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Rapid Screen for Bacteria Degrading Water-Insoluble, Solid
Hydrocarbons on Agar Plates
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A rapid procedure was devised for detecting on solid media bacteria able to
degrade water-insoluble, solid hydrocarbons such as the polycyclic aromatic
hydrocarbons phenanthrene, anthracene, and biphenyl. After Alcaligenesfaecalis
AFK2 was inoculated on a plate containing mineral salts agar, an ethereal solution
of phenanthrene (about 10%, wt/vol) was sprayed on the surface of the plate, and
the plate was incubated at 30°C for 2 to 3 days. Colonies showing degradation
were surrounded with clear zones on the opaque plate. A similar clear zone also
was formed around colonies which had been grown on a succinate-mineral salts
agar or nutrient agar, followed by spraying of the ethereal solution of phenan-
threne and further incubating for 1 day. Other phenanthrene-assimilating bacteria,
including Beijerinckia Bwt and Pseudomonas SPM64, also formed clear zones on
phenanthrene-covered agar plates. This method was applicable to detection of
bacteria able to assimilate anthracene, naphthalene, and biphenyl.

Bacterial degradation of some aromatic hy-
drocarbons, toluene (16, 17), xylenes (4), ethyl-
benzene (9), and p-chlorobiphenyl (8) has been
biochemically and genetically investigated. Ex-
trachromosomal gene locations for these path-
ways are frequently found. On the other hand,
there are only a few reports on the metabolism
and genetics of polyaromatic hydrocarbons
(PAHs), some of which are recognized as poten-
tial carcinogens. Of these compounds, smaller
PAHs such as naphthalene (1, 7), phenanthrene
(3, 7, 13), and anthracene (3, 7) have been studied
with regard to their degradation by bacteria,
early oxidation products, and aliphatic interme-
diates. In particular, the dissimilation of naph-
thalene has been shown to be encoded by a
plasmid, NAH (2). However, no genetic studies
of pure culture isolations have been reported for
the bacterial dissimilation of larger PAHs such
as phenanthrene.
Due to the volatilization of alkylbenzenes,

biphenyl, apd naphthalene at 30 to 37°C, tem-
peratures ordinarily used for bacterial cultiva-
tion, these hydrocarbons are often provided
separate from the growth medium, and they are
assumed to be utilized from the vapor phase.
Larger PAHs are, however, nonvolatile and
water insoluble at these temperatures. Naphtha-
lene dissolves in water at a concentration of 98
puM, but phenanthrene, anthracene, and naphth-
acene dissolve at concentrations of only 9.0,
0.45, and 0.066 ,uM, respectively (14). There-

fore, no basal solid media in which phenan-
threne and larger PAHs are uniformly dispersed
have been developed. If an emulsifier is added in
a medium to disperse such a hydrocarbon, bac-
teria might be subject to inhibition of growth by
the emulsifier or could grow at its expense
without utilizing the hydrocarbon. When an agar
medium containing a larger amount of a solid
hydrocarbon is autoclaved, the melted hydro-
carbon forms large masses on the surface of agar
on cooling. The phenanthrene-assimilating
(Phn+) bacteria we used did not grow on a
mineral salts agar plate saturated with phenan-
threne at 9 ,uM.
To study bacterial degradation of PAHs, we

have studied the catabolism of phenanthrene
(11, 13). We have often encountered the disap-
pearance of the Phn+ phenotype of bacterial
cultures during prolonged storage on nutrient
agar slants or by successive subcultures in liquid
media containing a growth substrate other than
phenanthrene. However, Phn+ and Phn- strains
in a population could not be directly detected
because of the lack of a solid medium suitable
for distinguishing the two types. This paper
describes a rapid procedure that uses a solid
medium for the detection of Phn+ bacteria.

(This study was presented in part at the Annu-
al Meeting of the Society of Fermentation Tech-
nology, 1979, Osaka, Japan, and at the 6th
International Fermentation Symposium, 1980,
London, Canada.)
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FIG. 1. Utilization of phenanthrene by bacteria on mineral salts agar plates. Immediately after cultures of the
Phn+ bacteria A. faecalis AFK2 (I), Pseudomonas SPM64 (II), Beijerinckia Bwt (III), and Beijerinckia B/836
(IV) were transferred onto MM2 agar plates, the plates were sprayed with an ethereal solution of phenanthrene
and then incubated for 2 days.

MATERIALS AND METHODS

Organisms. The Phn+ bacteria Alcaligenes faecalis
AFK2 (12) and Pseudomonas SPM64, which are un-
able to utilize naphthalene (Nah-), were isolated and
identified by our laboratory. The wild strain (Bwt) and
the mutant (B/836) of a Beijerinckia species were gifts
of D. T. Gibson, of Texas University at Austin. Pseu-
domonas sp. S7K5 (Nah+ Phn-) has been described
previously (10, 11). Strain OUS3 was an unidentified
Nah+ bacterium. Pseudomonas putida PpG1064 car-
rying the NAH plasmid was provided by I. C. Gunsa-
lus, University of Illinois, Urbana.
Media and cultivation. LB medium contained 1%

tryptone (Difco Laboratories), 0.5% yeast extract
(Difco), and 0.5% NaCl, pH 7.2. The mineral salts
solution (MM2) contained: (NH4)2SO4, 18 mM; FeSO4'
7H20, 1 ,uM; CaCl2-2H20; 100 ,uM; MgSO4-7H20, 1
mM; and NaCl, 8.5 mM; in 10 mM Na2HPO4-KH2PO4
buffer, pH 7.0. When agar plates were prepared, 1.5%
agar was melted in MM2 by autoclaving and solidified.
The MM2 agar plates contained no added substrates,
and succinate- and glucose-MM2 agar plates contained
10 mM disodium succinate and glucose, respectively.
The solid phenanthrene used was previously sterilized
by recrystallization from ethanol-water, followed by
aseptic collection by filtration and drying in vacuo in a
desiccator. Incubation was always carried out at 30°C.

For growth of a Phn+ bacterium on solid medium,
the following procedures were used. About 103 Phn+
cells from a culture that had been grown overnight on
an LB platt and stored at 4°C were transferred with
sterile toothpicks onto an MM2 agar plate. Immediate-
ly thereafter an ethereal solution of phenanthrene
(about 10%, wt/vol) was uniformly sprayed over the
surface of the agar plate. The ether immediately vapor-
ized from the surface at ambient temperature, and a
white, thin layer of phenanthrene remained on the
entire surface. The plate was then incubated. Similar
procedures were used for growth of bacteria utilizing
other hydrocarbons.

Chemicals. All chemicals were obtained commer-
cially.

RESULTS
Growth of Phn+ bacteria on phenanthrene-

mineral salts agar plates. After A. faecalis AFK2
was incubated for 1 to 2 days on phenanthrene-
sprayed MM2 agar plate, it grew at the expense
of the solid phenanthrene to form colonies which
were surrounded with transparent areas (clear
zones) (Fig. 1A). Solid phenanthrene had disap-
peared from cleared areas, since they did not
show the blue fluorescence characteristic of
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phenanthrene illuminated with long-wavelength
UV light. Clear zones on phenanthrene-sprayed
MM2 plates were observed also with Pseudomo-
nas SPM64 (Fig. 1B) and with Beijerinckia Bwt
(Fig. 1C) and its mutant, B/836 (Fig. 1D). As
growth increased, more clear zones developed
in all four strains. The Phn+ strains AFK2 and
SPM64 produced a diffusible orange pigment in
the agar after prolonged incubation for 7 days.
Bwt and B/836, however, did not produce such a
pigment.

After a dilute cell suspension of AFK2 was
spread on an MM2 plate and phenanthrene was
applied, the cells formed colonies with clear
zones. Even small colonies formed distinct clear
zones like phage plaques on a bacterial lawn,
and therefore Phn+ clones were easily detected.

Detection of Phn+ phenotype on complete me-
dia. When the colonies of Phn+ bacteria which
had already grown on a succinate- or glucose-
MM2 or LB agar plate were sprayed with an
ethereal solution of phenanthrene and further
incubated for 1 to 2 days, all utilized the phenan-
threne and formed clear zones. None of the
Phn- bacteria formed such zones, and the thin
layer of phenanthrene remained white. This sug-
gests that the formation of clear zones is closely
related to the ability of bacteria to degrade this
hydrocarbon and allows detection of the Phn
phenotype without replication of the colonies
onto other mineral plates.

Detection of bacteria that degrade other solid
hydrocarbons by the ethereal solution-spraying
method. On an MM2 agar plate sprayed with an
ethereal solution of biphenyl, the Bwt strain
grew forming a distinct, clear zone as it did on a
phenanthrene-sprayed plate, and it produced a
diffusible, intensely yellow pigment. The mutant
B/836 did not grow biphenyl because it lacks an
enzyme responsible for biphenyl degradation
(6).
Nah+ bacteria could be detected on solid

media sprayed with naphthalene. Nah+ strains
PpG1064, S7K5, and OUS3 grew forming clear
zones. The thin layer of this hydrocarbon on the
plate, however, tended to vaporize after long
incubations. ,

A Phn+ Nah- strain, AFK2, was found to
degrade anthracene by forming clear zones on
succinate-MM2 agar sprayed with an ethereal
solution of anthracene.

DISCUSSION
PAHs are among the compounds recalcitrant

to biological degradation, possibly due to their
insolubility in aqueous cultural media. No bacte-
ria able to utilize as a growth substrate a PAH
with more than three rings have been isolated.
Although the metabolic pathways for naphtha-
lene, phenanthrene, and anthracene have been

well investigated, the gene location and organi-
zation of the latter two hydrocarbons have not
been studied due to the lack of a method for
detecting mutants on solid media. The detection
procedure which we have devised is rapid, sim-
ple, and useful for the isolation of degrading
bacteria and their Phn- mutants, and it should
contribute to genetic studies of bacterial degra-
dation of PAHs.

Since biphenyl-, naphthalene-, and anthra-
cene-degrading bacteria were also detected by
this method, it should be widely applicable for
the isolation of bacteria able to degrade other
nonvolatile, water-insoluble, biologically inert,
and solid compounds such as solid paraffins,
wax, and larger PAHs such as benz[a]anthra-
cene and benzo[a]pyrene. During the prepara-
tion of this manuscript Sylvestre (15) described
the use of a similar procedure for the detection
of bacteria capable for utilizing p-chlorobi-
phenyl. However, because smaller solid hydro-
carbons, such as naphthalene and biphenyl, and
their derivatives, such as methylnaphthalenes
and p-chlorobiphenyl, are relatively volatile at
cultivation temperatures, they can support bac-
terial growth on mineral salts agar plates in
vapor. Consequently, spraying of ethereal solu-
tions of these compounds is not required for the
assimilative phenotypes. When such ethereal
solutions were sprayed onto plates, the thin
layer of hydrocarbons on the plate surface tend-
ed to be mottled during incubation due to the
hydrocarbons' volatilities. However, this spray-
ing method should be useful for the detection of
auxotrophic mutants of such bacteria, since
there is no requirement for replica plating.
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