DIFFERENTIATION OF MEMBERS OF THE
GENUS CHROMOBACTERIUM BERGONIINI

Thesis for the Doegrea of Ph. B.
RICHIGAN STATE URIVERSITY
Robert J. Hang
1856



This is to certify that the

thesis entitled

Differentiation of Members of the Genus
Chromobacterium Bengonzini

presented by

Robert Joseph Hans

has been accepted towards fulfillment
of the requirements for

Doctor of PhllOSOplm degree in Microbio ogy and
Public Health

M (R’“l‘(\'\ VNN

Major \professor

Date M2y 22, 1956

0-169




DIMERSHTIATION OF ‘oS OF T

GNUS CHROMOBACTERIUM BERGONZLNI

By

(4
PR

Robert J. Hans

A THE3IS

Suomnitted to the Scinool for Aidvanced Graduate Studies of
Micnigran State University of Agriculture and Applied Science
in partial fulfillment of the requirements
for tne degree of

DOCTOR OF PilILUSOFHY

Departinent of Microoiology and Fublic Healtn

1556



VITA
Rouoert J. Hans
candidate for tne dexree ol

Doctor of Pnilosophy

Final Exanination: May 22, 1755

Dissertation: Differentiation or Memoers of tuhe Genus
Caromosacterium Berponzini
Outline of Studies:
Major Subject: Microoiology
Minor Sunject: Mycoloyy

diograpnical Items:
3orn Decemper 1/, 1720 in Detroit, Micnigan

Undergradaate Studies: University of Michigan, 1946-47, 1748-51
Dearborn Junior College, 1947-u48

Graduate Studies: Wayne University, 1951-53
University of Munich (Germany), 1954-55

Experience: Teacning Assistant at tne Dental School, University
of Detroit, 1+51-53; Research Assistant at
Parke, Davis and Company, summers of 1953, 195L;
Researcih Assistant at Michigan State University,
1953-54, 1955-56.

Affiliationses Soclety oi Anerican Bacteriologists
Society of tne Sigma Xi



ACKNONLED GEMENTS

Tnie autiaor wisnes to express his sincere appreciation to
Professor W. L. Mallmann for his patient guidance and counselling
during tne course oI tnis investigation.

Deep appreciation is also expressed to Dr. P. H. A. Sneath of
tne National Institute for Medical Research (London) and Brigadier
Frank E. Buckland of the Microbiological Research Department,
Experiment Station, Porton, Wilts, England, for providing many
cultures and helpful information.

Tne author is indebted to Dr. C. K. Smitn who provided the
filters, many carbohydrates and reagents used in this study, and to
the Tierhygieniscnes Institut of Ludwig-Maximilian University in
Munich and its past director, Professor M. Rolle, for providing
laboratory space during the author's sojourn in Germany.

Finally, the author wishes to express his appreciation to all
investigators around the world wno submitted cultures for this study.
Without their cultures, this study would have been impossible.

This investigation was supported in part oy a fellowsnip from
the Deutscaer Akademischer Austauscndienst, under the auspices of

the Institute of International Education, Inc., New York.






ABSTRACT

A searcin was made for biochemical characteristics useful in

differentiating members of tlie Genus Chromobacterium Bergonzini. It

was shown that these organisms are alkaligenic in peptone media, so
special empnasis was placed upon utilization of various carbohydrates
in two peptone free media.

The organisms were found to be very sharply divided into two
groups by growth temperature ranges and optimum temperatures. These
characteristics were closely correlated with fermentation of Ffour
carbohydrates in peptone media, the utilization of 11 carbohydrates
in peptone free media, hydrogen cyanide production, pigmentation, and
gelatin liquefaction. Methylene blue thiocyanate reduction, nitrate
reduction, ammonia production, tryptophane utilization, MRVP reactions,
hydrogen sulfide production, and urea hydrolysis were found of no dif-
ferential value.

Specific names are suggested for the two groups; one mesophilic

and the other psychrophilic.
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INTRODUCTION

In the United States the Genus Chromobacterium 3ergonzini is

considered to consist of the gram negative bacteria producing a non-
photosynthetic violet pigment. These organisms are aerobic, motile,
non-3pore forming, occasionally pathogenic rods, and occur in water,
soil and pathological processes in both man and domestic animals.

Relatively ignored and in a confused taxonomic state ten years
ago, these oacteria have received considerable attention this past
decade. These recent investigations have dealt with taxonomy, physi-
ology, and pathogenicity, and the pigment per se; but tnose dealing
with the taxonomy and pnysiology have been little more than repetitions
of previous studies.

Bacterial classification is based largely upon biochemical char-
acteristics, chief among which on the species level is the production
or tne lack of production of acid or acid and gas from various carbo-
hydrates. It has been shown, however, that members of the Genus

Chromobacterium, like many other Gram negative bacilli, produce alka-

line reactions in peptone media. Despite this fact, investigators
have continued to employ such media in attempts to arrive at suitable
taxonomic criteria. In this study much attention is given to carbo-
hydrate utilization in peptone-free media, using a much larger number
of strains and isolates than examined by any single worker'to date.
Additionally, such other oiocnemical determinations were made as seemed

duplicable in other laboratories.






HISTORICAL REVIEW

Many authors have described supposedly new species of the violet
pigmented organisms since the original description of Schr¥ter in 1472,
Many of these differed only in motility, apparent flagellation, size,
morphology, gelatin liquefaction, action on litmus milk, pigmentation
on various media and similar unreliable criteria. These characters
are recognized today as highly variable and depend both upon the
cultural conditions and upon the method employed. In addition, some
have even been described as different by virtue of sporé formation,
out recent evidence indicates that these supposed spores were artifacts.

Accordingly, little is to be gained here from an exhaustive
description of all existing species descriptions. Instead, only those

will be discussed which have been seriously considered and widely

accepted at one time or another.

A gram negative, non-motile organism isolated by SchrBter in 1872

and named Bacteridium cyaneum produced a water soluble violet pigment

and is thus not a member of the genus Chromobacteriume. Both organisms

isolated and described as Micrococcus cyaneus by Cohn (1872) and

"Blauer Coccus" by Maschek (1837) have been considered identical to

Bacteridium cyaneum Schr8ter (Migula, 1900; Godfrin, 1934).

In 1672, Scnr8ter isolated and described a bacterium, Bacteridium
vYiolaceum, producing a water insoluble violet pigment (Breed, MMurray
and Hitchens, 1948). This is perhaps the first true member of the

Genus Chromobacterium to be described, and it is so accepted by Bergey's

Hanual of Determinative Bacteriology (Breed, Murray and Hitchens, 1945);






viz., as Chromobacterium violaceum (Schr8ter) Bergonzini.

Also in 1872, Cohn described a Micrococcus violaceus, now con-

sidered to have been the same as Bacteridium violaceum SchrBter (Breed,

Marray and Hitchens, 1943).
Bergonzini (1831) isolated a gram nec;ative rod producing a chromo-
parous violet pigment from an egg white solution and designated it

Cromobacterium violaceum (sic). Tnis is the origin of the generic

name Chromobacterium.

In 1885, Zopf characterized Bacterium janthinum (sic), a suppos-

edly indol and nydrogen sulfide producing, non-motile gelatin lique-
fying organism isolated from "pieces of pig's bladder floating in
badly contaminated water."

In 1386, Schroter again isolated a violet organism, designated
Bacillus violaceus (Breed et al., 1948), said to be identical with

Bacterium janthinum Zopf (Schr8ter, 1836; Lehmann and Neumann, 1896).

Schréter (1889) and Toni and Trevisan (18989) described Bacillus

lacmus from fresn greennhouse paint and Streptococcus violaceus from

water respectively, both said to be the same by Godfrin (1934). Breed

et al. (1948) consider this Streptococcus violaceus Trevisan the same

as Bacillus violaceus Schrgter, Bacteridium violaceum Schrgter, and

Chromobacterium violaceum Bergonzini.

Organisms suosequently isolated and designated Bacillus violaceus

Mace (1887), Bacillus violaceus Frankland and Frankland (1839), and

Bacillus violaceus Laurentius Jordan (1890) were considered the same

as Bacterium ianthinum Zopf by Chester (1901). Godfrin confirmed this

in so far as he wrote Bacteridium violaceum Schrgter, Bacillus violaceus







Frankland and Frankland, and Bacillus violaceus Mace are probably the

same species.

Mipgula (1700) stated that Bacillus violaceus Mace and Bacillus

violaceus lutentiensis Kruse (Flugce, 1836) show no significant

differences, and along with Bacillus violaceus Berolinensis (sic)

Kruse, are identical with Bacteridium violaceum Schrdter. Chester

(1901) likewise pointed out that Bacillus violaceus Berolinensis and

Bacillus violaceus lutentensis Kruse are similar.

Thirey (1900), like Chester, felt that Bacillus violaceus Mace

and Bacillus ianthinus Zopf were similar, as were organisms described

as Bacillus lividus Plagre and Proskauer (1387) and Bacillus membran-

aceus amethystinus Eisenberg (1891).

Lehmann and Neumann (1912) resarded Sacteridium violaceum Schroter

the first of its type to be descrioed and considered it to be the same

as Bacterium ianthinum Zopf. Tney further stated that Bacillus viola-

ceous Mace, Bacillus violaceus Laurentius Jordan (1390) and Bacillus

violaceus Berlinensis Kruse differ very little and agres with Zopf

(188L4) that the latter is identical with Bacillus lividus Plagge and

Proskauer. Finally, they stated that Bacillus membranaceus amethys-

tinus Eisenberg (1d91) and Bacillus membranaceus amethystinus mobilis

Germano (1892) are, along with the "sometimes motile and sometimes
non-motile® organism isolated from the Thames oy Ward (1898), closely
related to those just mentioned.

These relationships are perhaps best seen in Table I.

It éhould be noted here that it was a custom of the time to apply

trinomials and tetranomials to organisms which were considered sligntly



different from previously descrioed binomial species (Novy, 1953).
Accordingly, much of the above synonomy, such as between the various

forms of Bacillus violaceus, is understandable and gains even more

significance when viewed in the lignt of modern day knowledge of
variability in bacteria.
In 1090, Claessen described an indigo olue pigment producing

pacterium designated Bacillus indigonaceus. The pigment of this organ-

ism was soluble in both water and chloroform, nowever, and it is there-

fore not a member of the Genus Chromobacterium.

Beijerinck (1891, 1092) isolated from mucilage and described a
motile, water soluble blue pigment producing bacterium which was also
found to produce a condition of cheese in Holland known as "bleu."
Tne natural nhabitat, however, is said to be soil and water (Godfrin,
1934). Since tie pigment is water soluble, neitner is this organism

a member of the Genus Chromobacterium.

Voges (1¢93) and Smith (1637) described almost blue-black pigment

producing bacilli under the name Bacillus coeruleus; vut the two organ-

isms were subpstantially difterent. Most sipgnificant of these diiifer-

ences is tne water soluble pigment of 3acillus coeruleus Smith, while

that of Voges! organism is insoluble in water.
Also in luy3, Vopes described a supposedly spore forming, vioiet

Piimented organism designated Bacillus indigoferus, isolated from

water at Kiel. It is significant that the organism was also reported
Dy Voges to be killed vy exposure to A0°C for 15 minutes. Obviously,

Some structure had vesn mistaken for spores.
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Lustig (1893) isolated an organism wnich he callad "Bacille Blau
Indigo" wnich accovrding to Godfrin is essentially tne same as 3acillus

indigonaceus Claessen.

Godfrin (1934) brierly described a Bacillus pavoninus Forster,

studied oy Kraal (1%99), Bownill (1899Y), Taomas (1930) and Van der

Slenn (1894), wnicn produced opague colonies, olue by transnitted

light. This cannot be considered a violst pigment producing organism.
Jobling and Wooley (Nooley, 1905) were tne first to isolate a

violet organism from a lesion. Tney isolated 3acillus violaceus

manilae from the lymph glands of caradoas dying of fatal septicemia
in the Philippine Islands. This organism was pathogenic for guinea
pigs and rabbits and produced lesions which healed in dogs, cats and
calves. No soluble toxin could be demonstrated. Subsequently,
Gaudecheau (1907) and Minnett (1711) isolated strains, pathogenic for
animals, from water supplies in Indo-China and British Guiana. More
recently, Anderbaud et al. (1954) reported infection of the liver in

the monkey Cercopethecus cenhus, and Sippel et al. (1954) reported

fatal infection of cattle and swine. Lesslar (1927), Martin (1931),

da Silva (Sneatn, 1953), Black and 3hatan (1934), Soule (1939),
Schattenwerg and Harris (1741), Hetnerin_ ton (Sneath, 1953) and Sneath
(1953) reported twelve cases of human infection, seven terminating
Fatally and two reported as recovered, wita the termination not recorded
in the other three cases. Symptoms of these various infections included
Draemia, regional adenitis, liver or cutaneous abscesses, septicemia,

urinary infaction, rectal bleeding, and mild diarrhea.
I b

In 1905, Harrison and Barlow described Bacillus violaceus visco-

fucatus (or Bacterium viscofucatum) from water, now thought to be a
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Pseudomonas sp. by Tobie (Breed, Murray and Hitchens, 1948).

Breaudat (1906) isolated and named Bacillus violareus acetonicus

(sic) from water in Saigon. This organism was said to produce acetone
in a peptone-3ucrose-potassium carbonate medium.

Bampton (1913) studied 18 strains of Bacillus violaceus and L

strains of Bacillus membranaceus amethystinus, considered by him to

be the two main types in the Genus Chromobacterium. Of the latter

species, he desiznated his strains Bacillus membranaceus amethystinus

I, II, III and IV.

Mace, in 1913, isolat=d and described B8acillus lilacinus,

In 1920, a Comnittese of the Society of American Bacteriologists,
headed by C. -E. A. Winslow, proposed that the generic name Chromo-
bacterium Bergonzini be accepted for the group of violet pigmented,

non-photosynthetic bacteria.

Cholkevitch (1922) isolated Bacterium cristillino violaceum from

peat near Leningrad. This organism was reported to produce violet,
yellow or red crystalline pigment(s) and is obviously not a member of

the genus under consideration.

In 1927, Creuss-Callaghan and Gorman described a Bacterium

violaceum amethystinum, now considered to be identical with Bacillus

menmbranaceus amethystinus Rosenberg (Breed, Murray and Hitchens, 1943);

and Grimes (1727) described out did not name a violet bacterium from

Dutter now designated Chromobacterium viscosum (Breed, Murray and

Hitchens, 1948). This organism was shown by Hans (1953), Gilman (1953)

and Sneath.(1950) not to be a member of the Genus Chromobacterium.

Grimes, in 1330, described Chromobacterium hibernicum and Chromo-

bacterium conaerens from well water.
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Creuss-Callaghan and Corman (1935) examined 2); strains of violet
bacilli and concluded that they represented 3 spzcies; viz, Bacterium

membranaceum amethystinum Eisenberg, Bacterium violaceum SchrBter and

Bacterium ianthinum Zopt.

Waeldele (1938) reported Bacillus violaceus sartoryi, a supposed

spore-former from dental pus.

The following year, Davis (1939) isolated and described Chromo-

bacterium iodinum from milk, shown by Tobie (1939) to be probably a

Pseudomonas.

Chromobacterium maris-mortui was isolated from the Dead Sea by

Elzari-~Volcani (1940).

The last two organisns to be placed in this genus were Chromo-

bacteriun chocolatum RKnutsen and a wvariant of this, Chromobacterium

orangium Knutsen, both isolated and named by Knutsen (Lasseur and
Giabicani, 1942-});; Lasseur, Dupaix-Lasseur and Celcion, 19l2-lla,
1942-Lhb, 1942-Llic). These two organisms have been shown not to be

members of the Genus Chromobacterium (Hans, 1953; Gilman, 1953).

Thus it is obvious that the taxonomy of this group is confused.
From the table oa page 8, however, one might suspect that a single
true species, by virtue oi tne fregquent encounters of these mutually

Similar organisms, is represented by that yroup. Chromobacterium

violaceum Schroter appears to be the logical type species for this
group; and this name is used in Bergey's Manual of Determinative

Bacteriology (Breed, Murray and Hitchens, 1948).

Tnen, from the investigations of Bampton (1713) and Creuss-

Callaghan and Gorman (1935) one might conclude that a second species
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is represented by Chromobacterium ametnystinum Eisznberpg. Chromonac-

terium ianthinum Zopf, thought by Creuss-Callaghan and Gorman to be

a third species, has been too often likened to Chromobacterium

violaceum Schroter to be considersd significantly different. The

"Chromobacterium ianthinua" of Gilman (1953) was later found not to

be Chromobacterium ianthinum (Gilman, personal communication).

This theory, viz., that the Genus Ciuromobacterium consists of

two distinctly dirferent species, is largely proved in the present

study.

TR w1 ‘.1

i~
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EAERAL METHODS AWD MATLRIALS

Source of Cultures

Tne cultures for this investi;ation incladed dotnn sirains from
established laboratory collections and isovlates obtained by tne

author from soil in the United States and Europe.

Porification aud Maintenance of Cultures

All caltures were tested I r purity oy streaxing on nutrient
agar >lates containing 3 per cent yeast extract (Difco). No contam-
inated cultures were received from cooperatin la»oratories.

Each stock culture was mairtained by weekly transfer from a
typical isolated colony on a nutrient agar streak plate. Flates were
incunated U8 hours at room temperature (259C) und were then stored

at L°c.

Isolatinn Method

The rice enrichmant metihod of Corpe (1951) was used for obtaining

3 .

1solates from soil. Ffive rrans of 501l in a sterile peiri dish was
Covered witn sterile distilled water. Sterile precooked rice grains
(I4inute Yaid) were sprinkled on the surface, and tne plates were
incubated at room temperature for five days. Approximately 50 per
Cent of the plates prepared showed ons or morz areas of violst bacteria
&€I'owing on the rice grains arter incubation. These grains were trans-

1?€flired to a mortar with a small amount of sand and 5 ml. of distilled
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water and were mascerated. One loopful of this suspension was then
streaked on each of two nutrient agar plates, subsejuently incubated
at room temperature for 43 hours or more, until violet pigmented

colonies appeared. In some instances it was necessary to return to
the original soil sample and rencat the isolation procedure when no

violet colonies appeared on tne initial agar plates.

—
[
Biocnenical lethods !
i
s
Media for biochemical determinations w=re employed in 13 by ?
{
100 mm., cotton pluged test tubes. With the exception of media coa- ?

taining carbohydrates, ammonium hydrosen phosphate, ammonium sulfate,
or urea, sterilization was effected at 121°C in 15 minutes. Carbo-
nydrates (except aesculin and dextrin), ammonium hydrogen phosphate,
amnonium sulfate, and urea were sterilized in concentrated solution
by filtration through ultra fine sintered glass filters. These
concentrates were aseptically added to flasks of autoclaved basal
medium, and this was aseptically distributed to dry heat sterilized,
cotton plugced test tubes. Aesculin and dextrin, because of their
poor solubility, were added to the basal medium before autoclaving.
Non-pentone containing media were employed in.2.5 ml. amounts and nep-
tone media in 3.5 ml. amounts. All media were incubated U3 hours at
roon temperature to assure sterility.

pH determinations were made with a Becknan Model G meter standard-
ized with pH 7.0 phosphate buffer.

All inorganic rearents were of C.P. grade. Organic materials

Were products of well known concernss
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Inoculum

Inoculum for solid media was obtained from typical isolated
colonies on nutrient agar plates, incubated at room tempzrature (25°C)
for LU hours. Inoculum for liquid media consisted of 0.1 ml. of a
70 per cent transmission saline suspension of cells from 48 hour old

nmutrient agar slants. Seventy per cent transmission was measured on
a 6 volt, Cenco-Sheard-Stanford Photolometer, Industrial Type B-2,

employing the blue filter and operating on a 6 volt Sears Roebuck

motorcycle battery.,

Plate counts on 1l sucn 70 per cent transmission suspensions

were made in nutrient agar to determine the approximate nwmber of

viable cells being employed.

Incubation

Tests were incubated at room temperature (25°C), and readings,

unless otherwise stated below, were recorded every 2l hours for one

wWeek,

Carbohydrates

To illustrate the alkaligenic character of the organisms under
Consideration, all strains were tested in Phenol Red Broth Base (Difco),
COntaining 1 per cent glucose, mannose, maltose, sucrose, and lactose.

The final pH of these cultures after 7 days incubation was determined

and precorded.

To show, additionally, that this alkaligenic reaction could not



~
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be avoided by employing a semi-solid medium to allow partial anae-
robic fermentation of the carbohydrates, all organisms were grown in
agar stab cultures of carbohydrate media. Tie basal medium consisted
of Proteose Peptone, 5 gm; NaCl 5 gm; carbohydrate, 5 gm; agar, 3 gm;
and phenol red, 0.02l gm per liter. Carbohydrates employed were:
adonitol, aesculin, érabinose, cellobiose, dextrin, dulcitol, fructose,
galactose, glucose, inulin, lactose, maltose, mannitol, mannose,
melebiose, melezitose, raffinuse, ribose, rhamnose, salicin, sorbitol,
sorbose, soluble starch, sucrose, trehalose and xylose.

Only new culture tubes were employed to avoid mistakes as to
presence or absence of growtih in tiie non-peptone containing media. In
addition, only those tubes were selected which gave 100 per cent trans-
mission when filled witn aistilled water. These were compared to a
tube selected as a standard in the Cenco Photometer employing the
blue filter, as described above. This was necesdsary since it was
hoped to detect botn cases of slow carbouydrate utilization and cases
of enzyme adaptation to carbohydrates in a reasonable period of time,
viz, 7 days. Ultimately, however, instances of utilization or fail-
ure to utilize a given carbohydrate were in most cases more easily
distinguishable than had been expected.

Modifications of the basal media of Ayers, Rupp and Johnson
(1919) and of Elrod and Braun (1942) were employed. Determinations
Were first made in tne first mentioned medium, containing (NHh)ZSOh,
2.0 gm; KpHPO), 0.2 gm; MgSO)+THp0, 0.2 gm; carbohydrate, 5.0 gm; dis-
tilled water, 1 liter; final pH aijusted to .3 with 1 N NaOil. The
nitrogen source was accidentally omitted in the Elrod and Braun pubd-

liCation, but it is to be found in that of Liu (1v52). Calcium



s
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chloride and sodium chloride included in this mediwm by Elrod and
Braun and by Liu were not found to be beneficial in this study and
were thus omitted.

All determinations were then repeated in the medium of Ayers,
fupp and Johnson, containing NH)HpPO), 1.0 g¢m; }gS0)+7Hp0, 0.2 gm;
carbohydrate, 5.0 gm; and distilled water, 1 liter; final pH adjusted
to 6.8 with 1 N NaOd. The 0.2 gm per liter potassium chloride in-
cluded by Ayres, Rupp and Johnson was found experimentally to be of no
value and was omitted.

Carbohydrates used in tnese two media included: adonitol, aescu-
lin, arabinose, cellobiose, dextrin, dulcitol, fructose, galactose,
glucose, inulin, lactose, maltose, mannitol, mannose, melebiose,
melezitose, raffinose, ribose, rhamnose, salicin, sorbitol, sorbose,

sucrose, trehalose and xylose.

Hydrogen Cyanide Production

Hydrogsen cyanide production oy me-bers of this genus was first
reported by Clawson and Young (1913). In the present study, produc-
tion of this rfa3 was determined by the inclusion, in nutrient broth
Cnltures, of filter naoer strips soaked in picric acid and sodium

Carbonate as descrived vy Guidnard (1905, 1906).

'2tnylene Blue Thiocyanate Reduction

One ml.of a 1-250 (w/v) aqueous solution of methylene blus thio-

CYanate was addad to the cultures remaining [rom the hydroren cyanide
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determinations after 43 ilours incubation. Tie tubes were observed

for reduction of the indicator.

Nitrate Recdiction and Ammonia Production

Nitrate utilization and production of ammonia was determined in
both Nitrate Peptone Brotii and in Dimaick (1947) Nitrate Solution
after L0 hours and 7 days incudation. Kitrate Peptone Droth contains
Beef Extract, 3gm; Bacto Peptone, 5 gm; KO , 1 gm; and distilled
water, 1 liter. Dimmicx Nitrate 3olution contains KpaPQ), 0.5 im;
Wz30) ¢ THp0, 0.2 gm; NaNO3, 0.2 gm; glucoss, 10.0 gm; and distilled
water, 1 liter. Sulfanilic acid and alpha-napnthylamine were employeq -
to detect nitrite ion as recommended in the kEanual of Methods for Pure
Culture Study of Bacteria of the Society of American Bacterioclogists
(1946). Nessler's Reagent was uszd to detect ammonia. Negpative
nitrite tests were ciiecked for the presence of nitrate ion by reduc-

tion with powdered zinc (ZoB3ell, 1932).

Gelatin Dsastruction

Gelatin liguefaction determinations were mada 9y two methods.
Tuhes of Nutrient Gelatin ledium (Difco) wer: inoculated by stab and
were obs:=rvad at 72 hours and 14 ¢ays for liqueraction. The tubes
were incubated at room temperature and were refrigsrated onc hour at
i°C vefore voservations were made.

Secondiy, nutrient agar plates containing 0.4 per ceut gelatin

were streaked in duplicate to obtain isolatzd colonies. Empdloying




-.l',)-

Smith's Modirication (1)L6) of Frazisi's 'athod (19¢6), single plates
were flooded at 72 hours anu 7 days with a solution contaiaing 15

sm. mercuric chloride and 20 :»1 concentrated iyarochloric acid in 100
ml, 0." distilled water. Gelatin liquelaction, when present, was seen
as clear zones acsound eacii colony, formed hy the surrounding precip-

itate of tne invact gelatin,

Tryptophane Utilization and LIRVP Rsactions

Tryptophane utilization and the MRVP Reactions were performed
on 7-day old cultures according to the methods recormended in the
Lanual of Methods for Pure Culture Study of Bacteria of the Society
of Amcrican Bacteriologists (1946). Kovac's Reagent was used for the
indol determinations, and alpha-napthol and potassium hydroxide in

the Voges Proskauar determination.

Motility and Hyvlroren Sulfide Production

lotility and hydrogen sulfide production determinations were
Performed in lotility Sulfide Medium (Difco). In addition, notility
was observed in hanging drop preparations of 2l=hour Nutrient Broth
Cultures incubated at room temnerature, and hydrogen sulfice determin-

Ations were made in Lead Acetate Azar (Difco).

Urea Hydrolysis

Urea hydrolysis was investijated in Urea 3roth prepared according

to the formula of Difco (1953), containing filter-sterilizsd urea.

l‘t/‘i
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Stains

3ricars for staining were ovrepared fron LU-hour old cultures in
nutrient brotn grown at the optimum temnerature for each organism.

Gram stains and L8ffler's alkaline methiylene blue stains were prepared

by the usual bacteriological techniques.

Pigmentation
Pigmentation was obsecrved on nutrient agar plates after 7 days

incubation at room temperature.

Temperature Requirenents

Tihe ability of each organism to grow at O, L, 48, 12, 16, 20, 24,
23, 32, 36, 4O, ul, and L8OC was determined in a nutrient broth con-

Bacto Peptone, 10,0 gm; Yeast Extract, 3.0 gm; glucose,

taining:
Z.0 gm; and distilled watesr, 1 liter. (In this case tne carbohydrate
was autoclaved in the comlete medium). 0°C was achieved in a large

Devrar [lask containing distilled water and distilled water ice cubes.

A refrigerator was used for 1%. 8% through 2L°C were obtained in

refrigerated incubators, and the higher temperatures in regular bacter-

iological incubators. Temperatures were accurate within O.SOC in the
range 0°C through 24°C and within 1.0°C at temperatures above that.

131<1Peasing turbidity, in the optically uniform tubes, where present,

Was determined photometrically with the Cenco Photometer as described

Above ror peptone-free carbohydrate media, and was recorded at each

) .
24 Nours for 7 dayse.
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Additionally, plate counts were made in rutrient agar of each
10 per cent transmission from 10 to 90 per cent to determine the
approximate number of cells represented by eaci reading made above.
Forty-eight hour cultures in nutrient broth containing 0.3 per cent
Yeast Extract (Difco), incubaled at the optimum temperature, were
used, and dilution was made with the same medium. Five cultures were

randomly selected from eacn of two species apparently represented in

emm_ar .a_VE

this study for use in this experiment.
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RESULTS

Cultures

A complete list of tne cultures studied is to be seen in Table

ITI. The addresses of contributing investigators are to be found in

the Apnendix. '

Biochemical Methods i

For convenience in reporting results, the cultures must be

divided at this point into two groups found to be pressint; viz. meso-

philes and psychrophiles.

Inoculum

Nutrient Agar plate counts of 70 per cent transmission saline
Suspensions of fourteen representative organisms are shown in Table

ITXI. The average count for the seven mesophilic organism suspensions
8

is 6.20 x 108, and that for the psychrophiles .41 x 10” viable cells

»er ml.

Carbonydrates

Pnenol Red Broth Base media showed highly variable reactions and

1little correlation was possible.

Acid but no gas in glucose was formed by all mesophiles except

STtrajin N.C.T.C. 7917, the average final pH of these cultures being 6.10.
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TABLE III

Viable Chromovacteriumn spp. cells per ml.
of 70 per cent transmission saline suspensions
inoculum as determined by Nutrient Agar plate counts

Count peg
Strain ml. (x10°)
MESOPHILES:
frazer's Hill 10.30
Canvridge Univ. 3.00
NeReR.Ls B-1065 7.20
Sealey 6470
Univ. Nancy 7.50
Univ. Michigan £.30
Valley 1.40
PSYCHROPHILES ¢
Eng. III 3.50
H=-20 €.00
H=27 .70
H=29 6.50
NeReRoLs 471 €.50
Smith DA 7.90
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Twenty-five per cent of tae psycarophiles also produced varying degrecs
of acid rrom glucose in tne lower nalf of each tube, with an alkaline
reaction avove. The reﬁaining 75 per cent produced an alkaline reac-
tion throughout the media. The average final pH for the psychrophilic
cultures was 7.55 (range 7.20 to 8.00).

An alkaline reaction was shown by 66 per cent, an acid reaction
by 7 ner cent, and no reaction by 27 per cent of the cultures in maltose.
No correlation between psychropniles and mesophiles could be seen; but
tite pH average in this mediwa for tae former was 7.75 (range 7.20 to
8.35), and for the latter it was 8.45 (almost uniformly).

- One hundred pzr cent of tae cultures showed only an alicaline reac-
tion in both lactose and mannose media. Tie average pH was U.30 lor
the psychrophiles and .45 for the mesophiles.

In sucrose, an acid reaction was produced by 15 per cent, an alka-
line reaction by L5 per cent, and no reactioa by LO per cent of the
cultures. The average r'inal pH for the psychrophilic cultures was T7.35,
and that for the mesopnilic cultures was 8.45 (range 6.10 to 8.45).

In the semi-solid carbohydrate a.ar, all psychrophiles showed an
alkaline surface witn all carbohydrates vi thin 43 nours incubation.

"o acid formation was evident. The mesopniles showed varying degreces

of acid production witn fructose, galactosz, glucose, glycerol, mannose,
sorbose, sucrose, trenalose, and Xylose, often accompanied by an alka-
line swace rzaction. All except strains Lzwitus and Shahan in mannose
showed acid in glucosc, fructose, mannose and trehalose. Tnis group
showed eitaer no reaction, or merely an alkaline surface in arabinosc,

adonitol, aesculin, cellobiose, dexrin, dulcitol, invsitol, inulin,






lactose, maltose, mannitol, meleviose, melezitose, rafiinose, rhamnose,
salicin, sorbitol, and sorbose.

Carbohydrate utilization in the peptone-free media of Ayres, Rupp
and Johnson, and of Elrod and Braun is shown in Table IV. A plus sign
indicates an increase in turbidity during the seven day incubation
period, ard a negative sign indicates a lack of increase. Gencral
reactions for tne psycnropniles and mesoniiiles are indicated at the
head of each yroup. Only cultures in each group which aid not behave
as their tyre arc indicated in tae renainder of the table (i.e. tlie
exceptions).

Growth of tne mesopiiles in fructose, ;-alactosc, glucose, ;lycerol,
mannitol, and xylose was not as decisive as mignt be desired. In most
cases tie taroidit, of ailfrerexnt orzanisms in various of these carbo-
nydrates barely reazc.xd 1U per cent transmission. On the other hand,
the di’ferentially wseiml arabinose, inositol, maltose, salicin,
sorbitol, sucrose, trahalose, and xylose gave laric turbidity increases
with e noychropniles and zysolntely none witn the mesopailes.

Lactose was 2lilized slowly, incrzasod turbidities veing [irct

czrident in most casss onls after U ddnys incubation,

P> an Joandlde Productinn

o

Detectable rniro;cn cranide was producel witain LS hoars of incu-~
pvation, often witnin 2L hours, oy all mesorhiles except =straius frazer's
Hill and Univ. licni an. Honz was detectead I'ron Lhe psychropniles.

Tne neprative reaciions witn strains Frazer's Hill and Univ. Ldcnigan

recurced upon renctition.
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Metaylene Blue Thiocyanate lzduction

Metnylenc -lue thiocyanate was ¢y moletely reauced hy all strains

witnin 10 rimtbas,.

Nitrate Reductizn andl ammonia Prouuction

Only strains Veer, il. leilele p=1J20, LoR.tL. 3=-1005 snd Ind.
Univ. suuwed no nitrate utilizaticn in itrate Peptoae 3r»% at 46
hours. By 7 dJdays, only N.H.R.Le. strains B-1020 and B-1085 nad failed
to reduce nitrate in this medium.

At L8 hours, most mesopniles showed no nitrate reduction in
Dimmick Nitrate Solution while most psychrophiles did do so. After 7
days, only strains N.R.R.Le. B-1085, Valley, Mentekab, Lake Garden, and
Lewitus were negative.

Armonia was produced by all strains in both media within 48 hours.

Gelatin Destruction

Gelatin stab cultures snowed significant liquefaction by all meso-
philes after 72 hours incubation. All psychrophiles siiowed little or
no liquefaction at this time. By 1l days, the mesophiles had all
liquefied at least two-thirds of the medium. Only a few psychrophiles
(15 per cent) had produced any degree of liquefaction within 1l days,
and in no case did it exceed one-quarter of the medium,.

All mesophiles showed a zone of gelatin destruction on Frazier
Plates after 72 hours incubation, while no psychrophiles did so.

After 7 days, only nine mesophiles (1L per cent) showed no zone of gela-

tin destruction.






Tryotorianz Ubilization anl VAVP R2eactions

L4y

Indol and acetylmethylcarbinol wers not formed »y nny of the

cultures, and th> MR reaction was n=zative in all casecs.

Motility and Hydrogen Sulfil> Production

Totility of all stralns was arrarent near the surface of the

medium witain 24 hours. It was also cbserved microscopically in all

Case3Se

Hydrogen sulfide aal not been produced by any strain in cither
medium after 14 days incupbation.
Urza Hydrolysis

Urea was not hydrolyzed dy any strain.

Stains

All cultures were gram negative. The mesophiles averagsd 0.75
X 2 microns in size and tne psycirophiles 1.0 x 3.5 microns.

Jith Lofler's alkaline methylene blue stain, the mesorniles

ct

usually showed bipolar staining, whils the psychropiniles often showed

matachromatic zranules.

Pigrment

All mesopuiles were constantly daric violet pignented on Nutrient

e
&

Agar (Difco), Nutrient Gelatin (Difco) and glycerinated potatoes. The






nsyrchiropniles, on tae other haad, ranged in color from blaeckish violet

Lo creanm wibth or wittiut scattorzd traces of laish pignentation.

Tenmerature Rejquire ients

Tae tespcratur: range ani opbtimw temperature for each strain
2xasiined are sbiown in Table V.

The averags results or plate counts witn brotn cultures of 10
strains diluted to each 10 per cenf transmission from 1C to 90 per
cent are siown in Table VI. Tiese data can oe used to calibrate
figure 1.

Tiie positive readings for all psycaropniles and then those for all
resophlles at each 10 per cent transmission from 10 to 90 per cent
after 49 hours incubation were averaged to yield data for the curves in

Figure 1.
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TABLE V

Temperature optima and ranges for
Chromobacterium spp. strains examnined

Range  Optimum
Strain (°c) (°c)
MESOPHILES s
A.T.C.C. 553 8-36 28-36
A.T.C.C. €357 8=36  32-36
A.TeCoCe TLOL 12-356 20=32
A.TeCuaCe 12472 12-1); 28-35
3irch 8-=35 26-35
3rown d=36 23=36
Cambridge =356 28-36
Frazer's Hill 8=-h3  32-36
Inst. Pasteur 532 3=36 25-30
Lake Garden 12-4); 28-36
et. Water Bd. 12-36 32-36
NeCeTuCo 7917 L=-36 28-36
NeReHo.Les B=-1085 12-36 28-32
Reeves 16-48 28-=36
Sealey 12=4)y 28-3%
Univ. ifichigan 12-L)y  32-=36
Univ. Nancy 16=36 32=36
Univ. Pennsylvania 8=35 32
Valley 8=36 25=36
P3YCHRCPHILES:
A.T.C.C. 11104 0-36 2l
A.T.CoCe 12473 0-36 2L
Berlin 16 0-3%6 20
Berlin 18 0=-32 24
Berlin BO 0=32 24
Berlin V-1 0=32 2L
3erlin V-8 0-32 24
3erlin R5/2 0-32 2l
Corpe L-=A 0-32 24
Creuss-Callaghan
Strain 16 0-32 2L
England I 0-36 2L
England II 0-32 2L
England III 0-28 2L
English Garden 0-32 2L
Futa Pass 0-28 24
H-L 0-32 2L
H-11 0-32 2L
H-20 0-32 2
H-25 0-32 24
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TABLE V (continued)

Strain Range Optimnunm
(°c) (%)

B=27 0-36 2l
H-29 0-32 2L
H-30 0-32 2L
H-31 0=28  20-2L4
H-33 0=32 20-2),
H-3l 0-28 2L
B-35 0=-32 2l
H-36 0-23 2l
H-39 0-32 2L
H-58 0-32 2l
Herrenchiemsee 0-32 2L
Hornstein 0-36 2L
Ind. Univ. X 0-32 2L
Inst. Past. 52227 0=32 2L
Lichtenstein 0-32 24
MNeGe 261 0-32 20-24
MeGe 242 0-32 2L
NedeB. 25 0-32 2L
M.W.B. 27 0-35% 2L
Munich 0-32 2l
NeleReLe B=1020 0-32 20=2}
NeieReLs LG8 0-36 20-28
NeReReLe L69 0-32 2L
NeReReLe L70 0-36 2l
NohoRoLt h7l 0‘36 22.].
Sneath DA 0=32 24
3neath GA 0-32 2L
Sneath NC 0-32 2L
Sneath RU 0-36 24
Traunstein 0-32 2L
Ulm 0-36 2L
Veer L=32 2L
6-1 0-35 2L
6-1 0-36 2l
6-5 0-36 2l
6-10 0-35 2L
6~13 0-36 24
6-15 0-32 2L
6-18 0-32 2L
6=20 0-32 2L
6-21 0-356 24
6-22 0-32 20
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TABLE VI

tvarage viable cell counts at each 10 per cent
transmission from 10 to 90 per cent of five
psychrophilic and five mesopnilic Chromobacterium
spp. strains grown in broth culture, determined by
nutrient arar plate counts

Percent Count per nl. (x108)
Transmission 'esophiles Psychrophiles
10 .32 Y
20 .75 .99
30 1.03 1.58
Lo 1.86 1.83
50 3.20 2.68
60 S.73 L.18
70 7.00 Colily
80 15.77 12.80
90 22.87 16.15
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DISCUSSICN

Carbohydrate utilization in peptons-frz2e media, acid nroduction
in nentone cuntaining nedia, hydrogen cyanide prodiaction, tcmrarature
range, ielatin digestion, and pigmentation are useful differential

cnaracters in this 2nus.

Carbohydrate Utilization

arparently the mecophilic and psychrophilic »rouns can be dis-
tinouistied by the production of acid by the mesopiniles from fructose,
glucose, mannose and trehalose in solid peptone containing meaia,
while the psychrophilzs fail to <do so.

Failare of thz psychropnilez to ntilize caroohydratcs in agar
solidified pestone meuia may well be due to their reluctance or fail-
ure to ;rowv under the microazronhilic or practicalls anaerobic
conditions in the depth of the medium. T.ae stron,ly'alkaline reaction
nroduced by taese strains at tue aerobic surface, however, wrecludes

any formation of an acid rcaction here.

These reactions are summarized as followse

T4A3LE VII

Acid production from ;jlucose, fructose, nannose
and trenhalose by mesophilic and psychrophilic
Chromobactarium spp. in peptone containing media

Glucose Fructosa liannose Trehalose

Mesophiles # £ £(=) £
Psychrophileé - - - -

# = acid; (-) = acid rarely produced; - = no acid
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In addition, utilization in peptone-free media of adonitol,
arabinose, inositol, lactose, maltose, raaanose, salicin, sorbitol,
and sucrose can also be used as distinguishing characteristicse.

As can bz sa2en fron Table IV, tie mas0ni:ilic organicms are able
to utilize fructose, :calactose, jlucose, glycerol, mannitol, ribose
and trehalose as sole carbon sources. [Fermentation of mannose and
Xylose in the semi-solid peptone medium would indicate tunese two carbo-
nydrates can be feraznted out cannot be used as tie sole source of
carbon.

This is strikingly parallel to the findings of Liu (1952) with

Pseudomonas acruginosa. Liu found P. acruginosa adle to utilize the

same carbohydraies as sole carbon sources, and to oe unable to utilize
adonitol, dulcitol, incsitol, inulin, lactose, maltose, raffinose,
salicin, sorbitol and sucrose. Additionally, Liu found P. aeruginosa
ahble to fermsent arabinose and raamnose, but unable to use them as a
scle carbon source. Elrod and 3raun (1942) disagrze in respect ito
arabinose, anl 3alvin and Lewis (1946) acree with respect to rhamnose
with P. aeruginosa.

Tiie mesopnilzs in the Genus Chromobacterium are perhaps related to

Pseudomonas asruginosa. Similar studies with other gram negative bacilli

would be highly valuable for comparative nurposes in this respect. If
significant diflfercences were to be found betwe:n other gram negative
organisms and both the violet mesophiles and P. asruginosa, the meso-
philes are likely related to P. aeruginosa. Such a statenent to tais
effect at present, however, would be premature.

The violet pigmented psychrophiles, on the other hand, are as much

dirfferent froa P. aeruginosa as are the violet pigmented mesophiles.
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A lack of sulflicient cor-marative ctudiss makes it impossible to liken

tiiese orzonisms to any other species or genns 2t tuis ti-e.

Tw coceasional fermentation of raffinose and inulin by the
psychrorhilic cultures is of jarticular intersst,  fdams, Richtmyer
and IHudson (1)43) saov2d that Yhe 2asc o0 enzymatic hydrolysis of
sucrose, ratlfinose, staclyyose anc inulin Dy bakers! yeast and brewers!
yeast invertase arz in the proportion 100 & 23: 6.8 : 0.035 and 180 :
12.5 ¢ 3.1 : 0,006 respecbtively. Accovrdingly, one might deduce that
all cultures utilizing raffinose are capaole of utilizing sucrose.

Such was the cas2. In alidition, stachyose would have been utilized by
some number betrzen 11 and 16 of the cultures studied nere. Signifi-
cant, however, is the fact tnat utilization of these carbohydrates is
apynarently more a matter of degres than of possession or lack of a
particular enzyme by the organism. Since the enzyme would apoear to
be »resent in all psychrophiles as "sucrase®", its function in the cases
of inulin and raffinose is relatively unimportant.

Unfortunately no similar correlation can be found between either
adonitol or rhamnosz and tie other carbohydrates utilized by the meso-
philcs.

The use of tnesc carbohyicates in peptone-free media for separat-
ing the two groups of violet chromogens are sumiarized in Table VIIT.

Occasiocnal discrepancies in carbohydrate utilization shnown in
Tables IV and VI may be due to the use of chiefly old labora-
tory stock cultures fcr representatives of thie mesophilic group.
Attempts by the author to isolate mesophiles by both Corpe's Rice Grain

lethod and by direct agar plating of both water and soil samples were
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TASLE VIII

Utilization of 11 differentially useful carbohydrates by meso-
philic aad psyciaropiiilic Caromobacteriumn spp. in peptone free media

o
0 ) S S R
o 0 ® ) o o 0 o 5] o o)
S o] 0 (%) 0 (%] + + + o
~ 5 o] [e] o] o} 'H o o ] &)
Q g v S B T S < B <) £ n e
g 8 58 5482 % 35 g4
<1 5 =3 3 n = = 3 5 %)
Mesophiles - - - = (A - (=)= - - -

[ N
[ S

Psychrophiles | # £ A (f) £ - £

# = utilization; (#) = utilization uncommon;
- = no utilization; (-) = no utilization ancommon
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unsuccessful. These discrepancies are ol minor importance only in
itae cases of sucrose and trehalose, nowever; and those for trenalose
are corrected in the peptone containing media.

Linardos and Cleverdon (1955) reported that Caromobacterium spp.

require organic nitrogcn and carbon (as anino acids) for growth.
Growth, per se, in the peptone free media employed here indicates the

error of this statement.

Hydrogen Cyanide Production

Hydrogen cyanide production by mesophilic cultures, with two
exceptions (strains Frazer's Hill and Univ. Michigan), is useful for
distinguishing the two groups present. These two exceptions might

possibly be eliminated by alteration of the cultural conditions, but

such was not attempted.

Gelatin Destruction

Two modes of differentiation by gelatinase activity are possiblec.
#hile practically all (86 per cent) the strains showed the presence of
the enzyme, the relative activities are of differential value. This is
summarized as follows:

TABLE IX

Gelatin destruction by Chromobacterium spp. at 72 hours
determined in Nutrient Gelatin stab and on Frazier Flates

Nutrient Gelatin Frazier Plate

Mesophiles £ ¢

Psychrophiles (;) -

# = destruction; (£) = destruction rare; - = no destruction
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Pigmentation

All mesophiles preduced the pigment, viclacaing, nut the psychro-
nhiles were variable in this resrcct. hiis is of value in that
achromogenic or only partially pigmented strains can te recognized as

memoers of tne psycaropnilic group at once.

Teiperature

Cne of the Loest criteria for tne differentiation of the two groups
proved to be their temperature ranges. One froup, the mesophiles, was
) . o) e . 0 o)
found to ¢row in the range L to 48°°C, with optima between 20 and 365°C.
The other group, the psychrophiles, grew from O to 36°C with an opti-
o)
mun at 24°C.
Tiie two groups are best distinjuisiied by incudbation at ¥, 12,
oy o - \ . .
2¢, 32, 36, 1,0 and L4 C (Fizure 1). Only the exceptional mesophile
o) . . - . .
grew above 36°C, however, Accordingly, the upper limit for diagnostic
work should be confined to that level. These temrecratures would be
of value in comvarative studies in which members of both groups were
present, and in wnich comparable inocula of all strains werec employed.
) : - on P
ilen, those cnltures growing bHest a an C and poores 20
Then, th ltures growins t at 8 and 12 1 poorest at 20, 32
and 36°C in U0 hours or less would be the psychropniles. Tasse [rowing
ﬁ o . . o ,
best at 206, 32 and 35 C and poorest at 6 and 12 C would be the meso-
) t
philes. Hish turbidity caused by a minimum of 250 million cells per cc.
aftar 48 hours incubation at the intermediate temperatures of 16, 20
o . .
and 2);°C (i.e. room temperature and sliphtly below) make these temper-

atures valueless in differential work unless a photolometer or similar
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would be greatly indluencal, and ¢ron inveritad in value, Uy ajpreclanly)

~d Y - 5

Sor tae occasional acteraication, therefore, where only one or a

sy S e B T PR T e X [ PR ~
four snocliens are nolng luznivilie are bue lenpcratures

C
-
k
T
.»“
\
C
o

of choice. The willcorertial value of these bwo iccuoablon temperatures

i sivvvmn oas followss

TA3LE X

pifforontiation of mesopnilic and wsychropnilic
Chroaobactieriveg so0, oy temperature of incubation

I L5 hours incubation ats

12°¢ 359

lizsorhilas - b4

3

N
|

sycnropiiiles

where £ reorzsents " cod [rowth" (vizble cell count in excess of 103
million/cc) and - represents "poor urowth" (viable cell count less

than 32 million/cc).
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SUNTARY
Tie bilochemical characteristics Jound uscful i this stady are
swirmarized in tabular Torm in Taole XI.
Inadeqnatle descriptions of carly nancd spacies renders imcossivle
Lue ablacieazat ol ary onz nae Lo eiticr Lne mesopnllic o Laz osych-
roup wibia certainty. Accerdinely, Sneath (1903-50) nronosso

. . . . L ‘ ..
Canl bie name Caromotatterins vislacoum (ochroter) Bwc onzini be con-

sarved for the Uyne specics by virbue of its wide acceptance and that
this nanme be arplizd to tne mesophilic strains. lie nas deposited
strain lentekadb in the National Collection oI Tywe Cultures in England
and in tne American Type Culture Colliection in wasaington, De. C., to
serve as a ty.e ror tuis species.

In addition, 3Sneath proposed the name Ciaromobacteriun lividum

(Vozes) Holland for the psychrontiilic group, saying tiat it is the
"first permissiblel." While this author agress with tne first proposal,

it is relt that thne name 3acillus memiranaceus amethystinun Eisenberg,

now Cliromobacteriun amethystinum (Chester) folland siould also he

conzcrved and be applied to the nsychrophilic strains.
However, until such narmes arc officiall, accepled, it is strongly
suggested that cultures be relferred to only as oeing uerbers of cither

the psychronuilic or mesophilic group.
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