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New media (S1 and S2) were formulated that provide a high degree of selectivity and detection of fluorescent
pseudomonads on initial plating. The selectivity of the S-type media was based on a detergent, sodium lauroyl
sarcosine, and an antibiotic, trimethoprim. A total of five soils from different geographical locations and one

sewage sludge sample were examined. On S1 medium, isolates from two soils with low fluorescent
pseudomonad populations exhibited a high frequency of arginine dihydrolase (78%) and oxidase-positive (95%)
phenotypes, but no fermentative isolates were recovered. Medium S2 was more defined and selective than S1,
but lower numbers of fluorescent pseudomonads were recovered on S2. In soils in which fluorescent
pseudomonads represent a small proportion of the total population, S1 medium consistently recovered high
percentages of fluorescent phenotypes (82.5%).

The isolation and enumeration of bacteria belonging to the
genus Pseudomonas from various habitats are often neces-

sary due to their importance in a diverse range of microbio-
logical phenomena. The fluorescent pseudomonads are of
particular interest because a number of species are plant
pathogens (14), and at least one (P. aeruginosa) is a human
pathogen (5). The fluorescent pseudomonads have also been
considered as biological control agents against various root
diseases (8, 9, 21) and in the degradation of oil spills (13).
The fluorescent pseudomonads have been frequently re-

ported as contaminants in certain meat and dairy products
(1, 15), in the biodegradation of pesticides and chemical
wastes (20), and in the industrial fermentation of organic
acids (19) and have been suggested as indicators of water
quality (22).

Antibiotic-based and detergent-based selective media have
been developed for the isolation of fluorescent pseudomo-
nads. Because these microorganisms generally possess high
intrinsic resistance to antibiotics, Sands and co-workers
(16-18) developed selective media containing antibiotics to
eliminate other bacteria. The D4 medium of Kado and
Heskett (10) contains sodium dodecyl sulfate to eliminate
nonpseudomonads by altering cell surface components. Ka-
toh and Itoh (11) developed four media selective for several
species of fluorescent pseudomonads based on desoxychol-
ate and defined carbon sources as the selective agents. The
medium described by Burr and Katz (3) for isolation of P.
syringae contains both detergents and antibiotics. These
media have disadvantages. The Burr and Katz (3) and the
Katoh and Itoh (11) media are selective for only one species
or biotype of pseudomonad, and the Sands and Rovira
medium is only semiselective in that resistance to the
recommended antibiotics is not unique to the pseudomo-
nads. D4 medium is the most widely used for the isolation of
fluorescent pseudomonads. There are several difficulties
with D4: many other gram-negative bacteria grow; fluores-
cence is not observed; and sodium dodecyl sulfate is a

known plasmid-curing agent. The currently accepted diag-
nostic medium for the detection of fluorescence is King B
medium (12). However, King B medium is unsuitable for the
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isolation of fluorescent pseudomonads because it is rela-
tively nonselective (16).
The objective of this study was to develop a medium that

is more selective than D4 for the isolation of fluorescent
pseudomonads and that would promote the expression of
observable fluorescence upon initial isolation.

MATERIALS AND METHODS

Media. Total heterotrophic aerobic bacteria were enumer-
ated on 10% tryptic soy agar (TSA; Difco Laboratories,
Detroit, Mich.) (7), and gram-negative bacteria were enu-

merated on 10% TSA containing 5 g of crystal violet per ml
to eliminate gram-positive bacteria (4). The isolation medium
for detection of fluorescence (Si medium) contained the
following reagents (per liter): 18 g of agar, 10 g of sucrose, 10
ml of glycerol, 5.0 g of Casamino Acids (Difco), 1.0 g of
NaHCO3, 1.0 g of MgSO4 - 7H20, 2.3 g of K2HPO4, 1.2 g of
sodium lauroyl sarcosine (SLS), and 20 mg of trimethoprim
(2) (5- [(3,4,5 - trimethoxyphenyl)methyl] - 2,4- pyrimidinedia-
mine). Trimethoprim was obtained from Sigma Chemical
Co., St. Louis, Mo., and all of the other chemicals used were

of reagent grade. S2 medium contained 4.0 g of asparagine
per liter in place of Casamino Acids. Trimethoprim was

added after the medium had been autoclaved and cooled.
The final pH of the media was 7.4 to 7.6, and no adjustment
was necessary. Three media identical to S1, except as noted
below, were used to characterize one of the soil samples;
trimethoprim was omitted from S3, SLS was omitted from
S4, and SLS and trimethoprim were both omitted from S5.

Fluorescence and plating efficiency. The plating efficiency
of 10 American Type Culture Collection (ATCC; Bethesda,
Md.) strains on the S1 and S2 media were compared with D4
(10) and 10% TSA. A 24-h culture of each strain in nutrient
broth was serially diluted in 0.1% peptone (7) and plated on

each of the media. Counts on 10% TSA were arbitrarily set
at 100% recovery. Each of the ATCC cultures was also
streaked on King B and the three selective media (S1, S2,
and D4), and growth, fluorescence, and pigment production
were evaluated after 24 h of incubation at 23°C.

Isolation of pseudomonads from various habitats. Soils
from five locations and one sewage sludge sample were used
for the isolation and enumeration of pseudomonads. The
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TABLE 1. Bacteria enumerated on one selective and three partially selective media from a Naff silt loam and physiological properties of
organisms isolated on the media

% Positive"

Medium Selective agent CFU/g of Fl Pro- Anaer- Gramsoil corent ducing Urease ADH Oxidase obic negativecent ~N, glucose ngtv

Si Trimethoprim 9.0 x 102 100 0 40 90 100 0 100
+ SLS

S3 SLS 6.4 x 103 50 10 25 55 100 0 100
S4 Trimethoprim 1.6 x 105 10 0 75 15 95 0 10
S5 None 8.9 x 105 0 0 15 0 90 0 5

" Twenty isolates from each medium were evaluated.

TABLE 2. Growth, fluorescence, and pigment production by ATCC Pseudomnonas cultures on four selective media after 24 h at 23°C

Growth Diffusible pigment Fluorescence
Organism Si S2 KB" D4 Si S2 KB D4 Si S2 KB D4

P.fluorescens ATCC 17816 + + + + + + + - + + +
P.fluorescens ATCC 11250 + + + + + + + - + - +
P. fluorescens ATCC 17397 + + + + + + + - + + +
P.fluorescens ATCC 17559 + + + + + + + - + + +
P.fluorescens ATCC 17518 + + + + + + + - + + +
P. putida ATCC 17522 + + + + + + + - + + +
P. putida ATCC 12633 + + + + + + + - + + +
P. maltophilia ATCC 13270 + - + - - - - - - - - _
P. cichorii ATCC 10857 + + + + + + + - + + + +
P. aeruginosa ATCC 19429 + + + + + + + - + + +

a KB, King B.
b Nonfluorescent pseudomonad.

soils were: Marietta sandy loam (pH 6.6) (from Mississippi),
a Herkimer silt loam (pH 6.9) (from New York), a Dothan
sandy loam (pH 4.7) (from South Carolina), a Bowie fine
sandy loam (pH 5.8) (from Texas), and a Naff silt loam (pH
5.2) (from Washington). The sewage sludge sample was
taken from the waste recycle line of the Metro Wastewater
Treatment Plant, Syracuse, N.Y. The samples were serially
diluted in 0.1% peptone and plated on S1, S2, D4, 10% TSA,
and 10% TSA containing 5 g of crystal violet per ml. The
Washington soil was also plated on S3, S4, and S5 media.
Colonies were enumerated after 3 days of incubation at
23°C. A total of 20 colonies were picked from two represent-
ative plates of each of the three selective media and streaked
on 10% TSA.

Physiological tests. Each of the isolates from the selective
media was characterized by the Oxi-ferm series of tests

TABLE 3. Plating efficiency of three selective media with 10
ATCC Pseudomonas cultures

Plating efficiency (%)"
Organism Si S2 D4

P. fluorescens ATCC 17816 79 <0.1 85
P.fluorescens ATCC 11250 66 14 80
P.fluorescens ATCC 17397 93 <0.1 95
P. fluorescens ATCC 17559 91 87 80
P.fluorescens ATCC 17518 82 36 54
P. putida ATCC 17552 97 46 88
P. putida ATCC 12633 87 78 86
P. maltophilia ATCC 13270 11 <0.1 <0.1
P. cichorii ATCC 10857 52 1 <0.1
P. aeruginosa ATCC 19429 87 61 97

a Plating efficiency is the recovery of bacteria compared with 10% TSA,
which is arbitrarily set at 100%.

(Roche Diagnostics, Div. Hoffmann-La Roche, Inc., Nutley,
N.J.), Gram stain, and streaking on two media (King B and
S1) to observe fluorescence and diffusible pigment produc-
tion. Because a number of the isolates were unable to grow
at 37°C, the Oxi-ferm tubes were incubated for 72 h at 23°C
rather than for 48 h at 37°C. Isolates that were identified as
fluorescent biotypes by the Oxi-ferm computer coding sys-
tem and also produced fluorescent pigments on King B were
classified as fluorescent pseudomonads. Because the isolates
obtained from the activated sludge sample on D4 medium
were primarily oxidase negative, they were also character-
ized by the Enterotube II series of tests (Roche Diagnostics).

RESULTS
During initial experiments in which the concentration of

SLS was varied, it was found that 1.2 g of SLS per liter was
required to prevent the growth of gram-positive bacteria
(data not shown). The elimination of trimethoprim from the
medium formulation (S3) reduced the recovery of fluores-
cent pseudomonads to 50%, and elimination of SLS (S4)
reduced the recovery of fluorescent pseudomonads to 10%
of the isolates (Table 1). Only 5% of the isolates were gram
negative, and no fluorescent pseudomonads were detected
among these when both trimethoprim and SLS were elimi-
nated (S5).

All of the ATCC cultures classified as fluorescent pseu-
domonads grew, produced diffusible pigments, and fluo-
resced on S1 medium, and all but one culture fluoresced on
S2 medium (Table 2). Fluorescence and pigment production
were more intense on S1 medium than King B. On D4, none
of the ATCC cultures produced diffusible pigments, and only
weak fluorescence of the colonies could be detected. P.
maltophilia (ATCC 13270) did not grow on D4 or S2 media
(Table 2).
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TABLE 4. Bacterial populations from five soils on various media

CFU/g of soil

Media Marietta Dothan sandy Herkimer silt Bowie fine sandy Naff silt loam
sandy loam loam (South loam
(Mississippi) Carolina) (New York) loam (Texas) (Washington)

10% TSA 4.3 x 107 8.6 x 106 5.6 x 107 3.2 x 108 7.4 x 106
10% TSA + crystal 6.4 x 106 3.5 x 106 2.8 x 106 1.1 X 107 7.4 x 104

violet (5 jig/ml)
Si 4.6 x 105 9.8 x 104 2.3 x 106 2.5 x 106 9.0 x 102
S2 3.5 x 105 1.3 x 105 1.2 x 106 4.6 x 105 5.5 x 102
D4 3.9 x 105 9.5 x 104 1.7 x 106 3.3 x 106 8.1 x 103

The plating efficiency of S1 medium was higher than that 1A and B). Anaerobic glucose-positive bacteria were iso-
of S2 medium for all of the ATCC strains and was also higher lated on D4, but none were detected on the two S media
than the efficiency of D4 for 6 of the 10 ATCC strains (Table (Table 5).
3). Three fluorescent ATCC isolates and one nonfluorescent A higher percentage of isolates obtained from a sewage
isolate had very low plating efficiencies on S2 medium sludge sample were fluorescent on Si and S2 media (50 and
compared with one fluorescent and one nonfluorescent cul- 75%, respectively) compared with isolates on D4 medium
ture which had low plating efficiencies on D4 medium. Only (20%) (Table 6). Greater numbers of bacteria were isolated
P. maltophilia exhibited low plating efficiencies on Si me- from sewage sludge on D4 medium (106 CFU/ml) than were
dium (Table 3). isolated on SI and S2 media (105 CFU/ml) (Table 6). A high
The total bacterial numbers from the five soils as deter- percentage of D4 isolates were anaerobic glucose positive

mined on 10% TSA were in the following order: Texas > (65%) and oxidase negative (70%) as compared with 0%
New York = Mississippi > Washington = South Carolina anaerobic glucose-positive and 100% oxidase-positive iso-
(Table 4). The total numbers of gram-negative bacteria as lates obtained from both of the S media. Approximately 60%
determined on 10% TSA amended with crystal violet were, of D4 isolates were members of the family Enterobacteria-
except for the South Carolina soil, an order of magnitude ceae, and 35% were presumptive Shigella spp. Other iden-
lower than the total bacterial numbers. For each soil, tified organisms recovered from the sewage sludge sample
bacterial counts were all within 1 log unit on each of the on D4 included Citrobacter spp., Klebsiella spp., Acin-
three selective media (S1, S2, and D4). Of the isolates etobacter spp., and Escherichia coli. No fungi were ob-
obtained from the Mississippi and Washington soils on S1 served on S1, S2, and D4 media even at low dilutions (10-1)
and S2 media, a higher percentage were arginine dihydrolase from the sludge and soil platings.
(ADH) positive and oxidase positive and produced fluores-
cence compared with those isolated from D4 (Table 5). The DISCUSSION
phenotypes isolated from the three other soils were in
equivalent proportions on all of the selective media. Both SLS was chosen as one of the selective agents because it
fluorescence and pigment production on Si medium were is a weaker detergent than sodium dodecyl sulfate and would
consistently observed on initial isolation from all soils (Fig. potentially provide higher recovery and be less likely to

TABLE 5. Physiological characteristics of bacteria isolated from five soils on three selective media

% Positive"

Soil (location) Medium Fluores- Produc- Urease ADH Oxidase Anaerobic
cent ing N, UraeAHOiaeglucose

Marietta sandy loam S1 65 10 0 55 90 0
(Mississippi) S2 90 0 5 80 100 0

D4 30 0 45 35 55 45

Dothan sandy loam S1 100 0 100 100 100 0
(South Carolina) S2 100 0 100 90 100 0

D4 90 0 100 75 85 10

Herkimer silt loam S1 100 35 20 95 100 0
(New York) S2 85 65 15 85 100 0

D4 95 35 5 90 95 0

Bowie fine sandy loam S1 100 0 40 90 100 0
(Texas) S2 100 0 60 95 100 0

D4 75 0 20 95 100 0

Naff silt loam S1 100 0 40 90 100 0
(Washington) S2 100 5 60 100 100 0

D4 20 0 10 20 90 10

"aTwesvy isolates from each medium were evaluated.
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interfere with fluorescence. SLS prevented the growth of
gram-positive organisms (Table 1), but eliminating trimetho-
prim allowed the growth of nonfluorescent pseudomonads.
Trimethoprim appeared to be most active against facultative
gram-negative bacteria, but it was ineffective against many
gram-positive bacteria (Table 1). When both trimethoprim
and SLS were omitted from the medium (S5), selectivity was
lost (Table 1). The combination of the two selective agents
provided an apparent synergistic effect on selectivity and
was essential for the selectivity of the S media.
The greater numbers of oxidase- and ADH-positive bac-

teria obtained on S1 medium as compared with D4 (Tables 5
and 6) were consistent with the greater numbers of fluores-
cent phenotypes isolated on Si. All of the fluorescent
pseudomonads are oxidase positive, and many of them are
ADH positive (6). The S media were not compared with the
Sands and Rovira medium because initial studies showed
that D4 was superior to the Sands and Rovira medium
(unpublished data). Sands and co-workers reported that in
some soils the fluorescent pseudomonads constituted a very
low percentage (6%) of the isolates obtained on their me-
dium (18).

1i * X~~~~~~
11 \'~~~~~~~~~~~~~~~

FIG. 1. Soil dilution on a plate of medium after 3 days of

incubation at 23°C. (A) Pigment production under 3400 K photo-
graphic lights, color-corrected with an 80B lens filter; (B) fluores-
cence when illuminated with UV light at 366 nm.

TABLE 6. Bacteria enumerated on three selective media from a
sewage sludge sample and physiological properties of organisms

isolated on the media

% Positive'
MeimCFU/g of

Medium sludge Fluores- Produc- Urease ADH Oxidase Anaerobic
cent ing N2 glucose

Si 5.2 x 105 50 35 5 80 100 0
S2 1.5 x 105 75 40 30 80 95 0
D4 2.0 x 106 20 0 35 65 30 65

" Twenty isolates from each medium were evaluated.

Si medium has several advantages over other media used
for the isolation of fluorescent pseudomonads. The medium
consistently gives high selectivity and good recoveries of
fluorescent pseudomonads with samples obtained from a
variety of habitats. Fluorescence can also be observed on
initial isolation on Si medium, and subsequent streaking on
King B medium to observe fluorescent pigment production is
unnecessary.

Si medium could be modified for a number of other
applications. The medium could be used for the selective
isolation of one species or biotype of fluorescent pseu-
domonad by the replacement of Casamino Acids with a
defined nitrogen source. Sucrose and glycerol are essential
to SI medium because the combination of these compounds
provides an osmotic stress that is one of the selective
features of the medium. Because these compounds are
carbon sources it would be inappropriate to use a defined
carbon source to obtain selectivity. Although asparagine as
the sole nitrogen source in S2 medium did not improve
selectivity, there are other nitrogen sources that could
potentially be used.

P. aeriuginosa (ATCC 19429) produced a green pigment on
Si medium, but several other strains of P. aeruginosa did
not produce the same colored pigment. A modified Si
medium could possibly be employed as the base for a
diagnostic formulation to provide for the selection and
identification of P. aeruginosa if green fluorescent pigments
could be consistently observed.
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