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CULTURAL AND PHYSIOLOGICAL CHARACTERISTICS 
OF CHROMOBACTERIUM VIOLACEUM BERGONZINI 

INTRODUCTION 

This study was undertaken as a result of the isolation of 

a violet pigment-producing bacterium from defective pasteurized 

cream. The cream samples examined had a decided violet colora- 

tion and a very unpalatable odor. The defect occurred repeatedly 

over an extended period of time in pasteurized milk and cream 

processed in two Oregon dairy plants located in the same city. 

Generally, the violet discoloration in cream appeared after 

one to two weeks of storage at refrigeration temperatures. The 

isolated organism produced abundant quantities of the pigment 

on laboratory media. It grew rapidly 

tures (ko C.). -reliminary observations suggested post- 

pasteurization contamination of the cream to be the principal 

source of the causative bacterium. 

A review of the literature provided no reference to any 

previous occurrence of this defect in dairy products in this 

country. The severity of the defect and its persistence in cer- 

tain plants prompted an investigation to determine the identity 

and characteristics of the causative organism. The immediate 

objective was to obtain information that might aid in preventing 

or controlling future outbreaks of this nature. 

Considerable difficulty was encountered in isolating the 

organism for pure culture studies. Various enrichment proce- 

dures were attempted without success. A special cream enrichment 



teolinique finally provided the source of an inoculum which pro- 

duced dark violet pigmented growth on a tryptone glucose agar 

streak plate after prolonged incubation at +° C. 

The violet pigment-producing organism was placed in the 

genus Chromobacterium, following preliminary experiments. A 

thorough taxonomic study was conducted to establish the identity 

of the newly isolated bacterium. Five other species of Chromo- 

bacterium were included in the investigation for the purpose of 

comparison. Physiological and cultural characteristics were 

studied for all the species under the same laboratory conaitions. 

In addition, a study of the violet pigment was carried out to aid 

in identification of the organism. Chromatographic and spectro- 

photometric analyses were used in this phase of the work. 
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HISTORICAL REVIEW 

Nomenclature of Chromobacterium Species 

Sneath (25, p. 65-91) recognized that the name Cromo- 

bacterium was used by Bergonzini in 1879 to designate the pig- 

merited species of the genus Bacterium Cohn 1872. He further 

noted that Bergonzini listed four species of Cromobacterium 

along with their descriptions. Three of these now u3ually are 

classified in the genus seudomonas and the fourth, Cromobac- 

terium bruneum, is unrecognizable. The following year, 

Bergonzini (2, p. ]i+9-156) discovered another species which he 

named Cromobacterium violaceurn. He specifically stated that it 

was a new species and not to be confused with Bacteridium 

violaceum £chroeter 1872 which Cohn (6, p. 127-22k) called 

icrococcus violaceus. Bergonzini (2, p. ].k9-156) referred to 

this latter organism as Cromococcus violaceus. 

According to Sneath (2k, p. 70-98), the first validly 

named Chromobacterium recognizable with certainty as a meso- 

phile was Bacillus violaceus Eisenberg 1888 and the first recog- 

nizable psychrophile was Bacillus janthinus Plagge and 

£roskauer 1887 (Syn. Bacillus lividus Eisenberg 1891, Chromo- 

bacterium lividum Holland 1920). 

In 1918 Buchanan (5, p. 27-61) revived the genus name of 

Chromobacterium which by that time had been corrected in spell- 

ing. Buchanan indicated that the name Cromobacterium as spelled 
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by Bergonzini was corrected by Zimmerman and that the spelling 

Chromobacteriuni had been accepted by other writers. 

In 1913 Banipton (i, p. 129-1k6) reported on strains of 

Violaceus and Membranaceus amethystinus, two violet pigment- 

producing organisms. Violaceus strains were probably the same 

as the organism Chromobacterium violaceum described by Bergey 

et al. (1+, p. 292-29k). Menibranaceus amethystinus was a synonym 

of Chromobacterium membranaceum amethystinum I Ford 1927 (25, 

p. 65-91). Bampton (1, p. 129-]i+6) suggested that Violaceus 

bacteria, in spite of morphological, coloration and cultural 

differences, form a natural biological group. He added that 

Membranaceus amethystinus bacteria, which have the common prop- 

erty of forming a violet pigment, appear to be related to the 

Violaceus group. 

Cruess et al. (10, p. 213) described Chromobacterium 

violaceum as an organism which would not grow at 370 C. and 

Chromobacteriuni janthinum as an organism which would grow at 

370 C. These workers recommended the separation of the true 

violet chromogenes into three distinct species, Bacteridium 

violaceum, Bacteridium janthinum and Bacteridium amethystinum. 

They further indicated that creation of a large number of 

Chromobacterium species was not justified. 

The chemical nature of pigments of the Chromobacterium 

genus was studied by Tobie (28, p. 7-19). He assumed that only 

one violacein (violet pigment) existed. According to Tobie 
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(27, p. 11-12), organisms producing the latter pigment tenta- 

tively may be placed in the Chromobacteriuni genus pending further 

study. Absorption spectra enabled Hans and Bicknell (17, p. 33) 

to classify 100 strains in the Chromobacteriwn genus. Their 

taxonomic and physiological data, obtained by culturing the or- 

ganisms on synthetic media, showed agreement to that contained in 

the 6th edition of l3ergey's Manual of Determinative Bacteriolo 

(3, p. 231-232). 

Bergey's Manual, 7th edition, placed the Chromobacterium 

genus in the order Eubacteriales and under the family 

Rhizobaceae (k, p. 292-29k). 

(20, p. 393-kOO), Sneath (25, 65-91) and 

Eltinge (1k, p. 37-kk) agreed that there should be recognized at 

least two species of Chromobacterìum, but they did not agree on 

criteria for establishing these species. Leifson and Sneath 

wanted to divide the genus on the basis of growth temperature in 

order to distinguish between mesophiles and psychrophules. 

Leifson divided the mesophilic group into two sections based on 

differences in carbohydrate utilization. Eltinge proposed that 

the genus be divided into two species based on nitrate utiliza- 

tion. 

The decision reached in 1958 by the Judicial Commission of 

the International Committee on Bacteriological Nomenclature 

(19, p. 151-152) was that the generic name Chromobacterium 

Bergonzini 1879 be rejected and that the generic name 



Chromobacteriuiu Bergonzini i88o be conserved. The type species 

of the genus Chromobacterium Bergonzini 1880 is now Chromobac- 

terium violaceum Bergonzini 1880 and a neotype strain of this 

organism may be obtained from the American Type Culture Collec- 

tion, .ashington, D. C. as ATCC No. 12L4?2. The same culture also 

may be obtained from the National Collection of Type Cultures, 

London (18, p. 151-152). 

Morpho1ogical Cultural and ihysiological Characteristics of 

Chromobacterium Species 

Bacteria belonging to the genus Chromobacterium are de- 

scribed in the literature by such notable authors as J. U. 

Bampton, P. H. A. Sneath, Ethel T. Eltinge and E. Leifson. 

Morph ology 

Bampton (1, p. 129-11f6) found that all 18 strains of 

Violaceus used in his study were Gram negative and formed no 

spores. All i8 strains were flagellated and motile. The four 

Membranaceus amethystinus strains studied showed the same rrop- 

erties as Violaceus strains but the cells were not as large. 

His Violaceus strains were always larger than 2.1 i by 3.5 ji 

while the Membranaceus amethystinuc strains were not larger 

than l.k i by 3.5 ja. 

A comprehensive study on 38 strains of chromobacteria per- 

formed by Sneath (2k, p. 70-98) revealed that the organisms were 
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rods with rounded ends, occurring singly or in pairs. The longer 

organisms frequently were curved slightly. Lateral flagella were 

most abundant in young cultures. The mesophiles generally showed 

bipolar staining with Loeffler's methylene blue, with an oval, 

pale, central area. The psychrophiles commonly showed barred 

staining, also with some oval, pale areas. No clearly defined 

capsules were observed after staining by the Hiss method (23, 

p. 29). Fat globules were present after 18 hours and were 

larger and more abundant in the mesophiles. Spore-like bodies 

were not resistant to heating at 560 C. for 30 minutes. 

Leifeon (20, p. 393-+0O) paid considerable attention to 

flagellation. He observed that a higher concentration of tannic 

acid and a longer staining period were required for flageflar 

stains with chromobacteria than for other bacterial flagella. 

The polar flagellum had a wavelength to amplitude ratio of four 

to one, One or more lateral flagella of distinctly different 

appearance from that of polar flagella were shown by a large 

majority of' strains. 

Great variations in size and degree of chaining were found 

in Leifeon's cultures. In general, psychrophilic types were 

both larger and wider than the other types. This observation 

agrees ;ith that of Sneath (2k, p. 70-98). Hutchinson (18, 

p. 13-1k) reported that cells in rough colonies, induced by 

0.5% lithium chloride, were attached to each other in long 

chains of from 30 to 60 elements. They were slightly motile and 
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tended to agglutinate spontaneously in broth. 

Cultural Characteristics 

Bampton (1, p. ).29-1+6) compared strains of Membrariaceus 

amethystinus to strains of Violaceus and found that only 

Membranaceus antethystinus strains grew on potato. Membranaceus 

amethystinus cultures on agar streak produced growth in 2k to k8 

hours. After 2k hours, the growth was whitish, becoming weakly 

yellow with traces of violet pigment after seven days. Mem- 

branaceus cultures all produced turbidity in beef broth. A 

heavy membrane or surface pellicle was formed by this group of 

cultures in beef broth. The surface of milk cultures became 

violet and membranous. 

Violaceus strains also produced turbidity in beef broth but 

only a few produced the heavy pellicle shown by the Membranceus 

cultures. 3ome produced no pellicle at all. The majority of 

Violaceus strains grew well on nutrient agar, producing con- 

siderable pigment. 

Sneath (2+, p. 70-98) reported that his mesophilic strains 

produced round, low, dark violet and convex colonies with entire 

edges and smooth shiny surfaces on nutrient agar plates. In 

contrast to some mesophiles, none of his psychrophiles appeared 

rough. They gave round, convex colonies with entire edges, a 

smooth, shiny or matted surface and sometimes concentric violet 

zones. Colonies of gelatinous strains, only seen among 



psychrophiles, were viscid and jelly-like. They could be de- 

tached intact with a needle after four or five days of growth. 

Non-gelatinous strains were butyrous and easily emulsified. 

Aerobic plate cultures of mesophiles gave an odor of hydrogen 

cyanide and ammonia. The psychrophiles had a characteristic 

sour odor. 

iutrient agar slopes showed smooth, shiny and violet 

growth, slightly raised with a fine, lobate edge. Rough 

strains showed a dull surface and irregular edges. The violet 

pellicle produced in nutrient broth was fragile for mesophiles 

and thick and gelatinous in case of the psychrophiles. 

All of Sneath's strains of Chromobacterium 

on potato slopes, giving smooth, undulant growth with a diffuse 

edge, often spreading. Violet pigmentation was heavy with meso- 

philes. Psychrophiles usually showed less pigment and brownish- 

violet colors were the rule. 

Agar cultures of strains investigated by Sneath usually 

died in a week or two at 20° C. Broth cultures survived for 

several weeks at 20° C. At 2° C., psychrophiles lived longer 

but the mesophiles seemed to die out more rapidly. 

Ramchandani (22, p. 975-987) reported saltations in 

Bacillus violaceus at 25° C. Except for a few minor differences, 

the purple and white strains did not differ morphologically, 

physiologically or serologically from the parent. Partial re- 

version on prolonged incubation at room temperature in daylight 
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occurred in all saltants when cultivated on potato extract 

glucose peptone agar. 

Corpe (7, p. 515-517) observed variation in pigmentation 

and morphology of gelatinous strains of Chromobacterium isolated 

from soil. ?igmentation was influenced by the type of medium 

used. All soil Chromobacterium species dissociated into gelati- 

nous .ind non-gelatinous strains. Large gelatinous colonies, 

typical of soll strains, were not seen in cultures from sources 

other than soil. 

Physiology 

In 1913 Bampton (i, p. 129-1k6) discovered that his 

Membranaceus amethystinus strains could be differentiated from 

his Violaceus strains on the basis of temperature resistance. 

All Membranaceus strains grew after being subjected to f7.5° C. 

for one-half hour but none of the Violaceus strains grew after 

being subjected to more than kO to k2.5° C. for the same time. 

However, all strains were destroyed by 500 C. heating for one- 

half hour. 

All cultures studied were able to grow both aerobically 

and anaerobically. They all liquefied gelatin but only a few 

Violaceus strains liquefied Loeffler's serum. Most strains of 

Violaceus and Membranaceus liquefied Loeffler's serum weakly, 

or not at all. 
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Milk was peptonized by the four strains of Mernbranaceus 

studied by Bampton. Most of his Violaceus cultures caused 

coagulation of milk and a few brought about peptonization. 

No indole was formed by any of the cultures studied and 

only four Violaceus strains produced hydrogen sulfide. None 

of the cultures evolved gas from glucose but all produced acid. 

All of the strains except one produced slight acid from maltose. 

Neutral or alkaline reactions were recorded for the Violaceus 

strains grown in broth containing sucrose, lactose and mannose 

and in litmus milk. ìembranaceus strains produced an alkaline 

reaction, with few exceptions, from lactose, sucrose, glucose 

and in litmus milk. 

An interesting observation by Sneath (2k, p. 70-98) was 

that rapid diffuse-edge hemolysis was a characteristic of meso- 

philic Chromobacteriuni violaceum strains grown on horse blood 

agar. The hemolysi5, however, was not of a true Beta type. 

Blood improved growth of the organisms. Mesophiles produced 

moderate digestion of Loeffler's serum slopes in two weeks but 

the psychrophiles usually gave little digestion in this time. 

Gelatin was liquefied more rapidly by mesophiles. All 38 

strains investigated by Sneath were resistant to benzyl peni- 

cillin in concentrations up to 100 units per ml. 

Sneath (2k, p. 70-98) noted that only his mesophilee grew 

anaerobically and psychrophiles did not. At least one of 

Bampton's (i, p. 129-1k6) cultures was a psychrophile because 
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it grew at 6° but not at 37° C. However, it was capable of grow- 

ing anaerobically. None of Sneath's strains grew at both 2° and 

37° C. The optimum pH value for growth was between 7 and 8. All 

strains grew well in Koser's citrate medium and most grew well on 

3Z sodium chloride agar. They failed to grow on agar containing 

6.5 sodium chloride. 

Mesophilic strains studied by Sneath usually peptonized 

casein in litmus milk after several days and often produced a 

slight rennin clot. Psychrophiles commonly produced a strong 

rennin clot and seldom showed marked peptonization. Sneath's 

results agreed with those of Bampton in that all strains failed 

of Sneath's strains 

were strongly ammonia positive and all were methyl red negative. 

All strains were negative for acetyl methyl carbinol production. 

The majority of strains gave positive reactions in nitrate and 

nitrite reduction; however, no bubbles of nitrogen gas were noted 

in the tubes. All of Sneath's strains wore catalase positive but 

urease negative. His psychrophilic strains hydrolysed aesculin, 

producing a dark brown color, while the mesophiles were incapable 

of utilizing this carbohydrate. Zones of clearing on milk agar, 

due to hydrolysis of casein, were produced in two clays by most of 

the mesophilic strains but not by most of the psychrophilea. 

None of the strains studied by Sneath completely hydrolysed 

starch in four days. All mesophiles gave positive egg yolk 

reactions while the psychrophiles remained negative. 
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ßltixige (1k, p. 139-1+k) found that the genus Chromobac- 

terium may be divided into three parts on the basis of action 

on nitrate: those which reduce nitrate completely with or with- 

out as production; those which reduce nitrate to nitrite only; 

and those which do not reduce nitrate. The presence of glucose 

with peptone reduced or prevented complete reduction by some 

strains. A semisolid medium of ZoBell (30, p. 213-281) and a 

Difco medium with added yeast extract and agar allowed complete 

reduction of nitrate by the largest nuniber of strains. Accord- 

ing to ltinge, an earlier report by Corpe also pointed out 

that Chromobacteriu species were capable of reducing nitrate 

beyond nitrite. She also indicated that Creuse-Callaghan and 

Gorman had used the reduction of nitrate to nitrite by this 

genus as a characteristic for separating species. 

Leifson (20, p. 393-kOO) divided Chromobacteriunt cultures 

into three dìst±nct groups on the basis of their reactions on 

carbohydrates. Group I consisted of cultures which fermented 

carbohydrates. This group grew well at 37° C. arid usually 

actively liquefied gelatin. This group included all cultures 

of pathogenic history. All were incapable of fermenting citrate. 

Groups II and III did not ferment glucose anaerobically or any 

other carbohydrates tested but produced &cid from glucose under 

aerobic conditions. Members of these two groups were referred 

to as oxidizers. The cultures of Group II grew well at 370 C., 

oxidized only glucose and levulose, liquefied gelatin and could 
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not utilize citrate. Leifson called cultures of Group III 

psychrophiles because they did not grow at 37° C. They oxidized 

glucose, mannose, arabinose, inulin, and sorbitol. Sucrose and 

maltose also were oxidized by some cultures placed in this group. 

Citrate was utilized and gelatin was liquefied weakly, or not at 

all, by members of Group III. 

Christopher and McCleskey (9, p. kk) found that many iso- 

lates of the genus Chromobacterium were pathogenic when injected 

into Japanese white mice, cats and rats. The animals succumbed 

and the organisms were recovered from the body fluids. 

It was observed by Corpe (7, p. 515-517) that the formation 

particularly in gelatinous strains, was discouraged 

by beef extract, yeast extract, tryptone peptone and a number of 

other protein hydrolysates. The substance inhibiting pigmenta- 

tion in tryptone ws neither tyrosine nor tryptophane. Leifson 

(20, p. 393-kOO) found that violet pigment was produced only 

under aerobic conditions. Better pigment production was oboerved 

in media containing glucose than in media without this carbohy- 

drate. 

A considerable element of interest on the nature of the 

pigment itself is to be found in the literature. Bampton (i, 

p. l29-1'+6), in 1913, discovered a qualitative test for vio- 

lacein; crystallized violacein added to pyruvic or lactic acid 

and acid alcohol produced a green color in 2k or more hours. 

Two other investigators, rede and Rothhass (29, p. 113-118) have 
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reported comprehen5ive studies on the violet pigment. They found 

it easily soluble in alcohol and ether. The Digment cry6tallized 

out in pyridine with the formation of needles. They found that 

one of the five or six nitrogens of the pigment molecule was of 

a basic character. They gave no further verification of a 

formerly proposed empirical formula C13112506N5 or C42H3007N6. 

The violacein, upon catalytic reduction using palladium, took 

on about 14 or 16 atoms of hydrogen and became completely color- 

less. The pigment was rapidly altered by means of oxidative 

substances. 

Tobie (27, p. ii-la) found that violacein contained one or 

more pyrrolic groups in its molecule. The 

occurred in a form similar to that found in indigo. Tobie also 

presented evidence that anthranilio acid also may be associated 

with the pigment. Furthermore, he assumed (28, . 7-19) that 

only one violacein existed and that the correct molecular weight 

was 729. 

Ehismann and Noethuing (13, p. 376-382) reported that vio- 

lacein had a broad absorption band from 700 to 450 mj with a 

maximum at 480 mji. The minimum absorption was found at 'i-40 mji. 

'ith the exception of a small maximum at 370 mz, the absorption 

differed from that of pyocyanin by exhibiting a steady inclina- 

tion in the short wavelength region of ultraviolet light. 

Strong (26, p. 287) isolated violacein as a violet black 

micro-crystalline powder consisting of thick needles and 
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elongated rectangular crystals. His preparation exhibited anti- 

biotic properties. 

Gilman (16, p. 48-52) used pigment properties of certain 

Chromobacterium species for the purpose of classification. He 

compared the pigments of poorly classified organisms to those 

of known composition and spectrophotometric transmittancy. 

Chromobacterium violaceum strains 553, 6357, and 7Lf61 and Chromo- 

bacterium amethystinum produced substantially the same pigment. 

All four pigments examined had transmittancy peaks at approxi- 

mately +50 mji and absorption peaks at approximately 580 my, 

inferring that the composition of the pigments was the same. 
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EXPERIMENTAL MATERIAL AND METHODS 

The results of these studies on the newly isolated violet 

defect-producing bacterium were obtained using established labora- 

tory techniques, along with different growth temperatures, media, 

and incubation times. All incubations, except where otherwise 

stated, were carried out at 21.5° C. The new isolate and the 

five strains of chromobacteria used for reference purposes all 

grew well at this temperature. 

The defect-producing organism was isolated from a commercial 

sample of pasteurized cream which had been colored violet as a 

result of growth by the organism. Three of the reference straine 

were obtained from the American Type Culture Collection (ATCC). 

These were Chromobacteriumviolaceum 553; C. violaceum 6357; and 

2. amethystinum 6915. One culture, C. violaceum var. amethy- 

stinum van Niel was received through the courtesy of Dr. C. B. 

van Niel from the Hopkins Marine Station, Pacific Grove, 

California. Still another culture, Chroxnobacterium violaceum OSC, 

was obtained from the stock culture collection of the Department 

of Bacteriology, Oregon State College. Each of these organisms 

was carried through the morphological, cultural and physiological 

tests described below. 

Morph ol o 

Heat-fixed smears were stained by Kopeloff's modification 

(23, p. 16-17) of the Gram stain and examined under the light 



microscope for general morohology and size using an ocular micro- 

meter. Heat-fixed smears were stained with Sudan Black B (23, 

p. 30), Leifson's flagella stain (23, p. 27), the Wirtz spore 

stain (23, p. 21) and Loeffler's methylene blue (23, p. 13). 

The Anthony capsule stain (23, p. 29) was used on air-dried 

films. Cultures to be stained were grown on tryptone glucose 

yeast extract agar slopes at 21.5° C. for from 18 hours to four 

days. 

Electron microscopy was used to study flagellation of the 

violet defect-producing organism, C. violaceuni var. amethy- 

stinum, . amcthystinum 6915 and C. violaceum 553. Cells cf 

each organism were grown for 13 hours in glucose peptone water 

at 21.5° C. They were harvested by centrifugation, washed three 

tintes in sterile distilled water and then suspended in one ml. 

of sterile distilled water. 3teri1e, one ml. syringes were 

used to place single drops of the appropriate cell suspensions 

on electron microscope grids. The grids previously had been 

coated by the floatation method with 2% parlodion in amyl acetate. 

The grid preparations were shadowed with palladium at an angle of 

30 degrees and examined with an RCA MU Model 02 electron micro- 

3cope. 

Cultura]. Characteristics 

Various common growth media and a few differentiating media 

were used to establish basic cultural characteristics of the 
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bacteria investigated. Many of the media were prepared using 

dehydrated Difco products and dehydrated Difco media (ii, p. 1- 

350). All media were prepared fresh for each experiment using 

distilled water and adjusted to pH 7.0. The media were dispensed 

into eight-ounce bottles to facilitate pouring into plates. 

dterilization of the cultural media was carried out by autoclav- 

ing at 1210 C. for 15 minutes except where indicated otherwise. 

The various media used are described or specifically referenced 

below: 

Culture Media: 

Tryptone Glucose Yeast Extract (TGY) Agar 

Ingredient Grams per liter 

Bacto-Yeast Extract 2.5 
Bacto-Tryptone 5.0 
Bacto-iJextrose (Glucose) 1.0 
Bacto-Agar 15.0 

TGY broth was pretared identically with 
omission of agar. 

Starch Agar 

Ingredient Grams per liter 

Soluble 3tarch 10.0 
Beef Extract 3.0 
Peptone 5.0 
Agar 15.0 



Sodium Casemate Agar 

Sodium casemate (Nutrose) was added to TOE! agar to pro- 
vide casein at a final concentration of 2%. 

Butterfat Agar 

Melted butterfat was added to nutrient agar to provide a 
final fat concentration of lO, 

Tryptone Glucose Beef Jxtract Agar 

Difco Manual (ii, p. 57) 

Blood Agar 

Difco Manual (li, p. 88) 

Urea Agar 

Ten percent urea (Difco) was filter-sterilized and added 
to nutrient agar to make a final concentration of 1% urea. 
Bacto-phenol red (0.012 grams per liter) also was added. 

Egg Yolk Agar 

ihysiological saline (300 ml.) containing one egg yolk 
was filter-sterilized and added to nutrient agar to make 
a final concentration of 1% yolk solution. 

Dextrose Agar 

Difco Manual (ii, p. 125) 

Skim Milk Agar 

econstituted nonfat milk (10%) was added to TGY agur 
to make a final concentration of 5% milk solids. 
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Russel's Double Sugar Agar 

Difco Manual (11, P. 162) 

Nutrient Broth 

Difco Manual (ii, p. 29) 

Nutrient agar was prepared ideìtically using the same 
ingredients but including 1.5% agar. 

Acid and Alkaline TGY Broth 

TGY broth was adjusted to various pH values ranging from 
2.5 to 10.0 using N/lo hydrochloric acid for the acid 
range and N/b sodium hydroxide for the basic range. 

Magnesium Deficient TGY Broth 

Fifteen ail. of 6N ammonium hyc.roxide to a 
10% solution of TGT broth made with deionized water. 
The anunoniated solution then was allowed to settle for 
96 hours and then filtered through deionized Whatman 
2 filter paper. The filtrate was boiled to deammoni- 
ate and deionized water than was added to restore the 
original volume. Finally, 0.05% dipotassium phosphate 
was added. Nobel's agar was used as a solidifying 
agent to give a concentration of 1.5% agar. 

Aesculin Broth 

Ingredient Grams per liter 

Bacto-Peptone 10.0 
Aesculin 1.0 
Ferric Citrate Scales 0.5 

Aesculin Agar was made by the addition of 15 grams of 
agar to a liter of broth. 
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Tryptone Broth for Indole Test 

I ngre dient 

Tryptone 
Water 

Carbohydrate Broth Base 

Ingredient 

Tryptose 
Bacto-Beef Extract 
Bromcresol Purple 

Grams per liter 

20 O 
1000.0 

Grams per liter 

10 O 
3.0 
0.016 

The basal medium was autoclaved at 1210 C. for 15 min- 
utes. Filter-sterilized carbohydrates were added to 
make a final concentration of 0.5%. 

Veal Infusion Broth 

Ingredient Grains per liter 

Veal (i)ifco) 5.O 
Proteose Peptone 10.0 
Sodium Chloride 6.0 
Yeast Extract 5.0 
Tomato Juice 10.0 
Dipotassium Phosphate 3.0 

Twelve grams of agar per liter were added to make Veal 
Infusion Agar. 

Brain Heart Infusion Broth 

Ingredient 

Calf Brains, Infusion from 
Beef Heart, Infusion from 
Proteose ieptone 
Bac to-Dextrose 
Sodium Chloride 
Disodium Phosphate 

Grams per liter 

200.0 
250.0 
10.0 
2.0 
5.0 
2.5 

Twelve grams of agar were added per liter to make Brain 
Heart Infusion Agar. 



Difco Nitrate Broth 

Difeo Manual (11, p. 18k) 

Trypticase Nitrate Broth 

Ingredient 

Trypticase 
Disodium Phosphate 
Dextrose 
Agar 
Potassium Nitrate 

Nitrate Broth 

Ingredient 

Grams per liter 

20 O 

2.0 
1.0 
1.0 
1.0 

Grams per liter 

Bacto-Peptone 1.0 
Sodium Chloride 0.5 
Potassium Nitrate 0.5 

ZoBell's Nitrate Medium 

ZoBell (30, p. 273-281) 

ZoBell' 7itrite Medium contained 0.1% of potassium 
nitrite tu replace the nitrate. 

Gelatin Medium 

Difco Manual (11, p. 32) 

Hydrogen Sulfide Medium 

Ingredient 

iroteose .-eptone 
Dipotassiuni Phosphate 
Ferne Citrate 
Sodium Thiosulfate 
Agar 

Grams per liter 

20.00 
1.00 
.50 

o .08 
15.00 
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Skim Milk Medium 

Ingredient Grams per liter 

Nonfat dry milk powder 100.0 
Distilled water 900.0 

The milk was dispensed in small + oz. bottles and 
sterilized at 121° C. for 12 minutes. To make litmus 
milk, 0.75 grams of Bacto litmus were added per liter. 

Potato Slopes 

These were plugs of potato resting on wet cotton 
batting and sterilized by autociaving at 121° C. for 
20 minutes. The potato plugs were rinsed in cold 
running water for one hour before autoclaving. 

Loeffler's Inspissated Serum Slopes 

iìifco Manual (li, p. 128) 

The serum slopes were inspissated at 80 to 85 O C. for 
two and one-half hours on three successive days. 

Glucose Peptone Water for Acetyl Methyl Carbinol Test 

Ingredient 

Peptone 
)extrose 
Agar 

Magnesium-Free Glassware 

2k 

Grams per liter 

10 O 
50 .0 
20.0 

Glassware was washed in warm detergent solution (Dreft) 
and rinsed ten times in tap water. It then was rinsed 
three times in deionized water prepared in an Aloe 
Scientific Company Resin Deerninizer. Sterilization of 
the glassware was accomplished by autoclaving under Pyrex 
glass treated in the same manner so as to be free of mag- 
nesium. 
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Cultural Methods: 

:rocedures followed for inoculation and incubation of cul- 

tures and for examination an recording of results were those 

routinely used for studies of bacterial cultural characteristics. 

All the different types of cultures included in these studies, 

such as slopes, dilution pour plates, broth cultures, streak 

plates and shake cultures, were prepared by inoculation with 

2- to k8-hour-old cells grown on agar slants of TGY medium. 

xaminations of the test cultures were made after specific incu- 

bation times at 21.5° C. except when stated otherwise. 

In general, the pour plate dilution method was used when it 

was desirable to obtain discrete colonies on various media, 

while the streak plate method was used to study cultural reac- 

tions on specific solid media. Skim milk agar, starch agar, fat 

agar, sodium casemate agar, egg yolk agar, blood agar and aescu- 

lin agar all were used with the streak plate method. All slope 

cultures were inoculated using a sterile (flamed) nichrome wire 

needle. 

Isolation of the violet pigment-producing organism pre- 

sented a difficulty because the bacterium failed to grow on any 

of the compounded isolation media employed. Fragments of violet, 

gelatinous material from the defective cream failed to grow on 

TGY agar streak plates incubated at k°, 8° and 25° C. This me- 

dium later was enriched with 1% N-Z-amine (Sheffield Chemical 
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Company) or with 1% sterile skim milk and finally with 1% 

sterile cream. No violet growth occurred on any of the streak 

plates after prolonged incubation at each of the above three 

temperatures. Sterile l2 cream then was tried as a growth 

medium. Some violet growth occurred at the surface of the 

cream after incubation for two weeks at 4° C. An inoculation 

with surface growth from this cream was made on TGY plates by 

the streak method. After three weeks, a small amount of violet 

growth was noticed on one plate incubated at 8° C. and on 

another at C. Streak plates using TGY agar were made from 

the growth observed on these two plates. These weit incubated 

at 8° and k° C. Good growth then was obtained in two days at 

8° C. and three days at 4o Q Isolated colonies were picked, 

Gram-stained for purity and then were transferred to TGY agar 

slants as pure cultures. 

Magnesium deficient TGY broth (loo ml,) was inoculated and 

incubated on a shaker at room temperature (25° C.). Transfer to 

fresh medium was made every 24 hours. Inoculation of magnesium 

deficient TGY agar slopes was made with a loopful of the above 

broth. The slopes were incubated at 17° to 18° C. along with 

controls of ordinary TGY agar slopes likewise inoculated from 

normal TGY broth. 
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Physiology 

rhysiological characteristics of the organisms were 

studied by observing their growth at various temperatures, pH 

levels and sodium chloride concentrations. Their resistance 

to heat and penicillin was studied, and metabolic activities 

on various media were recorded, athogenicity of the newly 

isolated strain for white mice was studied. Spectrophoto- 

metric analyses and fractionation of violacein (violet pigment) 

using paper chromatography was carried out. 

The organisms were inoculated into nutrient broth and in- 

cubated at k°, 10°, 21.5°, 3Qo, 
37°, and k5° C. to study growth 

temperature relations. Tubos were observed for growth after 36, 

72, and 120 hours. 

Limiting and optixnum pH values for growth were determined 

by growing the organism on acidic and basic TGY agar slopes and 

in broth tubes. The pH values ranged from 2.5 to 10 and mou- 

bation was carried out at 21.5° C. for 48 hours, 

Sodium chloride tolerance was studied by inoculating the 

organisms into TGY broth and on agar slopes with sodium chloride 

concentrations ranging from 0.255g to 10%. The incubation tern- 

perature and tizne was 21.5° C. and k8 hours, respectively. 

Temperature resistance studies were carried out similarly 

to that of Sneath (2k, p. 70-98). Cultures grown in TGY at 

21.5° C. for 48 hours were well shaken and heated in a water 

bath at 56° 0.3° C. A loopful of inoculum was removed and 
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streaked on blood agar plates after intervals of 5, 10, 15, 20, 

and 30 minutes. The plates then were incubated at 21.5° C. for 

k8 hours. Tubes subjected to 56° 0.3° C. for 30 minutes also 

were incubated for two days at 21.5° C. and then were streaked 

again on blood agar plates. 

Resistance to penicillin was studied on TGY pour plates 

heavily seeded with the organisms studied. Penicillin assay 

discs, saturated with a solution of the antibiotic containing 

0.05, 0.1, 0.25, 0.5, 1.0, 2.5, and 5.0 units per ml. were 

placed in well-isolated places on the solid medium. Incubation 

was at 21.5° C. for +8 hours. 

of oxygen on growth of the organisms was 

studied in liquid and dextrose agar shake cultures. Two TGY 

broth tubes of each culture studied were inoculated and incuba- 

ted at 21.5° C. One was placed in an inclined position and the 

second in a vertical position. The inclined position increased 

the area exposed to the air and decreased the depth of the 

underlying medium, allowing more oxygen to penetrate the medium. 

The solid dextrose bromcresol purple shake cultures, inoculated 

while in the liquid state, were observed for gas and acid pro- 

duc tion and aerobic or anaerobic growth. 

Utilization of citrate as a sole source of carbon was 

tested by observing whether or not growth could take place in 

tubes of Koser's citrate broth, inoculated using a straight 

wire needle. 
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Cup-like depressions in nutrient gelatin plates or lique- 

faction in stab cultures of nutrient gelatin were regarded as 

evidence of gelatin hydrolysis. Liquefaction of Loeffler's 

serum slopes likewise was regarded as evidence of proteolysis. 

Positive fat hydrolysis was indicated by a greenish sheen sur- 

rounding colonies on butterfat agar, flooded with saturated 

cupric sulfate, in which the organisms had been growing for at 

least k8 hours at 21.5° C. 

The test for production of hydrogen sulfide by the organ- 

isms in question was performed using the lead acetate paper 

strip test. The paper strips were suspended 'ver slopes of 

hydrogen sulfide medium. The presence of hydrogen sulfide was 

indicated by the precipitation of black lead sulfide. 

In fermentation studies, al]. the various carbohydrate 

broths were observed for production of acid or gas. A yellow 

color of the bromcresol purple indicator was a positive acid 

reaction. Gas displacement of the liquid in the small Durham 

tubes indicated gas production. All incubation was carried 

out at 21.5° C. and observations were made after 1+8, 96 and 168 

hours (seven days). Tubes were observed intermittently for 

several weeks and examined for possible further changes. The 

production of indole from tryptophane in tryptone broth and 

trypticase nitrate broth was tested with iovac's reagent (23, 

p. 156). The presence of indole was indicated by a cherry or 

deep red color in the reagent layer. The remaining parts of 
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the IÌ4ViC test (23, p. 163-16k) were carried out after incubation 

in glucose peptone water at 21.5° C. for '+8 hours. 

Urea agar slopes were used to test for urease activity. The 

phenol red indicator changed to a bright cherry red or cerise 

color as a result of an alkaline reaction when urease activity 

was present. 

Determinations for aesculin hydrolysis were made by observ- 

ing the growth of cultures in aesculin agar or broth (2k, p. 70- 

98). A dark brown coloration around colonies or in broth was a 

positive test. 

Cultures were tested for ability to hemolyze red blood 

cells by plating on blood agar transparent 

peripheral zone about colonies was evidence of hemolysis. Egg 

yolk agar was used to test cultures for possible lecithinase 

production. A positive reaction was indicated by a clouding in 

the medium along margins of growth (2k, p. 70-98). 

Litmus milk was observed for alkalinity, acidity, reduction 

and proteolysis. Caseolytic activity, studied on skim milk agar 

plates, was indicated by a clear zone around colonies. Starch 

hydrolysis was indicated when a 1% iodine solution failed to 

demonstrate the presence of starch around the periphery of 

colonies appearing on starch agar plates. 

The ability of the various organisms under investigation to 

reduce nitrate and nitrite was studied using five different media. 

The composition of these media appear above in the section on 
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culture media. One ml. aliquots of the cultures, incubated at 

21.5° C., were removed at daily intervals for one week and 

tested for ammonia and nitrite (23, p. 153-15h). The zinc duct 

test was used to examine for traces of unreduced nitrate. This 

was done by placing a pinch of zinc dust along with the appro- 

priate nitrite test reagents (23, p. 153-15k) into a spot plate. 

A red color indicated the presence of nitrate. 

athogenicity of the newly isolated violet organism for 

laboratory white mice was studied by intraperitoneal injections 

with an 18-hour broth culture. Four male animals were used, 

with the animals receiving 0.2, 0.5, 0.8 and 1.0 ml. injections 

respectively. All mice were on the same diet. The areas of 

inoculation were thoroughly iodinated and a one ml. syringe 

fitted with a No. i needle was used. 

Violacein was extracted from cell harvests of two strains, 

ç.. violaceum OSC and the newly isolated Chromobacterium, using 

95% ethanol. The extract solution was centrifuged and Seitz 

filtered. Absorption curves were measured in Beckman Model 

"B" and "DU" Spectrophotometers. The spectral data obtained 

for the pigment extracts from the two strains were compared. 

These data also were compared to those data obtained by Gilman 

(16, p. k8-52) and Wrede (29, p. 113-118). 

The alcohol extracts of the pigments of C. violaceum OSC 

and the newly isolated Chromobacteriu.m were fractionated using 

one-dimensional ascending paper chromatography at room temperature 
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(25° C.). Several developing solvents were used, including 

isopropyl alcohol (100%), isopropano].:water (6:), butanone: 

water (8:2), butonone:water (9:1), anhydrous acetone and various 

ethanol:methanol mixtures. The development required about 18 

hours, after which the chromatograms were dried by exposure to 

mfra-red heat lamps. 

Final fractionation of the violacein solution obtained from 

the two strains was carried out using isopropanol:water (6:k). 

This solvent was found to affect the best separation of the 

pigment extracts into component parts, since four well-defined 

and parallel pigment fronts could be seen after the development. 

Each front was eluted from the paper with 95Ç ethanol, and then 

was centrifuged and Seltz filtered. The four different frac- 

tions thus obtained from both pigment extracts then were sub- 

jected to complete spectrophotometric analyses between 280 to 

1000 mji. In addition, each fraction was placed under ultra- 

violet light and observed for fluorescence. 
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RESULTS 

ireliminary Studies on Taxonomy of Newly Isolated Violet Organism 

The defect producing violet-colored bacterium was found not 

to be difficult to cultivate in the laboratory once isolation in 

pure culture had been accomplished. A preliminary pure culture 

study carried out on the new isolate showed the organism to be 

a Gram negative rod. Cells were singly arranged and no spore- 

like bodies were visible. Some cells appeared to have a capsular 

halo when stained by Kopeloff's modification of Gram's stain. 

The cells were motile and without violet color when seen in a 

hanging drop slide. 

Nutrient agar strokes incubated at 30 C. showed slight, 

violet, pigmented growth after four days. The pigment became 

much darker after several more days of incubation. Similar 

results were observed using slopes of TGY agar which was more 

satisfactory for growth and pigmentation. 

Colonies developed on nutrient agar plates :fter incubation 

for four days at 3° C. They were violet, smooth, circular, 

raised, entire and gelatinous. Nutrient broth í-rowth resulted 

in production of a scanty, granular sediment after incubation for 

30 days at 3Q0 C. Gelatin stab cultures showed no liquefaction 

after incubation for seven days at 40 C., but produced a deep 

violet surface growth. Litmus milk tubes incubated at C. for 

1k days contained heavy, gelatinous, violet pellicles and 
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indications of an alkaline reaction were present. Considerable 

catalase activity was present in the litmus milk. The organism 

did not grow on potato slopes at 300 C. and did not hydrolyse 

starch when incubated at either 40 or 30° C. for three days. 

Good growth was observed on nutrient fat agar but no hydrolysis 

of fat was apparent after incubation for five days at 4° C. 

Acid was produced from dextrose after incubation for seven 

days at 4° C. No gas was visible in the Durham tubes. No fer- 

nentation occurred in the carbohydrate broth base containing 

sucrose, dextrin, dulcitol, galactose, maltose, rhamnose, manni- 

toi, lactose or mannose, however, luxuriant growth occurred as a 

surface pellic].e. Only aerobic growth was observed in dextrose 

agar shake cultures. 

The violet pigment elaborated by the newly isolated organism 

was very soluble in 95 ethanol and in acetone. It was observed 

that a culture grown at 1+0 to 6° C. on either TGY or nutrient 

agar began to lose some of its pigment when stored at 22° C. 

Following these preliminary taxononiic studies, reference 

to Bergey's Manual of Determinative Bacteriology (4, p. 292-29k) 

indicated that the violet defect-producing organism probably was 

a member of the genus Chromobacterium. Results of' the prelimi- 

nary taxonomic study also showed that 4° C. was too low a tem- 

perature for rapid cultural and physiological studies and that 

30° C. was too high because the organism did not grow at this 

temperature. However, the isolate soon was growing well at 
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21.5° C., having previously only been able to grow slowly at ¿4.° 

and 8° C. detailed study of the growth of the newly isolated 

bacterium revealed that the organism reached the maximum station- 

ary phase in 18 hours at 21.5° C. and more time was required at 

the lower temperatures. 

It had been shown by Sneath (24, p. 70-98) that 25° C. was 

a suitable temperature for comparative studies with chromobac- 

tena. This led to the adoption of 21.5° C. for comparative 

studies envolving the new isolate and several other strains of 

chromobacteria. Acquisition of Chromobacterium violaceum OSC 

and C. violaceum amethystinum made it possible to compare these 

organisms with the newly isolated Chromobacterium. 

Cultural Characteristics of Newly Isolated and Stock Strains 

of Chromobacteria 

Relative amounts of growth on different types of media for 

the newly isolated Chromobacterium and two other representative 

species from this genus are shown in Table 1. The newly isolated 

strain grew rapidly on TGY as well as on several other media. No 

distinguishing characteristics between organisms can be seen 

from the data in this table except that only the newly isolated 

bacterium exhibited heavy growth in milk media after incubation 

for five days. Discrete colonies on TGY agar appeared after in- 

cubation for 48 hours. These colonies assumed a raised convex, 

rugose, moist, glistening surface which was dark violet in colon. 



TABLE 1

Relative amounts of growth by newly isolated and stock strains of chromobacteria incubated at
21.5° C. for five days

Medium

Newly isolated
Chromobacterium

C. violaceum var.

amethystinura
C. violaceum

OSC

Urea agar k+ +^ 4+

TGI agar k* k+ k+

TGT broth c a
5+ 5* 5+

Nutrient agar 2+ k* 5+

Tryptone broth 4+ k* 4+

Litmus milk 5+ - «

Skim milk agar k+ 2+ 4+

Sodium caseinate agar 3+ + 4+

Brain-heart agar or broth 5+ 4+ 5+

Veal infusion agar jf ♦_ +

Veal infusion broth k* 3+ 4+

Blood agar base (Difco) k+ 4+ 4+

Blood agar 5+ 5+ 5+

Starch agar 3+ Jr 1+

Loeffler's serum slopes 5+ k+ k+

Dextrose agar k+ 3+ 3+

Potato slopes k+ 2+ 4+

Nutrient gelatin k+ 3+ 3+

Butterfat agar k+ 3+ 3+

Russel's triple sugar iron agar 5+ k+ k+

Egg yolk agar 2+ k+ k+

3# NaCl (TGI) agar 3+ + 1+

BLS medium W 3+ 5+

Koser's citrate medium 3* 3+ 1+

Nonfat milk 5+ -
—•

TGBE broth and agar 5+ 5+ 5+

Aesculin agar k+ 4+ 4+

- • No growth
^ m Growth barely discernable

1+ • Scanty growth
2+ • Fair growth
3+ = Good growth
k+ = Very good growth
5+ • Excellent growth

.Pellicle growth only, no turbidity
Tryptone glucose beef extract

o\
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01cl colonies (io days) were 10 mm. in diameter and the margins 

were entire but lobate in most cases. Colonies easily could be 

removed intact from the agar surface and they did not fluoresce 

under ultraviolet light in the dark. Odors given off by organ- 

isms growing on TGY agar plates were very unpleasant. Subsurface 

colonies were very small and remained unpigmented; Sneath (2h, 

p. 70-98) alco found that chromobacteria required air for pigment 

production. 

Cells of the newly isolated Chromobacterium were rod shaped 

with rounded end8. They were approximately 3 » long and 0.6 a 

wide, singly arranged and exhibited little pleomorphism. Single 

polar flagella were observed when cells were stained by Leifson's 

method (23, p. 27). The organisms did not appear to have fat 

bodies, capsules or endospores. Cells often showed barred 

staining with methylene blue. The relative amounts of pigment 

produced by the newly isolated Chromobacterium and two repre- 

sentative stock strains from this genus are shown in Table 2. 

It may be seen from this table that the C. violaceum var. 

amethystinum organism did not produce pigment as readily as the 

other two cultures. Furthermore, the newly isolated organism 

produced more pigment than either of the other bacteria shown 

in the table. 

Tryptone glucose yeast extract (TGY) broth supported 

growth in the form of a violet surface ring in undisturbed 

four-ounce bottles of medium. Cells adhered to the glass and 



TABLE 2

Relative amounts of violet pigment produced by Chromobacterium organisms grown on solid media
at 21.5° C. for five days

Medium

Newly isolated
Chromobacterium

Urea agar 4+

TGY agar 4+

3% NaCl (TOT) agar 4+

Nutrient agar +c

Sodium caseinate agar 4+

Brain-heart agar 4+

TGBE agar 1+

Veal infusion agar

Difco blood agar base 4+

Blood agar 5+

Starch agar 1+

Loeffler's serum slopes 5+

Dextrose agar 5+

Potato slopes 5+

Nutrient gelatin 4+

Butterfat agar 5+

HpS medium 5+

Skim milk agar 5+

Egg yolk agar 1+

fiussel's double sugar iron agar 5+

- = No violet pigmentation
+ » Very slight violet pigmentation

1+ - Poor violet pigmentation
2+ = Fair violet pigmentation
3+ • Good violet pigmentation
4+ - Very good violet pigmentation
5+ - Excellent very dark violet pigmentation

C. violaceum var.

amethystinum

+

1+

1+

4+

3+

C. violaceum

OSC

_

5+

2+

3+

1+

4+

1+

2+

1+

3+

3+

3+

3+

4+

a_
iiccellent violet pigmentation at

.4° C. in three to four days
c?igment almost black
No growth
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remained at the surface. The mass of organisms was thick and 

viscous. The underlying medium remained clear. Sedimentation 

occurred and exhibited a gelatinous consistency but no violet 

pigment. Generally, better growth occurred on the surface of 

TGY agar than in broth. The organism rapidly liquefied nutrient 

gelatin at 21.5° C. and plates of this medium were extensively 

proteolyzed within ko to 60 hours. Some liquefaction of gelatin 

was evident at k° C after 21 days. Growth on sterile rice 

grains moistened with nutrient broth was very good and pigment 

production on the rice appeared to increase progressively from 

2k to 62 hours. 

Growth of the newly isolated organism on Difco blood agar 

base resulted in colonies having a butyrous consistency and a 

black-violet pigment. The colonies also had a smooth surface 

when grown on this medium. The addition of 0.5% human hlood 

caused the colonies to assume a very rough form. Black-violet 

pigmented growth also was observed on potato slopes incubated 

for 30 days at 21.5° C. 

Growth on agar slants was abundant, echinulate, viscid 

and deeply pigmented. TGY agar was more satisfactory than 

nutrient agar for pigment production. However, at k° C., the 

latter also was very satisfactory. Colonies appearing on 

nutrient butterfat agar were convex, smooth-surfaced, and shiny 

dark-violet in color. 
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While the newly isolated organism grew very well in sterile 

l nonfat ni1k at 21.5° C., the other five chromobacteria used 

in these studies grew more slowly; pigment production by the 

former was evident after incubation for one day, while no violet 

color could be seen in milk cultures of the latter organisms 

until after incubation for five days. The new isolate was the 

only organism which exhibited reduction of methylene blue in 

nonfat milk. Loeffler's serum slopes were excellent for growth 

and pigment production by all six organisms, however, no lique- 

faction occurred. 

!nother of the organisms used in these comparatory studies 

was Chromobacterium violaceum OSC. Cells of this organism were 

Gram negative rods, without capsules, fat bodies or endospores. 

Cells often showed bipolar and barred staining with methylene 

blue. The organism produced abundant butyrous growth on nutrient 

agar slants at 21.5°, 3O' and 37° C. in 20 hours. No growth 

occurred at ¿O or lOO C. Colonies on nutrient agar were butyrous, 

round, entire, violet and had a smooth shiny surface. They 

reached a size of 2 mm. in diameter after incubation for three 

days at 21.5° C. This medium (nutrient agar) was much more 

satisfactory for pigment production by this organism than for the 

newly isolated Chromobacterium. The pigment was somewhat more 

intense when cultures were incubated at 37° C. than when they 

were incubated at lower temperatures. The odor produced by this 

organism was not as unpleasant as that of the newly isolated 
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organism. 

Blood agar baco was not as satisfactory a growth medium for 

this organism as it was for the newly isolated organism. Also, 

less pigment was produced. Colonies on blood medium were large, 

round, convex, entire, smooth and shiny but not rugose like the 

newly isolated Chromobacterium. 

Growth in dextrose agar shake cultures indicated that the 

organism was an aerobe; the surface growth was abundant but not 

as intensively pigmented as the newly isolated strain. 

Gelatin liquefaction was more pronounced by this organism 

than for the new isolate because it penetrated more deeply into 

stab cultures. Liquid cultures, in contrast to those of the 

newly isolated organism, were invariably turbid and usually 

without a gelatinous pellicle. 

Peptonization of milk was almost complete after incubation 

for 12 days at 21.5° C. There was no coagulation by rennin. 

No growth or pigment production in skim milk was evident until 

after five days of incubation. 

The organism did not appear to liquefy Loeffler's serum 

but growth was abundant after incubation for three days at 

21.5° C. Some violet pigment also was evident on the Loeffler's 

med iuni. 

A third Chrornobacterium introduced into the study, Chromo- 

bacterium violaceum var. amethystinum, was different in many 

respects from the two previously mentioned. Cells of this 



organism were Gram negative rods with rounded ends. No capsules 

or endospores were observed but numerous fat bodies were present. 

They were not acid fast but showed barred staining with methylone 

blue stain. The growth temperatures for this organism were found 

to range from approximately o 25° C. Good growth could be 

obtained on many media at 2l.5 C. It soon was apparent that 

violet pigment production was not as rapid for this organism as 

for the others, even in the most suitable media. Pigmentation, 

however, was well developed after incubation for i'+ days on 

nutrient asar at 21.5° C. 

Colonies on nutrient agar at 21.5° C. after k8 hours of in- 

cubation were k to 5 mm. in diameter, entire, flat, watery, 

irregular, viscid, grey and translucent. Some colonies showed 

faint violet pigment. After six days, colonies on nutrient agar 

became very large (1.5 cm. in diameter). They were faintly pig- 

mented but had an unpigniented margin. Nutrient agar slant 

cultures were slightly viscid, filiform, flat, and highly pig- 

mented. 

This Chromobacterium species did not produce much iment 

on blood agar base iiedium. Furtherriore, the addition ot blood 

did not appear to improve the medium for pienent production. 

Colonies appearing on the basal medium after three days of in- 

cubation at 21.5° C. were raised, watery, butyrous, entire, round 

and grey in color. 
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Gelatin liquefactiun was slight after incubation for 1k day8 

at 21.5° C. but no liquefaction occurred at 4°, 100, 30°, or 370 

C. i-igmentation by this organism on nutrient gelatin, in con- 

trast to the other two organisms mentioned above, was never as 

good. 

The growth of this strain in liquid culture at 21.5° C. 

was similar to that observed for the newly isolated organism. 

It also produced a heavy inembrareous surface pellicle but little 

or no turbidity. In young cultures, the pellicle seldom was pig- 

merited. Growth in sterile nonfat milk was much slower than that 

of the newly isolated organism but after incubation for 12 days 

at 21.5° C., the milk showed a slight violet coloration and a 

small violet ring of gelatinous material adhered to the glass at 

the surface. The milk was not coagulated. n alkaline reaction 

was apparent after incubation for severi days. Fat hydrolysis 

was not as extensive in the amethystinum variety as in the new 

isolate and less pigment was produced by the former on nutrient 

fat agar. Aerobic growth on dextrose shake cultures appeared to 

be întermediate between that shown by the two organisms discussed 

above. 

At this point in the investigation, three other chromobac- 

tena were obtained from the American Type Culture Collection 

(ATCC) for inclusion in the8e studies. They were ATCC Chromo- 

bacterium amethystinum 6915; ATCC C. violaceum 6357; and ATCC 

C. vioaceum 553. 
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Chromobacteriuna amethystinuin 6915 was motile with peri- 

trichous flagella and it grew well at k°, lOO and 21.5° C. Cells 

produced no spores, were Gram negative large rods and were equal 

in size to C. violaceuni var. ainethystinuni (3 » long and 0.7 ,ji 

wide), No capsules were seen but numerous fat bodies were pre- 

sent. Cells often showed barred staining with inethylene blue and 

were not acid fast, No growth was apparent at 300 C. The organ- 

ism produced no violet pigment when inoculated on nutrient agar 

plates and incubated 8 hours at 21.5° C. but colonies that 

appeared after 8 hours were 0.5 to 1.0 mm. in diameter, trans- 

lucent, irregular, slightly viscid, raised and entire. Abundant 

growth occurred in TGY broth after three days of incubation at 

this same temperature. No pellicle or sediment was apparent in 

the broth. No hemolysis could be detected on blood agar but 

good pigmentation occurred on this medium in only k8 hours. 

Only fair growth developed on starch agar in +8 hours and no 

pigment was visible. There was no hydrolysis oí' starch even 

after incubation for six days, however, aesculin hydrolysis 

was extremely rapid. This organism produced a more intense 

black color in aesculin broth or agar in 2k hours than any of the 

cultures studied. When the organism was grown on skim milk agar 

for four days1 no proteolysis was evident and no pignent produc- 

tion occurred. Furthermore, no proteolysis was evident after 

incubation for 27 days in sterile nonfat milk but a moderately 

heavy c'ark violet surface ring of growth was apparent. The 6915 



strain did not show evidence of lecithinase activity on egg yolk 

medium until after incubation for several weeks at 70 C. 

The organism produced acid from glucose, levulose and 

arabinose but an alkaline reaction occurred when it was grown 

in the presence of lactose. Number 6915 utilized ammonium 

phosphate as the sole source of nitrogen, produced hydrogen 

sulfide when grown on sulfide medium and showed evidence of 

urease activity in urea medium. 

Cells of this organism were larger than those of the vio- 

laceum species and contained fat globules but violaceum species 

did not. Growth appeared to be somewhat gelatinous. The organ- 

jam seemed to be very resistant to penicillin at concentrations 

of up to five units per ml. but an 18-hour culture was easily 

destroyed by heating at 56° 0.3° C. for only five minutes. 

Fair growth occurred in urea broth and gelatin liquefaction was 

fair at 21.5° C. after incubation for seven days. Growth on 

Loeffler's serum slopes resulted in production of a dark violet 

pigment but no liquefaction occurred. The organism appeared 

motile. Growth on potato elopes was dark purple and moist 

after 72 hours. 

Chromobacterium violaceum ATCC 6357 was able to grow over 

a fairly wide range of temperatures, however growth at 100 and 

1+5° C. was poor. Cells were Gram negative but smaller than those 

of the newly isolated Chromobacterium and C. violaceum var. 

amethystinum. They were the same size as C. violaceum OSC and 



-. violaceum 553 (0.75 p wide and 2.0 p long). No fat bodies 

were evident and cells were without capsules or endospores. 

Barred staining often was shown with methylene blue. Very good 

growth occurred on nutrient agar and pigment production on thi8 

medium was good after incubation for two days at 21.5° C. 

Colonies at the end of tïis time, however, were quite small 

(2.0 mm. in diameter). Colonies appearing on blood agar plates 

after this same period of incubation were 0.5 to 1.0 mm. in 

diameter, raised, entire butyrous and faintly pigmented. No 

hemolysis was evident. Good growth occurred on starch agar in 

2+ hours and there was some pigment in the colonies but no 

starch hydrolysis. Growth on aesculin agar was poor and no 

hydrolysis of aesculin occurred in either broth or agar. Con- 

siderable growth and pigmentation occurred in 2+ hours on milk 

agar but there was no proteolysis of the milk protein. However, 

this organism was proteolytic after prolonged incubation in skim 

milk; the milk had a slight purple ring at the surface, a greyish 

sediment at the bottom of the tube and complete proteolysis was 

evident. Good growth occurred on potato slopes which was acco- 

panied by dark purple pigmentation after 2k to 72 hours. In 

fact, growth of all six cultures used in this study on potato 

slopes was similar. Only slight growth by the 6357 strain occur- 

red in ammonium phosphate medium and no growth occurred in 

Koser's citrate broth. No liquefaction occurred on Loeffler's 

serum slopes but growth and pigment production was good. The 
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longevity of this organism was less than two months when stored 

at 4-° to 8° C. on TGY agar slants in sCrew-capped test tubes. 

ineral oil overlay did not increase the longevity. The organism 

was resistant to penicillin at a concentration of five units per 

ml.; and an 18-hour culture easily was destroyed by heating at 

56 + 0.3° C. for five minutes.. 

Chromobacterium violaceum 553 did not grow at 10° or at 

Lf5° C. However, heavy growth occurred at 215°, 30° and 37° C. 

The cells were Gram negative rods equal in size to the other 

C. violaceum cultures. No fat bodies, capsules or endospores 

were found but cells often showed barred staining with methylene 

blue. Good growth and pigmentation occurred on nutrient agar 

plates. Colonies appearing on this medium were flat, glistening, 

moist, smooth-surfaced, lobate, entire and butyrous. 

This organism was incapable of hemolyzing red blood cells, 

but growth and pigmentation on blood agar were excellent at 

21.5° C. No starch hydrolysis was apparent after incubation for 

2k hours, although fairly good growth and pigmentation occurred 

in this time. No starch hydrolysis was apparent even after six 

days of incubation. Considerable pellicle formation, a heavy 

turbidity and a slightly pigmented sediment developed in TGY 

broth in three days at 21.5° C. 

The organism (ATCC 553) was unable to hydrolyse aesculin 

but grew fairly well in aesculin broth or agar. Skim milk agar 

supported good pigmentation and growth and some proteolysis was 
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apparent after incubation for four days. It showed strong 

lecithinase activity, exceeding the new isolate, but not ATCC 

6357 or the OE3C culture in this regard. It grew well on potato 

slopes, providing heavy pigmentation in 72 hours. This organism 

also was resistant to penicillin in concentrations up to five 

units per ml. and highly sensitive to heating; complete destruc- 

tion of an 18-hour culture occurred in 56 + 0.3 ° C. in less than 

five minutes. 

Electron Iicroscopy 

Following the study on cultural characteristics, electron 

microscopy was employed to study flagellation and also to ob- 

serve cell morphology more closely. 

Electron micrographe revealed that the newly isolated 

Chromobacterium and also three stock strains of chromobacteria 

were flagellated. Several pictures taken of the newly isolated 

Chromobacterium revealed cells possessing flagella. One such 

cell had a long polar flagellum and also a long subpolar 

(uncentered) flagellum at the opposite end. Other cells photo- 

graphed had single lateral flagella which were much shorter than 

the polar flagella. Polar flagella were about one and a half 

tines the cell length and lateral flagella were about three- 

quarters the cell length. The cells themselves were cylindrical 

in shape, with rounded ends. Some cells also were slightly 

curved. Figure 1 is an enlarged electron micrograph of two joined 
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Figure 1. Electron micrograph of newly isolated Chromobacte-
rium magnified 30,000 times.
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cells of the newly isolated Chromobacterium. The picture was 

taken at a magnification of about 8,500 times and subsequently 

magnified three and a half additional times in printing to a 

final enlargement of about 30,000 times. 

Examination of C. violaceum var. amethystinum under the 

electron microscope showed both polar and lateral flagella. 

The polar flagella on these cells also were long, being about 

one and a half times the cell length. Lateral flagella were 

longer than those seen in the newly isolated Chrouiobacterium. 

Cells of C. violaceum var. amethystinum were cylindrical but 

shorter and wider than tiose of the newly isolated organism. 

magnification of the cell in Figure 2 was approxi- 

niately +5,500 times. 

An electron micrograph of C. violaceum 533 magnified 56,000 

times is shown in Figure 3. Polar flagella of this organism 

varied in length; many were shorter than those seen of both 

the newly isolated Chromobacterium and of C. violaceum var. 

ainethystinum. Lateral flagella were not as numerous and they 

were shorter than the polar flagella. Only a polar flagellum 

is visible in Figure 3. This flagellum is shorter than many of 

the others observed. The cells themselves were cylindrical and 

not as long as any of the other chromobacteria. 

A cell of Chromobacterium ainethystinum 6915, magnified 

21,000 timos, is shown in Figure f. A long, straight, polar 

flagellum on one end of the cell and also a short lateral 
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Figure 2. Electron micrograph of Chromobacterium violaceum 
var. aethystinua magnified k5,000 times. 
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Figure 3. Electron micrograph of Chromobacterium violaceum 
553 magnified 56,000 timeß. 



Figure 4. Electron micrograph of Chromobacterium amethy-
atinmn 6915 magnified 21,000 times.

53
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flagellum arising from one side may be seen. 

hysiological Characteristics of Newly Isolated and Stock 

Strains of Chrornobacteria 

In an effort to determine the proper temperature of incuba- 

tiort to be used in the various physiological studies, an examina- 

tion of the growth rates for each organism at various tempera- 

tures of incubation was conducted, The results of this study 

are given in Table 3. It may be seen that 21.5° C. was the most 

suitable of the temperatures used. Therefore, this incubation 

temperature was employed in all subsequent physiological studies. 

Furthermore, it may be seen that, on the basis of growth at k° 

and 37° C., the organisms may be designated either as psychro- 

philes or mesophlle8; those organisms growing at k° but not at 

370 C. were designated as psychrophiles and those growing at 37° 

but not L.t ko c. were designated as mesophiles. The organisms 

placed in the psychrophilic group were the newly isolated Chromo- 

bacterium, C. violaceum var. amethystinum and C. amethystinum 

6915. Those placed in the niesophilic group were C. violaceum 

553, C. violaceum 6357 and C. violaceuni OSC. The newly isolated 

strain grew better than any of the other organisms at k° C. but 

the 6357 strain exhibited growth over wider temperature ranges 

(100 to 1+50 C.). 

A summary of the physiological characteristics f;r the six 

different chromobacteria included in this investigation are 



TABLE 3 

Amounts of growth shown by chromobacteria in TGY broth 
at different temperatures of incubation for 11 days 

C. vio- 
Newly laceurn C. amethy- C. vio- C. vio- 
isolated C. vio- var. stinum laceum laceum 

Incubation temperature Chromo- laceum amethy- ATCC ATCC ATCC 
(° C.) bacterium OSC stinum 6915 6357 553 

- 3+ 2+ - - 

10.0 5+ - 5 3+ 1+ - 

21.5 5+ 5+ 5+ 5 5+ 5+ 

30.0 - 5+ 3+ - 5+ 5 
37.0 - 5+ - - 5+ 5+ 

k5.o - - - - 1+ - 

- = No growth 
1+ = Scanty growth 
2+ = Fair growth 

3+ = Good growth 
= Very good growth 

5 = Excellent growth 
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shown in Table 4. Some of the tests were of little value in 

distinguishing between or comparing the various strains; all 

organisms were unable to liquefy Loeffler's serum, lyse red 

blood cells, hydrolyze starch or produce acetyl methyl carbinol. 

Each was capable of liquefying gelatin and producing ammonia 

from peptone. 

The data in Tables 3 and 4 indicated that the psychro- 

philes and rnesophiles may represent two groups of organisms 

which were physiologically distinct from each other. Therefore, 

Table 5 was designed in order to present those data that might 

empha3ize these differences. Distinguishing characteristics of 

the psychrophilic chromobacteria were their ability to hydro- 

lyze aesculin, to produce hydrogen sulfide, to hydrolyze urea 

and to exhibit viscid to gelatninous growth. Furthermore, the 

psychrophilec showed greater utilization of citrate. The meso- 

philic Chromobacterium ogranisms produced acid from trehalose 

and also showed greater lecithinase activity and proteolysis of 

both milk and gelatin. They produced acid from glucose at a 

greater rate than the psychrophiles. 

Fermentation of carbohydrates by the organisms studied are 

recorded in Table 6. The table shows that few of the carbohy- 

drates were fermented with production of acid and none with the 

production of gas. The only sugar attacked by all cultures was 

glucose. However, the newly isolated organism apparently was 

unable to produce acid from any monosaccharides unless incubated 



TABLE ¿4. 

chysiological characteristics shown by newly isolated and 

stock strains of Chromobacterium species incubated at 21.5° C. 

C. vio- 
Newly laceum C. anety- C. vio- C. vio- 

isolated C. vio- var. stinum laceum laceum 

Chromo- laceum ameth- ATCC ATCC ATCC 

hterium OSC stinum 6915 6357 553 

Urease activity 1 - 2 2+ - - 

Methyl red - ± 

Acetyl methyl carbinol 

Ammonia production 1+ 1+ 1+ 1+ 1+ 

Nitrogen gas from ro3 - - 1+ - - - 
Nitrite reduction - - 1+ 1+ - 
Utilization of casein 3+ 3+ - - 34- 3 

- = ùegative reaction 
+ = Barely discernable 

1+ = £canty reaction 
2 = Fair reaction 3 = Good reaction 

= Very good reaction 
5.,. = Excellent reaction 

"J, 



TABLE 5 

Comparison of characteristics between psychrophilic and mesophilic strain8 of chromobacteria 

A-SYCHROPHILIC MESOPHILIC 

C. vio- 
Newly C. amethy- Ïace C. vio- C. vio- 
isolated stinurn var. C. vio- laceum laceum 
Chromo- ATCC aniethy- laceum ATCC ATCC 
%.._ i_ -. 

Facultative growth 1+ 1+ 1+ 3 3 3 
Gelatinous growth 1+ 1+ 1 - - 

Amount of fat in cells - 2 - - - 

Pigmented sediment in broth - - - 1+ 1 1+ 

- = Negative reaction 
+ = Barely discernable 

= Scanty 
2 = Fair 
3 Good 

= Very good 
5 = Excellent 



TABLE 6 

Fermentation of carbon source as measured by acid production at 21.5° C. 

C. vio- 
Newly Tac C. a.eth- C. vio- C. vio- 

isolated C. vio- var. stinum laceum laceum 
Chromo- lacewn amethy- ATCC ATCC ATCC 

Carbon source bacterium OSC stinum 6915 6357 553 

Glucose 
a 

2+ 1+ 1+ 2+ 2+ 

Xylose - - 1+ - - - 

Galactose - + - - - - 

Aesculin 1+ 1+ 1+ 

- - - , I. 

Dulcitol, erythritol, glycogen, d-xylose, mannitol, methyl alpha glucoside, glycerol, 
rhamnose, inulin, salicin raffinose, ie1iitose, melibiose, d-sorbitol, arabito]., 

adonitol, ceflobiose dextrin, and lactoseD were not fermented aerobically or anaerobi- 
cally by any of the above six cultures. 

- = No acid Acid produced only at 4° C. by this organism 

+ = Acid barely discernable Alkaline reaction 
1+ = Acid 
2+ = Considerable acid 

'D 



at 4 C. At this temperature, acid was produced within seven 

days. Acid was produced from trehalose only by the mesophilic 

strains, while two psychrophiles and one mesophile were able to 

ferment aesculin aerobically with production of acid. C. viola- 

ceuxn OSC appeared to be more active in aerobic ferementation than 

the other strains, producing acid from glucose, galactose, 

aesculin, trehalose, d-fructose, and maltose. The two amethy- 

stinwn strains appeared to be more active than the remaining 

other three cultures and the new isolate appeared to be the 

least active in carbohydrate fermentation. 

The results for tests on nitrate and nitrite reduction in 

various media for each organism incubated at 21.5° C. are shown 

in Table 7. Only the newly isolated Chromobacterium failed to 

reduce nitrate in al]. media. Some of the others (6357, OSC and 

6915) aleo failed to reduce nitrate on some but not all media. 

Only one organism, the amethystinum variety, reduced nitrite at 

such a rate that nitrogen gas was detectable. In each of the 

four nitrate media inoculated with 6915, a positive nitrite test 

occurred up to five days. Following this, however, no nitrite 

was found even though nitrogen gas had not been observed. How- 

ever, nitrite still could be detected in the ZoBell nitrite 

medium even after incubation for six days with 6915. It appeared 

that the two amethystinum strains could reduce nitrate more 

rapidly than the other chromobacteria. 

The effect of sodium chloride concentration on the growth of 



TABLE 7 

Nitrate and nitrite reduction and the evolution of free nitrogen gas by various species of 
Chromobacterium in different test media incubated at 21.5° C. for five days 

C. vio- 
Newly Tac C. amethy- C. vio- C. vio- 
isolated C. vio- var. stinum laceum laceum 
Chromo- lacewn arnethy- ATCC ATCC ATCO 

Medium bacterium OSC stinum 6915 6357 553 

b c 
ZoBells nitrate (N0) - - - 

medium semi-solid ag.r 
NO3 NO2 N0 N0 NO3 NO 

N0 = Nitrite present indicating reduction of nitrate 

NO; Nitrate present indicating no reduction of nitrate 

aNitrite is present in the xnedìum to test for nitrite reduction by the 
of nitrogen gas. 

ee nitrogen gas detectable. 
Nitrite was not detected in the four nitrate media after incubation for six days. 

a' 



three chromobacteria is recorded in Table 8. It can be seen 

that the newly isolated organism showed the greatest salt toler- 

ance of the three organisms studied. 

Table 9 records the effect of pH on the growth of C. viola- 

ceum var. amethystinum, C. violaceurn OSO and the newly isolated 

Chromobacterium species. It may be seen that a near neutral pH 

was favored by each organism and that they all were more sensi- 

tive to acidity than alkalinity. 

Results of heat resistance studies with each of the six 

Chromobacterium organisms indicated that five cultures could not 

survive heating at 56° 0.3° C. for five minutes. However, 

2. violaceum amethystinum grew slightly when streaked on 

blood agar plates after heating in this manner. Longer periods 

of heating (up to 30 minutes) required storage of the heated 

culture at 21.5° C. for at least +8 hours in order for surviving 

cells to grow on blood agar streak plates. It thus appeared that 

these particular chrornobacteria were not very resistant to heat- 

ing and would not escape pasteurization. 

Longevity of the cultures also appeared to be a variable 

characteristic among the six strains employed in this study. 

Two cultures each of Chromobacterium violaceum 6357 and Chromo- 

bacterium violaceum OSC no longer were viable after storage for 

approximately two months at 8° C. (with or without a sterile 

mineral oil covering). C. violaceum 553 initiated growth only 

after a lag period of two weeks. The psychrophilic cultures 
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TABLE 8 

Effect of sodium chloride concentration on growth 
of chroznobacterja at 21.5° C. 

C. vio- 
Newly lac eum 

NaC1 isolated var. C. vio- 
conc. Chromo- amethy- laceum 
in % bacterium stinum OSC 

0.25 4+ 

0.5 4+ 4+ 4+ 

0.7 4+ 4+ 

1.0 4+ 4+ 

1.5 4+ 

2.0 1+ 4 

3+ + 1+ 

3.0 3 - + 

3.5 2 - - 

7.5 2+ - - 

10.0 - - - 

- = No growth 
± = Growth barely discernable 
1 = Scanty growth 
2 = Fair growth 
3 = Good growth 
4+ Very good growth 
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TABLE 9 

Effect of pH on growth of chromobacteria 

C. vio- 
Newly laceurn 
isolated var. C. vio- 
Chromo- am3thy- laceum 

pH value bacterium stinum OSC 

2.5 - - - 

3.0 - - - 

3.5 - - - 
- - - 

5.0 - - - 

6.0 3+ 3+ 3+ 

7.0 k+ k+ 5+ 

8.0 3+ 3+ 3+ 

8.5 2 2+ 2+ 

9.0 2+ 2+ 

9.5 1+ + 1+ 

10.0 ± ± ± 

- = No growth 
= Growth barely discernable 

1+ = Scanty growth 
2 = Fair growth 
3+ = Good growth 

= Very good growth 
5 = Excellent growth 



still were viable. The new isolate no longer produced a violet 

pigment after the long storage period. 

fathogenicity was not exhibited by the newly isolated 

Chromobacterium. white mice did not show any ill affects after 

intraperitoneal inoculation with 18-hour broth cultures of the 

organism. 

Cultures of the newly isolated Chromobacterium, grown at 

17° C. for 2 hours, did not show any pigment production ori TOY 

agar slants treated, as described in methods, to remove magnesium 

ions. Excellent pigment production occurred in the control TGY 

agar. Growth on magnesium deficient broth or agar also was less 

rapid somewhat inhibited. Kopeloff's modification of Gram's 

strain did not reveal any disruption of cell division as was ob- 

served for Bacillus subtilis when grown on the same magnesium 

deficient medium. These results indicated that magnesium ion may 

have an effect on growth and pigment production by the newly iso- 

lated organism. 

Pigment 'tudies 

As a further means of classification, spectral analyses of 

ethanolic pigment solutions obtained from the newly isolated 

Chromobacterium and C. violaceum OSC were carried out as de- 

scribed under methods. The results, as shown in Figure 5, sug- 

gest that the pigment from the OSO strain is closely related to 

the pigment from the newly isolated Chromobacterium. The 
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absorption curves for the pigment extracts for both organisms 

show absorption peaks at approximately 580 m)1. 

thanolic pigment extracts from two chromobacteria (newly 

isolated and OSC strains), when treated with concentrated pyruvic 

acid, produced an intense emerald green color. 

Various solvents were used in preliminary ascending chroma- 

tographic trials in an effort to separate pigment components. 

Butanone and water (9:1 and 8:2) caused separation of a yellow 

fluorescent pigment from the violet pigment. The yellow fraction 

apparently was most soluble in the more dilute butanone (8:2). 

Ninhydrin sprays did not show any proteinaceous contaminating 

materials present on the chromatograms. The dried pigment ex- 

tract was more soluble in an ethyl methyl alcohol mixture than 

in either ethyl alcohol or acetone. Chromatography of the crude 

pigment using 95 ethanol or acetone as solvents resulted in the 

separation of a light violet and a less mobile dark violet frac- 

tion. All of the dried crude pigment appeared to be very solu- 

ble in isopropyl alcohol. Nobility of crude pigment was very 

good in this solvent on chromatographic paper. When water was 

added to isopropyl alcohol in ratio of three parts alcohol to two 

parts water, the mobility apparently became more controlled. 

Also, the pigment appeared to arrange itself into four separate 

banda parallel to the front of the solvent. It was found that 

the most mobile fraction (fraction 1), which had a yellow appear- 

ance, was fluorescent under ultraviolet light. The other three 



fractious were not fluorescent. The band following the yellow 

baud (fraction 2) was tinted yellow but was not fluorescent. It 

was followed by a third band (fraction 3) which was light violet 

in color. This fraction in turn was followed by the least mo- 

bile band (fraction k) which was dark violet in color. The 

spectral analyses of ethanolic solutions of each of these four 

fractions obtained from the crude pigments of the newly isolated 

Chromobacterium and Chromobacteriuzn violaceum OSC were similar. 

Figure 6 compares the absorption curves obtained for fraction i 

from these two organisms. The subsequent figures (7, 8 and 9) 

compare the absorption curves obtained for fractions 2, 3 and 

k of crude pigment extracts likewise obtained from C. vioiaceum 

OSC and the newly isolated bacterium. 
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)] $CtJSS ION 

Nomenclature of Chromobacteriim Species 

The genus Chromobacteriu includes those organiam 'that 

naturally fall together because they produce the violet igment, 

violacein, In fact, both Guitan (16, p. ¿+8.52) and Sneath (2k, 

p. 70-98) have excluded from the genus all organism! not produc- 

ing violacein. Chemical und physical characteristia of this 
pigment have been examined by numerous investigator. (J, p. 129- 

1k6) (16, p. '+8-52) (26, p. 287) (27, p. 11-12) (28, p. 7-19) 

and (29, p. 113-118). Results of thi: investigatio* have con- 

firmed some of these data and it seems ¿ippropriats th&t pint 
characteristics be con8idered is a determining criterios for 

placement of an orgranism in the genus Chromobacteri*. 

In contrast to the clarity of the generic designation, the 

classification at the species level in this genus is in : state 

of confusion. This becomes ap?arent when one reads the itera- 
ture in this area and encounters species names which do not 

clearly identify the organism. For example, the oldeet rid 

best known species name is vioiaceuin Bergonzini (2, p. l'+9-156), 

which adequately describes all the known Chromobacteriu isolates 
because they all produce a violet pigment. The speciee names 

aznethystinum or membranaceus ainethystinua have been applied to 

organisms differing only slightly from the original organisa. 

Furthermore, organisms having i violet membranous pellici. have 



been given the name of C. membrariaceum axnethystinum Barnpton (1, 

PS 129-1k6). Pesults of the present studies indicate that or- 

ganisms previously designated a Chromobacterium violaceum also 

may produce a membranou violet jellicle. Therefore, if the 

descriptive epithet of membranaceum is to be used at &ll it 
should be used only as a strain or variety designation. The 

epithet of amethystinum should not be used because it ien the 

saine thing as violaceum (violet colored) and only adde to the 

confusion. Several workers (1, p. l29-l6) (k, p. 295) 10, 

p. 213) and (211, p. 70-98) have commented on the valid±ty of the 

two species names (violaceum and amethystinum) now coamonly Lu 

use in the literature, Bampton (i p. 129-1k6) would differenti- 

ate the two on the basis of heat resistance but Sneath (2k, p. 70- 

98), being unable to confirm this, preferred retention only of 

the violaceum designtion. According to Bergy's Manual of 

Determinative Bacteriology (k, p. 295), the most characteristic 

feature of C. amethystinum cultures is their ability to roduce 

a heavy, folded membranous pellicle. There are no other impor- 

tant characteristics by which this species can be separated :ro1n 

e 
violaceutu. However, the manual reports further that . any 

workers have found that this rnembranous growth may develop in 

almost any subculture of typical C. violaceuzu and that the 

pellicle-type growth should be regarded as a dissociation 

phenomenon. 



75 

An additional feature which Baznpton (1, p. 129-1k6) ascribed 

to C. membranaceus ainethystinum, ac sufficient to justify this 

species, was that the organism produced pigment less rapidly and 

in less quantity. This variation in pigment production is one 

that might be expected among cultures producing vio1-cein, par- 

ticularly when large numbers of chromobacteria are studied. 

Therefore, this characteristic does not appear to be sufficient 

grounds for naming a new species 

Earlier investigators often used geographical locations for 

strain designations of chromobacteria that they had isolated. 

This also appears somewhat confusing and it perhaps wou.l be more 

appropriate to either establish a new species, if cultural and/or 

physiological properties warrant, or adopt a species n&me that 

is already in use. 

The ease with which Chromobacteriujn isolates can be placed 

into two groups, the psychrophiles and mesophiles, would suggest 

that this is of' taxonomic significance. Consideration perhaps 

could be given to this natural binomial grouping, l.aiag each 

croup open for acquisition of new species that may be isolated 

from nature. However, new species must be justified by ;howing 

distinct cultural and/or physiological characteristics. The re- 

suits of this investigation would indicate that at the present 

time Chromobacterium vioiceum is the only species in the meso- 

philic group. Of the organisms studied by the author, i appears 

that 2 violaceum OSC, C. violaceum 553, and C. viol 6357 
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are all mesophiles. Furthermore, the cultural and physiological. 

similarities shown in this study between the newly ieolated 

Chromobacterium, C. violaceum var. amethystinum and C anethy- 

stinum 6915 indicate that these organisms are all the sane ape- 

cies, According to Sneath (24, p. 70-98) the first Chroaobac- 

terium recognized as a psychrophile was C. lividu. Therefore, 

each of these three psychrophile should be considered strains 

of this organism. It is the intent of the author to designate 

the newly isolated Chromobacteriurn as C. lividum OSC. 

Cultural and Physiological Characteristics of Chromobacterie. 

The gelatinous property of Chromobacteriuin lividum JSC m&y 

indicate this organism originally came from soil. Corpe (7, 

p. 515-517) noted that gelatinous chromobacteria originated fros 

the soil and that non-gelatinous came from other sourcee. Dairy 

products found to be contaminated by these bacteria uay hays 

come in contact with soil or dust particles. 

Pesults indicated an apparent effect of something lacking 

or present in nutrient agar that liscouraged the forrn;tion of 

pigment by the psychrophilic strains (Chromobacteriu violaceu 

var. amethystinuin, C. amethystinun 6915 and the newly i8olated 

.. 
lividum strain). This effect Jas not observed with the nOfl- 

gelatinous strains. Corpe (8, p. k7O-+79) found that beef ex- 

tract, yeast extract, tryptophane and a number of peptonea and 

protein hydrolysates discouraged :he formation of pient. The 
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presence of beef extract and peptone in nutrient agar in&y hays 

been respon3ible for the repression of pigment formation observed 

in this study. 

There are a number of reports in the literature concerning 

the necessity for frequent transfer of stock cultureE of chromo- 

bacteria in order to insure their survival. This likewles was 

observed in the present investigation, however it appeared to be 

limited to the mesophilic strains. This was not c1earl under- 

stood. It seemed likely, however, thst the inability of the 

mesophiles to survive refrigeration storage may have been dus 

to a particular physiological trait. Accumulation of alkaline 

protein degredation products or the autolysis of cells because of 

lack of organized enzyme activity or cell division at this tern- 

perature flay have been responsible. The ability to :2rodce thE 

enzyme catlase may be another factor associated with culture 

longevity. Sneath (214, p 70-98) observed a great sensitivity 

of chromobacteria to hydrogen peroxide. It is perhaps pssible 

that old cells from mesophiles have less ability to prodice cata- 

lase as a result of low temperature storage. The psycrophilic 

strains, on the other hand, may continue to produce catalass 

because of their cold-loving nature. 

The newly isolated Chromobacterium lividum stran appeared 

to be peritrichously flagellated like oLher chromobacteria that 

have been isolated. Also, other norphological data for (. livi- 

osc was compatable with those obtained for the other 



chromobacteria included in these studies. 

Blood medium and potato slants proved to 

for culturing all the chromobacteria investig 

therefore are recommended for further studies 

isms. 

It appears from the results of the sugar 

be the medL 

ted. Ths e medi-, 

with these organ- 

fermentation 

studies thit carbohydrates do not serve as a primary source of 

energy for chromobacteria. This is particularly true eince each 

organism included in this study, and especially the psychrophiles, 

was capable of growing on an inorganic salt medium. however, it 

is possible that more acid than realized was produced i some 

instances from particular carbohydrates but this acid ws masked 

by alkaline protein degredation products. Carbon dioxide produc- 

tion from carbohydrates likewise may have been masked due to ita 

greater solubility in the alkaline media. 

These studies indicate that prolonged culturing of chromo- 

bacteria on laboratory media may cause progressive losses se in 

their ability to tolerate appreciable quantities of sodiu* 

chloride. The 38 stock strains studied by Sneath (2h, .. 70-98) 

as well as the five stock strains in the present study were un- 

able to grow on 6.5% sodium chloride media. However, C. lividtm 

0sC, the newly isolated organism, grew well on media containing 

7.5% salt. Furthermore, Bergey's Manual (k, p. 295-296) reporte 

isolation from the Dead Sea of C. marismortui which grew opti- 

znally at a sodium chloride concentration of 12%. 
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Lecithinase activity was considered the cause oi e cloud- 

ing phenomenon occurring on egg yoik medium. The litrture 

does not state clearly what causes a positive egg yo1r. reaction. 

Sneath (2k, p. 70-98) regards the clouding as an indic . ion of 

lecithinase activity. Since it was not clear whether or not the 

enzyme responsible for the opaque zone was lecithinase or 

cephalinase, it may be more correct to attribute these results 

to phospholipidases which are known to attack both lecithin and 

cephalin. 

As has been mentioned above, this author feels that the 

natural grouping of chromobacteria into mesophilic and psychro- 

philic groups is of taxonomic significance. The important 

differences between these groups have been pointed out i. th 

results section and it is felt that these dissirni1aritie3 are 

real and justify the reorientation of the present classification 

found in Bergey's Manual (k, p. 294-296). For example, he 

growth temperature descriptions given in Bergey's Manual for 

each Chromobacterium species make it easy to place each organia 

into the appropriate group. Chronobacterium janthinum and 

Q. inarismortui would fall in the inesophilic group. Chronobac- 

terium '.aceum and C. amethystinum each shouìd be regarded as 

£ it::..;.i.! ::rid placed in the psychrophilic group. 

Even though the differences between the psychrophil:..c and 

ìnesophilic strains of chromobacteria included in this study were 

considered significant, no dissimilarities were observed in the 



absorption curves for pigment extracts of these organisms. 

Sneath (24, p. 70-98) also has observed this. Since the primary 

criterion for the establishment of the genus Chromobacteriu* is 

the ability to produce the violet pigment violacean, it is evi- 

dent that both groups are properly classified at the generio 

level. 

Significance of Chromobacteria in Dairy Products 

Results of these studies indicate that Chromobaoterjum or- 

ganisms easily are destroyed by pasteurization but are resistant 

to penicillin. It therefore is apparent that the C. lividum OSC 

strain gained entry to the market creas from which it as isola- 

ted by post-pasteurization contamination. The fact that it ia 

restricted to a particular locality and occurred in the products 

originating from two dairy plants would indicate either an inde- 

pendent contamination of both plants from a common source or 

infection of the second plant from the first. The latter situa- 

tion may demonstrate considerable infectivity by the organisa. 

The public health significance of the chrornobacteria, par- 

ticularly when present in pasteurized dairy products, i.e worthy 

of some consideration. Fatal septicemia has been caused by these 

organisms in man and animals with subsequent isolation of the 

bacteria from epithelial lesions. Jhile no reports have been 

found relative to Chromobacterium species causing udder Lnfec- 

tions, it is likely that they are capable of inducing boiine 
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mastitis. Antibiotic therapy, especially with penicillin, ay 

be ineffective. Under these conuitions, a route of infection to 

man would be open, particularly if raw dairy product8, manufac- 

tured from the milk of cattle infected with chromobacteria, were 

consumed. 
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S Ufl1ARY 

'k violet dico1oration occurred in retail market cream 

distributed by two Oregon dairy plants in the sanie city. Micro- 

scopie examination of the product revealed the presence of large 

nunibers of bacteria which were Gram negative rods. It was felt 

that these organisms may have been responsible for the violet 

defect and attempts to isolate the causative agent subsequently 

were made. Following numerous trials employing both natural and 

artificial media, incubated at several temperatures, isolation 

of a bacterium elaborating a violet pigment was accomplished. 

The medium finally supporting the growth of the organism was 

sterile 12% cream inoculated with violet fragments from the 

original defective cream sample. Growth appeared on..: £fter 

incubation at C. for three weeks. This cream was re1 as a 

source of inoculum for obher laboratory media employeu throughout 

this investigation. 

1-reliminary taxonomic studies indicated that the newly 

isciated organism was a member of the genus Chromobacterium; it 

was a Gram negative, non-sporeforming, motile rod which produced 

a violet pigment exhibiting physical and chemical characteristics 

similar to that produced by other members of this genus. 

Five 5tock cultures of Chromobacterium species were ob- 

tamed, three from the American Type Culture Collection, one 

from the Hopkins Marine Station, California and one from the C.30 
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culture collection. They were used in all phases oì this study 

for comparison with the defect-producing organism. 

Morphological data obtained with the light and electron 

microscopes revealed that all eix organisms resembled one 

another in physical appearance. Studies on the cultural char- 

acteristics showed slight differences between the organises, 

depending on the growth medium used. Growth in milk was miti- 

ated with difficulty by all organisms except the new i;olate. 

Blood agar and potato slopes were the best media for growth and 

pigment production by each strain. 

Each organism was examined for its ability to utilize or 

hydrolyze urea, lecithin, starch, blood, fat, citrate 

and various Proteins and carbohydrates. They were tested for 

their ability to produce indole from tryptophane, acetyl 

methyl carbinol from glucose, ammonia and hydrogen sulfide from 

peptone and nitrite or nitrogen gas from nitrate. Their ability 

to grow at various salt, pH and temperature levels also was 

studied. 

1-hysiological studie8 led to the separation of the chromo- 

bacteria into two natural groups based on optimum growth tern- 

peratures. These were the paychrophiles and mesophiles. The 

former grew at 1+° but not 37° C. while the latter grew at 37° 

but not ¿fO C. Other distingui1uing cliaracteristics of the meso- 

philes included lecithinase activity, ability to ferment tre- 

halose and a greater proteolytic nature. The psychrophiles 
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produced hydrogen sulfide, hydrolyzed aesculin, exhibited greater 

ability to utilize citrate and also produced gelatinoua colon:ies 

on agar media. The taxonomic significance al' thie natural group- 

ing was discussed. The opinion was given that, at the present 

time, only two species are justified in the genus Chromobacterium, 

a mesophilic type C. violaceurn and a psychrophilic type C. 

lividum. 

The newly isolated Chromobacterium fell into the psychro- 

philic group and was designated C. lividum OSC. The pient pro- 

duced by this organism was studied in coiparison to that produced 

by C. violaceum using paper chromatographic and spectrophotomet- 

nc techniques. Alcohol extracts of cells containing the crude 

pigment violacein were separated into four fractions using 

butanol:water (8:2) as the developing solvent. Dluates of the 

corresponding fractions Leave similar absorption curvts, indLc 

ting that they may have been identical or at least very iuch 

alike. 

Chromobacterium lividum O3C and the other chrornobacteria 

included in this study were unable to survive pasteurization. 

This indicated that the presence of the organism in the defective 

market cream was the result of post-pasteurization contamination. 

Since pathogenic strains of Chrornobacterium species have been 

isolated from both animal and man, the possible public health 

significance of the occurrence of these bacteria in (lairy pro- 

ducts was discussed. 
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