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Vitreoscilla stercoraria ATCC 15218 was studied to elucidate some of its
physiological characteristics. The initial optimal pH for the organism was

found to be 7.5 to 7.7. The characteristics of the growth curve of the organism
showed that its growth in shake cultures is by increasing trichome number up

to approximately 15 hr and by increasing trichome length after 15 hr. Nutri-
tional studies indicated that it is auxotrophic for biotin, thiamine, and L-argi-
nine, and it appears to be an obligate amino acid utilizer because only protein
hydrolysates or known amino acid mixtures would support growth.

Pringsheim (8) described colorless, filamen-
tous, gliding organisms that he proposed be
placed in a new family of the Beggiatoales, Vi-
treoscillaceae, with Vitreoscilla beggiatoa as
the type species. Later, Pringsheim (10) made
a thorough study of the. proposed new family
and described two genera, Vitreoscilla and Mi-
croscilla. Cell, trichome, and colony mor-
phology were described and illustrated. In
1957, Pringsheim (11) compared the colonial
and cellular morphology of Leucothrix mucor
with that of other gliding, colorless, filamentous
organisms including Vitreoscilla.

Costerton, Murray, and Robinow (4) used
the medium developed by Pringsheim (9) for
his isolation of Lineola longa to isolate two
strains of Vitreoscilla from cow dung. These
workers reported that acetate was essential
for the growth of both strains. Their studies
showed that a slime layer was present, and
its possible role in gliding motility was dis-
cussed.
Hageage and Murray (6) made observations

on the random rotation of microcolonies of
species tentatively identified as V. catenula
and V. stercoraria on the basis of Pringsheim's
key (10). Young cultures were observed to form
rotating microcolonies by the extension of the
trichomes over the agar during gliding. These
workers observed a clockwise-counterclockwise
ratio of 1: 1 with both species of Vitreoscilla.

Brzin (1) reported that the length and diam-
eter of cells and trichomes of two Vitreoscilla
strains could be affected by the temperature of
incubation, as could motility and colony for-
mation. Brzin (2) also reported a change in

'Presented in part at the 71st Annual Meeting of the
American Society for Microbiology, Minneapolis, Minn., 2-7
May 1971.

morphology and a decrease in viability of Vi-
treoscilla in the presence of pencillin.
Webster and Hackett (12) purified two

carbon monoxide-binding pigments from a
strain of Vitreoscilla. The role of these pig-
ments as terminal oxidases was discussed.
Burnham and Hageage (3) investigated two

enzymes from two strains of Vitreoscilla that
were capable of hydrolyzing adenosine phos-
phates.

It is apparent that most of the previous work
on this genus has been primarily morpholog-
ical and cultural rather than biochemical or
nutritional. As has been pointed out by Die-
trich and Biggins (5), virtually nothing is
known of the carbon metabolism of Vitreo-
scilla. It was the purpose of this investigation
to study some of the physiological character-
istics of a selected species, V. stercoraria, with
regard to its growth, pH requirements, and nu-
trition.

MATERIALS AND METHODS
Organism and inoculum. V. stercoraria ATCC

15218 was maintained on Tryptic soy agar (TSA)
slants (Difco). The standardized inoculum for the
determination of the growth curve, optimal initial
pH, vitamin requirements, amino acid requirements,
and substrate utilization was prepared from expo-
nential-phase cells grown in Trypti c soy broth (TSB;
Difco) on a rotary shaker (Eberbach) at 160 rev/min
(25 to 28 C). The cells were washed three times in
sterile 0.02 M tris(hydroxymethyl)aminomethane-
hydrochloride buffer (pH 8.0, Tris buffer), resus-
pended in sterile Tris buffer, and adjusted to an op-
tical density of 0.3 at 540 nm on a Bausch & Lomb
Spectronic 20 spectrophotometer. This was then di-
luted 1:10 in Tris buffer and used for inoculation at
a rate of 0.1% (v/v).

Viable-cell counts. Viable-cell counts were made
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by the standard pour plate method with the use of
Tris buffer dilution blanks, TSA plates, and incuba-
tion at .25 to 28 C. Colony counts were made with a
Quebec colony counter (Spencer Lens Co.).
Growth curve determinations. A 300-ml amount

of TSB medium was inoculated with a 0.1% stand-
ardized inoculum and incubated at 25 to 28 C on a
rotary shaker at 160 rev/min. After 30 sec on the
shaker to insure thorough mixing of the inoculum, a
zero-time sample was removed, the optical density
was measured, and a viable count was made. This
was repeated for samples taken at 3, 6, 9, 12, 15, 24,
48, 72, and 96 hr.

Cells per trichome. The average number of cells
per trichome at each growth phase was determined
by making a hanging-drop preparation at each sam-
pling time and averaging the counts of 100 trichomes
chosen at random from 10 different fields per
sample.
Optimal initial pH. Flasks containing 100 ml of

TSB were prepared and adjusted, after sterilization,
with sterile 0.1 N HCl and 0.1 N NaOH to the fol-
lowing pH values: 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5,
9.0, and 9.5. These flasks were inoculated in dupli-
cate with a 0.1% standardized inoculum and incu-
bated for 96 hr on a shaker. Growth was measured by
optical density at 540 nm of Vortexed cultures,
Vitamin requirements. The vitamin require-

ments were determined by single elimination of each
of the following vitamins, in milligrams per liter,
from a vitamin supplement in a medium adjusted to
pH 7.2 that contained the vitamin supplement, vi-
tamin-free Casamino Acids (Difco), and the mineral
salts of medium L of Leadbetter and Foster (7) with
NH4NO3 instead of NaNO3: thiamine-HCl, 0.5; pyr-
idoxine-HCl, 1.12, pyridoxal-HCl, 0.3; pyridox-
amine-HCl, 0.3; folic acid, 0.032; biotin, 0.004; B,2
0.1; calcium pantothenate, 0.5; riboflavine, 0.5; nia-
cin, 1.0, and p-amino benzoic acid, 0.1. Growth or no
growth, as measured by optical density at 540 nm,
indicated whether the vitamin eliminated was re-
quired.

Essential amino acid determinations. To deter-
mine the essential amino acid requirements of the
organism, each of 21 L-amino acids (Mann Assayed
Amino Acids, kit no. 00100-721) was eliminated
singly. Each tube for this experiment contained
medium L plus biotin and thiamine and 0.4 mg of 20
L-amino acids/ml, giving a total substrate concentra-
tion of 0.8% (w/v). The final pH of the medium was
adjusted to 7.4 with NaOH. Duplicate tubes con-
taining 5 ml of the medium were inoculated with
0.1% of the standardized inoculum and incubated for
96 hr. These, and all other growth experiments done
in tubes, were performed on a reciprocal shaker at 75
cycles per min and 25 to 28 C at a 450 angle. Growth
or no growth, as measured by optical density at 540
nm, indicated whether the amino acid eliminated
was required.

L-Arginine requirement levels. The optimal con-
centration for L-arginine was determined in a growth
medium containing medium L plus biotin and thia-
mine and the following L-amino acids, each at 0.8
mg/ml to give a final total substrate concentration of
0.96% (w/v): aspartic acid, asparagine, methionine,

threonine, isoleucine, lysine, phenylalanine, tyrosine,
tryptophan, serine, glycine, and cysteine. The final
pH of the medium was adjusted to 7.4 with NaOH.
The following final concentrations (in mg/ml) of L-
arginine were used in the above medium: 1.0, 5 x
10-l, 5 x 10-2, 2.5 x 10-2, and 6.2 x 10-3. Duplicate
tubes containing 5 ml of each L-arginine concentra-
tion were inoculated with 0.1% of the standardized
inoculum and incubated for 96 hr. Growth was meas-
ured by optical density at 540 nm. Negative controls
contained the above medium without L-arginine.

Substrate specificity. The various carbon sources
shown in Table 2 were added at a level of 1.0% ex-
cept for the following which were at 0.2% because of
possible toxicity of the substrate: acetone, ethyl al-
cohol, isopropyl alcohol, isoamyl alcohol, isobutyl
alcohol, n-hexane, and butyric acid. Duplicate tubes
containing 5 ml of medium L plus biotin (4.0 ng/ml),
thiamine (0.5 ,g/ml), L-arginine (0.5 mg/ml), and
each substrate were incubated for 1 week, at which
time growth was measured by optical density at 540
nm.

RESULTS
Growth curve. Figure 1 shows typical

growth curves of V. stercoraria based on both
viable counts and optical density. It is ap-
parent that the maximal stationary phase, as
measured by these two methods, was reached
at different times. Because of the short expo-
nential-growth phase, as measured by colony-
forming units (CFU), no correlation can be
made between CFU and cells per trichome.
The average number of cells per trichome at
each phase of growth (Fig. 2) shows an in-
creasing average number of cells per trichome
that, when plotted against time, closely paral-
lels a normal growth curve measured by op-
tical density. It should be noted that the
longest trichomi length was reached at ap-
proximately the same time that maximal op-
tical density was reached.
Optimal initial pH. Figure 3 shows a well-
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FIG. 1. Growth of Vitreoscilla stercoraria in TSB

on a shaker at 25 to 28 C. Viable colony-forming
units per milliliter (A). Optical density of Vortexed
culture (0).
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FIG. 2. Growth of Vitreoscilla stercoraria in TSB
on a shaker at 25 to 28 C. Cells per trichome (A).
Optical density of Vortexed culture (0).
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FIG. 3. Growth of Vitreoscilla stercoraria in TSB

at various initial pH values at 25 to 28 C.

defined optimal initial pH 7.5 to 7.7. Slightly
acid pH values completely inhibited growth,
whereas good growth occurred at alkaline pH
values up to 9.5.
Vitamin requirements. The absolute re-

quirement for biotin and thiamine (Table 1)
was shown by the lack of growth of the orga-
nism when these were eliminated. When biotin
and thiamine together were added to the vi-
tamin-free Casamino Acids medium, growth
was at the same level as with the total vitamin
supplement, thus confirming the exogenous
requirement for these two vitamins only.

Essential amino acids. The only exogenous
amino acid required by this organism was L-
arginine. Optimal growth levels were not af-
fected by the elimination of any of the other 20
amino acids.

Figure 4 shows the effect of various L-argi-
nine concentrations on growth as measured by
optical density of a 1: 10 dilution of the culture
at 540 nm. The data indicate an optimal con-
centration of 0.5 mg/ml with a corresponding
decrease in growth as the L-arginine concentra-

tion was decreased. It should be noted that
when DL-arginine was substituted for L-argi-
nine no growth occurred. The cause for this
inhibition has not been investigated.
Substrate specificity. Table 2 shows the

inability of V. stercoraria to utilize any sub-
strate for growth except protein hydrolysates
and amino acids. Table 2 also shows the varied
growth response of the organism to different
types of protein hydrolysates. Carbohydrates,
polyalcohols, aliphatic alcohols, organic acids,
acetone, and n-hexane were not utilized.

DISCUSSION
A typical growth curve of V. stercoraria

showed no apparent lag phase when measured
by optical density. Growth occurred exponen-
tially to 24 hr, at which time a maximum was

TABLE 1. Effect of vitamin eliminations on growth
of Vitreoscilla stercoraria

Vitamin omitted ODa

Thiamine .............................. 0.01
Pyridoxine-HCl ........................ 0.14
Pyridoxal-HCl ......................... 0.14
Pyridoxamine-HCl ........... .......... 0.13
Folic acid .............................. 0.14
Biotin ............................... 0.02
B,2 ............................... 0.15
Calcium pantothenate ......... ......... 0.13
Riboflavine ............................ 0.13
Niacin ............................... 0.13
p-Aminobenzoic acid ......... .......... 0.14
Positive control' ........................ 0.15
Negative control ........................ 0.01
Confirmed testd ......................... 0.15

a Optical density determined on Vortexed 1:10
dilutions of the cultures.

'All vitamins present.
No vitamins present.

d Biotin and thiamine only present.
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FIG. 4. Effect of various L-arginine concentra-

tions on the growth of Vitreoscilla stercoraria. Op-
tical density was measured on a 10- dilution of a
Vortexed culture.
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TABLE 2. Growth response of Vitreoscilla stercoraria
to various substrates

Substrate

D-Glucose .............................

D-Galactose ............................

Fructose ...............................

Maltose ...............................

Sucrose ...............................

L-Arabinose ............................

Sorbitol ...............................

Dulcitol ...............................
D-Lactose ..............................

i-Inositol ............................

D-Mannose ............................

D-Xylose ..............................

Glyerol ................................

Ammonium citrate ....................

Sodium citrate .........................

Sodium acetate .....................

Magnesium acetate ....................

Starch ................................

Sodium glutamate ......................

Sodium succinate .....................

Sodium malate .........................

Sodium fumarate ......................

Ethyl alcohol ..........................

Isoamyl alcohol ........................

Isobutyl alcohol ........................

Isopropyl alcohol

Sodium butyrate .......... ...

Acetone ...............................

n-Hexane ..............................

Phytone ...............................

Proteose peptone #3

Proteose peptone .......................

Neopeptone ............................

Tryptone ..............................

N-Z Amine type A 1

N-Z Amine AS 2 .......................

N-Z Amine type NAK 3 ...............

N-Z Amine type B 4 ...................

N-Z Amine type E 5 ....................

N-Z Amine type YT 6 ..................

Edamin 7

Edamin type S 8 .......................

Soy peptone powder 9 ..................

N-Z Case 10 .......

Hy-Case SF 11 .........................

Hy-Case Amino 12 .....................

Amino acid medium' ...................

Tryptic soy broth .......................

Brain heart infusion ....................

Plate count medium ....................

ODa

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.11
0.17
0.17
0.03
0.15
0.30
0.22
0.23
0.20
0.13
0.26
0.32
0.32
0.11
0.18
0.28
0.17
0.39
0.40
0.35
0.36

a Optical density determined on Vortexed 1:10
dilutions of the cultures.

h A mixture of 21 amino acids to a 0.8% total sub-
strate level in medium L plus biotin, thiamine, and
L-arginine.

obtained. Growth as measured by CFU in-
creased from 9 to 15 hr, with the maximal
CFU occurring at 15 hr after inoculation.

When the average number of cells per tri-
chome was plotted with time, it was evident
that the maximal trichome length occurred at
approximately the same time that the max-
imal optical density was reached, approxi-
mately 48 hr after inoculation. These data in-
dicated that after about 15 hr the growth of the
culture was due to increasing trichome length
rather than increasing trichome number.

V. stercoraria showed a well-defined optimal
initial pH of 7.5 to 7.7. Complete inhibition of
growth below 6.7 was shown. Because most
species of Vitreoscilla have been isolated from
cow dung, decomposing material in which
ammonification occurs, this high pH optimum
is not surprising.

V. stercoraria is auxotrophic for biotin, thia-
mine, and L-arginine, and appears to be an
obligate peptide or amino acid utilizer because
protein hydrolysates are the only carbon source
that support its growth.
Even though L-arginine is the only amino

acid absolutely required for growth, there ap-
pears to be a complex multiple requirement
for amino acids at a substrate level. We have
found that, even in defined media, growth
occurs only when mixtures of amino acids are
added. However, the precise requirements are
not yet known and are currently under investi-
gation. The carbohydrates, polyalcohols, other
alcohols, organic acids, and alkanes tested
were unsuitable for growth of the organism;
thus, the habitat of the organism would pre-
sumably be limited to situations where the
decay of proteinaceous material is occurring.
Some protein sources are better substrates
than others, possibly because of the variation
in the concentration of certain essential amino
acids in the different substrates.
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