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CHAPTER I 

INTRODUCTION 

The genus Cellulomonas as originally proposed was based 

on a single physiological property and included such diverse 

types of bacteria as (1) polar flagellate species, now placed 

in Pseudomonas, (2) gram-variable nonmotile rods now placed 

in Corynebacterium, and (3) peritrichous, nonsporeforming 

gram negative rods. The morphological similarity of these 

diverse types has contributed to the confusion of the investi

gations that followed their isolation. 

Commercially these organisms have been explored through 

the many parameters of cellulose digestion. Among the re

ported literature usage is the usage of these organisms in 

oil well drilling mud (20) , utilization of aliphatic hydro

carbons (19), and native cellulosics such as bagasse, straws 

and grass (8, 18, 32) to produce protein. Other potential 

commercial uses for Cellulomonas and/or other cellulolytic 

bacteria are the degradation of mesquite and cotton wastes 

for the production of single cell protein. 

The unsatisfactory and uncertain status of the genus 

Cellulomonas as listed in the sixth edition of Bergey's (5) 

led to several investigations. The ability to degrade cellu-
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lose is not unique to the Cellulomonads. It is well known 

that many organisms in the Pseudpmonadales and Eubacteriales 

do indeed degrade cellulose. Stanier and Brock (7, 57) have 

classified these organisms in the order Pseudomonadales. 

Jensen (29) had transferred Cellulomonas fimi to Corynebac-

teriimi fimi and later transferred other members of Cellulo

monas to Corynebacterium, thus at the time placing them in 

the order Actinomycetales. Conn and Dimmick (13) expressed 

that these organisms were more similar to those that they 

suggested be placed in their proposed genus Arthrobacter. 

In 1953 Clark revised the criteria for species differ

entiation in Cellulomonas. This revision serves as the basis 

for their classification in the seventh edition of Bergey's 

Manual (6). Here they are placed in the family Corynebac-

teriaceae and order Eubacteriales. The main criteria for 

separating the different species included motility, gelatin 

liquefacation, chromogenesis, action on milk, production of 

ammonia, nitrite and indole. Of these, Clark suggested that 

motility, chromogenesis and nitrite production are the only 

reliable tests. In his revision fourteen species were re

duced to synonyms and three were excluded, resulting in ten 

recognized species. This revision was based on a few bio

chemical and morphological differences and their ability to 

attack cellulose. The relatedness of these organisms had not 

been determined by serological methods, DNA base compositions 
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or genetic homologies. 

Since then many studies of computer analyses have been 

conducted. As a result of their computer analysis Davis and 

Newton's data showed that Cellulomonas flavigena and Micro-

bacterium lacticum respectively than to each other. Addi

tional literature concerning the numerical taxonomy of these 

organisms indicated that the species of Cellulomonas are 

sufficiently related. However, most of the analyses were 

performed using morphological and biochemical characteristics. 

Keddie e^ aJ., 1968 conducted cell wall composition 

studies on the genus and have concluded that it is a valid 

genus. On the other hand, Cuiranins (14) has cautioned use of 

this characteristic as a classifying tool when used alone. 

The purpose of this study was to probe more deeply the 

relationship among seven of the recognized species of Cellulo

monas and four soil isolates (47) . This investigation was 

conducted using Cellulomonas biazotea ATCC 482, C. cellasea 

ATCC 487, C. fimi ATCC 484, C. flavigena ATCC 482, C. gelida 

ATCC 488, C. subalbus ATCC 489, and C. uda ATCC 491. All 

cultures were obtained from the American Type Culture Collec

tion. Four additional soil isolates were compared since 

their morphology and biochemical properties resembled those 

of the Cellulomonads (47). The organisms were compared bio

chemically, morphologically, serologically by the quantita

tive agglutination procedure and by DNA base ratios. 



CHAPTER II 

REVIEW OF LITERATURE 

The Classification of Species Within Cellulomonas 

During the period 1912-1916 Kellerman and his associates 

(36, 37, 48, 49) described approximately thirty species of 

cellulolytic, non-sporing bacteria. Speciation was based 

primarily on minor cultural differences. Omeliansky was the 

first investigator to attempt work with pure cultures of 

aerobic cellulose decomposers. It is, however, believed that 

some of his cultures were contaminated. Kellerman and as

sociates actually isolated three strains of aerobic cellulose-

fermenting organisms from Omelianski's cultures (4). 

Purity of three of the isolates now classified as Cellu

lomonas sp. was established twelve years later (56). Itano 

and Arakawa, 1931, examined the cellulolytic ability of the 

original isolates and found that after many years of mainte

nance on nutrient agar the degradative ability was still re

tained. 

For lack of a suitable place to put these cellulolytic 

bacteria Bergey in 1923 (3) organized them in the genus 

Cellulomonas, family Bacteriaceae (Cohn) and order Eubac

teriales. Twenty-six species were listed; differentiated 

4 
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primarily by morphology, motility, action on milk and gelatin 

and chromogenesis. This classification existed without fur

ther investigation until the formulation of the sixth edition 

of Bergey's Manual for Determinative Bacteriology. In this 

edition (5) the number of cellulolytic organisms described as 

Cellulomonas had declined to eighteen. Cellulomonas was now 

listed as a subgenus of Bacterium in the family Bacteriaceae, 

suborder Eubacteriineae and order Eubacteriales. One of the 

excluded species was the organism now known as Cellulomonas 

fimi. 

The exclusion of C. fimi was based on Jensen's work (28). 

Jensen placed this organism in the genus Corynebacterium, 

which at this time was in the order Actinomycetales. However, 

Jensen did not investigate any of the other organisms classi

fied as Cellulomonas. Thus, this transfer was based primarily 

on cultural and morphological similarities. Reinforcing the 

idea that some of the Cellulomonas sp. were similar to the 

Corynebacterium were Clark's investigations (9, 10). He 

showed that the staining variability and the morphological 

appearance of Corynebacterium fimi was represented by Cellu

lomonas biazotea, C. cellasea, C. flavigena, C. gelida, C. 

subalbus. Bacterium udum and B. liquatum. Thus, Clark sug

gested that these organisms should also be classified as 

members of Corynebacterium. Since Corynebacteri\im was al

ready overflowing with species of dubious relatedness Conn 
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and Dimmick (13) objected to the enlargement of the genus. 

As an alternative they proposed a new genus Arthrobacter in 

which the soil "coryneforms" including the Cellulomonads 

could find a place. 

Stanier, 1941, suggested that the original description 

of the cellulolytic species could also be applied to immotile 

species of Pseudomonas. In a discussion of aerobic poly

saccharide decomposers he proposed that the cellulolytic 

species be placed in a major grouping of aerobic polysaccha

ride decomposers. Therefore, Stanier advocated the elimina

tion of such physiological genera as Cellvibrio and Cellulo

monas . Brock, 1970, agreed with Stanier to an extent. He 

retained the genus Cellulomonas, but placed it in the order 

Pseudomonadales. 

Following Clark's suggestion (10) Jensen placed several 

of the Cellulomonads in the related genus Corynebacterium 

(29). He concluded that a large part of non-spore forming, 

gram positive bacteria should be arranged in a continuous 

sequence ranging from Corynebacterium sensu lato to Nocardia 

and thence to Streptomyces and Micromonospora, with the whole 

sequence constituting the order Actinomycetales. 

At this point the situation of the soil "coryneforms" 

was in a confused state. The genus Cellulomonas had pre

viously been placed in the family Bacteriaceae but now was 

amended and placed in the family Corynebacteriaceae. Addi-
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tionally, it had been placed in three entirely different or

ders: Eubacteriales; Pseudomonadales; and now Actinomyce

tales. Other inclusions in the family Corynebacteriaceae 

included Arthrobacter and Corynebacterium. The transfer by 

Murray et al̂ . (5) of the genus Corynebacterium from the or

der Actinomycetales to the Evibacteriales received much op

position, since Corynebacterium was quite similar to Myco

bacterium which was retained in Actinomycetales. This led 

to the new proposed classification sequence in which the 

genera Corynebacterium, Arthrobacter and Cellulomonas were 

placed in the family Corynebacteriaceae and in the order 

Mycobacteriales (11). 

Clark (12) examined twenty-seven of the originally pro

posed Cellulomonads and concluded that their ability to at

tack cellulose seemed stable since the organisms maintained 

forty years on nutrient agar retained the ability. The 

study also recommended that ten of the proposed species re

main in the genus, listed fourteen as synonyms of the ten 

species and rejected three as failing to meet the require

ments for the genus. The differential criteria used were 

motility, gelatin liquefacation, chromogenesis, action on 

milk, production of ammonia, nitrite and indole and their 

ability to produce acid but no gas from a variety of carbo

hydrates. Clark evaluated these criteria and suggested that 

motility, chromogenesis and production of nitrite were the 
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most reliable, while the rest were of dubious nature. It 

should be noted that Clark retransferred Corynebacterium fimi 

and placed it in the genus Cellulomonas. Harrington's work 

(23) supported this transfer. Through computer analysis C. 

fimi was only thirty-one per cent similar to other Coryne-

bacteria. 

The evidence presented by Clark (12) formed the basis of 

the classification of Cellulomonas in the seventh edition of 

Bergey's (6). Here the ten recognized species of Cellulo

monas are C. biazotea, C. cellasea, C. aurogena, C. pusilla, 

C. fimi, C. galba, C. gelida, C. flavigena, C. uda and C. 

acidula. The genus was placed in the family Corynebacteri

aceae and order Eubacteriales. 

Garrison and Harris (22) questioned the determination of 

cellulolytic ability as the major criterion for determining 

the generic status of the Cellulomonads. In their study they 

noted a difference in the action of reported species of Cellu

lomonads to lysozyme, proteolytic specificity, and absence or 

presence of specific dehydrogenases. Thus the ability to de

grade cellulose, although stable, did not seem to correlate 

with other physiological properties. Jensen also doubted 

whether this faculty entitled them to generic status (30). 

However, Keddie and associates (35) found that six spe

cies of Cellulomonas were a homogenous group. They based 

their conclusion on cell wall analysis and growth factor re-
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quirements. It was also found that the cell wall amino acid 

composition (alanine, glutamic and lysine) (54) was charact

eristic of gram positive organisms, even though these or

ganisms predominantly stain gram negative. Cummins (14) has 

cautioned the interpreting of qualitative cell wall analysis 

too directly in terms of taxonomic relationships unless it is 

reinforced by serological and other tests. 

Several computer analysis studies have been done with 

certain members of the genus. Da Silva and Holt (15) sug

gested that the cellulose degradative ability appears to be 

sufficiently correlated with other features to make a reliable 

diagnostic feature. Davis and Newton (16) presented a dendro

gram where C. flavigena and C. biazotea achieved only approx

imately sixty-three percent similarity. In this particular 

study C. flavigena was seventy-eight percent similar to 

Brevibacterium linens and C. biazotea seventy-two percent 

similar to Microbacterium lacticum. Therefore, a new classi

fication scheme was proposed. They suggested the formation 

of three different families: Corynebacteriaceae (Listeria, 

Kurthia, Erysipelothrix, certain Microbacterium strains and 

Corynebacterium); Mycobacteriaceae (Arthrobacter, Brevibacter

ium, Cellulomonas, Microbacterium and certain other sp.). In 

contrast Masuo and Nakagawa (44, 45, 46) showed five species 

of Cellulomonas to be eighty-five to ninety percent similar. 

Brevibacterium and Microbacterium were not tested. 
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Recently much weight has been placed on the DNA base 

ratios as a measure of taxonomic relationships. Hill, 1966, 

reported a value of seventy-five percent guanosine-cytosine 

for C. biazotea. Yamada and Komagata, 1970 performed DNA 

base compositions on five species of the genus. The results 

of this analysis showed that the species were related. The 

percent guanosine ranged from 63.4 to 72.7. For the most 

part the species ranged from 71.7 to 72.7 with only one 

strain of C. fimi having a G-C ratio of 6 3.4. These data 

indicate that the organisms tested have similar G-C content. 

Even though similar G-C content of organisms suggests simi

larity, it does not prove that the organisms are similar and 

thus must be coupled with other tests. 



CHAPTER III 

MATERIALS AND METHODS 

Stains 

Gram stains were made of cells grown on Tryptic Soy agar 

(TSA;Difco) plates at 12, 24 and 48 hr. Acid fast stains 

were prepared using cells from 4 day cultures grown on the 

same medium. Flagella stains were prepared in accordance 

with that of Leifson's technique listed in Skerman, 1967. 

Formalin (0.37%) was used as a fixative. The slides were 

immersed in the formalin solution for 5 min followed by Leif-

sons stain, applied 5-6 min. Intracellular lipid and meta

chromatic granule stains used were Sudan black and Pugh's 

method respectively as described in Baker, 1967. Capsules 

were examined by negative staining with India ink 24 hr cells 

grown on TSA slants. The slides were then subjected to 

Gram's crystal violet for 3 min, washed with tap water and 

blotted dry. 

Fermentation Tests 

Twenty sugars were used in the test. Ten percent sugar 

solutions were prepared and filter sterilized. Five percent 

solutions of salicin, dulcitol and inulin were used. Phenol 

red broth base was made and distributed in 4.5 ml amounts 

11 
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into acid cleaned 16 x 150 mm test tubes, containing Durham 

fermentation tubes. Sugar solutions were added to the phenol 

red broth to adjust the final concentration to 1 percent, ex

cept in the case of salicin, dulcitol and inulin in which 

case the concentration was 0.5 percent. Duplicate tubes were 

inoculated with 0.2 ml of a 24 hr Tryptic Soy Broth (TSB; 

Difco) culture incubated at 30 C. As a control, phenol red 

broth without sugar was inoculated with 0.2 ml of the 24 hr 

cultures. The fermentation tubes were incubated at room tem

perature and read at 15, 27, 37, 81, 61, 110, 134, and 184 

hr. No test was made to determine if the culture medium in 

which the organisms were grown altered the results. 

The differentiation between oxidative and fermentative 

production of acid from carbohydrates was determined by using 

Hugh and Leifson's medium (55). The only carbohydrate em

ployed was glucose. 

Motility 

Twenty-four hour cultures grown on TSA slants were in

oculated into duplicate tubes of Difco motility agar (0.5%). 

Motility agar 0.2 percent was prepared consisting of the fol

lowing: Tryptone (Difco), lOg; NaCl, 5g; special agar Noble 

(Difco), 2g. The organisms were incubated at 37 C and read 

at 24 and 4 8 hr. Additionally, motility was tested by the 

hanging drop method using phase microscopy. 

The organisms were also observed using the electron 
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microscope. Cultures were observed at 18, 24 and 48 hr. 

Eighteen hr cultures were prepared by inoculating 40 ml of 

TYPG medium by loop and shaken at 250 rpm in a 30 C incu

bator. TYPG medium consists of Tryptone (Difco), 5g; yeast 

extract (BBL), 5g; K2HPO4, 5g and dextrose, 0.5g. Reagent 

grade HCl was added to adjust the pH to 7.2. The cells were 

collected by centrifuging at 3020 x g, 4 C for 10 min and 

suspended in sterile physiological saline to form a turbid 

suspension. The 24 and 48 -hr preparations were obtained by 

washing TSA slants with sterile physiological saline to form 

a turbid suspension (3-5 ml). All cell preparations were 

allowed to incubate at 37 C for 25 min to enhance motility. 

The cells were negatively stained with 2 percent phospho-

tungstic acid (PTA) which was adjusted to pH 7.3 with 1 N 

NaOH. The PTA was filter sterilized and centrifuged at 3020 

X g for 15 min. Cells were transferred to formvar coated 75 

mesh grids by means of a sterile loop and observed on a 

Hitachi HU-8 electron microscope. 

Catalase 

Fifteen milliliters of TSB in Smith fermentation tubes 

were inoculated by loop from 24 hr TSA slants in triplicate. 

After 24 hr incubation at 37 C, 1 ml of cold 30 percent H-O-

was added to each culture and gas evolution was checked after 

15 min and 1 hr. 
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Degradation of Cellulose 

To test for cellulolytic ability the peptone broth, 

filter paper strip technique of Skerman, 1967 was used. 

Triplicate tiobes were inoculated by loop from 48 hr TSA slant 

cultures and inci±>ated at 37 C. 

Additional Biochemical Tests 

The following tests were performed according to the 

Difco Manual (1971): nitrate reduction; indole; triple sugar 

iron (TSI); hydrogen sulfide production; urease presence; 

starch hydrolysis; litmus milk reduction and gelatin hydro

lysis. Ammonia production was tested by inserting pH paper 

into tubes containing inoculated nitrate agar slants and al

lowed to remain at incubator temperature for 24 hr. A change 

in the pH paper was read using a scale accompanying the paper, 

Triplicates were made of all tests. 

Growth on Cellulose Medium 

K-W medium with microcrystalline cellulose agar plates 

were prepared. K-W medium includes NaCl, 3g; (NH.)2S0., 2g; 

K2HPO., Ig; MgSO^, O.lg; CaCl2, O.lg; yeast extract (BBL), 

l.Og; microcrystalline cellulose (Bio-Rad Laboratories), lOg; 

Noble special agar (Difco), 15g. The plates were inoculated 

by loop from 48 hr TSA slants. 

Growth on Single Carbon Source 

The medium used was adapted from Lockhart and Listen, 



15 

1970. The only change in the medium was the addition of only 

3.0g NaCl. One percent of microcrystalline cellulose, car-

boxymethyl cellulose or alpha cellulose was used as the car

bon source. The plates were inoculated in triplicate by loop 

from 24 hr TSA slants. 

Nutrient Requirement 

Minimal Agar Davis (Difco) was prepared according to the 

manufacturers instructions. The medium contained no vitamins 

or amino acids only a small amount of glucose. All glassware 

used was acid cleaned. Triplicate plates were streaked from 

24 hr TSA slants and read after 4 days incubation at 37 C. 

Growth on Potato Dextrose Slants, Nutrient Agar and Broth 

The media were prepared according to directions as out

lined by Difco Manual (1971). 

Heat Test 

Duplicate 24 hr slant cultures were suspended in sterile 

physiological saline, transferred to sterile tubes and heated 

in a beaker of water for 10 min at 80-85 C. Viability was 

checked by streaking a loop of heated suspensions and incu

bating at 37 C. 

pH Optimum 

The method used was adapted from the Manual of Micro

biological Methods (19 57). Ten test tubes each containing 8 
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ml nutrient broth were adjusted to varying pH values. Tubes 

number 1-7 were adjusted to the following values respectively 

with 0.2M K2HP0^ and 0.IM citric acid: 4.8; 5.3; 6.15; 6.4; 

6.7; 6.9; 7.45. Tubes 8-10 were adjusted to the following 

values respectively with 0.2M boric acid and 0.2M NaOH: 7.63; 

8.1; 8.3. The tubes were incubated at 37 C and checked for 

visible turbidity after 24, 48, 72 and 96 hr. Triplicates 

were run of each pH value. 

Temperature Optimum 

Tubes, 13 X 100 mm, containing 3 ml TSB plus 0.25 per

cent yeast extract medium were inoculated with 48 hr cul

tures by loop. Duplicates were made for each temperature 

tested. Temperatures used were 4, 25 (room temperature), 30, 

37 and 50 C. Growth estimations were made using the Klett-

Suramerson colorimeter at 540 nm. Measurements were made at 

6, 12, 24, 48, 72 and 96 hr. The tubes were not shaken dur

ing incubation. 

Growth Curves 

Cultures used were transferred 3 or more times in TYPG 

medium. Two milliliters of a 24 hr TYPG broth culture 

(Shaken at 300 rpm at 30 C) was inoculated into duplicate 500 

ml 1.7 cm dia. side arm flasks containing 100 ml of the TYPG 

medium. Incubation temperature was at 30 and 37 C. Readings 

were taken on a Bausch and Lomb Spectronic 20. A solution of 
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KJCrJ^^ approximating the optical density of the autoclaved 

TYPG medium was used as a reference for all recordings. 

Cell Wall Antigen Preparation 

Cells transferred at least 3 times on TYPG medium were 

used. Inoculation cultures consisted of 40 ml TYPG in 250 

ml flask incubated at 37 C on a shaker at 300 rpm. One mil

liliter of inoculum was transferred to each of 5 shaker 

flasks containing 500 ml of TYPG medium. These flasks were 

incubated for 24 hr at 37 C with agitation at 300 rpm. Be

fore harvesting 0.8 ml of 40 percent formalin was added to 

each flask. The cells were harvested by centrifugation at 

3020 x g, 4 C for 25 min. The cells were washed twice with 

distilled water and then resuspended in distilled water to 

obtain a dense solution of cells. The cells were subjected 

twice to a pressure of 12,000 psi in a French pressure cell 

and extruded from the cell at a rate of about 15-16 drops per 

minute (21). Disruption was performed at 4 C. Proof of dis

integration was determined by comparing gram stains before 

and after disruption. 

The remaining treatment of the cell walls is essentially 

that of Robinson, 1968. Insoluble cell debris was harvested 

by centrifuging at 17,300 x g for 20 min at 4 C. Crude cell 

wall deposits were resuspended in distilled water, centri

fuged at 3020 X g at 4 C for 15 min. The supernatant was 

centrifuged at 17,300 x g at 4 C for 15 min to collect cell 
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walls. 

Crude cell wall fractions were treated as follows for 

purification: 

1. Digestion with 0.5 percent w/v KOH in 
ethanol at 37 C for 24-48 hr. The 
alkaline ethanol was removed by wash
ing 3 times in distilled water. 

2. Digestion in 0.05 M phosphate buffer 
pH 7.6 containing 0.5 mg/ml each of 
ribonuclease and trypsin at 37 C for 
12-18 hr. 

3. Digestion in 0.02 N HCl containing 1 
mg/ml of crystalline pepsin at 37 C 
for 18-24 hr. 

In all cases the digestion time approximated the upper limit. 

The purified cell wall mucopeptide was washed 3 times in 

physiological saline and then suspended in 10 ml saline. All 

solutions were stored at 2 C until ready for use. 

Determination of Protein Content of Antigen Preparations 

The method used to determine the protein content was 

that of Folin Ciocalteau (39) at a wavelength of 750 nm. 

Standard solutions of crystalline bovine serum albumin (frac

tion V) were prepared in physiological saline and used as a 

means of evaluating the protein content of antigen solutions 

and antigen-antibody solutions. 

Preparation of Antigen for Injection 

Antigen solutions were diluted with physiological saline 

to approximate the antigen with the lower protein concentra-
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tion. Thimerosal (sodium ethylmercuri thiosalicylate) was 

added to obtain a final dilution of 1:10,000. The resulting 

solution was checked for sterility and stored at 4 C. 

Injection of Animals 

Six New Zealand white rabbits of the same litter were 

used. Five of the animals received antigen preparations and 

one received an equal amount of saline and Freunds incomplete 

adjuvant (Difco). Antigen preparations of C. biazotea, C. 

fimi, C. flavigena, C. gelida and C. uda were used. At the 

time of injection 1.5 ml of the antigen solution was added 

to 0.5 ml Freund's incomplete adjuvant and aspirated. The 

rabbits were injected subcutaneously on alternate sides for 

seven weeks. Total amount of protein injected was as follows: 

C. biazotea, 100 ug; C. fimi, 50 ug; C. flavigena, 100 ug; 

C. gelida, 100 ug; C. uda, 75 ug. 

Titers were determined by the quantitative precipitin 

method at the end of 4 and 7 weeks to determine increase in 

antibody titer (33). Titers of 64,000 were obtained in all 

cases. Final bleeding of the rabbits was done by cardiac 

puncture. Approximately 50 ml of blood were obtained, cooled 

and centrifuged. The collected sera were filter sterilized 

and preserved with Thimerosal in a final concentration of 

1:10,000 (33). 

Quantitative Agglutination Tests 

The sera were decomplemented by heating at 56 C for 60 
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min, refrigerated at 4 C for 48 hr and then centrifuged at 

4340 X g for 1.5 hr at 4 C (49). Agglutination reactions 

were performed to determine maximum antigen-antibody concen

tration for optimal activity. An equal quantity of each 

antiserum (0.4 ml) was added to 12 ml sterile centrifuge 

txobes in triplicate. To each, 0.03 ml of the homologous 

antigen was added. The tvibes were incubated at 37 C for 30 

min and then at 4 C for 48 hr. After 48 hr the tubes were 

centrifuged 20 min at 930 x g at a temperature of 4 C. Since 

no sediment was observed the procedure was repeated by adding 

an additional 0.03 ml of the homologous antigen. Another 

series of tests was set up using 0.09 ml of the homologous 

antigen. The resulting sediment was washed twice with 3 ml 

portions of cold 0.9 percent saline. The amount of protein 

in the precipitates was determined by the Folin-Ciocalteau 

method. The readings were quantitated by referring to 

standard bovine serum albumin curves. After determining the 

maximum amount of antigen required for the homologous system, 

cross reactions with the heterologous antigens were set up 

using the same procedure. The amount of antisera, 0.4 ml, 

remained constant in all tests (3 3). 

DNA Isolation 

The procedure used was that of Marmur, 1960 with modi

fications by Kreig and Lockart, 1970. Instead of the recom-
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mended 10 mg lysozyme, it was found that 15 mg gave better 

lysis. Lysozyme treatment was followed by gentle agitation 

in a 37 C water bath for 1 hr. Three milliliters of 25 per

cent sodivmi lauryl sulfate was added and the solution incu

bated in a 60 C water bath for 10 min. 

After ribonuclease treatment the DNA was difficult to 

wind around a glass rod, thus it was necessary to centrifuge 

the precipitated DNA. After isolation the DNA was dissolved 

in standard saline citrate (SSC; 0.15 M NaCl plus 0.01 M 

trisodium citrate, pH 7.0 + 0.2) and placed in dialysis tiib-

ing (2 1/2 cm dia.) which was preboiled in SSC. The solu

tions were then dialyzed against SSC for 5 days. The volume 

ratio of SSC to DNA solution was 150:1 and the SSC was changed 

daily. 

The concentration of DNA was determined by scanning the 

solution on a double beam recording Perkin Elmer 402 ultra

violet spectrophotometer using SSC as a reference. DNA con

tent was calculated using 0.02 OD units being equivalent to 

1 ug per ml of DNA (34). 

Determination of Tm 

The DNA of all samples was adjusted to a concentration 

of approximately 10 ug/ml and placed in teflon-stoppered 

quartz cuvettes with a path length of 1 cm for the Tm deter

minations. The Tm's were determined in the Perkin Elmer 402 

spectrophotometer equipped with a thermostatically controlled 
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cell block at a wavelength of 260 nm. Guanosine dissolved in 

SSC was adjusted to approximately the concentration of the 

DNA solution and used as the reference. The temperature was 

recorded internally by means of a bent stem thermometer and 

a thermistor probe immersed in glycerol in a cuvette. 

In determining the Tm of the DNA, the temperature of the 

chamber was advanced quickly to about 5 C below the estimated 

onset of the melting region after first measuring the optical 

density at 25 C. When temperature equilibrium was attained, 

the temperature was advanced 1 C at a time allowing 5 min for 

equilibration at each temperature. An increase in the ab-

sorbance was used to determine the onset of the melting tem

perature and subsequently was considered to be complete when 

no further increase in absorbance was observed. 

The optical density at each temperature was divided by 

the value at 25 C or before the increase in absorbance and 

the ratio (relative absorbance) plotted versus the tempera

ture of the solution. The temperature corresponding to half 

the increase in the relative absorbance was designated as 

Tm (42). 

Since the Cellulomonas sp. had a high Tm it was neces

sary to redialyze the DNA samples against dilute saline 

citrate (DSC; 0.015 M NaCl plus 0.001 M trisodium citrate). 

The solutions were dialyzed for 10 hr changing the DSC every 

2 hr with a volume ratio of 1:150 ml. Thus in the Tm deter-
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minations guanosine was dissolved in DSC and scans of all DNA 

samples were rerun. 

Calf thymus DNA (Sigma Chemical Company) was used as a 

control. It was dissolved in SSC to a concentration of 10 

ug per ml. The guanosine used as its reference was dissolved 

in SSC. 

The bent stem thermometer was calibrated against a 

standard ASTM thermometer of the same temperature range. The 

Tm values appearing in Table 6 are corrected. 



CHAPTER IV 

RESULTS 

Morphological comparisons of the seven Cellulomonas sp. 

are presented in Tables 1 and 2. Flagella were demonstrated 

by Leifson's technique with only C. fimi and C. gelida. It 

was found that C. fimi and C. gelida possessed a definite 

polar flagellum with possibly an additional flagellum at

tached laterally. Electron microscopy of all seven organisms 

resulted in the demonstration of flagella on C. fimi, C. 

gelida and C. s\3balbus. Polar flagellation predominated on 

the flagellated organisms observed. The flagellum was 

usually attached to one side of the center of the organism. 

In the case of C. gelida two flagella were demonstrated with 

one being polar and the other placed laterally about one-

fourth up from the flagellated end of the cell. C. fimi 

usually possessed a single polar flagelliim placed slightly 

off center. C. sxibalbus always possessed a polar flagellum 

(Fig. 1, 2, 3, 4, 5 and 6). At a magnification of 20,350 X 

C. gelida had a wavelength of 5.5 cm. At a magnification of 

27,750 X a wavelength of 6.65 cm was obtained for C. subalbus 

(Fig. 6 and 7). Motility in C. biazotea, C. cellasea, C. 

flavigena and C. uda was not demonstrated by hanging drop 

24 
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TABLE 1 

GROWTH CHARACTERISTICS 

NUTRIENT AGAR PREPARATIONS 

A. Plates 

1- C. biazotea - Slow growing. After 5 days incubation, 
37 C, colonies are punctiform, convex, entire, smooth, 
opaque, yellow. 

2. C. cellasea - Slow growing. After 5 days incubation, 
37 C, colonies are punctiform, convex, entire, smooth, 
translucent, pale yellow. 

3. C. fimi - Slow growing. After 3 days incubation, 37 
C, colonies are 0.3-0.5 mm dia., punctiform, convex, 
entire, smooth, opaque, pale yellow. 

4. C. flavigena - Slow growing. After 4 days incubation, 
37 c"̂  colonies are 0.3 - 0.5 mm dia., punctiform, con
vex, entire, shiny, smooth, translucent and pale 
yellow. 

5. C. gelida - Slow growing. After 3 days inciobation, 
37 C, colonies are 0.3 - 02 mm dia., punctiform, con
vex, entire, smooth, translucent, creamy. 

6. C. subalbus - Slow growing. After 5 days incubation, 
37 C, colonies are punctiform, convex, entire, smooth, 
translucent, cream. 

7. C. uda - Slow growing. After 4 days incubation 37 C, 
colonies are 0.5 - 1.0 mm dia., circular, convex, 
entire, smooth, shiny, translucent. 

B. Slants 

1. C. biazotea - Growth moderate, glistening, yellow, 
smooth, medium unchanged. 72 hr. 

2. C_. fimi - Growth moderate, filiform, glistening, 
yellow, granular consistency, medium unchanged. 72 hr, 

3. C. cellasea - Growth scanty, glistening, pale yellow, 
granular, medium unchanged. 72 hr. 

4. C. flavigena - Moderate growth, filiform, glistening, 
pale yellow, beaded consistency, medium unchanged. 
72 hr. 
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TABLE 1—Continued 

5. C. gelida - Scanty growth, beaded, glistening, trans
lucent, medium unchanged. 72 hr. 

6. C. subalbus - Growth moderate, glistening, cream, 
medium unchanged. 72 hr. 

7. C. uda - Moderate growth, beaded glistening, cream 
to pale yellow, beaded consistency, medium unchanged. 
72 hr. 

NUTRIENT BROTH 

1. C. biazotea - No surface growth, slight clouding, 
sediment connected and stringlike. 72 hr. 

2. C. fimi - No surface growth, slight clouding, moder
ate flocculent sediment. 72 hr. 

3. C. cellasea - No surface growth, no clouding, sedi
ment connected and stringlike. 72 hr. 

4. C. flavigena - No surface growth, slight clouding, 
scanty flocculent sediment. 72 hr. 

5. C. gelida - No surface growth, slight clouding, 
scanty flocculent sediment. 

6. C. subalbus - No surface growth, slight clouding, 
granular sediment. 72 hr. 

7. C. uda - No surface growth, slight clouding, moderate 
flocculent sediment. 72 hr. 

CELLUOSE AGAR PLATES 

1. C. biazotea - After 4 days, 37 C, colonies are puncti
form^ circular, entire, convex, smooth, yellow, 
opaque, no hydrolysis. 

2. C. cellasea - After 4 days, 37 C, colonies are puncti
form^ circular, entire, convex, smooth, clear trans
lucent, no hydrolysis. 

3. C. fimi - After 4 days, 3 7 C, colonies are punctiform, 
circular, entire, convex, smooth, yellow, opaque, no 
hydrolysis. 
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TABLE 1—Continued 

4. C. flavigena - After 4 days, 37 C, colonies are puncti
form, circular, entire, convex, smooth, pale yellow, 
translucent, no dydrolysis. 

5. C. gelida - After 4 days, 37 C, colonies are puncti
form, entire, convex, smooth, clear, translucent. 

6. C. subalbus - After 4 days, 37 C, colonies are puncti-
form, entire, convex, smooth, cream, opaque, no hydro
lysis. 

7. C. uda - After 4 days, 37 C, colonies are punctiform, 
circular, entire smooth, convex, white, translucent, 
no hydrolysis. 

TRYPTICASE SOY AGAR PLATES AND SLANTS 

Here the growth is analogous to the nutrient agar plates 
and tubes, with the growth being a little more abundant. 

STARCH AGAR PLATES 

1. C. biazotea - Colonies are punctiform, convex, circu
lar, entire, glistening opaque, yellow. 

2. C. cellasea - Colonies are punctiform, convex, circu
lar") glistening, translucent, pale yellow. 

3. C. fimi - Colonies are punctiform, convex, circular, 
entire, glistening opaque, pale yellov; to cream. 

4. C. flavigena - Colonies are punctiform, convex, cir
cular, entire, glistening, translucent, pale yellow. 

5. C. gelida - Colonies are punctiform, convex, circular, 
entire, translucent. 

6. C. subalbus - Colonies, entire, convex, translucent, 
punctiform. 

7. C. uda - Circular colonies, entire, convex, translu
cent to cream. 

All cultures possessed the ability to hydrolyze starch. 
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TABLE 2 

STAINS AND MORPHOLOGY 

A. Gram Stain, TSA Plates 

1. C. biazotea - 0.705 u length, 0.3 u width. 22 hr 
12 hr - Gram positive. Some of the cells appear 
curved, angular, occur singly and have a beaded ap
pearance. 
24 hr - Gram variable, angular, curved, primarily in 
clusters, and long rods with some short rods and 3-4 
beads per organism. 
48 hr - Gram positive, cluster and occurring in 
pairs, angular and 2 beads per organism usually. 

2. C. cellasea - 22 hr length - 1.32 u, width - 0.3 u. 
12 hr - Gram negative. Some of the cells appear 
curved, angular, occur singly and have a beaded ap
pearance. 
24 hr - Gram negative, angular, curved, primarily in 
clusters, primarily long rods with some short and 
2-6 beads per organism. 
4 8 hr - Gram negative, weak reaction, occur as indi
viduals and clustered, angular, with 3-4 beads per 
organism. 

3. C. fimi - 22 hr length - 2.5 u, width - 0.6 8 u. 
12 hr - Gram negative. Some of the cells appear 
curved, angular, occur singly and have a beaded ap
pearance. 
24 hr - Gram negative with some gram positive rods, 
angular, curved, primarily in clusters, 3-5 beads 
per organism. 
4 8 hr - Gram negative, clustered and occurring in 
pairs, angular and 2-3 beads per organism. 

4. C. flavigena - 22 hr length - 3.04 u, width - 0.61 u, 
12 hr - Gram positive and negative, angular, beaded, 
curved, and appear individually or in clusters. 
24 hr - Gram negative, clustered, curved, beaded and 
angular. 
48 hr - Same as 24 hr reading. 

5. C. gelida - 22 hr length - 0.69 u, width - 0.3 u. 
12 hr - No cells observed. 
24 hr - Gram variable, clustered, angular, beaded 
and curved. 
48 hr - Primarily gram negative, clustered, angular, 
beaded and curved. 
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TABLE 2—Continued 

6. C. subalbus - 22 hr length - 0.69 u, width - 0.3 u. 
12 hr - Gram positive. Some of the cells appear 
curved, angular, occur singly and have a beaded ap
pearance. 
24 hr - Primarily Gram positive, angular, curved, 
with 2-3 beads per organism usually. 
48 hr - Gram positive, cells appear in clusters, 
paired, angular with 2 coccoid to elliptical beads 
per organism. 

7. C. uda - 22 hr length - 2.31 u, width - 0.55 u. 
12 hr - Gram positive, curved and beaded rods. 
24 hr - Gram negative, occur singly and in clusters, 
curved, angular, and 2-4 beads per organism. 
48 hr - Gram variable, organisms appear in clusters, 
curved, angular, with 1-3 beads per organism. 

B. Intracellular Lipid Stain 

All were found to be positive except C. gelida. 

C. Metachromatic Granule Stain 

All were found to be positive except C. fimi and C. uda. 
On Loeffler's serum medium these organisms were very 
small and thus an accurate observation could not be made. 

D. Capsule Stain 

All cultures possessed a few cells that appeared to have 
capsules, but most of the cells were noncapsulated. 



Fig. 1.—Flagellated cells of C. fimi demonstrated with 
Leifson's flagella stain. The photograph was taken using the 
oil immersion objective and oil on the condenser. X 1000. 

Fig. 2.—Flagellated cell of C. find, 24 hr TSA slant 
^ on^fnA ^^^ative stained with PTA (phosphotungstic acid 2%) 
X 30,600. 





Fig. 3 . ~ C . g e l i d a , 24 hr TSA s l a n t , f l a g e l l a s t a i n e d by 
Le i f son ' s t echnique . Photograph was taken us ing the o i l im
mersion ob jec t ive and with o i l on the condenser . X 1000 

Fig . 4.—C. g e l i d a , 24 hr TSA s l a n t , f l a g e l l a s t a i n e d by 
Le i f son ' s t echnique . Photograph was taken us ing the o i l im
mersion ob jec t ive and with o i l on the condenser . The c e l l 
was commercially en la rged . X 25,600. 

RFrn ?5^f«^^ 
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Fig. 5.—Flagellated cell of C. gelida, 18 hr TYPG broth 
culture, negative stained with 2% PTA (phosphotungstic acid) 
X 30,600. 

Fig. 6.—Flagellated cell of C. subalbus, 18 hr TYPG 
broth culture, negative stained with 2% PTA (phosphotungstic 
acid) X 27,750. 



35 



18 hr^TYPo'hi^^fi^'^^i^ °* S- .ael ida deironstrating wavelength. 
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preparations, motility agar (0.5 and 0.2%), light microscopy 

and electron microscopy. The biochemical data obtained are 

listed in Tables 3, 4 and 5. 

By comparison of visual turbidity as a measure of growth 

at different pH levels, the optimum pH for these organisms 

was determined to be from 6.9 to 7.45 (Fig. 8). After 96 hr 

the number of turbid tubes per pH value were counted and 

plotted against pH. 

Comparing turbidity measurements as measured by the 

Klett-Summerson colorimeter, it was found that most of the 

organisms exhibited a peak growth before or simultaneously 

at 37 C as compared with 30 C (Fig. 9, 10 and 11). No appre

ciable growth was obtained at either 4 C or 50 C, thus these 

temperatures are omitted in Fig. 9, 10 and 11. 

Since these organisms were found to grow slowly in TSB 

(reaching log phase from 24 to 50 hr and in some cases long

er) an attempt was made to discover a medium on which their 

growth would be sufficiently stimulated. Among the media 

tested was tryptose phosphate broth. The growth curves ob

tained on this medium were extended over as much as 50 hr. 

Therefore, a new medium was incorporated. This medium con

sisted of TSB plus 0.25 g each of cellobiose and fructose. 

Growth rate was increased through the use of this medium but 

not substantially. It was noticed that on this medium C. 

flavigena. C. gelida and C. uda demonstrated biphasic growth. 
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Catalase 

citrate 

Cellulose 
paper strip 

Carbohydrate 
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Nitrate-Nitrite 
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Methyl Red 
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Organism 

1 C. 

c. 

C. 

I c. 

c. 

1 -• 

biazotea 

cellasea 

fimi 

flavigena 

gelida 

subalbus 

uda 

Acid 
Curd 

-

-1-

-1-

-1-

TABLE 5 

LITMUS MILK 

Rennet 
Curd 

-

-t-

-1-? 

Peptonization 

-

-1-

+ 

-1-

+ 

Reduction of 
Litmus Begins 
and Ends (days) 

3 d 18 

3 d 18 

4 d 8 

2 d 4 

3 d 5 

4 d 18 

Readings were made according to the following chart: 

Dark red on top - peptonization 

No change in litmus, coagulation - rennin production and 
rennet curd 

Litmus change - reduction 

Litmus change, coagulation - acid curd 

It was then of interest to determine which of the two sugars 

were being used first. Twenty-four hour slant cultures were 

used to inoculate triplicate 13 x 100 mm tubes containing 

0.25 percent cellobiose with TSB and another set containing 

0.25 percent fructose with TSB. Readings were made on the 

Klett-Summerson colorimeter, 540 nm and taken at 24, 48 and 

72 hr. Figure 12 shows the results obtained. 

Due to dissatisfaction with the slow growth obtained the 



Fig. 8 optimum pH. After 96 hr the number of tubes show
ing visible turbidity were counted per pH value and the re
sulting number obtained plotted against pH. 
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Fig. 9.—Optimum temperature of static cultures as de
termined by optical density at 540 nm on a Klett-Summerson 
colorimeter. Measurable readings obtained at 25, 30 and 37 
C are shown. A. C. biazotea; B. C. fimi. 
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Fig. 10.—Optimum temperature of static cultures as de
termined by optical density at 540 nm on a Klett-Summerson 
colorimeter. Measurable readings obtained at 23, 30 and 37 
C are shown. A. C. flavigena; B. C. gelida. 
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Fig. 11.—Optimum temperature of static culture as de
termined by optical density at 540 nm on a Klett-Summerson 
colorimeter. Measurable readings obtained at 24, 30 and 37 
C are shown. C. uda. 
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Fig. 12.—Determination of preferential utilization of 
the sugars cellobiose, cb, and fructose, f. Measurements 
were made on a Klett-Summerson colorimeter at 540 nm. A. C. 
flavigena; B. C. uda; C. C. gelida. 
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TYPG medium was introduced. This medium adequately enhanced 

growth to produce growth curves within a 24 hr period with 

all organisms except C. cellasea. Using the TYPG medium be

ginning log phase could be obtained from 4 to 10 hr. Fig. 

13-19 illustrate the growth obtained. 

Four soil isolates classified as Cellulomonas S£. based 

on morphological and biochemical tests (47) were subjected to 

the same treatment to determine if their growth rates were 

similar. Fig. 20 and 21 indicate that although these organ

isms (98A, 99A, 99B and 106JM) achieve maximum turbidity at 

30 C their growth rate is much faster. Organisms 98A, 99A 

and 99BJM produce essentially the same growth curve at both 

30 and 37 C. 

Growth was obtained on the Minimal Agar Davis after 4 

days. This medium contained a small amount of glucose as the 

only carbon source. 

To determine serological relatedness by the quantitative 

agglutination method it was necessary to obtain data in which 

the maximum amount of protein would be precipitated by the 

homologous antigen. Fig. 22 indicates that in all instances 

0.06 ml antigen produced the largest amount of protein pre

cipitant. Therefore this amount was added in all heterolo

gous tests. The relatedness of the Cellulomonas sp. as de

termined serologically ranged from 67 to 93 percent (Fig. 2 3 

and 24). Testing their relationship to two of the four soil 



Fig. 13.—Growth of C. biazotea in agitated TYPG medium 
at 30 and 37 C measured at 560 nm on Bausch and Lomb Spec
tronic 20. 
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Fig. 14.—Growth of C. cellasea in agitated TYPG medium 
at 30 and 37 C measured at 560 nm on Bausch and Lomb Spec
tronic 20. 
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Fig. 15.—Growth of C. fimi in agitated TYPG medium at 
30 and 37 C measured at 560 nm on Bausch and Lomb Spectronic 
20. 
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Fig. 16.—Growth of C. flavigena in agitated TYPG medium 
at 30 and 37 C measured at 560 nm on Bausch and Lomb Spec
tronic 20. 
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Fig. 17.—Growth of C. gelida in agitated TYPG medium at 
30 and 37 C measured at 560 nm on Bausch and Lomb Spectronic 
20. 
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Fig. 19.—Growth of C. uda in agitated TYPG medium at 30 
and 37 C measured at 560 nm on Bausch and Lomb Spectronic 20. 
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Fig. 20.—Growth of 98A, 99A and 99BJM in agitated TYPG 
medium at 30 and 37 C measured at 560 nm on Bausch and Lomb 
Spectronic 20. 
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* ^ ô ^̂ * 21.—Growth of 106JM in agitated TYPG medium at 30 
and 37 C measured at 560 nm on Bausch and Lomb Spectronic 20. 
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Fig. 22.—Micrograms protein/ml precipitated by varying 
homologous antigen quantities: A. C. biazotea; B. C. fimi; 
C. C. flavigena; D. C. gelida; E. C. uda. 
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Fig. 23.—Percent relatedness of heterologous systems as 
compared to 100 percent homologous system. Data shown are 
the result of double cross reactions. 
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Fig. 24.—Percent relatedness of heterologous systems as 
compared to 100 percent homologous system. 
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i s o l a t e s gave percentages from 3 to 56 percent (Fig. 24) . 

Ca lcu la t ions for the percent re la tedness were made using the 

following formula: 

(amount p r o t e i n pp t . - amount pro te in 
added - amount pp t . in s a l i n e cont ro l 
of homologous system) divided by the 
amount pp t . in the homologous system. 

DNA base composition s tud ie s (Table 6) reveal t h a t the 

mole p e r c e n t guanos ine-cytos ine of the Cellulomonads ranged 

from 76.4 t o 85 .8 . Three of the four s o i l i s o l a t e s a re 

within t h i s range while the o ther a t 41.9 percent G-C i s much 

lower. Two a t t empts were made to i s o l a t e DNA from Ce l l u lo 

monas uda, bu t in both cases a s u f f i c i e n t amount of DNA to 

run Tm was not ob ta ined . In both cases nonspecif ic absorp

tion was ev idenced . 
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CHAPTER V 

DISCUSSION 

The Cellulomonas sp. observed may be defined as members 

of the coryneform bacteria. The following description has 

been compiled from the results. Cellulomonas sp. are non

sporeforming bacteria of irregular rod shape with a beaded or 

granular consistency. This beaded or granular appearance has 

been referred to as individual cells (29) . They are gram 

positive to varying degrees and do appear more gram negative 

in older cultures. In two month cultures the gram reaction 

is very weak and in all species observed there is an abun

dance of coccoid to elliptical cells perhaps resembling the 

arthrospores of the Arthrobacter. There is a definite trend 

of pleomorphism with only a few cells resembling the club or 

wedge shape of the coryneforms. They are not acid fast. 

Motility is expressed by only C. fimi, C. gelida and C. subal

bus. Flagellar arrangement is polar with an occasional fla

gellum located laterally. Polar single flagellation predomi

nates. Reproduction is assumed to be by binary fission which 

is characteristically accompanied by angular growth. Growth 

on culture media is slow with measurable colonies developing 

in 3 days. Colonies generally possess a yellow hue on any 
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medium with the exception of C. gelida and C. uda on cellu

lose agar plates and rarely obtain a diameter greater than 2 

iTjn. Their energy metabolism ranges from oxidative to partly 

fermentative. Their ability to digest cellulose and ferment 

carbohydrates without the production of gas distinguishes 

them from the other coryneforms. 

For the most part the biochemical tests performed agreed 

with those listed in Bergey's Manual (6). The fermentation 

tests agreed with the exception of C. biazotea and C. fimi. 

These organisms failed to ferment glycerol and melezitose re

spectively as reported. Mono and disaccharides seem to be 

preferred as energy sources over polysaccharides and alcohols, 

Carbohydrates that may be used to differentiate the 7 species 

studied include rhamnose, trehalose, raffinose, fructose, 

melezitose and salicin. Table 7 gives a dichotomous key for 

this separation. C. fimi appeared to be the most active with 

C. subalbus attacking the fewest sugars. Clark, 1953 reduced 

C. subalbus to a synonym of C. cellasea. These two organisms 

from the data presented appear to be different both morpho

logically and biochemically. Clark, 1953 rejected the car

bohydrate fermentation responses as a means to differentiate 

species in Cellulomonas. He also stated that with the excep

tion of C. fimi xylose and arabinose were not attacked by the 

other species of Cellulomonas. The data presented here in

dicate that this is not the case. All organisms tested were 
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TABLE 7 

°^^"n3^2^2"^ "^^^ ^ ° ^ DIFFERENTIATING CELLULOMONAS SP 
BASED ON CARBOHYDRATE FERMENTATION RE AC T S I - ' 

A. Rhamnose positive 

1. Trehalose positive' . . r, xr- • 
c. timi 

1. Trehalose negative C. biazotea 

A. Rhamnose negative 

1. Raffinose positive C. flavigena 

1. Raffinose negative 2 

2. Fructose positive 3 

2. Fructose negative ; . . . C. subalbus 

3. Melizetose positive C. gelida 

3. Melizetose negative 4 

4. Salicin positive C. uda 

4. Salicin negative C. cellasea 

found to produce acid from both arabinose and xylose. In no 

fermentation reaction was CO^ evolution evidenced. However, 

COp may have been evolved in such micro amounts as not to be 

detected by the Durham fermentation tubes. 

The type fermentation appeared to be aerobic, but the 

ability of both oxidative and fermentative energy metabolism 

has been shown. Most of the species of this genus are re

ported to reduce nitrates to nitrites. Of those tested C. 

cellasea, C. subalbus and C. gelida were found to lack this 
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ability. C. cellasea has previously been reported to possess 

the ability (11, 12). Three species formed ammonia, however, 

this ability does not seem to be a reliable taxonomic char

acter since Clark (12) found this characteristic to be un

stable. 

All test results coincided with those in the Manual 

with the exception of motility and temperature optimum. Spe

cies cellasea and biazotea are considered to be motile (12) 

but no motility was evidenced by light microscopy, motility 

agar (0.5 and 0.2%) and the hanging drop method. C. fimi 

appeared with mainly polar flagella always attached off cen

ter. From the micrographs taken there is a possibility that 

this organism has another flagellum attached on the side one-

fourth of the way from the flagellated end of the cell. 

Clark and Carr, 1951 have demonstrated motility for C. fimi 

but indicate that the single flagellum they found attached 

occurred randomly. C. gelida can be said to usually possess 

a single polar flagellum but an additional flagellum was 

found attached as in C. fimi. The occurrence of two flagella 

per cell in C. gelida was observed to be much more frequent 

than C. fimi. C. subalbus was never observed to possess more 

than one polar flagellum. True peritrichous flagellation was 

never observed in these organisms as reported by Clark, 1951. 

The flagellation observed could be described as polar to semi-

polar with an occasional flagellum attached laterally close 
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to the flagellated end. Flagella of these organisms appear 

to be quite fragile as many unattached flagella were observed 

as well as non-flagellated cells. 

Using cultures that were not shaken, 37 C seemed to pro

vide a greater rate of growth. This temperature was reported 

as optimum by Kellerman et al,. and later discounted by Clark, 

1953. Referring to Fig. 9, 10 and 11 37 C provides peak 

growth and maximum turbidity in most cases. Even though peak 

growth is obtained faster at the higher temperature in C. 

biazotea and C. uda, maximum turbidity seems to be obtained 

at the lower temperature, 30 C. In all cases turbidity pro

duced at room temperature was less indicating slower growth 

and less cell mass. A slight amount of aeration seems to en

hance growth but the added aeration provided by baffled 

flasks was not stimulatory as identical growth curves were 

obtained when the organisms were grown in an incubator-shaker. 

From the growth curves conducted in the incubator-shaker, 30 

C is the optimum temperature on the basis of maximum turbidity 

The opposite effect on C. biazotea and C. uda is observed. 

Maximum turbidity may be obtained at the lower temperature. 

Generally it may be concluded that at the higher temper

ature, 37 C, less aeration is required to produce maximum 

growth over a 96 hr period. On the other hand, at the lower 

temperature, 30 C, maximum growth may be obtained with slight 

aeration. Observing the growth curves of C. cellasea and C. 
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subalbus supports the earlier conclusion that these two or

ganisms are not synonymous. C. cellasea. at the end of a 24 

hr period, did not produce sufficient growth to produce a 

growth curve; whereas C. subalbus was well into log phase 

after 10 hrs inoculation. 

A significant difference is recognized between the soil 

isolates and the Cellulomonads when comparing growth curves. 

Peak growth in all cases was accomplished within 3 1/2 to 

5 1/2 hrs after inoculation. At this time the Cellulomonads 

would only be in a part of lag or early log phase. 

C. flavigena, C. gelida and C. uda demonstrated biphasic 

growth when placed in a medium containing both fructose and 

cellobiose. After experimentation the medium containing 

cellobiose produced curves that were steeper indicating 

faster utilization. Thus, it was concluded that cellobiose 

was the sugar being used first by the three organisms. 

Over a 96 hr period it was found that pH range of 6.7 

to 7.6 provided a suitable range for growth. These results 

agree with those reported by Reese, 1947 and Porter, 1958. 

It has been reported that the optimum cultivating pH is be

tween 6.0 and 6.5. After 1 to 2 days of fermentation the pH 

rises to about 7.5 (26). The data obtained here was accumu-

latory thus this point was not checked. 

Since the Cellulomonads grew well on Minimal Davis 

Agar with only glucose as a carbon source, it was concluded 

that these organisms do not need to be supplemented for 
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growth. Similar results were obtained by Keddie et al., 1966. 

They found that soil isolates rarely required additional nu

trients. They did state that the Cellulomonas s£. tested 

did show a requirement for biotin and thiamine. The data of 

no amino acid or vitamin requirement is strengthened by the 

growth of the Cellulomonas S£. tested on carboxy methyl cell

ulose and alpha cellulose as single carbon sources. 

The cellulomonads have been considered to be related in 

varying degrees as a result of cell wall composition (35) , 

biochemical reactions, numerical taxonomy (15, 16, 23, 44, 

45, 46) and DNA base composition (58) . The relatedness of 

these organisms was not previously tested serologically. 

Using the quantitative agglutination procedure a range of 67 

to 93 percent relatedness was obtained. The organisms did 

not produce significant differences within the realm of the 

test to contradict their relatedness. The use of serological 

pipettes may have inherently produced some error. Addition

ally, washing the precipitates twice may have caused some 

loss of the precipitate which may or may not have been con

sistent with each heterologous reaction. 

C. gelida and C. uda seem to be the least related to 

the other Cellulomonads. There appeared to be a strong re

lationship between C. gelida and C. uda. Of the six Cellu

lomonads tested C. uda is the least related to the other 

species. Serologically, the four soil isolates did not at-
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tain over 56 percent relatedness. These data along with 

those obtained from the growth curves suggests that although 

these organisms are morphologically and biochemically similar 

they are not closely related to the Cellulomonads. Addition

ally, they have not been observed to attack filter paper 

strips in peptone broth medium. 

The proportions of guanosine-cytosine (GC) content in the 

total DNA of the organisms was assayed. By convention, the 

base composition of a DNA preparation is expressed as the 

mole percentage GC of the total. The genetic code, the GC 

content, can be altered slightly without affecting the amino 

acid sequences of proteins. But extensive differences in 

the GC content will be reflected in different amino acid se

quences. It has been calculated that if two organisms differ 

in GC content by more than 10 percent, there will be a few 

base sequences in common; hence two organisms having such 

different GC contents would not be considered to be closely 

related (Brock, 1970). 

Since the base ratios of the cellulomonads were found to 

range from 76.4 to 85.8 they can be considered related by the 

above criterion. The base ratios obtained are slightly 

higher than other reported values (25, 31, 58). It may be 

noted that the other procedures used standard saline citrate 

as a solvent and also as a reference. Here the solvent was 

dilute saline citrate and the reference used was guanosine. 
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It was considered that using DSC as a solvent would decrease 

the denaturation temperature thus reducing the effect of 

evaporation. Also, the problem of evaporation was inherently 

taken care of by using guanosine as a reference. The change 

in ion concentration was assumed to be similar in the two 

cells. 

Only one of the four soil isolates could be excluded as 

not being related to the Cellulomonads. The other three can

not be excluded on the basis of percent GC. Since the base 

composition only reveals the amount of GC present and not the 

sequence of the bases, the DNA base ratios can be used more 

accurately to determine nonsimilarity rather than similarity. 

Considering data observed with the growth curves and sero

logical tests it can be said that the four soil isolates are 

not sufficiently related to the members of the proposed genus 

Cellulomonas. However, reviewing the data it seems that 98A 

JM, 99B JM, 99A JM are closely related with 106 Jm not re

lated to the other three. The difference in GC content ob

served in C. cellasea and C. subalbus further substantiates 

the earlier conclusion that these two organisms are not sy

nonymous . 

It may be noted that electron micrographs reveal a pre

dominate electron dense spot on cells of C. gelida from a 48 

hr TSA slant culture. The spots are located regularly on the 

lower portion of the cell. They are most predominate when 
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the cells occur as aggregates (Fig. 25). Additional smaller 

spots may be seen on the bacteria but position and number 

varies. It may be of interest to pursue this phenomenon fur

ther. 



Fig. 25.~C. gelida, 48 hr TSA culture suspended in 
sterile physiological saline, negative stained with 2% PTA 
(phosphotungstic acid). X 27,000. 
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CHAPTER VI 

CONCLUSION 

1. The optimum pH for the Cellulomonads ranges from 6.7 to 

7.6. 

2. Biochemically and morphologically the organisms are 

similar possessing both fermentative and oxidative 

energy metabolism. 

3. C. uda, C. flavigena and C. gelida demonstrate biphasic 

growth when both cellobiose and fructose are used as 

substrates. 

4. TYPG medium enhances growth to obtain growth curves of 

all the Cellulomonads except C. cellasea within a 24 hr 

period. 

5. C. gelida, C. fimi and C. subalbus are motile by either 

1-2 flagella located polar and/or laterally. Other 

organisms were not observed to be motile. 

6. C. subalbus and C. cellasea are not synonymous. 

7. The vitamin and amino acid requirement is negligible. 

8. Serologically the Cellulomonads are related with C. uda 

the least related to the other Cellulomonads. 

9. In the environment of a shaker incubator 30 C is the 

optimum temperature for maximum growth. Cultures with-
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out aeration achieved maximum growth at 37 C over a 96 

hr period. 

10. Serological methods and growth rates differentiate the 

four soil isolates from the Cellulomonads. 

11. The Cellulomonads can be considered similar based on DNA 

base compsoitions. Percent GC ranged from 76.4 to 85.5. 

^-^n^^'^,' -̂, UMMMMMMri 



REFERENCES 

1. American Society for Microbiology. 1957. Manual of 
Mxcrobiological Methods. McGraw-Hill Book Co., 
Inc., New York. 

2. Baker, T. J. 1967. Handbook of Bacteriological Tech-
niques. ed. 2 Butterworths, London. 

3. Bergey, David, R. S. Breed, E. G. D. Murray and A. P. 
Kitchens. 19 39. Bergey's Manual o£ Determine-
^̂ j-ve Bacteriology, ed. 5 Williams and Wilkins, 
Baltimore. 

4. Bradley, Leon A. and Leo F. REltger. 1927. Studies on 
aerobic bacteria commonly concerned in the de
composition of cellulose. J. Bact. 12:321-345. 

5. Breed, Robert, E. G. D. Murray and A. Parker Kitchens. 
1948. Bergey's Manual of Determinative Bac
teriology, ed. 6 Williams and Wilkins, Balti
more. 

6. Breed, Robert, E. G. D. Murray, and Nathan R. Smith. 
1957. Bergey's Manual of Determinative Bac
teriology, ed. 7 Williams and Wilkins, Balti
more. 

7. Brock, Thomas D. 1970. Biology of Microorganisms. 
Prentice-Kail, Inc., Englewood Cliffs, New Jer
sey. 

8. Callihan, Clayton D. 1970. How engineers are putting 
microbes to work. Chem. Eng. 77 (20):160-164. 

9. Clark, Francis E. and P. H. Carr. 1951. Motility and 
flagellation of the soil corynebacteria. J. 
Bact. 62̂ (1) :l-6. 

10. Clark, Francis E. 1951. The generic classification 
of certain cellulolytic bacteria. Soil Sci. 
Soc. Amer. Proc. 15^:180-182. 

11. . 1952. The generic classification of the 
i5Tl corynebacteria. Int. Bull. Bact. Nomen. and 
Taxon. 2^:54-56. 

94 



95 

12. . 1953, £ — ^. ^. 9̂ ^̂ ®̂ ^̂  suitable for species dif
ferentiation m Cellulomonas and a revision of 

3M)?179-i99^'''^* '̂'̂ '̂ ̂ '̂'̂ - ^°"^^''- "̂"̂  ^^''°"-

13. Conn, H. J. and I. Dimmick. 1947. Soil bacteria simi
lar m morphology to Mycobacterium and Coryne
bacterium. J. Bact. 54:291-'^n^. 

14, 

Bact. 5^:291-303. 

Cummins, C. S. 1962. Chemical composition and anti
genic structure of cell walls of Corynebacterium, 
Mycobacterium, Nocardia, Actinomyces and Arthro
bacter. J. Gen. Microbiol. ^ : 35-50. 

15. Da Silva, G. A. N. and John G. Holt. 1965. Numerical 
taxonomy of certain coryneform bacteria. J. 
Bact. 90^:921-927. 

16. Davis, G. H. G. and K. G. Newton. 1969. Numerical 
taxonomy of some named coryneform bacteria. J. 
Gen. Microbiol. 56_:195-215. 

17. Difco Laboratories. 1971. Difco Manua1, ed. 9. Difco 
Laboratories, Detroit. 

18. Dunlap, Charles E. and Clayton D. Callihan. 1969. 
Microbial protein production from sugar cane 
bagasse. Sugar J. 32 (2):13-16. 

19. Esso Research and Engineering Co. 1964. Biosynthesis 
of proteins. Neth. Appl. 6_:514, 591. 

20. Freeman, G. G. , A. J. Baillies and C. A. Nacinnes. 1948 
Bacterial degradation of sodium carboxy-methyl 
cellulose and methyl ethyl cellulose. Chem. and 
Indus. 1^:279-282. 

21. French, C. S. and H. W. Milner. 1955. Disintegration 
of bacteria and small particles by high-pressure 
extrusion, p. 64-67. In S. P. Colowick and N. 0. 
Kaplan (ed.) Methods in Enzymology, Vol. 1. Aca
demic Press, 'Inc., New York. 

22. Garrison, R. G. and John 0. Harris. 1956. A compara
tive study of the genus Cellulomonas. Soil Sci. 
Soc. Am. Proc. 20:363-366. 

23. Harrington, B. J. 1966. A numerical taxonomical study 
of some corynebacteria and related organisms. 
J. Gen. Microbiol. 45:31-40. 



96 

24. Kill, L. R. 1968. The determination of deoxyribonu
cleic acid base compositions and its application 
to bacterial taxonomy. In B. M. Gibbs and D. A. 
Shapton (ed.) Identification Methods for Micro-
biologists Part B. Academic Press, New~York. 

25. . 1966. An index to deoxyribonucleic acid 
base compositions of bacterial species. J. Gen 
Microbiol. 44:419-437. 

26. Ikemiya, Masayuki, Jiuchiro Yagi and Takaharu Osumi. 
1961. Cellulose decomposing organisms III. In
fluence of various factors on cellulose decom
position by Cellulomonas strains. Hakko Kogaku 
Zasshi. 39^:332-336. 

27. Itano, Arao and Statujo Arakawa. 1931. Investigation 
on cellulose decomposition in soils. Reexami
nation of some stock cultures. Bull. Agric. 
Chem. Soc. Japan. 7̂ (4/8) :42. 

28. Jensen, H. L. 1934. Studies on saprophytic Mycobac
teria and Corynebacteria. Proc. Linnean Soc. 
N.S.W. 59^:19-61. 

29. . 1952. The coryneform bacteria. Annual 
Review of Microbiology. ^:77-90. 

30. . 1966. Some introductory remarks on the 
coryneform bacteria. J. Appl. Bact. 29 (1) :13-16. 

31. Jones, L. A. and S. G. Bradley. 1964. Phenetic classi
fication of actinomycetes. Devel. Indust. Micro
biol. 5^:267-272. 

32. Jurasek, L. , J. R. Calvin and D. R. Whitaker. 1967. 
Microbiological aspects of the formation and 
degradation of cellulosic fibers, pp. 131-170. 
In W. W. Umbreit (ed.) Adv in_ Applied Micro-
bTology. Academic Press, New York. 

33. Kabat, Elvin A. and Manfred M. Mayer. 1961. Experi
mental Immunochemistry. ed. 2, Charles C. Thomas, 
Springfield, Illinois. 

34. Kalckar, Herman M. 1947. Differential spectropho
tometry of purine compounds by means of specific 
enzymes. J. Biol. Chem. 167:461-475. 

^ . 



97 

35. Keddie, R. M. , Barbara G. G. Leask and J. M. Grainger. 
1966. A comparison of coryneform bacteria from 
soil and herbage. Cell wall composition and 
nutrition. J. Appl. Bact. 2£(1):17-43. 

36. Kellerman, K. T. and I. G. McBeth. 1912. The fermen
tation of cellulose. Centralbl. f. Bakt. etc., 
Abt II. 3£:484-489. 

37. , I. G. McBeth, F. M. Scales and N. R. Smith. 
1913. Identification and classification of 
cellulose dissolving bacteria. Centralbl. f. 
Bakt. etc., Abt. II. 391.: 502-522. 

38. Kreig, R. E. and W. R. Lockhart. 1970. Analysis of 
the thermal transition curves of deoxyribonucleic 
acid from microorganisms. Can. J. Microbiol. 
1^:989-995. 

39. Layne, Ennis. 1957. Spectrophotometric and turbido-
metric methods for measuring proteins. II 
Protein estimation with the Folin-Ciocalteau 
reagent. Iri S. P. Colowick and N. 0. Kaplan 
(ed.) Methods in Enzymology, Vol. 3. Academic 
Press, Inc., New York. 

40. Lockhart, W. R. and John Listen, ed. 1970. Methods 
for Numerical Taxonomy. American Society for 
Microbiology. 

41. Marmur, J. 1960. A procedure for the isolation of 
deoxyribonucleic acid from microorganisms. J. 
Mol. Biol. 2=208-218. 

42. , and P. Doty. 1962. Determination of the 
base composition of deoxyribonucleic acid from 
its thermal denaturation temperature. J. Mol. 
Biol. 5_:109-118. 

43. Maurer, Paul H. and David W. Talmage. 1952. The effect 
of complement in rabbit serum on the quantitative 
precipitin reaction. J. Immun. 70_: 135-139. 

44. Masuo, Eitaro and Nakagawa Toshio. 1969. Numerical 
classification of bacteria part I. Computer 
analysis of coryneform bac^teria. Agricultural 
Chem! soc. of Japan J. 42 (7/12):627-632. 

45 ^j^^ 1969. Numerical taxonomy 
5T-bacteria II. Analysis of "coryneform bac-



98 
teria" and related ones on the basis of overall 
similarity of phenotypic characters! Annu ReJ 
Shionogi Res. Lab. 19:121-123. ^ 

r-.'̂  -—- • 1969. Numerical classifi-

cation Of bacteria part III. Computer an^lJsJs 

on D S A T ^ ? " " " ^ bacteria" (3) classification'^based 

Ui??i570-157r^°^^ ^°''^' ^^''' ^^°^' ^̂ "̂̂ - M 

47. Murray, James and D. W. Thayer. 1970. Mesquite digest
ing bacteria. Fall Meeting of the Texas Branch 
of the American Society for Microbiology. Dallas, 
Texas, October 23, 1970. 

48. McBeth, I. G. and F. M. Scales. 1913. The destruction 
of cellulose by bacteria and filamentous fungi. 
U.S.D.A.B.P.I. Bull. 266. 

^^' and ^ . 1916. Studies on the de
composition of cellulose in soils. Soil Sci. 
1^:437-487. 

50. Porter, Frederic Edwin. 1958. The effect of environ
mental factors on growth and cellulase production 
by Cellulomonas. Dissertation abstr. 18(3):761-
762. — 

51. Reese, Elwyn T. 1947. On the effect of aeration and 
nutrition on cellulose decomposition by certain 
bacteria. J. Bact. 52(4):389-400. 

52. Robinson, D. 1968. The use of cell wall analysis and 
gel electrophoresis for the identification of 
coryneform bacteria. Iii B. M. Gibbs and D. A. 
Shapton (ed.) Identification Methods for Micro
biologists Part B. Academic Press, New York. 

53. Salle, A. J. 1943. Laboratory Manual on Fundamental 
Principles of Bacteriology. McGraw-Hill, New 
York. 

54. Salton, Milton R. J. 1964. The Bacterial Cell Wall. 
Elsevier Publishing Company, New York. 

55. Skerman, V. B. D. 1967. A Guide to th£ Identification 
of the Genera o£ Bacteria. ed. 2. The Williams 
and Wilkins Company, Baltimore. 



99 

56. Skinner, C. E. 1929. The decomposition of cellulose by 
type strains of certain bacteria. Centralbl. 
Bakt. Abt II. 72:508-512. 

57. Stanier, R. Y. 1941. Studies on marine agar digesting 
bacteria. J. Bact. 42(4):527-557. 

58. Yamada, Kazuhiko and Kazuo Komagata. 1970. Taxonomic 
studies on coryneform bacteria III. DNA base 
composition of coryneform bacteria. J. Gen. 
Appl. Microbiol. 16;215-224. 


