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ABSTRACT

A collection of a hundred and fourteen strains of saprophytic coryneform bacteria (genus
Arthrobacter) representing seventy-one fresh isolates and forty-three strains received from other
investigators has been subjected to a comparative systematic study. The characteristics that
reliably distinguish the group as a whole are its primary habitat, inability to produce catalase
and indole and general weakness for carbohydrate metabolism. In the further differentiation
of the genus into species, the limitations of relying exclusively on physiological characteristics
have been exposed. The usefulness of Robinow’s cell-wall staining technique in morphological
and systematic studies on the group is emphasised. It is tentatively proposed that a taxonomic
scheme which would primarily divide the genus into morphological groups and use physiology
for further differentiation, may be more satisfactory than the present scheme.

Though the existence of saprophytic bacteria morphologically related to the
parasitic Corynebacterium has long been recognised (Kisskalt and Berend, 1918),
it is only in recent years and largely due to the work of Lochhead and co-workers
- that the growing significance of these organisms has been realised (Lochhead, 1952;
Lochhead and Burton, 1956). The abundant occurrence of these organisms in
soil is now well authenticated and they have also been isolated by enrichment
culture techniques that imply their role in the utilization of asparagine, hippurate,
glycerol, starch and cellulose (Indian Council of Agricultural Research, 1957). It
has long been suspected that the Corynebacterium—Nocardia group of bacteria
normally carry out the oxidative degradation of pyrimidines in a mineral environ-
ment. They have been implicated in the breakdown of hydrocarbons (Trecanni,
1954; Ladd, 1955), acetone (Levine and Kramptiz, 1952) and organic nitro com-
pounds (Gundersen and Jensen, 1956). Nevertheless a special ecological niche has
yet to be assigned to them.

Jensen’s admirable review (1952) has served to emphasize the obscurity which
has shrouded the systematics of this group of bacteria, a position which hag not
been entirely mitigated despite the accordance of generic status (genus Arthrobacter)
to the group in the new edition of Bergey’s manual (Breed ef al., 1957). The deter-
minative taxonomy of any group ultimately depends on careful studies and descrip-
tions on as large a number of strains within the group as possible. In the present
state of our knowledge, the need for the accumulation of more information on
strains of coryneform bacteria needs no emphasis. The comparative studies
reported in this paper on a collection of 114 strains comprising 71 fresh isolates
and 43 strains received from other investigators, is intended to partly fulfil this
need.

MEeTHODS

Source of isolates. The majority of strains were freshly isolated from samples
of garden soil and the rhizosphere of a variety of plants. Primary isolation was
‘carried out on one of the. following media : soil extract agar (Lochhead and Chase,
1943), nutrient agar and nutrient sgar containing 1.0 per cent soil extract and
0.1 per cent yeast extract. In addition to these, isolates  were also received.for
study from other investigators interested in this group of bacteria.
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Morphological Studies, The developmental morphology of each strain was
studied using in situ preparations of the organisms growing between the glass
surface of a slide and a thin layer of overlayed sterile nutrient agar cut out from
a previously poured petri-dish, the slides being incubated in a moist chamber at
27-29°. At desired intervals, slides were fixed in Bouin’s fixative, the agar layer
carefully peeled off and the adherent cells stained by the tannic acid-erystal violet
technique of Robinow (1942) to demonstrate cell wall and septa. Observations
were also made on monochrome and Gram stained smears prepared in the conven-
tional manner from growth on the following media : nutrient agar, nutrient agar
with 1.0 per cent sodium chloride, nutrient agar with 1 per cent glucose, soil extract
agar and Ashby’s nitrogen-free mannitol agar. The use of different media as a
possible aid in the morphological differentiation of coryneform bacteia has been
suggested by Gibson (1953). The developmental morphology of all strains was
studied over a period of seven days. The motility of all strains was tested in
young (18 hours) as well as in old cultures (4 days) grown on nutrient agar. For
the conclusive demonstration of motility in doubtfully motile organisms the method
of Tittsler and Sandholzer (1936) was employed. Loffler’'s method (Buchanan
and Buchanan, 1938) was found satisfactory for staining of flagella.

Colony characteristics of all the strains were studied on nutrient agar. Growth
characteristics in nutrient broth were also observed. The optimum and limiting
temperatures and hydrogen ion concentration for growth were determined in
nutrient broth. '

Physiological Tests. All conventional physiological tests that have been
found useful in classification of the better known groups of bacteria were used.
Unless otherwise stated, these tests were carried out according to the recommenda-
tions of the Society of American Bacteriologists (1957) in their Manual of Micro-
biological Methods. Tnasmuch as these tests were found to be of limited value,
several additional physiological tests were also used.

Carbohydrate metabolism. The oxidative or fermentative nature of the organism
in relation to the carbohydrates arabinose, xylose, glucose, fructose, galactose,
sucrose, maltose, lactoge, inulin, glycerol, mannitol and sorbitol was tested according
to the method of Hugh and Leifson (1953). This test replaced routine fermentation
tests.

Reduction of methylene blue. This test was carried out according to the
recommendations of Smith et al. (1952). The composition of the medium was
as follows : glucose, 5.0 g.; proteese peptone, 10 g.; agar, 2.5 g.; methylene blue,
0.004 g.; distilled water, 1 litre. Tubes 15 mm. in diameter containing 8.0 ml of
the semisolid medium were inoculated and examined for the reduction of methylene
blue after 1, 3, 5, 7, 14 and 21 days.

Anaerobic production of gas from nitrate. A modification of Gibson’s medium
(Gibson, 1944) suggested by Smith ef al. (1952) was used. The medium contained
tryptone, 1.0 g.; K,HPO,, 0.5 g.; meat extract, 0.3 g.; yeast extract, 0.2 g.; NaNO,,
1.0 g.; agar 0.5 g.; distilled water, 100 ml. The pH was adjusted to 7.6. Approxi-
mately 8.0 ml of the medium in 15 mm. tubes was autoclaved, quickly cooled to
remove oxygen, inoculated and capped with 10-15 mm. of sterile vaspar. The
tubes were incubated at 27-29° and observations made up to 15 days.

Production of urease. This was demonstrated as follows : growth from nutrient
agar slants was washed off with about 4.0 ml. of sterile distilled water. Using
phenolphthalein as indicator, the pH of the suspension was adjusted to 7.0. The
suspension was divided into two equal parts, one being the control and to the other,
about 0.1 g. of urea (crystals) was added. The development of an alkaline reaction
indicated the production of urease. Tests were done after 5, 10 and 15 days.

Utilization of carbon and mitrogen compounds. Knight and Proom (1950)
after an extensive investigation on the genus Bacillus, suggested that nutritiona
surveys on bacterial groups would give indications of natural relationships tha
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would make classification less arbitrary than it is at present. The isolates in our
collection were examined for their ability to utilize a number of carbon and nitrogen
compounds. Throughout the course of these tests, special precautions were taken
to avoid traces of unwanted nutrients. The selection of test compounds was governed
by available information on the physiological and metabolic activities of these
microorganisms. The composition of the basal medium used in these tests was
as follows : neutral phosphate mixture (Na,HPO,, 8.0 g.; KH,PO,, 2.0 g.), 1.0 g.;
NaCl, 0.05 g.; MgSO,. 7H,0, 0.5 g.; CaS80,. 2H,0, (saturated solution) 5.0 ml,;
Fe 80,. TH,0, 2.5 mg.; micronutrient solution 1 ml.; distilled water, 1 litre. The
composition of the micronutrient solution used was as follows : Zn S0,, 7H,0,;
11.0 g.; Mn SO,, H,0, 5.0 g.; Co 80,, 0.05 g.; H;BO,, 0.05 g.; Na,Mo O, 2.0 g,;
Cu 80,. TH,0, 0.007 g.; distilled water, 1 litre. To this medium 0.5 g. ammonium
sulphate was added as the nitrogen source and the following carbon compounds
added individually in the concentrations specified : phenol, 0.1% (v/v); asparagine,
benzene, aniline, o-cresol, m-cresol, alpha-naphthol, beta-naphthol, paraffin, acetone,
benzaldehyde, anthracene, and caffeine, 0.1%}, (w/v); naphthalene, 0.0003%, (w/v)
and the sodium salts of the following acids : formie, oxalic, oleic, propionic, suceinic’
benzoic, and salicylic, 0.05%, (w/v); barbituric 0.01%, (w/v); hippuric, 0.1%, (w/v),
acetie, citric and lactic, 0.5%, (w/v).

The following inorganic nitrogen compounds tested were added to give a
concentration of 0.5%, (w/v), using 0.5%, glucose as the carbon source : NaNO,
(NH,), 80,, (NH,), HPO,, and NH,NO,.

The utilization of amino acids was tested when provided as the sole source of
carbon and nitrogen and also when provided as the nitrogen source only. The
various amino acids were incorporated so that the final volume contained 25 mg.
of nitrogen per ml. The following amino acids were sterilized by Seitz filtration and
added separately to the medium : dl-glycine, dl-alanine, Dl -serine, Dl-norleucine,
Dl-threonine, 1 leucine, Dl-valine, Dl-isoleucine, Dl-aspartic acid, DI-glutamic acid,
L-arginine, Dl-lysine, l-asparagine, Il-histidine, L-proline, L-hydroxyproline,
dl-tryptophane, L-tyrosine, dl-methionine, and L-cystine.

The total volume of defined medium in every case was 5.0 ml. The inoculum
congisted of washed cells harvested from a 24 hour old nutrient agar slant. The
inoculated tubes were incubated at 27-29° and growth recorded visually up to a
period of seven days.

Thermal death time. This was determined in nutrient broth containing 10? to
10* viable cells per ml., the time being recorded after the contents of a ‘parallel’
tube reached the desired temperature.

RESULTS

Morphology and growth characteristics

The gross morphological characteristics were generally similar in most of the
media utilized. Nevertheless, the following observations were made :
1—Growth was good to luxuriant on both nutrient agar and glucose nutrient
agar, but poor on soil extract agar and Ashby’s mannitol agar.
2—Pigmentation was more pronounced on glucose nutrient agar than on
nutrient agar, soil extract agar or Ashby’s mannitol agar.
3—The organisms showed vacuolation earlier on soil extract agar and Ashby’s
mannitol agar than on nutrient agar or glucose nutrient agar.
4—The tendency to branching was maximum on glucose nutrient agar followed
by nutrient agar, Ashby’s mannitol agar and soil extract agar in that order.
With the help of morphological characteristics as revealed by monochrome
and cell wall staining, it was possible to divide the isolates in the collection into
four morphological groups. The morphological distinctions between the four
groups are presented diagrammatically in Text-figs. 1 and 2,
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Group—I. Organisms in this group were of the smallest size and coccobacillary
in shape. ‘V’ forms were encountered but a more pronounced tendency was to
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TEXT-FIG. 1.

Developmental morphology of the four morphological groups of saprophytic coryneform
bacteria as observed in the crystal violet-stained smears from nutrient agar (x 1200).

form clusters. On cell wall staining, these bacteria did not show the presence
of any septum but only deep staining at the ends, thereby appearing as bipolar
rods. The organisms became almost coccoidal at the end of 24-36 hours growth
on nutrient agar. Gram staining showed that most of the cultures in this group
were Gram positive to Gram variable. All the strains were distinctly Gram positive
at the end of the fourth day when they were in the coccoidal stage. Excepting
three strains which were motile by means of a single polar flagellum all other
strains in this group were nonmotile (see Table 1). -

TaBLE 1

Motility and type of flagelation

Morphological Type of flagellation
_ group and number Number of
of strains in motile Single More than one Peritrichous
each group- strains polar polar flagellum
I (13) 4 4 — . —
II (49) 24 14 4 6+
IIT (28) 15 : 10 — HE*
IV (24) .4 9 5 —

*Includes 2 amphitrichous and 1 lophotrichous strains
**Includes 3 strains showing only lateral fiagellation,
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Pigmentation on suitable solid media was generally yellow, but two strains
were orange, one pinkish red, and four pearly white. The colonies on nutrient
agar were small, round, entire, slightly raised, translucent to opaque, smooth
and glistening. The size varied between 0.5 mm.—1.0 mm. In nutrient broth
the strains generally showed uniform and moderate to good turbidity and a smooth
and powdery sediment. Only three strains showed a compact sediment and no
turbidity (Table 2). The pH range for growth was between 6-8.5 though two
strains could grow at pH 4.5. The optimum temperature for growth was between
25-30° and the maximum temperature was 40° except for four strains which failed
to grow beyond 37°.

Group—I1. This group consisted of organisms of variable size ranging from
small coccobacillary forms to distinct rod-shaped organisms of the size about
0.5-0.84x 1-34. The smaller rods had a tendency to form clumps with the
occasional presence of ‘V’ and ‘L’ forms. The larger rods showed a more pronounced
tendency to pallisade arrangement and angular forms. They showed a distinct
tendency to filament and chain formation in young cultures. The smaller rods
broke up into coccoidal forms by the end of 48 hours whereas the larger forms
required three to four days. Cell wall staining revealed the presence of a single
septum. The method of division and the resulting arrangement was not clearly
revealed in the case of smaller forms by the cell wall staining technique even when
viewed under phase contrast. In the case of larger forms the cells after division
presented mostly an ‘opposite angle’ arrangement (Sundman, 1958). The organisms
were weakly to distinctly Gram positive in young cultures; the coccoidal stage
was always distinetly Gram positive. Fortynine strains belonged to this group of
which twentysix were nonmotile and the remaining twentythree motile. Among
the motile strains flagellation was predominantly single polar, though a few showed
lateral, amphitrichous, lophotrichous and peritrichous flagella (see Table 1). '

Pigmentation varied from grayish and pearly white to light yellow with a
few exceptions of orange, pinkish red and diffusible brown, as may be judged from
Table 3. The colonies were small, round, entire, slightly raised, translucent to
opaque smooth and glistening. The colonies of the larger forms showed a denser
central part. Growth characteristics in nutrient broth were more variable than
observed in group I. Though the majority of the organisms showed moderate to
good uniform turbidity, eight strains formed a thick ring or thin pellicle and seven
strains showed poor growth with a viscid sediment (Table 2). The pH range for
growth was between 6.0 to 9.0, though a few strains could grow even at pH 4.5.
The optimum temperature for all the strains was 25-3C° and poor growth was
observed at 40°C. Four strains failed to grow above 37°.

Group—III. The organisms belonging to thig group were thicker in diameter
than organisms of group I and IT and often appeared to be oval in shape. They
generally appeared to be larger in young cultures when the angular arrangement
was more pronounced. Breakage into coccoidal forms occurred at the end of 36 to
72 hours, the coccoidal forms having a tendency to mass together. Cell wall
staining showed the presence of two to three septa per cell. Occasionally filament
formation was observed, the filaments showing the presence of a number of septa.
The arrangement could be observed in some cases to be of the ‘parallel adjacent
type’ (Sundman, 1958). The organisms were Gram positive to a varying degree
in young cultures but became distinctly positive in old cultures. Out of twenty-
eight strains which belonged to this group, thirteen were nonmotile, ten showed
the presence of a single polar flagellum, two showed one to two lateral flagella and
the remaining three showed six to eight peritrichous flagella (Table 1,.

. The pigment varied from light yellow to orange. Colonies were generally
round, entire, convex, smooth, glistening, opaque and about 1-2 mm. in dlamet‘e'r.
Growth cheracteristics in nutrient broth were of a variable type; thirteen strains
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formed either a thick ring or thin pellicle with the broth moderately turbid and
with two strains the broth remained clear. Qut of the remaining fifteen strains,
nine showed moderate to good growth with uniform turbidity and six showed poor
growth with a compact viscid sediment (Table 2). The pH range for the organisms
was found to be between 6 to 8.5. except for two strains which could grow even
at pH 4.5 and 9.0. The optimum temperature was between 25-30° and the
maximum was 40°. Two strains could not grow beyond 37°.

Group—IV. The organisms included in this group were quite distinct from
the above three groups in that they were thin rods showing a very pronounced
angular arrangement and a tendency-to the typical ‘Chinese letter’ formation
that is known to characterize Corynebacterium. Branching was distinct in young
cultures, the organisms breaking up into smaller unbranched forms with age. The
ultimate unit of breakage was however not coccoidal as in other groups but cocco-
bacillary. These cultures on cell wall staining did not clearly reveal septation or
internal morphology, the entire cell being characterised by excessive granulation.
All strains were weakly Gram positive. All strains belonging to this group were
nonmotile in young cultures but doubtfully motile to motile when old. All but six
strains were polar flagellates (Table 1).

TasLe IT

Growth characteristics in nuirient broth

Morphological Thick ring Thick pellicle Uniform Scant or no
group and of pellicle on an other- moderate turbidity
number of accompanied wise clear turbidity without
strains in by uniform medium without pellicle but
each group turbidity pellicle with & viseid
sediment

I (13) P) 0 9 2

I (49) . 6 2 34 7

I (28) 11 2 9 6

IV (24) 2 0 18 4

Pigmentation was as a rule yellow. The colonies of this group were small,
punctiform, round, entire, slightly raised and translucent, becoming slightly granular
and opaque with dark centres on aging. With a few strains, filamentous and
arborescent type of surface was observed. Growth in nutrient broth was slow
at first, becoming moderate by about the fourth day. Most of the strains showed
a moderate uniform turbidity, but two strains formed a thin pellicle and four strains
formed a compact viscid sediment (Table 2). The pH range was 6-9.0. The
optimum temperature was 25-30°, but poor growth was secured upto 40°. Three
strains failed to grow at temperatures above 37°.

PHYS101.0G10AL CHARACTERISTICS

The physiologica.ll characteristics exhibited by the strains are presented in
Tables 3 to 7. :
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Tasry IIT

Physiological characteristics’

Morphological group and the number of strains in

each grou
Physiological Tests goe
I I IIr v
(13) (49) (28) (24)
1-Methyl Red Test 2 . 23 8 8
2-Voges Proskaeur test 1 12 [ 2
3—Production of indole 1 0 2(1) 0
4-Production of hydrogen sulphide 6(4) 14(7) 6(4) 6(3)
5—Production of urease 0 5 7 0
6—-Production of catalase 13 47 26 21
7-Production of dehydrogenase 5 18 11 16
(1R; 2PR; (6R; 6PR; (6R; 2PR; (12R; IPR;
2RO) 6RO) 3RO) 3RO)
8—Production of gas from NaNOQO,
under alkaline anaerobiosis 0 2 0 0
9-Reduction of nitrates to nitrites 9 42 22 21
10-Production of ammonia 7 34 16(2) 7(1)
11-Hydrolysis of cagein 3 19 9 6
12-Hydrolysis of fat 0 1§ 7 4
13-Hydrolysis of gelatine 7 25 13 16
14-Hydrolysis of starch 10 27 17 21
15-Decomposition of cellulose 0 0 0 0
16—-Changes in litmus milk 4(R); 3(P); 10(R); 28(P); 6(R); 12(P); 3(R); 7(P);
3(RP) 2(RP); 4(RP); 5(RP);
2(AC) 1(AC) 2(AC)
17-Pigmentation on nutrient agar
() None — — — 2
(b) Grayish white to
creamy white 2 22 8 4
(¢) Yellow 8 15 6 17
(d) Orange 2 4 12 —
(6) Pink 1 3 2 —
(f) Diffusible brown — 2 — —

Figures indicate the number of strains showing a positive reaction.
Figures in parenthesis indicate strains giving a late positive reactisn.
Changes in litmus milk : R, reduction; P, peptonisation; RP, reduction and peptonisation;
AC, acidity and coagulation.
Production of dehydrogenase : R, reduction of methylene blue; RO, reduction and.
reoxidation of methylene blue; PR, partial reduction.

TasLe IV

Ability to metabolise carbohydrates under aerobic and anaerobic conditions

Morphological Number of Number of Number of Number of Number of
group and strains that strains that strains that strains strains that
number of metabolise ‘metabolise me tabolize ‘that attack are inert or
strains in all or most all or most all or most carbohydrates weak in
each group sugars sugars for- sugars indifferently  carbohydrate
oxidatively ‘mentatively  oxidatively s metabolism
and fermenta-
tively.
I (3 1 0 1 -6 4
II  (49) & 0 4 7 33
IIT- (28} - -3 0 4 3 18
IV (24) 12 0 3 3 6

1
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) TavlrE V
Utilization of organic carbon compounds

Morphological group and number of strains in each group

Carbon compounds

1 11 111 v
(13) o (49) (28) (24)
1-Asparagine 5 31 15 8
Acetene 7 16 ’ 17 : 11
Aniline 4 24 17 14
Benzene 6 25 18 - 16
Naphthalene 4 11 9 6
+ Anthracene 3 22 11 18
Alpha-naphthol 5 17 12 5
Beta-naphthol 0 8 3 5
Phenol 2 16 8 3
o-cresol 0 2 2 0
m-cresol 1 2 4 2
Benzaldehyde 0 6 6 2
Paraffin 0 11 3 0
Caffoine 4 16 16 16
Sodium formate 0 15 11 8
Sodium oxalate 0 0 0 2
Sodium acetate 6 40 22 11
Sodium oleate 8 42 25 16
Sodium propionate 0 3 0 0
Sodium lectate 10 46 26 21
Sodinm succinate 9 45 24 18
Sodium citrate 9 29 23 16
Sodium benzoate 8. 24 11 +0
Sodium salicylate 0 9 0 0
Sodium barbiturate b 23 15 3
Sodium hippurate 0 0 0 0

Figures indicate the number of strains showmg moderate to good growth after incubation
at 28-29° for one weok.

Tasre VI .
Utilization of inorganic nitrogen copounds

Morphological group and number of strains
in each group

- Nitrogen
compounds I II 111 v
(13) (49) (28) (24)
NaNOj 6 23 18 [
(NH,),80, 12 - 45 23 18
(NH,); HPOy 8 24 12 8
NH/NO; 9 29 17 16

Figures indicate the number of strains showing moderate to good growth after incuba.-
tion- at--27-20° for one week, - ’
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TasLE VIII
Number of strains exhibiting intermediate physiological characteristics between accepted
8pecies
Species A. globiformis A. globiformis A. simplex A. simplex
intermediates
Physiological Starch hydro- Starch not Starch Starch not
characteristics lysed; poor hydrolysed; poor hydrolysed; good hydrolysed;
growth at 37° growth at 37° growth at 37° good growth
number of strains at 37°
8 3 11 14
Species A. pascens A. pascens A. simplex A. simplex
Physiological Starch hydro- Starch not Starch Starch not
characteristes lysed; poor hydrolysed; hydrolysed; hydrolyed;
: growth at 37° poor growth good growth good growth
at 37° at 37° at 37°
number of strains 4 0 ' 3 14
C. Species A. aurescens A. aurescens A. ureafaciens A, ureafaciens
Physiological Starch hydro- Starch Starch not Starch not
characteristics lysed; nitrate hydrolysed; hydrolysed; hydrlysed;
reduced nitrate not nitrate nitrate not
reduced reduced reduced
number of strains 38 7 10
DiscussioN

The group of bacteria under consideration have a striking morphological
similarity to Corynebacterium, a genus first created by Lehmann and Neumann
(1896) to include the C. diphtheriae and related parasitic bacteria. Over the decades,
however, the boundaries of this genus were widened to include several related
forms which nevertheless exhibited a confusing diversity of characters. A situation
which permitted the inclusion of animal parasites, soil saprophytes (Kisskalt and
Berend, 1918) and plant pathogens (Jensen, 1934; Dowson, 1949) in a single genus,
understandably evoked protests. .

The genus Arthrobacter was first suggested by Conn and Dimmick (1947) to
accommodate separately, the saprophytic soil coryneforms having a more varied
cell morphology, weaker Gram reaction and acid production and simpler nutritive
requirements than the parasitic corynebacteria. The contributions. of Lochhead
and Burton in recent years (1953, 1955, 1956) have however indicated that several
saprophytic coryneforms do have complex growth requirements. While the
suggested type species 4. globiformis was a non-motile strain, several independent
investigators have recorded both motility and flagellation in the group (reviewed
by Khambata and Bhat., 1955). In the recent edition of Bergy’s Manual (Breed
et al., 1957), the genus Arthrobacter has been recognised. The criteria for its
separation and characterisation are its saprophytic nature, morphology, primary
habitat in soil, inability to decompose cellulose and usual Jack of motility. Since
as many as 57 out of the 114 strains in our collection were motile, not much weight
can be attached to the lack of this property in characterising the genus. Neither
are the morphologial distinctions of the group sufficiently exclusive to be useful.
It would thus appear that the present basis for the separation of the saprophytic
Arthrobacter rests largely on its habitat. In addition, our studies have indicated
that the genus may be physiologically characterized by an inability to produce
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indole, an ability to produce catalase and by a general weakness for carbohydrate
metabolism which when it occurs may range from pure oxidative to partly or
purely fermentative.

While the accordance of gemeric status to the soil coryneforms has much to
commend itself, some of the criteria that have been used for the further delineation
of the genus into species have necessary limitations. Our studies have indicated
that the ability to hydrolyse starch, to reduce nitrate and to grow at 37° are character-
istics that are too variable to be accorded the importance that is at presént given
to them (see table 8). On the other hand, characteristics such as chromogenicity
{only the presence or absence of pigment; variations in type of pigment occur)
and the ability to utilise inorganic nitrogen appear to be sufficiently stable to be
useful in a system of classification. :

The comparative studies made on the morphology of the strains after staining
the cell wall and septa, have confirmed the suspicion that they do not constitute
a morphologically homogeneous group. This fact in itself should suggest the use
of morphology as an important criterion in the classification of the genus. The
simplicity of Robinow’s cell wall staining technique and the ease with which it
may be applied to large collections renders it as a test that may be routinely used.
Indeed, this test deserves to be practised in all studies on bacterial systematics.
On the basis of morphology alone, it is tentatively proposeed that the Arthrobacter
may be divided into four morphological groups. Within the limits of the experience
gained in our laboratory, it has been observed that the morphological traits described
are sufficiently stable under the specified conditions to permit of such a primary
morphological classification. It will be further observed that some physiological
characteristics such as the utilization of benzoate, paraffin and some amino acids
show a correlation with the morphological differentiation. Hach morphological
group would lend itself to further classification on the basis of physiology, presenting
a scheme analogous to the relatively satisfying picture presented by the genus
Bacillus (Breed et al., 1957). Before accepting such a scheme of classification,
two lines of investigation would be in order, (a) comparative studies on a larger
collection of saprophytic coryneforms, (b) studies on morphological variations
intended to determine whether the characteristics to be used lie sufficiently beyond
the limits of variability of a single species. It is to be hoped that the present study
would stimulate investigations on these aspects of the systematics of an interesting
group of bacteria. ‘
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