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IN 1913, Bassalik isolated a rod-shaped organism from the excreta of an
earthworm and from forest and garden soils and demonstrated that it was
capable of utilizing oxalate as the sole carbon source. This organism which
he called Bacillus extorquens represented the first record of an oxalatedecomposing microorganism. Janota in 1950 claimed to have isolated bacteria
from polish soils which in every respect resembled the bacillus of Bassalik.
She preferred to call this organism Pseudomonas extorquens. In the seventh
and latest edition of Bergey's Manual of Determinative Bacteriology (Breed
et al., 1957) this bacterium has found a place in the genus Vibrio, the fortunes
of its generic position having thus shifted over the last few decades from
Bacillus to Pseudomonas and Pseudomonas to Vibrio. An important reason
for the unstable taxonomic position of this bacterium appears to be the fact
that Bassalik's original isolates had perished and that there was a dearth
of other authentic strains on which to base descriptions. During the course
of investigations on oxalate-decomposing bacteria, we were fortunate in
encountering four strains which resembled the bacillus of Bassalik. The
Polish strain called Pseudomonas extorquens was kindly made available to
us by Dr. L. Janota of Warsaw University, Poland. Comparative and detailed studies on all the five strains were undertaken in our laboratories and
they throw some reflections on the taxonomic position of Bassalik's bacillus-a position which in our opinion still remains questionable.
EXPERIMENTAL METHODS

Strains.--Three of the five strains utilized in these investigations (07 a,
GOx 5 and Ox 8) were isolated from the intestines of the Indian earthworm
m
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by the enrichment culture technique (Khambata and Bhat, 1957). A fourth
strain (N.,Sp) was isolated from the digestive tract of the silkworm, Bombyx
mori, L. (unpublished data). The fifth strain was Janota's Pseudomonas
extorquens kindly sent to us by her from Poland. All five strains were maintained on nutrient agar and oxalate enrichment agar.

Morphological studies.--Apart from the conventional methods of studying bacterial morphology, morphological studies were also undertaken on
slide preparations in which the growth of the bacterium could be followed
in situ. A few drops of the culture suspension was placed on a clean sterile
slide or coverslip in a sterile petri dish and allowed to dry in air. The dried
area was then covered by a thin block of freshly poured and set nutrient agar.
Preparations made in this manner were incubated at 28 to 30° C. for varying
periods after which they were fixed (Bouin's fixative) and used for staining.
Among the staining procedures employed, the tannic acid-crystal violet method
of Robinow (1945) was found to be very useful in demonstrating the cell-wall.
Flagella staining was performed by Loeflter's method, staining for metachromatic granules by Albert's method and staining for fatty inclusions by Sudan
Black B.
Physiological studies.--All conventional physiological tests were conducted, the methods followed being those recommended by the Society of
American Bacteriologists in their Manual of Microbiological Methods (1957).
In addition, an attempt was made to determine whether the carbohydrate
metabolism of the organism was oxidative or fermentative by the relatively
simple test recommended by Hugh and Leifson (1952). Penicillin sensitivity
was determined both in broth cultures and by the agar cup method using
Micrococcus phyogenes var. aureus strain P 209 as the control. Differences
in sensitivity to antibiotics have been recommended by Shewan and Hodgkiss
(1954) as a means of differentiating pseudomonads from other non-sporeforming rods.
Cross-agglutination studies with Arthrobacter spp.--The resemblance
and apparent relationship of the five strains to species of Arthrobacter prompted experiments to determine whether an antigenic relationship exists between
standard strains of Arthrobacter (kindly made available by Drs. G. B. Landerkin and Katznelson of the Canada Department of Agriculture) and the bacillus
of Bassalik. Antisera (agglutinins) against three standard strains of Arthrobacter, A. simplex, A. ureafaciens and A. pascens were prepared in healthy
rabbits with an immunization schedule of one intraperitoneal injection and
two intravenous injections on consecutive days followed by a period of rest
for the remaining four days of the week. This schedule was continued for

Taxonomic Position of the Vibrio extorquens

159

six weeks after which the animal was bled from the heart and the serum harvested and used for agglutination tests. Agglutination responses of all five
of the test strains and the three homologous strains were determined by the
microscopic slide test using serial dilutions of the respective sera. All other
details of the test were as recommended by the Society of American Bacteriologists (1957).
CHARACTERIZATION

Morphological characteristics.--Straight to slightly bent rods of irregular

size (2.0--2.7×l.O-1.3microns), individual rods often varying in breadth
along their length. Cells occurring singly, in pairs and occasionally in ' V ',
• L ', ' Y ' and ' X ' forms reminescent of the diphtheroids and the ' cystites '
of Arthrobacter (Fig. 1 a). Gram negative in young culture but some cells
show a distinct tendency to Gram positiveness particularly on aging. No
septum revealed in cell-wall-stained preparations. Monochrome or Gram
stained preparations presented a highly vacuolated appearance (Fig. 1 b).
Two to three distinct denser areas were (usually polar) observable under phase
contrast. These areas were also observed to be sudanophilic when stained
with Sudan Black B. Metachromatic granules were not revealed by Albert's
method. The cells were noneapsulated, non-sporeforming but motile. With
the exception of strain Oz 8 which showed an additional lateral flagellum and
N25p where no flagella could be demonstrated, the other three strains were
found to possess a single polar flagellum.
!
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Organisms stained tightly with dilute fuchsin to show vacuolated appearance.

Growth characteristics.pColonies on nutrient agar were less than 1 mm.
in size, smooth, round, entire, convex, opaque and pink to carrot red
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in colour. Their internal structure was granular and compact. Colonies
on Bhat and Barker's oxalate agar 0948) were similar to those on mltrient
agar except for a slightly smaller size and the presence of a halo around each
colony indicating oxalate decomposition. In nutrient broth and the liquid
oxalate medium, growth was generally scant and characterized by a slight
turbidity and a pink granular to membranous sediment. Growth on nutrient
agar slants was not abundant. Moderately good growth was obt~tined on
potato medium with the pigment varying from pink to coral red. Optimum
temperature for growth was 27-20 ° C. with poorer growth at 37 ° C.

Physiological characteristics.--As a group the five strains were character-

ized by weak physiological activity. They failed to produce indole, hydrogen
sulfide, amylase, gelatinase, cellulase or acetyl methyl carbinol. Likewise,
none of the following carbohydrates were fermented in peptone water; xylose,
glucose, maltose, lactose, sucrose, glycerol, mannitol, dextrin and starch.
The methyl red test was also found to be negative. All five strains however
producced catalase and a slight alkalinity in litmus milk. Ammonia was
produced from nitrates by two strains (GOx 5 and N~5p) and one strain
(07 a) produced nitrite only. In tests intended to determine the oxidative
or fermentative nature of the organisms glucose and oxalate were used separately as carbon sources. With the sole exception of strains Ox 8 which was
fermentative (anaerogenic) only towards oxalate, all other strains showed no
acid production either under aerobic or anaerobic conditions. Penicillin
sensitivity in broth cultures varied within the limits 0.2 units/ml, to 15.0
units/ml. Sensitivity determinations by the agar cup method was vitiated'
by the indifferent and poor growth of the organisms on the surface of nutrient
agar.

Agglutination responses.raThe results of the agglutination tests are presented in Table I. These show cross-agglutination between the Arthrobacter
spp. and the strains under consideration in titres that are 10-.20 times less
than the homologous controls. All other necessary controls were also set
during this test.
DISCUSSION
An examination of the five strains of Bassalik's bacillus reveals that
despite a superficial resemblance to Pseudomonas and Vibrio, they share
several characteristics with the soil diphtheroids, a group which has as yet
been poorly studied and characterized. A classification of this group has
however been attempted and in the latest edition of B:rgey's ManuM of
Dezerminatil,e Bacteriology (1957), the soil diphtheroids that do not decompose cellulose have been placed in the genus Arthrobacter. In Table II an
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TABLE I
Agglutination responses o f " Bassalik's bacillus" (P. extorquens)
with sera prepared against three Arthrobacter spp.

Antiserum
repared against A. sireplex

Highest dilution of antiserum showing agglutination wilh
A. ureafaciens

A. pascens

07 a

GO, 5

O, 8

N~5p P. extorquens
(Janota)

ill

..

1/50

1/8

1/8

1/2

1/2

1/2

1/2

1/4

ureafaeiens ..

1/20

1/200

1/10

1/4

1/10

1/10

1/10

1/10

..

1/30

1/50

1/100

1/10

1/8

1/10

1/8

1/10

simplex

pascens

attempt has been made to compare some of the important features of
Bassalik's bacillus with those that are generally accepted as characteristic
of Pseudomonas and Vibrio on the one hand and Arthrobacter on the other.
In its morphological details as well as in most of its physiological characteristics, the strains under consideration bear a close resemblance to Arthrobacter. Special fiaention must however be made of the marked vacuolation
exhibited by the strains in monochrome-stained preparations and of the
denser areas revealed in phase contrast studies which were found to be sudanophilic. The results of the agglutination tests indicate an antigenic relationship with Arthrobacter. Though penicillin sensitivity is comparable to that
exhibited by Arthrobacter, it must be conceded that Pseudomonas as a group
shows a wide variation in penicillin sensitivity.
It would appear that the Gram-negativity of the organism in young culture,
its frequent curvature and its motility and predominantly polar flagellation,
mast have suggested affilities to Vibrio and Pseudomonas. However, it
shares a great many other characte, i~tics with Arthrobacter to which it appears
to bear a closer resemblance. An examination of an appreciable number
of pleomorphic soil bacteria in our laboratories has revealed that several of
them are motile or stug~i;hly motile and bear polar flagella (Khambata and
Bhat, 1955). Further, the ability to decompose oxalate, a characteristic
which is a feature of these strains, has in the last decade been shown to exist
in a variety of bacterial genera ranging from unbranched pseudomonads to
branched streptomyces (Bhat and Khambata, 1955). It is therefore conceivable that the strains under consideration here may represent a phylogenic
link between the pseudomonads and the diphtheroids. At any rate the
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TABLE I I

A comparison of some salient characteristics of " B a s s a l i k ' s bacillus"
(P. extorquens) with those o f P s e u d o m o n a s , Vibrio and A r t h r o b a c t e r
Pseudomonas and V i b r i o

Arthrobacter

"Bassalik's bacillus"
Most strains Gram negative in young culture
but with a tendency
to Gram positivity on
aging. Gram positive
coccoidal elements in
old cultures.

I.

Uniformly Gram negative
at all stages of growth

Gram negative to Gram
variable rods. Coccoid older cells Gram
positive

.

Straight to curved rods
that do not show angular arrangement, snapping
division
or
' cystites'

Swollen and club-shaped Curved to straight rods
often swollen. Highly
f o r m s,
frequently
vacuolated. Tendency
showing
a n g u 1a r
to angular arrangearrangement and snapping division
ment. ' V', ' L ' and ' X '
shaped
forms and
cystites observed

.

Generally motile with
polar flagella. Lateral
flagellation rare

Generally non-motile.*
When motile, polar or
lateral flagella reported

.

Grow well and rapidly on
the surface of standard
culture media or in
liquid media

Growth soft and viscous Growth soft, viscous and
not abundant on solid
on
solid m e d i a .
Generally not pIofuse
or liquid media
in liquid media

5.

Generally grow well at
37° C.

Little or no growth at
37 ° C.

Growth at 37 ° C. poorer
than at 28 ° C.

6.

Indole production variable

Indole not produced

Indole not produced

7.

Glucose usually oxidised
to acids and other intermediates and most
species oxidative in
their metabolism

Little or no acid from
carbohydrates

Generally no acid production from carbohydrates under aerobic
or anaerobic conditions.
A single strain produces slight acid from
oxalate under anaerobic
conditions

Motile with polar
lum with the
tion o f one
which shows
flagellation

flagelexcepstrain
lateral

* Studies in one of our laboratories on a large collection of bacteria having affinities with
the Arthrobacte, have revealed that several pleomorphic rods arc motile and flagellated.
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characterization of these five strains suggests the necessity for the examination
of a larger collection of these and similar organisms and a reassessment of
their taxonomic position.
SUMMARY
A detailed account of the morphological, staining, penicillin sensitivity
and serological peculiarities of five strains of an oxalate-decomposing bacterium
including the well-recognized strain Vibrio extorquens, has been given. Inasmuch as all the strains share many of the characteristics of the genus Arthrobacter and not Vibrio the desirabihty of placing the bacterium in the former
genus for the time being has been suggested. The possibility of the strains
falling under an altogether new genus which represent a phylogenic link
between the pseudomonads and diphtheroids has been speculated.
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