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A unique undosciribed gramnegative rod is extensively

characterized in this study. The cells of this unusual water

isolate measure 1.2 X 6.5 microns, The most distinguishing

characteristic of the bacterium is a polar tuft of 35-40

flagella that aggregate to function as a single organelle

which is visible under phase contrast. Aging cells deposit

poly- -hydroxybutyric acid granules which are bound by an

inclusion membrane made up of four distinct layers. It also

possesses an unusual exterior membrane outside the cell wall

which contains large fibrils of protein running at a slight

angle to the longitudinal axis of the cell.

The organism grows optimally at 37 C, under well aerated

conditions. The optimum beginning pH is 7.0,with a pH range

of 6.5-9.0. This organism does not ferment carbohydrates

nor can it utilize them as a source of carbon and energy.

It is catalase negative and reduces nitrates to nitrites.

It does not liquefy gelatin or attack starch. It is oxidase-

positive but does not produce indole or hydrogen sulfide.

It has no vitamin or amino acid requirement and grows well

when many of the amino acids in the aspartic acid family

are offered as a substrate. Of 43 non-amino acid substrates



it was only able to utiie sodIum aceta t e and malic acid as

sources of carbon and energy.

The organism prefers dilute environments for growth and

is therefore unable to grow on most common laboratory media.

It is best cultivated in the laboratory in a medium con-

taining 0.2% sodium acetate, 0.01% calcium chloride, and

0,05% sodium acetate.

It cannot survive sodium chloride concentrations above

0.5. Metal ions were found to be toxic to the oranism,

with the divalent metal ions being approximately twice as

toxic as the monovalent ions.

The guanosine-cytosine ratio was found to be 62.2$.

The organism's taxonomic position was further investigated

by immunological, morphological, and biochemical methods.

It was found to be most closely akin to members of the genus

Pseudo onas, although somewhat divergent from other species

classified in this genus. After careful evaluation of the

findings obtained during this study, the new bacterium was

subsequently named Lsudomonas. tflael(.
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CHAPTER I

INTRODUCTION

History

Many scientific discoveries of merit are made while pur-

suing an endeavor quite apart from the discovery itself. In-

deed, the discovery of the unique bacterium to be discussed in

this paper is no exception. During the process of isolating

strains of Begaoa, to be used in a study on underlying

mechanisms of gliding motility, a most interesting, and

apparently unique, microorganism was observed in one of the
culture vessels. When viewed under the phase contrast micro-

scope, this organism appeared as a very large, highly motile

rod, propelled by what appeared to be a single polar"flagellum"

which seemed to appear and then vanish from view. Although

the cells were highly motile, they appeared to jerk and spin

in a peculiar, random manner, as opposed to a steady directional

movement. Since this unusual phenomenon had not been observed

previously by this investigator, the organism was obtained in
pure culture for further observation and study.

After the organism was obtained in pure culture, an
attempt was made to determine if the organism had been pre-
viously described. After careful comparison of the character-

istics of this unknown organism with those listed in Bery's

n of Determinative Bacteriolo and Index Bergyana, it

I
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was concluded that this organism was widely divergent from

anything listed in these works. To confirm these findings,

copies of the preliminary data were mailed to several in-

vestigative experts in the field of taxonomy for their

opinion. It was the unanimous opinion of these investigators

that this was indeed a unique and hitherto undescribed organism.

Therefore, further studies were considered to be in order.

Statement of Problem

It is the purpose of this paper to describe in detail,

the isolation and characterization of this unique organism,

in order to elucidate its taxonomic position. This was

accomplished by determining in depth the cytological, nutri-

tional, biochemical, and immunological characteristics of this

unusual organism, and subsequently comparing the results to

organisms previously described in the literature.



CHAPTER II

METHODS AND MATERIALS

Isolation

The primary enrichment medium used for isolation was

a very low nutrient hay infusion broth similar to that

described by Faust and Wolfe (8). This culture medium was

prepared in the following manner:t roadside grass killed by

freezing and allowed to dry in the sun was collected at ran-

dom from several locations. The grass was then cut into

approximately one-inch lengths with shears, and placed in

cool tap water to wash away clinging soil and dust.

The grass was then drained and placed in a Waring

Blender (Dynamics Corp. of America, New Hartford, Connecti-

cut), covered with cool water, blended for one minute, and

drained. The finely chopped grass was then added to boiling

water in a ratio of 100 g per liter of water. The grass was

boiled for 10 min, and the water decanted and discarded. This

extraction procedure was repeated for a total of five boiling

and decanting cycles. After the fifth boiling, the extracted

grass was added to fresh boiling water and allowed to stand

and cool over night. The following day the extraction proce-

dure was repeated four more times and the extracted grass

spread out to dry in a dust-free area.

:3



After the grass was thoroughly dry the primary en-

richments were prepared by placing 1.0 g of hay and 100-ml

of clear unsterilized stream water into each 250-ml Erlen-

meyer flask. These flasks were then inoculated with a twig,

leaf, or small amount of debris collected from area streams

and ponds. The flasks were plugged with clean cotton stoppers

and incubated at 30 C in the dark, until visible microbial

growth could be seen adhering to the grass within the flask.

Large tuft-like masses of organisms growing on the grass in

the bottom of the flask were picked up with a wire loop and

examined microscopically with a Nikon Model S phase contrast

microscope (Nippon Kogaku K.K., Tokyo, Japan).

Secondary enrichments were carried out from those flasks

found to contain the unusual organism. These were accomplish-

ed by transferring a small amount of the same material to a

second flask containing sterile grass infusion broth prepared

in distilled water. After incubation in the dark, at 30 C,

for 3 days, the secondary flasks were examined microscopically

and the organism was found to be present in a higher pro-

portionate number than before, but was obviously still growing

in mixed culture.

Inocula were taken from the secondary flask and streaked

to the solid medium of Faust and Wolfe (8) which contained the

following constituents:

Yeast Extract 2.0 g Agar 2.0 g
Calcium Chloride 0.1 g Tap water 1.0 L
Sodium Acetate 0.5 g
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These plates were incubated under the same conditions used

for the cultivation of enrichment cultures. Colonial growth

was followed by examination of wet mounts with phase contrast.

Those colonies which microscopically appeared to have the

least amount of contamination were re-streaked several times

onto solid media.

Isolation plates were made by emulsifying a loop full of

organisms from a single isolated colony in several ml of

sterile water, and subsequently agitating the tube on a Vor-

tex Jr. Mixer, (Scientific Industries Inc., Queens Village,

New York), for one to two minutes. The resultant cell

suspension was then streaked on plates and allowed to grow

until well differentiated colonies could be visualized.

Individual colonies were picked and the subsequent plating

process was repeated. After three serial transfers made in

this manner, the unknown organism was demonstrated to be in

pure culture by examination of conventional gram stained

preparations, and observation of wet mounts with phase con-

trast. Purity of culture was also confirmed by virture of

the fact that a single colonial type existed on the culture

plates. Once the organism was shown to be in pure culture,

it was streaked onto solid slants of yeast extract-sodium

acetate medium (YE-NaAc) of Faust and Wolfe (8) previously

described.

Initially stock cultures of this organism were stored

at room temperature on YE-NaAc slants, in screw-capped tubes,
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to prevent desiccation. Since lyophilization is the preferred

method for prolonged storage of microorganisms, the organism

was also lyophilized. In light of the lack of information

regarding the lyophilization characteristics of this organism,

it was necessary to perform the procedure utilizing several

media for suspension of the organism. The organism was grown

by incubating heavily innoculated YE-NaAc slants for 24 hr at

30 C. The following sterile media were used for suspension

of the organisms: 10% skim milk in distilled water; fetal

calf serum; a I:1 mixture of fetal calf serum and YE-NaAc

broth; 10% skim milk containing 1.0% lactose; a mixture of

one volume of nutrient broth containing 30% glucose; and three

volumes of sterile serum inactivated at 56 C for 30 min (6).

The organisms were loosened from the agar surface with a loop

and further emulsified in 1.0 ml of the appropriate broth.

This emulsion was then divided equally and placed aseptically

into four lyophilization vials. The contents were quick-

frozen in a mixture of dry ice and acetone and dried under

vacuum on a Virtis-Unitrap (Virtis Scientific, Raritan, New

Jersey), The vials were sealed under vacuum with a jeweler's

torch (National Welding Equipment Co., San Francisco, Califor-

nia) and stored in a freezer at -14 C.

After one week storage the viability of the organism in

each medium was checked. To do this a representative vial of

each medium was reconstituted with one ml of YE-NaAc broth,

and the broth-cell mixture used to inoculate a 250-ml Erlenmeyer
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flask containing 100 ml of YE-NaAc broth. The flasks were

plugged with sterile cotton plugs, incubated for 48 hr at

30 C in the dark, and observed for growth.

Characterization

.Cvtolo ical

Slides used for establishment of Gram reaction were

prepared by mixing small numbers of Stahylococcus e

cells with the unknown organism prior to Gram staining,

according to the method of Hucker (2).

Photomicrographs for cytological studies were made with

a Nikon Model S microscope equipped with a Nikon Microflex

Model E.M. camera assembly (Nippon Kogaku K.K., Tokyo, Japan),

using Kodak Tri-X Pancromatic film for black and white photo-

graphs, and Kodachrome III for color (Eastman Kodak Co.,

Rochester, New York). When light intensity was low, as a

result of fast shutter speeds, photomicrographs were made with

GAP 500 color film (GA? Corp., 140 West 51 St., New York, New

York). The Tri-X film was developed with Kodak Versatol

developer and fixed with Kodak Rapid Fix according to directions

supplied with the chemicals.

Cell measurements on both fixed and wet preparations were

made, on 50 cells for each preparation, with a Vicker split

image eyepiece (Vicker's Instruments, 15 Waite Court, Malden,

Massachusetts).
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Demonstration of the flagella was accomplished in several

ways. In order to photograph the rapidly moving cells under

the phase contrast microscope the cell movement was impeded

by suspending the cells in a mixture of one part glycerol and

one part YE-NaAc broth, The cells were also suspended in a

mixture of India ink and YE-NaAc, in a proportion of 1s5.

The fixed flagella preparations were stained according to the

method of Leifson (17,18,3).

Cell inclusions were studied by staining with Sudan and

Saffranin according to the method of Burdon (30) for fat

staining. Capsule stains were prepared according to the method

of Hiss (12,5).

Electron crgpcofl. SjSdies

Cells for electron micrograph shadow studies were grown

in YE-NaAc, in the dark, at 30 C, for a period of 12 hr. The

cells were washed gently one time in distilled water and re-

suspended in distilled water. The resultant suspension was

diluted until it demonstrated a very slight turbidity. A small

drop of this suspension was applied to a collodion-coated, 200-

mesh copper grid, and the grid placed in a desiccator jar to

facilitate rapid removal of the water. The grids were shadowed

with chromium in a Mikros Model VE10 Vacuum Evaporator (Mikros

Inc., Portland, Oregon). Cells for ultra-thin sectioning were

grown in YE-NaAc broth for a period of 3 days and were then

centrifuged at 2,500 rpm in a Model HN-S International cen-

trifuge (International Equipment Co., Needham Heights,
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Massachusetts). The supernatant was discarded and the pellet

washed three times in ph4phate buffer, pH 7.2. The pellet

from the third washing was covered with a 1:1 mixture of

buffered glutaraldehyde and Bouin's fixative and allowed to

fix at room temperature for one hour. The pellet was then

washed tice and re-suspended in cacodylate buffer. Two

per cent osmium tetroxide was added in an amount equal to

the buffer volume, bringing the osmium tetroxide concentration

to 1.0%. The pellet was allowed to remain in this solution

for 1.5 hr. The cells were again centrifuged and the super-

natant discarded. The pellet was washed twice in cacodylate

buffer, and the buffer discarded. The pellet was dehydrated

in ethyl alcohol, by exposing the cells to 30/, 50%, 75%, 95%,

and finally two changes of absolute alcohol, for 10 min each.

The cell pellet was then transferred to a mixture of two parts

propylene oxide and one part Epon, where it was allowed to re-

main for 30 min. The cells were then transferred to a mix-

ture of one part propylene oxide and two parts Epon, for a

period of 45 min, and then to pure Epon, contained in an im-

bedding capsule. The blocks were allowed to polymerize at

60 C, overnight, prior to sectioning with a Porter-Blum MT-2

ultra microtome (Ivan Sorvall Inc., Norwolk, Conneticut). The

sections were mounted on copper grids and examined in an RCA

EMU-3 G, (Radio Corp. of America, Camden, New Jersey), or

Siemens Model 1-A (Siemens and Halske Aktiengesellschaft,

Berlin, Germany) Electron Microscope.
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Photographic enlargements were made with a Bessler model

45 M Enlarger (Bessler Photographic Co., East Orange, New

Jersey), using Kodak Kodabromide F-k photographic paper. The

prints were developed with Kodak Dektol developer and fixed

with Kodak Rapid Fix according to instructions supplied by the

manufacturer (Eastman Kodak Co., Rochester, New York).

Cells used in the scanning electron micrograph prepara-

tion were grown in YE-NaAc broth, overnight, at 37 C, in the

dark. The cells were washed three times in phosphate buffer

pH 7.2, and finally suspended in the same buffer. The cells

were examined with a Cambridge Stereoscan scanning electron

microscope (Cambridge Instrument Co., Cambridge, England).

Growth Conditions

Temperature

Optimum growth temperature was determined by measuring

growth in YE-NaAc broth at 25, 29, 34, 3?, 40, and 45 degrees

centigrade. Cultures were grown in special flasks prepared

by attaching a 13 x 160-mm side arm cuvette near the neck of

a 500-ml Erlenmeyer flask. The cuvette projected downward at

an angle of 450 from vertical. This allowed optical density

measurements to be made without removing the cotton plug. Two
hundred and fifty milliliters of YE-NaAc broth were added to

each of these specially designed flasks. The vessels were

plugged with cotton stoppers, and sterilized for 15 min at 15

psi (121 C). The culture flasks were inoculated with 0.1 ml
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of a 24-hr broth culture, grown at 30 C, in the dark. Since

growth characteristics under aerated and static conditions were

unknown, duplicate sets of flasks were prepared to establish

growth characteristics at varying temperatures, under both

static and aerated conditions. Aerated conditions were ob-

tained by incubating the flasks in a model 2156 reciprocating

water bath shaker (American Optical Co,.), operating at a

speed of 50 oscillations per min. The set of static flasks

were incubated in a Thelco model 83 water bath (Thelco Manu-

facturing Co., Chicago, Illinois). The optical density of

the culture broth was measured by tilting the flask to fill

the cuvette, and reading its density at 410 rim, in a Spectronic

20 colorimeter (Bausch and Lomb, Rochester, New York). These

measurements were made at 30-min intervals, 
over a span of

16-hr.

Heat Resistance

Cell resistance to heating was determined by inoculating

replicate screw-capped tubes containing 
10.0 ml of sterile

YE-NaAc broth with 0.1 ml of a 24-hr, broth culture. Two

other sets of tubes were prepared in the same manner, with the

following exceptions. One set was inoculated with 0.1 ml of a

7-day-old broth culture and the other set with 0.1 ml of a 12-

day-old broth culture. All inoculated tubes were simultaneously

placed in a water bath at 75 C. Replicate tubes for each in-

oculum age were removed at 2, 4, 8, 10, 12, 14, and 16 minutes,

and placed in crushed ice, to cool the tubes rapidly 
and prevent
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growth. A positive control tube was prepared for each set of

tubes by inoculating a tube of broth and placing it directly

in the ice bath. Negative controls consisted of un-inoculated

tubes of broth placed directly in the ice bath. The tubes were

all allowed to remain in the ice bath for 15 min after the last

tube was removed from the hot water bath, to allow the tempera-

ture of all tubes to equilibrate. In this, and all following

experiments, unless otherwise noted, aerated tubes were incu-

bated at a 450 angle on a laboratory-constructed reciprocating

shaker, operating at 50 oscillations per minute. The tubes

were incubated under these conditions for 12 hr at 28 C. The

optical density of each tube was spectrophotometrically 
deter-

mined as described previously, using the un-inoculated- control

as a reagent blank to zero the instrument. The temperature of

the broth inside the tubes being subjected to the 75 C water

bath was determined by immersing the bulb of a thermometer in

a separate tube, identical to those being used 
in the test.

pH Studies

2ptimumpH

For determination of the optimum initial pH for growth,

replicate flasks of sterile YE- NaAc broth, contained in the

special flasks previously described, were aseptically adjusted

to the following pH values, as measured with a model 17 pH

Meter (Corning Scientific Instruments, Medfield, Massachus-

setts): 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9,5, 10.0, and
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10.5. These flasks were inoculated with 0.1 ml of a 24-hr

broth culture and incubated at 37 C in a shaking water bath.

Growth, as measured by an increase in optical density, was

determined with a spectrophotometer at 30-min intervals

over a period of 12-hr.

Cultue th Dunn r~fl

Production of acid or base during growth 
was determined

by inoculating replicate 250-mI cotton-plugged Erlenrcyer flasks,

containing 100-mi of YE-NaAc broth. Each flask was inoculated

with 0.05 ml of a 12-hr broth culture and allowed to incubate

at 37 C in a shaking water bath, at 50 oscillations per minute

unless otherwise described. The pH was measured and recorded

at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11 days.

,0we areflimet.

Since the oxygen requirements of this organism were un-

known, it was desirable to determine if the 
organism could

grow under strict anaerobic conditions. It had previously

been determined that the common anaerobic 
media used to culti-

vate the usual anaerobic organisms would not 
support the growth

of this bacterium, even when well aerated. In light of this, a

special medium was prepared by adding 0.1% 
agar to YE-NaAc

broth, to impede mixing of the medium by convection. In addi-

tion this broth was supplemented with 125 mg of cysteine 
and

1.0 mg of rezazurin dye per liter of broth. All of these
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ingredients, excluding cysteine, were placed in a 250-ml Erlen-

mc r flask and boiled under a stream of pure nitrogen until

the rezazurin was decolorized. Anaerobic conditions were

maintained with a stream of nitrogen while the broth was cooled

in an ice water bath. Cysteine was added to the cooled broth

and the medium distributed in rubber-stoppered tubes, according

to the method of Moore (25). The tubes were then sterilized

at 121. C and 15 psi for 15 mmn. All tubes, except the controls,

were inoculated under a stream of nitrogen, using a loop full

of organism from a solid slant culture. Positive control tubes

with cotton plugs contained the same medium, but were aerated

prior to inoculation and incubation. The aerobic tubes were

incubated at 28 C for 48 hr on a reciprocating shaker. Those

tubes containing anerobic media were incubated in a stationary

position.

Generation Time

Generation time was calculated from a plate count growth

curve performed according to standard methods for enumeration

of bacteria (3). An optical density growth curve was performed

at the same time, using the previously described 
side arm

flask, under the same conditions.

Biochemical Tests

All biochemical reactions were determined using 24-hr

YE-NaAc broth cultures as an inoculum source. All reactions

were determined on Difco media (Difco Laboratories, Detroit 1,
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Michigan) prepared according to their specifications, unless

otherwise noted. The methyl red, Voges-Proskauer, urease pro-

duction, citrate utilization, and gelatin liquefaction were

performed according to standard methods (2), utilizing specified

media as described. Media for determination of starch hydroly-

sis was prepared by pouring 15 ml of sterile Y -NaAc agar into

a standard petri plate and allowing the medium to solidify.

A 10% starch suspension was prepared by suspending 10 g of

starch in 30 ml of cold water. The cold starch suspension was

added to 70 ml of boiling water, with continuous stirring.

The resultant mixture was brought to a boil, stoppered with a

cotton plug, and sterilized at 121 C for 25 min, Double

strength YE-NaAc agar base was prepared by adding only 500 ml

of distilled water to the previously described formula. The

starch medium was then prepared by mixing equal portions of

the double strength YE-NaAc and starch suspension. Approxi-

mately 5 ml of the YE-NaAc starch medium was then poured over

the YE-NaAc medium already solidified in the bottom of the

petri plates. The plates were refrigerated for 48 hr prior

to inoculation by streaking. After inoculation, the plates

were incubated at 37 C until distinct colonies were visible.

The plates were then observed for zones of clearing around

the colonies, or were flooded with 1.0 ml of Gram's iodine and

observed for halo formation around the colonies.

Two media were used for the determination of the re-

duction of nitrates. Bacto Nitrate Broth was prepared according
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broth prepared as previously described was supplemented 
with

0,1% potassium nitrate prior to being tubed and sterilized.

The broth was checked for nitrites according to the method of

Dailey and Scott (2).

Indole production was determined by testing a broth

culture of the organism, which had been grown for 148 hr in

a tryptophan-supplemented YE-NaAc broth. The definitive test

was accomplished by overlaying the broth with 2 ml of chloro-

form, followed by the addition of 2 ml of Kovac's reagent.

The tube was subsequently observed for a red color in the

chloroform layer, which would indicate the presence of indole.

Hydrogen sulfide production was determined with lead

acetate paper in the following manner: strips of filter paper

measuring 50 x 10-mm were dipped in a 5.0% solution of lead

acetate, and allowed to dry. The strips were autoclaved, and

individually placed, aseptically, between the cotton plug and

the culture tube, in such a manner that the end of the strip

extended just above the level of the medium. The strips were

observed for the formation of black lead sulfide, indicating

the production of hydrogen sulfide.

Catalase production was determined, with hydrogen peroxide

acting as the indicator solution. Yeast extract-sodium acetate

plates were inoculated and allowed to grow until discrete, 
well

isolated colonies were visible. An isolated colony was

selected and 0.1 ml of 3.0% hydrogen peroxide was dropped onto
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the colony. The colony was then observed under the low power

of the dissecting microscope in order to detect the evolution

of gas. The test was also performed by mixing 1.0 ml of 30.0%

hydrogen peroxide with 3 ml of a 24-hr YE-NaAc broth culture

and observing the mixture for the evolution of gas.

Oxidase reagent for the determination of oxidase pro-

duction ras prepared by dissolving I g of N, N-dimethyl-p-

phenylenediamine oxalate to 100 ml of warm distilled water.

To determine the presence of oxidase, one drop of this reagent

was placed on an isolated colony, growing on YE-NaAc media,

and observed for the formation of a pink to maroon color.

Peroxide formation was determined by adding a drop of

purified beef catalase (Sigma Chemical Co., St. Louis, Miss-

ouri) to 15 ml of a 48-hr broth culture, and observing for

evolution of gas into the surrounding medium.

Inasmuch as this bacterium would not grow on Purple Broth

Base, sugar fermentations were determined in a somewhat un-

conventional manner. A 10% solution of the sugar under in-

vestigation was prepared and sterilized by autoclaving. Ali-

quots of the concentrated sugar solution were then added,

aseptically, to sterilized YE-NaAc broth, in a quantity suffi-

cient to give a final sugar concentration of 0.5%. Replicate

samples of each sugar were divided into two racks and inocu-

lated with 0.1 ml of a 24-hr broth culture. Prior to incuba-

tion, a set of tubes was overlaid with sterile mineral oil,

to maintain anaerobic conditions. A second set of tubes was
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prepared in an identical manner, except that, the YE-NaAc

broth was replaced with a broth containing 0.05% yeast extract,

dissolved in a mineral salts medium with the following com-

position:

NH4NO3  2 gm/I

MrgSOjg7H2 0  0.2 gm/l

FeSO4 '7H2 0 1.0 mg/l

I a2HPO0 .09 gm/l

KC1 .0+ gm/I

CaCl2  .015 gm/l

CuSQ4 -5H20 5.0 mg/I

H3B03 10.0 mg/I

I'nS0O*i7H20 70.0 mg/l

MoO 3  10,0 mg/

All tubes, both aerobic and anaerobic, were sampled at 24, 48,

and 72 hr, by aseptically removing a 1.0 ml aliquot. The pH

of each sample was measured with a Corning Micro Probe model

17 pH Meter (Corning Scientific Instruments, Medfield, Mass-

achussets), and the value recorded.

Gas production in all tubes was determined by examination

of a Durham gas tube placed in the broth prior to steriliza-

tion.

Ammonia Production

Production of ammonia was determined by centrifuging an

aliquot of a 24-hr YE-NaAc culture at 2,500 rpm in a model

HN-S International Centrifuge (International Equipment Co.,
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Needham Heights, Massachusets) for 15 min. Five ml of the

supernatant was removed and placed in a separate tube, where

it was overlaid with 0.5 ml of Nessler's reagent (30). The

resultant solution was observed for the formation 
of an amber

color, indicating a positive test.

Nutrition

Growth On SelectMcdida

Since nutrient requirements were unknown for this or-

ganism, a variety of common laboratory media was prepared

to evaluate the efficacy of each, as a medium for further

cultivation of the organism. The following culture broths

were prepared according to the recommendation of the manu-

facturer (Difco Laboratories, Detroit, Michigan): Litmus

Milk, MRVP Broth, Purple Broth Base, Nutrient Broth, and

0.5% Neopetone in water. After reconstitution of the coin-

merical media, 50 ml of each were placed in replicate 250-ml

Erlenmntr flasks. The flasks were sealed with cotton plugs

and sterilized by autoclaving. Each flask was inoculated

with 0.1 ml of a 12-hr broth culture. The flasks were in-

cubated for 48 hr and examined for growth. The following

solid media were prepared according to the manufacturer's

recommendation (Difco Laboratories, Detroit, Michigan):

Trypticase Soy Agar, Brain Heart Infusion, Blood Agar, Blood

Agar Base, Lseudomonas B, Pseudomonas F, EMB, MacConkey,

Sellers, and SIM. After sterilization, by autoclaving, the
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media were dispensed into sterile Petri plates, or tubes, and

allowed to solidify. The plates, or tubes, were inoculated

with a loop from a 24-hr YE-NaAc, broth culture. All plates

and tubes were incubated for 48 hr at 37 C and examined for

growth with a stereoscopic dissecting microscope.

Vitain Reirements

Vitamin requirements of the organism were established

in the following manner: a broth was prepared containing

0.75% Vitamin-Free Casamino Acids (Difco), dissolved in the

mineral salts solution previously described. All glassware

and reagents were prepared in boiled, double distilled water.

Fifty ml of broth were transferred to replicate 250-mI flasks,

which were then sealed with aluminum foil, and sterilized.

The inoculum was prepared by washing a 2.0-ml aliquot of log

phase culture with three separate 10-ml aliquots of distilled

water. The inoculum was diluted with distilled water to

correspond to a number one nephlometer standard. Each flask

was inoculated with 0.2 ml of washed cells and placed in a

shaking water bath at 37 C for 24 hr. . The flasks were re-

moved and the amount of growth was compared to positive and

negative controls.

Carbon Substrates

The ability of this organism to utilize various sub-

strates as the sole source of carbon and energy was investi-

gated in the following manner a one-half and 1% stocks of the
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compounds under investigation were prepared in distilled water

and sterilized by autoclaving when possible, or by filtration,

if heat-labile or volatile. After sterilization, the pH of

each stock solution was aseptically adjusted to 7.2 with

sterile reagents, Three-ml aliquots of each stock were added

aseptically to tubes containing the same volume of sterile,

double strength, mineral salts, thereby bringing the final

concentration of substrate to 0.25% or 0.50%. Each tube was

inoculated with 0.2 ml of a triple washed cell suspension,

diluted to a number one nephlometer standard with distilled

water. All tubes were incubated for 72 hr, at 29 C, as pre-

viously described.

Essential MAino Acids

The essential amino acid requirements of this organism,

and its ability to utilize amino acids as a sole carbon source,

were elucidated as follows: one per cent stock solutions of

each of the L-amino acids were prepared in distilled water.

Three ml of each amino acid stock, at a pH of 7.2, and an

equal volume of double strength mineral salts, at pH 7.2,

were mixed in a screwacapped tube, bringing the total amino

acid concentration of each tube to 0.5%. All tubes were

sterilized by autoclaving, or filter sterilization, depending

upon the heat lability of the amino acid. Each tube was

inoculated with 0.2 ml of a triple washed cell suspension,

diluted to a number one nephlometer standard with distilled

water. All tubes were incubated for 72 hr, at 29 c.
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Qtimm Ycat xraet eoncentrction

The optimum concentration of yeast extract (Difco)

necessary for growth was determined by dissolving varying

amounts of yeast extract in mineral salts, giving final yeast

extract concentrations ranging from .0025% to 10.0%, prepared

as previously described, All tubes were adjusted to pH 7.2
and sterilized by autoclaving. Each tube was inoculated with

0.2 ml of a triple washed cell suspension, diluted to a number

one nephlometer standard with distilled water. The tubes were

incubated for 48 hr at 29 C on a shaker. The optical density

of each tube was measured at 410 nm, using uninoculated broth,

of the same yeast extract concentration, as a reagent blank.

timumn! irl Salt" C sntratipn

The tolerance of this organism for varying concentrations

of mineral salts was determined by maintaining the nutrient

level constant, and varying the mineral salts concentration.

Each of 42 tubes contained 6 ml of 0.2% yeast extract (Difco)

dissolved in varying concentrations of mineral saltsa The

dilution scheme ranged from a four-fold (4 X) mineral salts

concentration in the first tube, to a 0.25-fold (0.25 X)

concentration in the final tube. The pH of all tubes was

adjusted to 7,2 and the tubes sterilized by autoclaving.

Each tube was inoculated with 0.1 ml of a triple washed cell

suspension, diluted to a number one nephlometer standard.

All tubes were incubated for 48 hr at 29 C on a shaker. The

optical density at 410 nm was measured as described.
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Growth Effect Of individual

An elimination experiment was conducted to determine

the growth effect of sodium acetate and calcium chloride in

the culture medium. The four media to be used in the experi-

ment were prepared according to the following table:

Tab1' 1. Media for determining nutrient requirements forgrowth.

COr ONENT MEDIUM

---- -..... o.1 N o.2 N

Yeast Extract 2.0 g 2.0 g 2.0 g 2.0 gSodium Acetate O.Sg 0.5g
Calcium Chloride 0.1 g 0.1 g
Tap Water I liter I liter 1 liter I liter

Three hundred ml of each medium were transferred to the
separate side arm culture flasks, previously described. The

pH of each medium was adjusted to 7.2, the flask plugged with
a cotton plug, and the contents were sterilized by autoclaving

Two sets of these flasks were inoculated with 0.2 ml of a
24-hr broth culture and mixed by swirling. One set of flasks
was incubated at 37 C in a shaking water bath as described,

and the other set in a stationary water bath at the same

temperature. The flasks were removed at 30-min intervals,

over a period of 12 hr, and the optical density at 410 nm
measured.
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Antibiotic Sensitivity

Antibiotic sensitivities were determined by the disc

method,using Bacto Sensitivity Discs (Difco Laboratories,

Detroit, Michigan). The plates were inoculated by pipetting

0.1 ml of a 24-hr broth culture onto the surface of a sterile

Petri plate containing 15 ml of solidified YE-NaAc medium.

The culture was subsequently spread evenly over the surface

of the plate with a sterile, bent, glass rod. Fifteen-ag

antibiotic discs were dropped upon the surface of the plate

with a Difco antibiotic disc dispenser. The plates were

allowed to incubate for 24 hr at 37 C and the sensitivities

recorded. The plates were returned to the incubator for

another 24 hr, to allow a heavier lawn of bacteria to grow,

and the results again recorded, Any zone of inhibition was

recorded as demonstrating sensitivity to the antibiotic agent.

Physical And Chemical Effects On Growth

Sodium Chlorde Tolerance

The tolerance of an organism for sodium chloride has

been described as a valid taxonomic tool (30). In order to

test the tolerance of this organism to sodium chloride, a

stock 10% solution of sodium chloride was prepared by adding

45 g of sodium chloride to 450 ml of YE-NaAc broth. This

solution was added in increasing amounts to a series of

replicate tubes containing YEaNaAc broth in such a manner as

to obtain sodium chloride concentrations ranging from 0.125%
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to 100. These tubes were sterilized by autoclaving, cooled,

and inoculated with 0.1 ml of a 24-hr culture of the organism.

All tubes were incubated on a shaker for 48 hr at 29 C, and

the optical density at 410 nm was measured.

0cmoti. Effect Of Glucose

The osmotic effect of glucose was investigated by adding

varying amounts of glucose to a series of screw-capped culture

tubes containing YE-NaAc broth. The lowest concentration of

glucose in any tube was 0.25%, and each succeeding tube con-

tained 0.25% more, until the concentration reached 10.0% in

the final tube, The positive control contained no glucose

and the negative control was uninoculated broth, All tubes

were sterilized by autoclaving, cooled, and inoculated with

0.2 ml of a 24 hr broth culture, then incubated at 29 C for

48 hr, and the optical density at 410 nm was measured and

recorded,

Effect Of Various Salts

The osmotic effect of different organic and inorganic

salts on growth was measured by supplementing YE-NaAc broth

with each of the salts under investigation. Each salt was

added in concentrations ranging from 0.125% to 1.50%, with

each succesive tube in a series containing 0.125% more of

the respective salt, until the maximum concentration was

reached. Each battery of tubes was capped and sterilized by

autoclaving. The tubes were inoculated with 0.2 ml of a
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24 hr, broth culture, then incubated at 29 C, for 48 hr, and

the optical density at 410 rim was measured. After this mea-

surement was completed, the pH of each tube and its corre-

sponding blank was measured and recorded.

Cell Production

Growth

The large masses of cells required for various experi-

ments were grown in two 5-liter laboratory fermenters (Fer-

menter Design Inc., Allentown, Pennsylvania). Three and one-

half liters of YE-iaAc broth was sterilized in each of the

fermenter vessels and allowed to cool. The vessels were in-

cubated for 12 hr at 37 C, and a sample was removed and

streaked to solid media to assure sterility of the medium.

Each fermenter was inoculated aseptically with 200 ml of a

24-hr shake-flask culture of the organism. The cultures were

aerated with sterile room air at a rate of 0.3 v/v/min.

Agitation of the culture vessel was set at 100 rpm and the

temperature maintained at 37 C. The cells were allowed to

grow under these conditions for 12 hr, at which time samples

were checked for purity by microscopic examination of Gram

stains and streak plates.

The cells were harvested with a Sorvall KSB Continuous

Flow System, (Ivan Sorvall Inc., Norwalk, Connecticut),

attached to a Sorvall SS-34 head. The cells were harvested

at 9,000 rpm with a flow rate of 100 ml per minute.
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Poly-0-Hydroxybutyri c Acid

Three grams, wet weight, of cells were mixed with 500 ml

of commercial sodium hypochlorite (Clorox) and incubated at

37 C for one hour. The lipid-hypochlorite suspension was

centrifuged at 15,000 rpm in an SS-3 Superspeed centrifuge

equipped with a SS-34 head (Ivan Sorvall Inc., New York, New

York) for 10 min,and the sediment retained. The lipid sedi-

ment was washed once with water and three times with a mix-

ture of one part ethyl alcohol and one part acetone. The

final washing was carried out in a tared centrifuge tube to

facilitate gravimetric measurements. The lipid was selective-

ly extracted for poly-0-hydroxybutyric acid according to the

method of Slepecky and Law (16).

Guanosine-Cytosine Base Ratio

Since the guanosine-cytosine base ratio (G/G ratio) of

bacteria has become a most important taxonomic tool in deter-

mining the degree of relatedness, an investigation of this

naturewould not be complete without determining the G/G ratio

of this organism. The DNA was extracted from 3.31 g wet

weight of bacterial cells. The cells were washed into a

glass-stoppered 250-ml Erlenmeygr flask with 15 ml of saline

EDTA, prepared according to MIarmur (23). After complete mix-

ing, the suspension was repeatedly frozen and rapidly thawed

in a 37 C water bath. After the freeze-thaw process was re-

peated three times, 10 mg of crystaline lysozyme (Sigma

Chemical Chemical Co., St. Louis, Missouri) was added to the
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partially lysed cells, and the mixture incubated for 45 min,

at 37 C. The extraction and purification of the DNA were

performed according to the procedire of iarmur (23), as

modified by wandel (20). As a result of the large amounts

of protein encountered during the Sevag deproteinization,

described by ?armur and andel, the number of extractions was

doubled in each instance, The DNA was finally purified by

resuspending it in 3.5 ml of 0.1 SSC (prepared according to

Rarmur) and dialyzing overnight in the refrigerator, against

the same solvent. The highly purfied DNA solution was re-

moved from the dialysis tubing and transferred to a small

screw-capped vial containing a small drop of chloroform as

a perservative. A 0.2-ml sample of the DNA solution was

diluted 1:10 with 0.1 SSC and scanned in a Beckman double

beam spectrophotometer (Beckman Instruments Co., Palo Alto,

California). The absorbance was recorded at a chart speed of

two inches per minute. After the concentration of DNA was

calculated, the solution was diluted to contain 100 g/ml. An

aliquot of this solution was sent to Dr. kanley Mandel, The

University of Texas, M.D. Anderson Hospital, Houston, Texas;

who very graciously consented to measure the sedimentation

coefficient in cesium chloride and calculate the G/C ratio.



29

Immunology: Preparation Of Antigens

Two hundred and fifty ml of YE-NaAc broth were inocu-

lated with O.5 ml of a 24-hr broth culture. After 24 hr on a

rotary shaker at 29 C the cells were collected by centrifuga-

tion in sterile centrifuge tubes. They were washed once with

sterile water. The washed cells were resuspended in 25 ml of

sterile water and placed in a boiling water bath for 2.5 hr.

The heat-treated cells were collected by centrifugation, the

supernatant discarded, and the cells were resuspended in 0.3%

formalinized isotonic saline to a density equal to a 109

WcFarland Standard. The cells were transferred to a sterile

serum vial and stored under refrigeration until used.

iAntigen

Two hundred and fifty ml of YE-NaAc broth were inoculated

with 0.5 ml of a 24-hr broth culture and allowed to grow for

24 hr. An equal volume of sterile 0.6% formalinized isotonic

saline was aseptically mixed with the culture broth, and the

mixture allowed to stand at room temperature. for three days.

The cells were then aseptically collected by centrifugation,

washed once, and resuspended in sterile 0.3% formalinized,

isotonic saline. The suspension was diluted to a 109 cFar-

land standard with sterile, formalinized, isotonic saline.
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Preparation of Antiserum

Irmmunization

The antisera used in this investigation were produced

in rabbits, using antigens prepared as previously described.

Two randomly bred rabbits weighing four to five pounds each

were selected to receive each of the two antigens. A pre-

injection serum was drawn from each animal to ascertain

whether or not the animal had been previously sensitized to

the antigen being used. None of the animals were found to

have a pre-existing titer to the antigens; therefore, in-

travenous injections into the marginal ear vein were given

according to the injection schedule shown in Table 2.

Table 2. Injection schedule for production of antisera.

DAY AMOUNT OF DILUTED ANTIGEN

1 0.5 ml

4 1.0 ml

8 2.0 ml
12 3.0 ml

18 Antibody Titration

Blood Collection

Blood was collected by cardiac puncture, using a vacuum-

tube system designed for the purpose. A collection tube was

made by attaching an 18-gauge needle to both ends of a
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350 x 5-mm polyethylene tubing fitted with a 3 x 35-mm glass
tube for attaching the plastic hubbed needles. The entire

collection assembly was siliconized to minimize clotting

during the exsanguination. Vacuum tubes were prepared by

fitting 13 x 100-r.m siliconized test tubes with rubber dia-

phragm stoppers. The tubes were evacuated with a model 25
vacuum pump (precision Scientific Co., Chicago, Illinois)

through a 25-gauge needle thrust through the diaphragm.

Blood was drawn from the animal by inserting the needle on

one end of the collecting tube into the heart and the other

needle into the evacuated tube. The tube was removed when
full and replaced with an empty one. This was repeated until
no flow was observed. The tubes were allowed to clot and re-

tract at room temperature, then centrifuged at 2000 rpm in an

angle head Model HN-S centrifuge (International Equipment Co.,

Needham Heights, Massachusetts) for 15 min. The supernatant

serum was removed and stored at -14 C for future use. This

method of serum collection produced a very transparent straw-

colored serum free from hemolysate.

Investigation of Antigenic Similarity

Slide Agglutination

Known cultures of various organisms to be used in the
antigen comparison study were grown on YE-NaAc agar slants fcr

24 hr, at 37 C. The organisms .were washed from the slants
with formalinized saline, using a sterile loop to emulsify
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the organisms in the suspension The slide agglutination
test was performed on a microscope slide prepared in the
following manner: a clean slide was warmed gently by flaming
and then divided into three equal parts with a wax marking

pencil. The slide was then marked with a line around its
periphery, forming three separate areas to accomodate addition
of reagents without intermixing. One drop of test cells and
one drop of antiserum, prepared as previously described, were
added to the center test area. The negative control consisted

of one drop of saline and one drop of the cell suspension

under test. The positive control test consisted of one drop
of antiserum and one drop of the specific antigen which stim-

ulated the formation of that particular antibody. The re-
agents in each square were mixed gently, but thoroughly,

using separate applicator sticks. The slide was gently

tilted back and forth over an indirect light source and ob-

served for agglutination.

Tube Ajglutination

Tube agglutinations were performed on all antigen-

antibody systems demonstrating positive slide agglutinations.

Serial two-fold dilutions of antiserum were prepared in such
a, manner as to leave 0.5 ml of diluted antisera in each of
ten test tubes. Five-tenths ml of the cells under test were

added to each tube, and the rack was agitated to facilitate
mixing. All tubes were incubated at 37 C for 18 hr, then care
fully observed for agglutination under an indirect light source.
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The highest dilution of serum showing visible agglutination

was recorded as the titer of the agglutination reaction.

So.lbleAntien Cpronents

Bacterial cells were grown and harvested by centrifuga-

tion in the same manner as previously described. The cells

were washed one time in isotonic saline and recovered by

centrifugation, The entire cell mass was then frozen at -14 C

until solid. The solid block of frozen cells was then sub-

jected to sonic disruption with a Bronson model S-75 Sonifier

(Bronson Instruments Inc., 37 Brown Road, Stamford, Connecti-

cut) at peak current. The sonification was continued until

the mass became a slurry, cool to the touch. The slurry was

then refrozen and the process repeated. It was found that

freezing of the material to be sonicated prevented heat

denaturation of proteins during sonication and aided in

fracturing the cell walls. Freezing and sonification were

continued until microscopic examination showed the cells to

be completely disrupted. The resultant slurry was centri-

fuged at room temperature, at 20,000 rpm in a Sorvall model

SS-3, equipped with an SS-34 head, for 15 min. The super-

natant was separated from the cell debris with a capillary-

tipped pipette and stored in the freezer at -14 C until used.

Double gel diffusion similar to the method described by

Ouchterlony (27) was used in demonstrating the antigen-anti-

body reaction. The diffusion medium was prepared by dissolv-

ing 1% Oxoid lonagar Number 2 (Oxford Ltd., London, England)
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in phosphate bufferpH 7.4, Phenol was added in a final

concentration of 0.5% to inhibit bacterial growth. The agar

suspension was autoclaved and vacuum filtered through number

three Whatman filter paper. Ten-ml aliquots were poured into

13 x 50-mm plastic petri plates (Falcon Plastics, Division of

B.D, Laboratories Inc., Los Angeles, California) and allowed

to cure for several days prior to cutting the wells. The

wells were cut with an Auto-Gel T/M cutter (Grafar Corp.,

Detroit, Michigan) adjusted so that the six peripheral wells

were 10 mm from the center well and 10 mm from each other,

Antigen-antibody reactions were initiated by placing 0.03 ml

of antiserum in the center well and 0.03 ml of soluble anti-

gen in the outer wells. The plates were then placed in a

moist chamber and allowed to diffuse for four days at

approximately 5 C. The plates were then observed under in-

direct light for antigen-antibody precipitin bands, and the

results recorded.

Enzyme Activity

Lactic Q3 droenase Isoenzmes

The LDH isoenzymes were separated and quantitated in

the following manner. Cells were grown and harvested as

previously described. Three grams, wet weight, of cells were

disrupted by sonication as described. Two 0.25-Al applica-

tions of the sonicate, and the same amount of a known control,

were applied to a Beckman cellulose acetate membrane which had
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been equilibrated in Beckman HR barbital buffer, pH 8.8,/A'-

.05. The membrane was electrophoresed at 200 volts, constant

voltage, for 25 min, in a Beckman kicrozone cell attached to

a Beckman IMicrozone power supply (Beckman Instruments, Palo

Alto, California). The membrane was removed from the cell

and placed face down on an agar-substrate surface, where it

was allowed to incubate in the dark, at 37 C, for 30 min.

The agar-substrate medium contained 50 mrg NAD, 10 mg nitro

blue tetrazolium, 0.5 mg phenazine methosulfate, 0.6 g sodium

lactate, and 1.5 g of agar, dissolved in 35 ml of distilled

water. The membrane was removed, placed between two clean

dry blotters, and allowed to dry. The dry membrane was

scanned with a Quick Scan Microdensitometer (Helena Labs,

Beaumont, Texas) to locate areas of LDH activity and the

values were recorded.

Alkaline Phosrhatase

A 30-Al sample of cell sonicate, prepared as previously

described, and the same volume of known controls were applied

to an acrylamide gel sheet prepared according to Smith (31),

and modified by Ortec (26). The sonicate was electrophoresed

in Tris-borate buffer, pH 8.8, using a pulsed power supply

(Ortec Inc., Oak Ridge, Tennessee). Current was pulsed for

5 min at 75 pps, 5 min at 150 pps, 5 min at 225 pps, and 45

min at 300 pps, at 325 volts. The gel was stained according

to the method of Smith (31). The sheet was photographed,

using Polaroid 46-L transparency film (Polaroid Corp.,



Cambridge, Massachusetts). The transparency was scanned in a

Quick Scan microdensitometer, as previously described.

Protein Electrophoresis

An electrophoretogram was run on the sonicate of this

organism to establish the number of soluble protein groups

and their approximate electrophoretic mobility, as compared

to the electrophoretic mobility of known protein groups. The

protein electrophoresis was performed on cellulose acetate

membranes (Gelman Instrument Co., An Arbor, Michigan) which

had been equilibrated in Tris barbital buffer, pH 8.8. Two-

0.25- l applications of sonicate were superimposed beside a

single C,25-t s ample of normal human serum. The membrane

was electrophoresed in a Beckman Microzone chamber at 250 v

for 14.5 min. The membrane was fixed and stained simul-

taneously in a solution of Poncea-S dissolved in 10% tri-

chioracetic acid, The membrane was do-stained in 5% glacial

acetic acid in absolute methanol. The membrane was dried

and scanned in a Quick Scan Microdensitometer, and the area

under each curve integrated simultaneously with a Helena

Quick Quant Computer (Helena Labs, Beaumont, Texas).



CHAPTER III

RESULTS

Isolation

After the original observation of the organism in a

primary isolation vessel, obtaining a pure culture was

accomplished with some difficulty. Even though the organism

was repeatedly transferred from well isolated colonies to

other plates, and carefully streaked for isolation, the

transfer plates continued to be contaminated with a very

small, highly motile, pseudomonad-like, gram negative rod.

This persistent contamination appeared to be a result of

physical trapping in a tenacious, mucoid substance associated

with the two organisms. Suspending the mixed culture in

sterile water, and mixing vigorously with the vortex mixer,

served to wash the organisms, thereby facilitating the

isolation of pure, well defined colonies of the new organism,

on solid media.

After 12 hr growth at 37 C, the colony appeared as a

clear, moist, pinpoint colony with regular borders. The

colonial morphology at this age is shown in Figure 1. After

48 hr growth however, the colony measured 0.75-1.O mm

across and appeared as a convex, off-white structure, with a

dry-appearing surface as shown in Figure 2. The edges were

only slightly irregular, giving the colony a rather deceiving
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Fig. 1, Photograph showing typical pin point colonial
morphology after 12 hr growth at 37 C.
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Fig. 2. Photograph showing large dry appearing colonies
with regular o r wt 48 hr incutation.

n all. Il
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appearance considering the marked motility of the organism.

At 72 hr the colonies measured 2.0-3.0 mm in diameter and

appeared as shown in Figure 3. The surface of the colony

appeared quite dry and slightly rough, with the edges being

only slightly irregular. At this age the colony had a

characteristically dense center.

Storage

Screw-capped tubes containing YE-NaAc slants offered a

reliable method of maintaining the organism, but at the same

time offered the usual problems of contamination and mutation

with repeated serial transfers. It was shown that viable

cells, capable of reproducing, could be retrieved from slants

older than one year stored at room temperature, This charac-

teristic allowed transfers to be made less frequently than

with most other organisms, The first attempts at lyophiliza-

tion demonstrated that the use of 10% skim milk, fetal calf

serum, and a 1:1 mixture of fetal calf serum in YE-NaAc broth

were of no value, since viable organisms could not be re-

covered one week after lyophilization in these media; however,

the cells were successfully lyophilized in nutrient broth

supplemented with glucose and serum according to the method

described by Cruickshank (6). Successful lyophilization was

also accomplished in 10l skim milk supplemented with 1.0%
lactose. Although both media were capable of preserving the

organism during lyophilization, survival in Cruickshank's

medium was significantly better.
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?ig. 3. Photograph showing characteristically large, dry
appearing colonies with only slightly irregular borders at
72 hr incubation.



Characterization

Cytolo ical

The initial step in characterizing the organism was

that of establishing the Gram reaction. Figure 4 vividly

demonstrates that the unnlmcn organism is conclusively gram-

negative, as compared to the gram-positive control. This

photomicrograph also vividly demonstrates the larger size

of the bacillus as compared to the cocci.

The cells were measured with a split-image eyepiece, using

replicate measurements of both wet and fixed preparations. A

very small amount of dilute methylene blue was added to the

wet mounts to slow the movement of the cell and to give the

cell a more sharply defined border under the phase contrast

microscope. The fixed preparations were stained with methy-

lene blue (2) prior to measurement. The results of these

measurements are shown in Table 3.

Table 3. Dimensions of isolate.

WIDTH AVERAGE LENGTH AVERAGE
PREPARATION RANGE WIDTH RANGE LENGTH

Wet .93-1.53 1.17 4.81-9.08 6.66
Fixed .78-1,53 1.07 3.50-40.68 5.54

As can be seen from the foregoing table, there is con-

siderable variance in width and length of this organism.
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Fig 4. Gram stained preparation of thc new bacter'iumn
comparing its Gram reaction and size with that of #S
)oc o cus Lar>e us



This can be accounted for by the highly variable degree of
maturity of the cells being measured. In order to keep
this variability to a minimum, cells which showed any visible
sign of septum formation were not included in the measure-
ments. During thlis study it became apparent that the cell
elongates considerably prior to initiation of division,
This ives rise to the very large cells included in the
measurements, Although they were not counted in this survey,
many cells were seen which were still attached in pairs giving
the appearance of a very long single cell hinged in the middle.
After division takes place, and separation is complete, each
individual cell appears considerably shorter than the average
cell. In order to take a valid sampling of the cell popu-
lace, only random fields were used wherein all single cells
showing no invagination were counted and scored. Considering
only the average measurements as shown in the foregoing table,
one must consider this organism to be somewhat larger than
the average bacterium in both of its dimensions.

The ability to visualize the single "flagellum" of this
peculiar organism is demonstrated in Figure 5. Since the
observation of a bacterial "flagellum" by light microscopy
was of great interest, procedures were undertaken to shed
light on the nature of this unusual organelle. The medium
used to impede movement was sufficiently viscous to hold the
movement of the "flagellum" to a minimum, but had the

44
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S

Fig. 5. Unstained wet mount in glycerol mounting medium
as observed under phase microscopy to demonstrate the visible
"flagellum".
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disadvantage of masking the wave amplitude and frequency

of flagellar movement. It should be noted that the "flagelN

lum" appeared in this photograph as a single organelle,

Another method used to better visualize the "flagellum" con-

sisted of adding a small amount of India ink to the YE-NaAc

broth, The "flagellum" would collect the ink particles

around it, slowing its movement as it attempted to move the

large bundles of extraneous material. Although this appeared

to be a valid method of studying the movement of the cell,

the "flagellum" was not well defined because of the large

mass of debris surrounding it. To better visualize the

"flagellum", the cells were stained according to the method

of Leifson (17). The results of this staining procedure are

shown iF figure 6. From this photomicrograph it became

apparent that what had appeared as a single "flagellum" was

in fact, many flagella acting as a single organelle and

thereby coming within the resolving power of the light micro-

scope. Although the flagella stain well, they do not have

the dark purple color that is usually seen in other gram-

negative organisms. The flagella do not seem to bind the

stain precipitate as well, thereby making them appear smaller
in diameter than is usually seen in other negative organisms.

The cell surface also seems to take up more of the flagella

stain than would be expected, indicating a possible differ-

ence in surface structure from other gram-negative rods. In

most stains of this nature a counter stain would be needed

to visualize the cell body to the extent shown.
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I-

5,14

Fig. 6. In this flagella stain prepared according to
Leifson, the tremendous bundles of flagella are readily
visible.

a



48

When the organism was stained for capsular material according

to the method of Hiss (5,12), it was found to possess a

pronounced capsule. Figure 7 demonstrates this structure

quite vividly. The capsule appears as a halo of light in

this photograph, but in actuality It has the appearance of

a light pink area surrounding a dense cell body.

To better study flagellation,high-imagnification, chro-

mium-shadowed electron micrographs were prepared from a

gently washed suspension of the organism. Figure 8 is re-

presentative of a large tuft of flagella which have been

dislodged from a cell. The very tight bundling of the

individual flagella within the tuft is well demonstrated.

This bundling effect causes the group to function as a

single unit, much like the fiber in a twisted rope. The

polar insertion of the numerous flagella is best seen in

Figure 9.

It was pointed out earlier that when the cells were

observed in a viable state, a peculiar spinning of the cell

on its longitudinal axis was observed. This observation is

graphically supported by the helical winding of the flagella

tuft around the body of the cell. Figure 10 shows one pole

of the cell at a much higher magnification than the preceding

pictures. This electron micrograph demonstrates the uniform

circular symmetry of the individual flagellum. A unique

corduroy-like striation or periodicity on the surface of the

cell is also seen in this figure. A similar characteristic
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Fig. 7. Capsule stain demonstrating capsule around the
organism.
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on the surface of a Pilur n cjs was reported by Houwink

in 1953 (11).

Although the polar nature of the flagellation was well

established, it was necessary to establish whether the fla-

gellation was unipolar or bipolar, since many cells of both

descriptions had been seen, After studying many slide prep-

arations and considering the measurements of random cells,

it was concluded that prior to division the organism possess-

es unipolar flagellation, as shown by the scanning electron

micrograph in Figure 11. Just prior to division, the mono-

polarly flagellated cell is stimulated to flagellate on the

other end, as shown in the photomicrograph in Figure 12.

Flagel3Rr growth and cell elongation seem to be concomitant

until cell division occurs, although the size of the flagella

bundle on the newly flagellated pole never reaches the pro-

portion of that on the other pole. An elongated cell in the

initial stage of invagination (INV) is shown in Figure 13. A

late stage of division wherein the septum is nearly complete

is shown in Figure 14. The uneven flagellation of the two

poles is vividly demonstrated in this photomicrograph. 
Al-

though the bundle of flagella appears to have grown greatly in

size, the increase is in length only, for the number of

flagella at each pole seems to be fixed between 35 and 40. EVen

after study of many electron micrographs for the purpose of

enumerating the flagella, it is still necessary to express

this number as a range, due to the difficulty encountered in



Fig. 11. Scanning electron micrograph demonstrating mono-
polar flagellation of mature cell.
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Fig. 12. Photomicrograph demonstrating initial stage of
flagellation after elongation and division. Leifson stain.
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Fig. 13. Electron micrograph demonstrating bipolar fla-
gellation and initial stage of division (INV). Chromium-
shadowed.
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Fig. 14. Photomicrograph demonstrating uneven flagella-
tion at time of division. Leifson stain.
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counting the individual organelles. The flagella have a

marked tendency to coil, as shown in Figure 12, or double

back upon themselves, as seen in Figure 13. The 35-40 range

was determined by counting the number of flagella insertions

at the pole. Only grid prep&tions wherein the flagella

were seen to splay were used in this study.

When observing wet preparations of the cells under phase

contrast it was noted that fairly uniform dark zones appeared

along the medial longitudinal axis of the cell. The same

zones appeared as inclusions within the chromium-shadowed cell

shown in Figure 9, Since these areas appeared to be in-

clusions of some type, slide preparations were prepared and

stained for lipid according to the method of Burdon (30).

From the results of this staining procedure, shown in Figure

15, it is apparent that the inclusions within the cell are

sudanophilic, and therefore, probably lipid in nature. 
A

high magnification electron micrograph of one of these areas

is shown in Figure 16. This chromium-shadowed preparation

of a young cell shows the sudanophilic area to be consider-

ably more electron dense than the rest of the cell. There

appear to be small circular areas which are less electron

dense, distributed throughout the electron dense area. The

same relative area of an older cell is seen 
in Figure 17.

The large inclusions literally fill the cell. Some cells

have inclusions scattered more randomly throughout the cell.

as shown in Figure 18. It appears that the size of the
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Fig. 15. Sudan Black stain used to demonstrate the large,
well defined, sudanophilic inclusions in young cells.
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Fig. 16. Chromium-shadowed electron micrograph showing
well defined electron dense area within the cell which
has small low density areas scattered throughout.
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Fig. 17. Chromium-shadowed electron micrograph showing
inclusion bodies which engorge the cell.
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Fig. 18. Electron micrograph showing multiple inclusions
scattered throughout the cell.



inclusions is a direct function of age. Very young cells

contain the small granules, as seen in -Figure 16, but as the

organism ages the inclusions become very large, making the

cell pleomorphic in appearance, as shown in Figure 19.

The di orted cell is much larger than the norm.l cell seen

in the same photomicrograph. The tuft of flagella visible

on the pleo orphic cell has entangled debris in the flagellar

mass,making it more readily visible.

When 3-4-day-old cultures containing 0.1% agar, and

grown in static culture, were observed under phase contrast,

large, spherical, cyst-like bodies such as the one shown in

Figure 20 were seen. A tuft of flagella appears to be pre-

sent on the lower side of the spherical cell. To better

visualize the flagellation on these spherical cells, a small

amount of India ink was added to the preparation. The bi-

polar nature of the flagellation and the size of the tuft

are more apparent in the India ink preparation shown in

Figure 21. These cyst-like structures have been observed

only in cultures 3-4 days old or older. It appears that the

addition of 0.1% agar to the culture broth markedly enhances

the formation of these structures, or is in some manner pro-

tective of the structures after they are formed.

Thin Sections

Ultra-thin sections were prepared and examined to elu-

cidate the fine structure of this unique organism and to

confirm the information obtained from light microscopic

63
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Fig. 19. Cell from 3-day old culture, showing marked pleo-
morphism and large sudanophilic inclusion bodies. Stained
with Sudan Black and counterstained with Saffranine.
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Fig. 20. Unstained spherical cell as viewed through the
phase contrast microscope.
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40

Fig. 21. India ink preparation to demonstrate intact
flagella on a spherical cell form.



studies. A divided cell similar to the one shown in Figure

14 was thin-sectioned longitudinally. The results of this

section are shown in Figure 22. The cell wall shows de-

finite invagination (INV), although incomplete, at that

point in time when the cell's growth was arrested with fixa-

tive. A small lipid inclusion body (LIB) can be seen just

below the point of invagination. A very dense dark-staining

material (GM) showing some stranding may represent a consol-

idation of genetic material. A membrane (EM) similar to the

thin outer cell wall membrane described by Allen and Baumann

(1) in enie ecmpbejli, is also seen surrounding this

cell.

Figure 23 represents a longitudinal thin section through

a lipid-inclusion filled cell, similar to that shown in

Figure 18. The lipid inclusion bodies (LIB) appear as large

vacuolated areas within the cell, as a result of lipid re-

moval during the fixation and imbedding process. The cell

inclusions have become so large that they are beginning to

distort the cell from its normal configuration. The exterior

membrane seen in Figure 22 is also visible on the lower edge

of this cell. Adjacent to the lipid-engorged cell lies a

transverse section through an empty ghost cell (EGC). The

mosaic-surfaced membrane (MSM) at the tip of the cell is of

particular interest. It appears that this membrane is com-

posed of identical repeating mosaic-like units similar to

what one might expect in a contractile, structural protein.
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Fig. 23. Ultrathin section showing transverse section
through an aging cell engorged with lipid inclusion bodies

(iLIB), and an empty ghost cell (EGC), with intact, mosaic
patterned, membrane (MSM). The cell is surrounded by
external membrane (EI).
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During light microscopic studies, it was noted that in

young cells the sudanophilic inclusion bodies appeared un-

usually uniform in size, and quite regular in their placement

along the longitudinal axis of the cell. This phenomenon is

well demonstrated in Figure 15. Since the inclusions in

young cells appeared ordered, as opposed to being randomly

placed within the cell, the possibility of integral cellular

structures was considered. The longitudinal section shown in

Figure 24 supports this hypothesis by demonstrating two lipid-

inclusion bodies which are obviously surrounded by a dense

staining membrane (LIEM). The external membrane (Em) pre-

viously described is quite apparent along the end of this

cell, appearing as a row of dark, consecutive, dots separated

by a very small clear area.

A transverse thin section through a very young cell is

shown in Figure 25. The lipid inclusion body membrane (LIBM)

is very vividly demonstrated in this electron micrograph.

The inclusion body membranes in this cell contain no inclu-

sion material; therefore they are not distended, as seen

when the membrane is engorged with lipid inclusions, as seen

in Figure 24. When viewed closely the inclusion body mem-

brane appears to be made up of at least four distinct layers

(TLM). The layers are not discernible in Figure 24 because

of the thinning effect caused by distension of the membrane

with inclusion material. The mosaic-surfaced membrane,
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LIBM

Fig. 24, Transverse thin section demontrating large
lipid inclusion bodies (LIE) bound by a dense staining
membrane (LIBM). An exterior membrane (EM) surrounds the
entire cell.
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previously described, can be observed in the heavily stained
transverse section adjacent to the longitudingl section,

The external membrane previously described is seen best
in Figure 26. In this transverse section the cytoplasm (CP)
is seen to be well contained by the cytoplasmic membrane
(CM). The cell wall (cw) is distinct and appears between the
cytoplasmiv membrane and the external membrane (EM), which
lies outside the cell wall, If the electron micrograph is
viewed quite closely, one can see small external membrane
inclusions (EMI) between the cell wall and the external mem-
brane, The inclusions sometimes appear quite regular, with
well defined borders, as seen here. These inclusions located
on the surface of the cell in this fixed preparation have
also been observed under phase contrast on the surface of
actively motile cell,

Figure 27 is representative of a longitudinal section
through a very young cell, and is included here to demonstrate
the large aggregate of stranded material (GM) similar to that
seen in Figure 22. A small tuft of flagella (FLG), in trans-
verse section, appears adjacent to the cell, along with many
scattered longitudinal sections, also visible in the back-
ground,

Optimum Growth Conditions

Temperature
Since the original isolation of this organism was made

at 30 C, it was obvious that the organism could survive at

?3
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Fig. 26. Transverse ultrathin section showing cytoplasm
(CP) well contained within the cytoplasmic membrane (CM).
The outer membrane (EM) with inclusion bodies (EMI) between
the membhrane and the cell wall (C i) are easily seen.
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Fig, 27. Longitudinal ultrathin section demonstrating
a dense consolidation of~ stranded material (GM), and
transverse, and longitudinal sections through numerous
fLagolla (FLG),
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this temperature; however, the optimum temperature for its

growth was yet to be established. The temperature increments

selected for measurement of optimum growth temperature were

based on known growth of the organism at 30 C. In order to

compare growth characteristics under static conditions to

aerated growth conditions, stationary flasks as well as shake

flasks were used for measurement of growth at each selected

temperature. The results of these growth experiments are

shown in Figures 42-47. A comparison of growth curves per-

formed under oxygenated conditions is shown in Figure 28.

It is apparent that the optimum temperature for growth under

these conditions is 37 C, although the variation between

34 C, 37 C, and 40 C is slight.

Although the organism failed to grow at 45 C during the

experiment, when the flask was removed from the 45-C water

bath after 18 hr incubation, and placed on a rotary shaker,

at 29 C, the organism flourished, indicating that even though

the organism can not grow at 45 C, the cells were not killed

by prolonged exposure to this high temperature.

Optimum growth temperature under static conditions was

measured over the same temperature range, in a manner iden-

tical to the aerated experiment. The results compiled from

Figures 42-47 are shown in Figure 29. It appears that the

optimum temperature for growth under static conditions is

also 37 C; however, the cells appear to have a slightly

shorter lag phase at 34 C than they do at 37 C, although
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the total growth is greatest at 37 C. The static cultures

held at 45 C also failed to grow, but were not killed by the

prolonged heating. This was demonstrated by their ability

to continue to grow Immediately when incubated under

aerated conditions at 29 C.

When the results in Figure 28 and Figure 29 are com-

pared one finds that although the organism is capable of

growing with reduced amounts of oxygen, it grows much more

efficiently with abundant aeration. The growth curves

obtained during growth in static flasks demonstrate a flat

shoulder or plateau in the curve,with a prolonged lag phase,

and then a sharper upward slope, as one might expect in di-

auxic substrate utilization. This phenomenon, however, was

not demonstrated by cultures growing very rapidly under

aerated conditions,

Heat Resistance

Classic spore formation had never been observed in this

organism, but since spherical cyst-like cells had been ob-

served, the possibility of heat-resistant cell forms was in-

vestigated. Since most bacteria that form resistant cell

structures do so to a greater extent in old cultures, cultures

of varying ages were used in the heat-resistance study. The

results of the cell heating experiment are shown in Figure 30.

From this graph, it is apparent that older cells have con-

siderably less resistance to heating than do younger cells.

The young cells (24 hr old) apparently have a higher survival
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Fig. 30. Comparison of survival characteristics of varying
age cultures after heating.
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rate at elevated temperature than one might expect in corn-

parison to other vegetative cells. In order to elucidate

cell heating time, temperature measurements were taken with

the thermometer bulb submerged in a broth tube under the

same test conditions. The results of this experiment are

shown in Table 4.

Table 4. Rate of internal broth temperature rise in a
75 C water bath.

ELAPSED TIME TEMPERATURE

0 minutes 29 C

2 minutes 66 C

4 minutes 71 C

6 minutes 75C

Although the survival rate might be a little higher at these

temperatures than for some microorganisms, the data clearly

indicate that the organism does not form structures with the

heat resistance expected of a true endospore. However, in

light of the observed ability to retrieve viable organisms

capable of reproducing from slants as old as one year, it is

more probable that the unusual structures observed are more

cyst-like in their ability to withstand adverse conditions.

These structures are not particularly heat-resistant, however,

when compared to true sporulating organisms, such as Bacillus

or Clostridium.
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pH Studies

Once the optimum temperature was established at 37 C,

attention was turned to the optimum initial pH for growth

of the organism. Growth curves for this organism at vary-

ing values are shown in Figure 31. From this figure, one can

establish that the optimum beginning pH is very near 7.0.

One can also establish that the pH range for growth of the

organism extends from 6.5 to 9.0. The optimum pH, as well

as the ph range, is more graphically demonstrated in Figure

32. This line graph was constructed from optical density

readings taken after only 8 hr o.f growth at optimum temp-

erature,

Culture Broth p D Un Growth

The ph of culture broths measured over a prolonged

period of time is shown in Figure 33. It should be noted

that with increased cell growth, the pH rises. This rould

be accounted for by deamination of amino acids with sub-

sequent release of ammonia into the culture medium. When

the culture broth was analyzed for ammonia, using Nessler's

reagent, copious quantities of ammonia were found to be

released into the medium, even in early stages of growth.

Since large quantities of ammonia are produced in young

cultures, the alkalinity is not likely a result of the lysis

and degradation of cells.
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Fig. 31. Comparison of growth curves at various pH to
demonstrate optimum pH for growth of this organism. Symbols:
0-0, pH 7.Oo----o, pH 6.5, -A, pH 8.00-u, pH 7.5;zr-A, pH 8.5;
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When the organism was cultured according to the strict

anaerobic conditions described previously, no growth was

evident. All tubes were measured and found to be equal in

density to the uninoculated control tube. The experiment was

repeated using the same prodedure, with freshly prepared re-

agents, ad the same results were obtained. Cells froman

actively groin' log-phase culture were streaked onto solid

YE-NaA c plates, and incubated in an oxygen-depleted anaerobe

jar at 37 C for 24 hr. This technique confirmed the abso-

lute oxygen requirement of this organism.

Gnrat ion Tme
The growth curve obtained by the plate count method is

presented in Figure 34. This type of growth curve is the

preferred method for determining absolute growth character-

istics under optimum conditions. The growth results obtained

by the turbidimetric method, and presented in Figure 28,

correlate very nicely with the data obtained in viable cell

counts.

The average generation time for this organism was found

to be 41 min when calculated according to Pelczar and Reid

(28)0
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Fig. 34. A typical growth curve for this organism, when
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Biochemical Reactions

The standard biochemical reactions used as taxonomic

criteria in r 's :aua of jDeier'native kacteriology were

performed with this organism,and the results are presented in

Table 5. The failure to produce catalase is somewhat unusual

in that most obligate aerobes are normally catalase positive,

In view of this, catalase production was repeatedly checked,

in as m any ways as possible, with the same results. Since

no detectable quantities of catalase were found, it was

necessary to determine if hydrogen peroxide accumulated.

Broth cultures of varying ages were checked with purified

bovine catalase, but no hydrogen peroxide was found to be

present. The pH values obtained after carbohydrate fermenta-

tion are presented in Figures 47. The results indicate that

this organism produced no acid or gas from any of the car-

bohydrates tested. Although the YE-NaAc medium produced

abundant growth in the aerobic tubes, little growth occurred

in the tubes overlaid with mineral oil. Apparently enough

dissolved oxygen was present to allow small amounts of growth

to occur.

Nutrition

Growth on Selected tedia

The media shown in Table 6 were inoculated with the
unknown organism, to determine its ability to grow on common

laboratory media.
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TABLE 5. RESULTS OF BIOCHEMICAL TESTS

REAC t IoN RESULT

Litmus Milk

RW? Broth

Citrate

Urea Broth

Gelatin

Starei

Nitrates

Indole

Hydrogen Sulfide

Catalase

Oxidase

Sugar Fermentation

No Growth

No Grow th

No Growth

No Growth

Not Liquified

Not Attacked

Reduced to Nitrites

Negative

Not Produced

Negative

Positive

No Acid or Gas

1611 11 0 . I . I I . wg jft-- ---- - ,
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TABLE 6. AIITY OF ORGANISM TO GROW ON COMMON LABORATORY

EIA

1EDIA GROWTH

TryptiaS $oy Agar None

Brain Heart Infusion None

Bood Agar None

Blood Agar Base None

Purple Broth Base None

P'seudo: naz F None

Pseud onas F Poor
Strength

P teud o'nas P None

None

hacConke e

Nutrient Broth Poor

Neopeptone Water 0.5% Poor



91

Although Peuomooas F and s udomonas P media are not

considered common laboratory media, they were included be-

cause the polar flagellation of the organism tended to in-

dicate some kinship to the pseudoxnonads. Although the

organism would not grow in full-strength Pseudomon.s. F,

when the manufacturer's recommended amount was decreased by

one half, limited growth was obtained. The cells were much

smaller, however, and the colonies were barely visible after

72 hr incubation. At best, growth was severly decreased in

this medium. The organism also grew poorly in both nutrient

broth and 0.5% neopeptone water. The total cell count was

much below that found in the YE-NaAc broth, and the growth

which did occur appeared floccular, even to the naked eye.

When wet mounts were observed under phase contrast, the

cells were seen to bunch together rather tightly in groups

of 2-10. In the nutrient broth one could see what appeared

to be very fine strands resembling a spider web in those

areas where the cells were aggregated. Although the cells

were clumped together, they were still motile.

Vitamin Requirements

When the organism was cultivated in vitamin-free cas-

amino acid culture medium, it was found to flourish. All

vitamin-free flasks were found to exibit growth equal to the

positive control flask. From the results of this experiment

it can be concluded that this organism is capable of
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synthesizing all of its necessary vitamins, thereby requiring

no exogenous supply of vitamins for growth.

Carbon Sttrates

The results of the carbon substrate experiments are

presented in Tables 7 and 8. The optical density of each

tube was measured at 410 nm, using a reagent blank, Of the

non-amino icd substrates tested, only sodium acetate and

malic acid supported the growth of this organism.

The results of the amino acid utilization study are

shown in Table 8, These data indicate that this organism

does not have an absolute amino acid requirement. It can

utilize seven different amino acids as a sole source of car-

bon and energy. T.he majority of these are members of the

aspartic acid family, as depicted in Table 8. The greatest

amount of growth occurred with arginine as the sole carbon

source, although significant amounts of growth occurred with

others. In some instances the optical density was equal to,

or exceeded that, obtained with YE-Nakc. The type of growth

on each of the amino acids was quite variable. Alanine and

glutamic acid stimulated a very floccular growth which

probably gave lower optical density readings than would have

been the case had the growth been homogeneous. The cultures

grown on glutamine contained copious amounts of tenacious,

mucoid material, which undoubtly trapped many cells. This

yields a lower optical density than would have been ex-

ibited if the cells had been in a homogeneous suspension.
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TABLE 7. ABILITY 0 ORGANISM TO GROW ON VARIOUS CARBON

SUBSTRATES

SUBSTRATE O,1. SUBSTRATE .D.

Arbiote 0.000 Sodium Acetate 0,270

C0,000 IsoBtyric Acid 0.000

Glucose

Lactose

Maltose

Mannose
Sucrose
Xylose
Fructose

Trehaloe

Duicitol

Inositol
srnr"itl

Sorbitol

Inulin

Glycerol

Urea

Starch

Sodium Alginate

Sodium Caseinate

AmmoniumC itrate

Ammonium Oxalate

0.000

0.000
0.000

0.000

0.000
0.000

0.000

0,000

0.000

0,000

0.000

0,000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Farit Acid

Malic Acid

Succinic Acid

Oleic Acid

Palnitic Acid

Valerie Acid

Lactic Acid

Stearic Acid

Eth n

MeOtQnol*

Iso-Butanol*

Iso-Amyl Alcohol*

Toluene*

Carbon Tetrachloride*

Xylene*

Cyclo Hexane*

Benzene*

Hexane*

0.000

0,367

0-000
0,000

0.000

0.000

0.000

0.000

0.000

0.000

0,000

0.000

0.000

0.000

0.000

0.000
0,000

0.000

0.000

*Final concentration of these substrates was 0.25%, all

other substrates were at a level of 0.505t



TABLE 8. ABILITY OF ORGANISM TO GROW WITH VARIOUS AMINO
ACIDS AS A SOLE CARBON SOURCE

AMINO ACID OPTICAL DENSITY TYPE GROWTH

Glycire

Val ine

Leucine

Iso4-Leucine

Phenylalanine
Pro line

Asp raging

Glutamine

Aspartic Acid

Glut- ic Acid

Lysine

Argi nlne

Histadine

S erine

Threonine

Cysteine

Methionine

Tryptophan

YE-NaAc

0.000

0,620

0,000

0,000

0.000

0.000

0.377
0.770

0,187

1,000

0.699

0.000

1.115

0.000

0.000

0.000

0.000

0,000

0.000

1.046

wane -. eann L I

None

Floccular

N one

None

None

None

Smooth, Opalescent

Smooth, Opalescent
Stringy, MucOid

Smooth, Opalescent

Floecular

None

Smooth, 0palescent

None
None

None

None

None

None

Smooth , Opalescent
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at j~x-t act4 Concentration

The level of yeast extrapt required for optimum growth

of the organism in YE-Ih1c medium was unknown, and con-

sequently had to be determined. The data expressed in Figure

35 represent the partial results of the titration experi-

ment previously described. The obtimum concentration of

yeast extract was found to be 0.2%. Higher concentrations

yielded less growth, and levels greater than 2.0% proved to

be completely inhibitory.

inera l salts concentrations in the substrate varied

from four times the normal formulation to 0.05 times the

normal, with no significant difference in amount of growth,

or in growth characteristics.

Compari":.songof Ind ydulYeast

Extract Copnnts

The effects of individual constituents of YE-NaAc broth

on growth were determined by an elimination experiment. The

growth curve of each combination of nutrients is shown in

Figure 36. Although the effects of calcium chloride and

sodium acetate are minimal, they both enhance the growth of

the organism when added to the basic 0.2% yeast extract broth.

Antibiotic Sensitivity

Sensitivity or resistance of microorganisms to various

antibiotics can be used as a taxonomic tool (30); therefore,

the broad spectrum of antibiotic sensitivities shown in Table

9 was tested. Antibiotic screening was also performed
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TABLE 9. SENSITIVITY OF THE ORGANISM TO VARIOUS
ANTIBIOTICS

RESISTANT

colymycin
Triple Sulfa

Oxacllin

Naf cillin

Polymixin B

Penicillin G

Ampcillin

Vancomycin

Lincomycin

Phenethicillin

SENSITIVE

Kananycin

Declomycin

Naladixic Acid

Furadantin

Dihydrostreptomycin

Terramyc in

Novobiocin

Erythromycin

Ohlororycetin

Mande lamine

IM614
Ni 110,10

q I - I "I .. .
has wom
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with the hope that the information obtained would be of help

in formulating a medium which could give selective advantage

to this particular organism when attempting to re-isolate it

from nature.

EnzL Activity

When whole-coll sonicvte was electrophoresed and

measured for lactic dehydrogenase and alkaline phosphatase

activity, none was found, To rule out the possibility of the

enzyme being present in levels below the sensitivity of the

test, the sonicate was dialyzed in the cold against poly-

vinylpyrrolidinone to effect a four-fold concentration, and

the testing repeated. Even in this condensed sonicate no

lactic dehydrogenase or alkaline phosphatase activity could

be found.

Protein Electrophoresis

Human serum was used as a comparative standard in the

electrophoretogram shown in Figure 37, because of the known

electrophoretic mobility of each group, and consequently the

ability to recognize them readily. By comparing the protein

groups contained in the cell sonicate with Imown bands of

protein in the standard, one can establish that the cell

sonicate has three separate protein groups with electro-

phoretic mobility identical to the standard, The sonicate

contained a band of protein (1) with mobility identical to

the control albumin. It also contained three protein species
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101

(2, 3, 4) with robilities identical to the Alpha2 Globulin

in human serum. The sonicate also contained a very electro-

positive protein (5) which migrates toward the cathode,

unlike anything seen in human proteins. These results were

found to be very reproducible, even on various cellulose

acetate support media. The high peak seen at the point of

application is a result of residual particles of cell wall

and flagella remaining at the point of application,

Sodium Chloride Tolerance

Sensitivity to Na+ ions has been reported as a valid

taxonomic parameter by Williams and Rittenberg (34). Sodium

chloride was selected as the source of Na+ ions because of

its high degree of ionization in dilute solutions. The

results of the sodium chloride experiment are shown in

Figure 38 and Table 10. Although the amount of growth ob-

tained in salt concentrations up to 0.500% is fairly con-

stant, the type of growth is quite different. When wet

mounts were prepared from each concentration, the cells had
a greater tendency to clump and became less motile in the
higher concentrations. At 0.500/ salt concentration, no

motility whatsoever was seen, but pleomorphism had become a
very predominant feature in the cells. The cells were un-
able to grow in concentrations of 0.625% and above. This was
considered to be quite important, in that 0.85% sodium

chloride concentrations ere generally considered to be iso-
tonic for many biologic systems.
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Table 10. Growth in E-NaAc broth containing varying
amounts of sodium chloride.

1a? CONCN TA TIO GRC OITi UTILITY PLE0M4OR PISM

Neg. Control ++++ ++ 0

0.1257 +++ ++ +

0.250> ++ + ++

0.375 + None ++

0.5 0% Trace None +++

0.625% None None None

0,7501 None None None

0.875o None None None

Effect of Various alts and Glucose

To further investigate the effect of ionic strength, the

osmolarity of varying concentrations of yeast extract was

determined with an Osrett A (Precision Systems, Waltham, Mass-

achussets) osmometer, and the values were correlated with a-

mounts of growth obtained in each concentration. The total c-

molarity of the numerous salts and glucose was determined and

correlated with growth, as previously described. Figure 39 shows

the representative results of some of the growth curves deter-

mined. Since ionic strength of solutions is a most important

factor in any biological system, the ionic strength of each

solution was calculated and correlated with growth, as shown in



104

0

10

30

40
h- 40

50

60

70 
1 s

4480\

90

t 4

100

40 80 120 160 200 240

MILLIOSMOLES PER LITER

Fig. 39. The effect of changes in total osmolarity oncell growth. Symbols :A-A, Glucose ;o---o, Yeast Extract;o---, NaNo3;A---.n , KN03 ;Q-- , KCl;o--o, NaCl.



105

Figure 40. Motile biological systems have been reported to be

most sensitive to various charged ions (14,15)t therefore, the

concentration of Ca++, Ba++, Mg+, Na+, and K+ ions contained

in numerous different salts were calculated and the results

plotted in Figure 41.

Poly-f-Hydroxybutyric Acid

When lipid polymer is extracted and washed in organic

solvent according to the method of Slepecky and Law (16),

poly-fl-hydroxybutyric acid is not removed. This polymer is

soluble only in boiling chloroform and, therefore, may be

quantitated gravimetrically according to the method of

Lemoigne (19). When the lipid residue was quantitated in

this manner, the 3.320 g (wet weight) aliquot was found to

contain 7.5 mg of polymer, or 2.259 mg of polymer per g of

cells, or 0,226% by weight.

Guanosine-cytosine Ratio

The taxonomic value of the ratio of guanosine and cyto-

sine to total bases (GC ratio) has been reported by Marmur

(23), Mandel (21,22), Doty (24), Hutchinson (13), Hill (10),

and Sueoka (33). The density in CsCI was shown to be 1.721

gem-3 which translates to be 62.6 moles % GO,according to the

Schildkraut, Marmur, and Doty equation (29).

During the purification of the DNA, unusually large

yields of polymerized material were retrieved from the ethyl

alcohol recovery steps; however, in the final iso-propanol
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purification step, the yeLd was approximately one-half that

of the previous ethyl alcohol steps. In the second iso-

propanol treatment the yield was not significantly decreased.

In all probablity, a polysaccharide polymer was extracted

along with the DNA during the ethyl alcohol treatments. The

polysaccharides did not repolymerize in the isopropanol be-

cause of increased solubility in this solvent.

Agglutination reactions

The anti-C and anti-H antisera prepared as previously

described were titered and found to have agglutination titers

of 1:1280 after the injection schedule was complete. These

antisera were used to perform slide agglutinations, with

those organisms shown in Table 11 acting as antigens,

When tube agglutination titers were performed with those

organisms showing positive flagellar slide agglutinations,

they were all found to demonstrate agglutination titers of

1:16.

Soluble Antigen Components

When the anti,-0 antiserum was reacted against cell soni-

cate prepared as described, there were no precipitin bands

demonstrable. When anti-H antiserum was reacted against the

sonicate, two distinct precipitin bands were demonstrable

between the antiserum and antigen wells.
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Table 11, Results of slide agglutination tests.

ORGANISM AGGLUTINATION

i))i troen lee

1i .ll iversonii

ispi i.llu-m -roe .s

Tseud mona luoe scens

'ud monas aeruinosa

Pseudomonas eruinosav

Rsodomons erubnosa

Pseudomo-nas taerug-innsa

R h odopiilurubrum

ATCC 12639

ATCC 12638

ATCC 11250

NTSU 58

2108

2233

Anti-O

Negative'

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Negative

Anti '-I

Negative

Negative

Negative

Negative

Positive

Positive

Sega ive

Positive

Negative

x

+e ... wnw:



CHAPTER IV

DISCUSSION

Isolation and Storage

Although originally intended for isolation of members

of the genus Ia , the grass infusion of Faust and Wolfe

(8) was ideally suited to primary enrichment and isolation of

this unique gram-negative rod. The very low nutrient and

low ionic strength of the medium were well suited to the

nutritional requirements of the organism. The chopped grass

in the bottom of the enrichment flasks offered a matrix for

entanglement of the organism's numerous flagella. As a re-

sult of this entrapment, large clones of cells were easily

removed with small bits of grass. The low nutrient level in

the enrichment is inadequate to support growth of many organ-

isms. This offers a definite selective advantage.

The problems incurred in separating the organism from

the small pseudomonad during initial stages of isolation were

due to the nature of the flagella and the slime production.

The large tufts of flagella have a natural tendency to trap

foreign material by entanglement. This, combined with the

slime layer of the pseudomonad, provided an additional means

of entrapment. The vigorous shaking and washing apparently

sheared the flagella from the cells, thereby washing away

I 1Ir
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the entangled pseudomonad, Frequently several cells would

be seen with their individual tufts of flagella entwined in

such a manner as to prevent separation of the cells. This

same phenomenon frequently caused culture plates to appear

contaminated with colonies which are well isolated, but much

larger than the rest. The entanglement of flagella also

accounts for the deceptively regular colonial borders, with

no spreading, in spite of the high motility in broth culture.

The organism can be lyophilized successfully only in

media which have very high protein and/or carbohydrate con-

centrations, such as those utilized in the preservation of

fastidious organisms. Cultures are easily stored at room

temperature, however, for periods of at least one year, simply

by preventing loss of water from the culture slants and de-

creasing available oxygen,

Cytological Characterization

The unusual morphology of this organism sets it apart

from most of the gram-negative bacteria. Tufts of flagella

visible with a light microscope have been reported in bacillus

Chromatium (w.C, Hays, personal communication), 2irillum,

and phaerotilus (R.Y. Stanier, personal communication) . How-

ever, this organism does not fit into any of these categories.

Although the genus Sperotilus is well adapted to an aquatic

habitat of low nutrient, it is by definition composed of

sheath-forming organisms. On the basis of Gram reaction

alone, it is obviously not a member of the genus Bacillus.
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The members of the enus Chr:m tptu contain bacteriochloro-

phyll or carotenoid pigments, which this organism does not

contain. Although this oranis m is similar in many charac-

teristics to members of the genus &,irillim, it obviously

does not belong to his group of organisms, since, by

definition, they are spiral in shape, Although tufts of

flagella have never been reported in members of the genus

Pseud torins, they do exibit polar flagellation; consequently,

serious consideration must be given to classifying this

organism with the genus Pseudomonas, even though this or-

ganism's size is much larger than those reported for the

pseudomonads,

Although the large tuft of polar flagella is certainly

a very distinctive and unusual property, it is by no means

the only peculiarity of this organism's morphology. The

outer cell surface of this bacterium is quite divergent

from that of most microorganisms. The pronounced staining of

the cell surface with Leifson's flagella stain would possibly

indicate a protein makeup similar to the flagella; that is

to say that the two surfaces have much the same affinity for

the contractile protein stain. When the high resolution

electron micrographs shown in Figure 10 and Figure 16 are

viewed closely, a fine striated marking is seen running at a

slight angle to the longitudinal axis of the cell and toward

the pole. The integral unit responsible for this appearance

can be seen very clearly in the transverse section in Figure
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24. It is proposed by this author that these markings con-
stitute an outer embane around the cell which is probably

contractile in nature, enabling It to be separated from the
cell wall by fairly large distances without apparent effect

on the cell. The capsule-like structure seen in Figure 7

may not represent a capsule, as such, but instead may repre-
sent a stretchng of the outer membrane caused by the
accumulation of excretory products between the exterior ram-

brane arid the cell wall. The copious amounts of polymerized
material retrieved in the DNA extraction could be polysacha-
ride capsular material, as such, or it could be excretory

cell products from underneath the exterior membrane of the
celtwhich polymerized in the solvent. The round cell forms

with intact flagella similar to those in Figure 20 and Fig-
ure 21 have also been reported as cysts in the genus $pirillum

(34). Williams and Rittenburg reported finding these cells
in aging cultures, and found that when transferred to fresh
media, the cells gave rise to bacillary forms, These cyst-
like structures may represent cells whose walls have lost
their integrity, allowing the cell contents to spill into the
outer membrane. This gives the cell the overall round
appearance, shown in these figures. It is also possible that
this rounding effect is caused by the collection of very
large amounts of material between the outer membrane and the
cell wall, thereby offering a protective cortex around the
cell when desiccated. This would allow the cell increased
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ability to over-winter under adverse conditions, The possi-

bility of Lforms must also be considered, since they occured

more frequently in media containing 0.1% agar.

In Figure 26 small round particles of material may be

seen between the cell wall and the outer membrane, thereby

supporting the hypothesis that this membrane does indeed

trap cell products between it and the cell wall. At this

time no explanation can be offered for the unusually uniform

spacing of these bodies around the cell, or for the very

symmetrical appearance of the dense granules shown in this

electron micrograph.

The low-density fibrous components of the genetic

apparatus shown in Figure 27 have been seen extending from

pole to pole in other preparations; however, the dense

staining strands were not as apparent as they are in this

electron micrograph. Although this apparatus has been

described in microorganisms previously (28), it is pointed

out in this work as another distinguishing feature in the

description of this organism.

One of the most distinguishing features of this or-

ganism, other than its tuft of flagella, is the large in-

cltgsions of poly-f3hydroxybutyric acid which are visible

uner the light microscope. The accumulation of poly-3-

hydroxybutyric acid (PBA) has been described by many in-

vestigators, and, according to Doudroff and Stanier (7),

the accumulation of this polymer is favored by nitrogen
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starvation and abundance of closely related metabolic sub.
strates in the culture medium, The accumulation of PHBA
was proposed by .Forsyth (9) to be a valid and a useful

taxonomic tool. This was found to be especially true by
Stanier t (32) in the differentiation of the aerobic
p eudomonads.,

Although membrane-bound PBA has been reported by Boat-
man (4) and others, it is certainly a unique and distin-
guishing feature of taxonomic importance. Apparently the
membrane structures in which the PHtA is deposited are a
structural part of the cell and are not formed after the
PHBA is polymerized. The PHA must be synthesized in or
near the tetra-layered merbane, then deposited inside.
Eventually the membrane becomes so filled with PHBA that it
becomes distended and thin,

Characterization of Biochemical Nutritional
And Physical Parameters

This organism is obviously very aerobic in nature,
requiring high oxygen concentrations to grow at maximum
efficiency 9 It is also capable of metabolizing and growing
at relatively low levels of oxygenation, thus demonstrating
a broad range of oxygen levels under which it can survive
and multiply. Under optimum conditions the cells have a
generation time of just over 40 min. Since oxygen is
apparently the terminal electron acceptor in the respiratory
chain, it is quite unusual that this organism does not
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possess the enzyme catalase as most other gram-negative

aerobic, organisms do.

The optimum temperature for growth of the organism is

37 C, although it is able to grow quite well at from 25 C to

40 C. Although the organism is unable to grow at 45 C, the

cells are obviously not killed but simply arrested, for

when placed under optimum conditions of temperature and

aeration, they resume growth in a normal manner. Although

the cells appear to be somewhat tolerant of elevated tempera-

tures, no sporulating structures have been demonstrated

under conditions known to favor the formation of spores.

Copious amounts of ammonia are released into the culture

medium, thereby raising the pH of the culture medium con-

comitantly with growth.

When the standard biochemcial reactions were per-

formed, they were for the most part negative. As mentioned

previously, the sugar fermentations were conducted in as

precise a manner as could be devised; however, with the

abundant production of ammonia constantly raising the pH of

the medium, the possibility of acid production cannot be

ruled out. If only small amounts of acid were produced, they

would have been masked. This is of little consequence in

attempting to place this organism in its proper taxonomic

position, since most acid fermentations reported in the

literature are based upon the color change of a pH indicator.
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Before substrate experiments were conducted, it was

conclusively established that the organism did not have a

requirement for growth factors such as vitamins or amino

acids. After this was established, utilization of carbon

substrate could be determined without limitation. Of the 63

diverse carbon substrates investigated, the organism was

only able to utilize sodium acetate, malic acid, alanine,

proline, asparagine, glutamine, aspartic acid, glutamic acid,

and arginine as a sole source of carbon and energy. The

various amino acids had varying effects on the overall

appearance of the cells. Glutamine, glutamic acid, and

alanine seemed to have essentially the same effect on appear-

ance and motility of the cells. When the organism was grown

on these substrates, the medium became very mucoid and

stringy, thereby causing the cells to clump together and

demonstrate no motility.

It appears that this organism grows and metabolizes

on low levels of nutrients, When the optimum level of

nutrient, in the form of yeast extract was measured, it was

found that 0.2% yeast extract is the ideal concentration for

growth, although the organism tolerates concentrations up to

2.0%. When the individual constituents of YE-NaAc were

evaluated for their effect on growth it was found that the

yeast extract and calcium chloride support growth better

than the yeast extract alone, but the cells grew best with

the addition of sodium acetate also. Since growth curves



under static cnditins cidenstat:d what appeared to be a
di-auxic substrt >henomnon, h experiment was repeated
for Comparison of growth ii yeast extract and calcium
chloride, with growth in Y'NaAc. From these results it was
concluded that the di-autic Phenomenon is not r result of thesodium acsWoat depletion, but is probably a result of the
depletion of a limited nutrient in the yeast extract,

This or rats's lack of ability to grow on many common
laboratory media can now be explained. These laboratory
media contained from 0.5 to 0.85[ sodium chloride, which
alone would be inhibitory to the growth of this org anism.
In addition, most of these media contained a much higher
protein concentration than can be tolerated by this bac-

Itrium. Tiese two factors render many commercial laboratory
media unsatisfactory for cultivation of this organism, When
Pseudomonas F medium was diluted to one half strength, the
salts and proteins were sufficiently reduced to allow limited
growth. Although growth did occur, no pigments were produced
on this medium.

Antibiotic Sensitivity

The antibiotic sensitivity of this organism is somewhat
unusual and therefore may be used as a taxonomic tool in the
future, Virtually 90% of all gram-negative rods, including
the enteric organisms, are sensitive to polymixin B and
Colymycin; however, this organism is resistant to both anti-
biotics. Erythromycin and Declomycin are very effective

11 S
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against a broad spectrum of ram-positive microorganisms but
poorly so against gram-negatives. This organism, however,

is highly sensitive to both antibiotics. These deviations

from the expected antibiotic sensitivity indicate subtle
metabolic and/or structural differences in this organism

as compared to the classic gram-negative bacterium. The
addition of small amounts of penicillin or ampicillin to

isolation media should inhibit a large percentage of the

normal flora occuring in nature, thereby giving further

selective advantage to the organism.

Protein Electrophoresis

The enzyme studies conducted by protein electrophoresis

show that under this set of conditions lactic dehydrogenase

activity can not be deronstCrated. This finding is in keeping
with the organism's inability to utilize lactic acid as a

carbon source.

The organism did not contain alkaline phosphatase iso-
enzymes in the cell sonicate. The true value of this test
as a taxonomic tool is unknown at this time, in that little
data is available regarding the distribution of this enzyme
in microorganisms. It is felt that with the present emphasis
on elucidating the distribution and importance of this
enzyme, the data will be of more significance in the future.

When the sonicate was electrophoresed and the protein
stained, the organism was found to contain a protein with
precisely the same electrophoretic mobility as human albumin.
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In addition it contained three protein groups with electro-

phoretic mobilities identical to the alpha globulins in man.

A fifth group of positively charged proteins was demonstrated

which migrate toward the cathode instead of the anode. Since

this experiment was of original design, there are no electro-

phoretograms with which to compare; however it is felt that

this experiment offers a great deal of promise in "finger-

printing" the electrophoretic mobility pattern of soluble

bacterial protein, provided that controls of known electro-

phoretic mobility are included.

Growth Effect of Various Solutes

The organism demonstrated a marked sensitivity to sodium

ions (Fig. 38) as reported in opirillum (34). This could also

be sensitivity to increased osmotic pressure, When the

organism was grown in media supplemented with identical con-

centrations of potassium, ammonium, and sodium salts, similar

effects were seen. To rule out the possibility of an ionic

strength effect, the/Lvalues of the solutions were graphed,

as shown in Figure 40. It is most interesting to note that

glucose demonstrated the greatest inhibitory effect of all

the solutes. The magnesium salts had the least effect even

in very high ionic strength solutions; consequently there is

no correlation whatsoever between the ionic strength of the

media used in this experiment and inhibition of growth. When

the total osmolarity of the various solutions was plotted as

shown in Figure 39, the data precluded the possibility of an
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osmotic phenomenon. The very high osmolarities obtained by

addition of yeast extract allowed abundant growth to occur,

thereby eliminating the possibility of osmotic inhibition.

The glucose appeared to be toxic even at very low osmolarity

when compared to-the other solutes in the experiment, The

reason for the toxicity of glucose at relatively low levels

is unknown, There seemed to be a correlation between the

various sodium and potassium salts at concentrations between
160 and 200 milliosmoles per liter, Since osmolarity is a
concentration-related characteristic, the growth effect of
various monovalent and divalent metal ions was measured,

Figure 41 clearly indicates that the inhibitory effect is a
function of the charge on the metal ion. The divalent metal

ions are approximately twice as inhibitory as the same inhibi-

tory effect on growth, There did not appear to be any cor-

relation between the concentration of anions and inhibition

of growth.

Taxonomy

The first step in determining the taxonomic position of
this organism was to establish possible genetic similarities

by grouping the unknown organism with other organisms of

similar guanosine-cytosine base ratios. The work of Hill (10)
and Mandel (21) was consulted for G/C base ratios which would

be representative of each genus, If a genus contained a
single species with a G/C ratio between 61.2 moles % and 63.2
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moles V, it was given further consideration in the classi-

fication of the organism. Table 12 i a compilation of those

genera containing G/C ratios similar to that of the unknown.

Table 12. Comparison of taxonomic characteristics of
various genera with similar C/C ratios.

OBLIGATE PERITRICHOUS ALCOHOL
GEN'U G/CUATIO PATHOGEN FLAGELLATI.N i'EF:ENTER

Unknown 62.2 No No No

Aeromonas 62.5 Yes No No

A&robacterim 62.0 No Yes No

Acetobacter 62.0 No No Yes

Peud.owronas 62.2 No No No

Vibrio 62.5 No No No

)hodocT.irllum 62.5 No No No

Spirillum 61.5 No No No

The three salient characteristics by which Aeromonas, Afzro-

bacterium, and Acetobacter were eliminated from further con-

sideration are also shown, Table 13 shows simple but impor-

tant morphological characteristics whereby Vibrio, Rhodo-

filrillum, and nrillua were eliminated from further con-

sideration.
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Table 13. iorphooical characteristic of various
nera with similar /u ratios,

LAGELAGNUJS SIZE IN ICONS S APE

Unknown 1.2 x 6.5 traijht 35-40 Polar

P s10dRod m s 0.5 / 4.0 Straight 1-10 Polari
ib c;i 06 X 5.0 Cu'rved 0-3 Polar

Rod

Photos: rife9 1.0 X 7.0 pirl 1- Polar

pi rl.um 1o0 X 6.0 Spiral 5-20 Polar

However, because of similar flagellation characteristics,

o 
representative organisms from each genus were subjected to

immunological comparison, as previously shown in Table 11.

From this table one can see that the unknown organism has a

greater immunological relationship to the genus Pseudomonas

than the other genera with similar G/C ratios. One would

not normally expect to obtain titers of this level in un-

related genera although they have been reported to occur.

Therefore, on the basis of morphological similarity, G/C ratio,

and immunological relationships it would seem logical to

place this organism in the genus Pseudomonas. Stanier et al

(32) recommend that this genus be subdivided on the basis
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of poly-fl-hydroxybutyric acid deposition, The only members

of the genus which produce this polymer are shown in Table 14.

Table 14, Differential characteristics of pseudomonadsdepositing poly. -hydroxybutyric acid,

GROWTH AT GLUCOSF
--- i.. Ai tFL JNsELI4JA 41 C UT TYJOr

Unknown 35-40 +

P. 1elii 0e+I+

P. air>estosteron 
, 

>1

domaei>1

.' ru3>vorans >1

The differential characteristics shown in this table clearly

indicate that the unknown organism is quite distinct from
any of these microorganisms. It is therefore proposed by

this author that this is indeed a new and un-classified

bacterium, which, although somewhat divergent from the rest
of the genus, should be classified as a member of the. genus
Pseudomonas, It is further proposed that this unique organism
be named Pseudomonas multiflagella,
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