - 
L- Aspartate + d 
L-Tyrosine + d + 

d L-Phenylalanine - 
ns p -  Aminobenzoate - 

Ethanolamine + d 
d + Putrescine - 

- 

- 

- 
- 

- 

- d 
d + 
d + 

- 

- 
- 
- 

a (+), Weak or delayed positive; + ,90% or more of strains are positive; -, 
90% or more of strains are negative; d, 11 to 89% of strains are positive; ns, 
not stated in the literature cited. 

All strains showed positive responses for denitrification, oxidase activity, 
amylase, and utilization of D-glucose, maltose, acetate, propionate, butyrate, 
malonate, succinate, fumarate, DL-malate, DL-p-hydroxybutyrate, m-lactate, 
glycolate, citrate, pyruvate, glycerol, ethanol, L-a-alanine, D-a-alanine, L- 
leucine, L-proline, and L-glutamate. All strains were negative when tested for 
poly-P-hydroxybutyrate accumulation and utilization of D-ribose, D-xylose, 
L-arabinose, L-rhamnose, D-mannose, D-galactose, trehalose, cellobiose, lac- 
tose, 2-ketogluconate, maleate, D-(-)-tartrate, L-( +)-tartrate, meso-tartrate, 
laevulinate, erythritol, sorbitol, meso-inositol, adonitol, geraniol, m- 
hydroxybenzoate, p-hydroxybenzoate, testosterone, p-alanine, L-threonine, 
L-lysine, L-arginine, L-ornithine, L-citrulline, L-histidine, L-trytophan, 
pentylamine, tryptamine, and pantothenate. 

Common traits of the species P. stutzeri as described by Palleroni (19). 
Traits of P. stutzeri 221T (= ATCC 17588) as described by Stanier et al. 

(26) and Palleroni et al. (21). 
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stutzeri is the requirement of sodium for growth. P .  
perfectomarina exhibits, similarly to the van Niel strain of P .  
stutzeri (12), its maximal growth rate within the range of 5 to 
500 mM sodium ions in the medium. The low requirement for 
sodium and growth at 40°C (1) indicate that the strain may 
not be an indigenous marine bacterium by the criteria of 
MacLeod (14), despite its ability to multiply at extreme 
hydrostatic pressure (29). Liu et al. (13) reported that the 
soluble c-type cytochromes, cytochromes c-551 and c-554, 
acidic c-type cytochrome, diheme cytochrome c-552, cyto- 
chrome cd, and split-a c-type cytochrome are all present in 
P .  perfectomarina and P .  stutzeri ATCC 17591, and only a 
c4-like cytochrome is restricted to the latter organism. 

Conclusions. The DNA-DNA homology of 60% between 
P .  perfectomarina ATCC 14405= and P .  stutzeri ATCC 
175fBT is at the border line of the range where two strains are 
commonly ranked within the same species. However, with 
the agreement of well over 100 physiological traits the 
transfer of P .  perfectomarina to P .  stutzeri appears neces- 
sary. A comparison of characteristics of P .  perfectomarina 
with the common traits of P .  stutzeri (19, 21) shows full 
agreement. All phenotypic characteristics of P .  perfecto- 
marina are demonstrable within the P .  stutzeri group for at 
least two strains. Of 13 group characters of greatest differ- 
ential value for the recognition of P. stutzeri (26), 12 are 
found in P .  perfectomarina. The only uncertain group char- 
acter is polar flagellation which was stated in the first 
description of P .  perfectomarina (30) and might have be- 
come unstable since. 
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