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This study was performed to clarify the taxonomy of the 

bacteria in the family Bacteroidaceae. The genera within 

this family are currently defined by morphological character-

istics in the seventh edition of Sergey's Manual, Recently 

the production of butyric acid has been proposed to divide 

the family into two genera. Other studies have defined gen-

era by using tests for inhibition of growth by bile, final 

pH of cultures in glucose broth, susceptibility.to antibio-

tics, propionate production from-threonine, and determina-

tion of dehydrogenase enzymes after electrophoretic separa-

tion of cell proteins. 

Thirty-four strains were used in this study to evaluate 

these criteria, as well as to evaluate the use of tests for 

dehydrogenation of amino acids and other organic acids. In 

addition, the isolation of bacteriophages which were lytic 

for strains of the bacteroides and their use in classifica-

tion were investigated. Characterization of these bacterio-

phages was performed by host range specificity studies, and 

by electron microscopic determinations of sizes and shapes. 

The results of these studies indicated that the family 



Bacteroidaceae could "be divided into five groups, Evidence 

for the close relationship of organisms within each of these 

groups was obtained from morphological and 'biochemical evi-

dence, as well as the bacteriophage lytic spectra. 
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INTRODUCTION 

The group name bacteroides is used to designate a group 

of gram-negative, obligately anaerobic bacteria, which appear 

to be indigenous inhabitants of the mucus membranes and 

intestinal tract of mart and animals (.53). The term includes 

a number of genera, which are listed in Bergey's Manual (12) 

as Bacteroides, Dialister, Sphaerophorus, and Fusobacterium. 

Also included in the family Bacteroidaceae is the genus 

Streptobacillus. This genus is not strictly anaerobic, and is 

therefore not included in the group called bacteroides. The 

classification used by Beerens and Tahon-Castel (57) uses 

the names Bggerthella, Histella, Bacteroides, Fusiformis, 

and Dialister, However, these names do not designate the 

same organisms for which they are used in other classifi-

cations. The classification according to Prevot (48, ^9)» 

which is the most frequently used in the French literature, 

includes the genera Ristella, Capsularis, Zuberella, Egger-

thella, Sphaerophorus, Sphaeroclllus, Fusiformis, Fusocillus, 

Dialister, and Leptotrlchia. The names Sphaerocillus and 

Fusocillus are no longer used by Frevot, since the nucleic 

acid base ratios of these genera are similar to the genera 

Sphaerophorus and Fusiformis, respectively, with which they 

have been merged (48),- In contrast to the French, who appear 

to be "splitters", the English classification given in Topley 

1 



and Wilson1s Principles of Bacteriology and Immunity appears 

to be a "lumping", one which includes all of these bacteria 

in the genus - Fusiform!s, In addition to these names, there 

have been a number of other names used to designate this 

group, including Neorobacterium, and such obvious misnomers 

as Actinomyces. A comparison of the names used in the various 

classification schemes to denote the genera within this family, 

along with the criteria used to characterize these genera 

is given in Table 1. The profusion of names attached to 

this group on the generic level is both confusing and in-

consistent, and the plethora of poorly described species, 

and conflicting characters given for a species by different 

workers has further complicated the classification. 

The presence of indigenous-bacteria in the body of hu-

mans and other animals has been recognized since the beginnings 

of bacteriology, Leeuwenhoek described bacteria from his 

mouth, and the occurrence of indigenous bacteria was recog-

nized in the time of Pasteur. Quite naturally, for the 

past century bacteriologists have been preoccupied with overt 

pathogens, and little attention has been paid to the bacteria 

normally present in the body. As a consequence, the term 

"normal flora" has become synonymous with "non-pathogenic". 

Since the group of bacteria called bacteroides are known to 

be part of the normal flora, and also since most clinical 

laboratories rarely succeed in isolating them from disease 

processes, their study has been neglected. McVay and Sprunt 

(37) describe the situation today by saying "there is 
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probably no subject in modern medicine more neglected than 

that of Bacteroides-caused infections," 

Bacteria of this group were first described in patholog-

ical processes over -eighty years ago, Killer in I883 was 

probably the first to describe fusobacteria in ulcerative 

lesions (5*0. The first important work involving the culti-

vation of baeteroides from disease processes was probably 

the work of Vie.11on and Zuber in 1897 (66), They reported 

twenty-five cases of gangrenous suppurations and described 

several anaerobes as the etiologic agents (5^). Baeteroides 

have been isolated from a wide variety of disease processes, 

including pulmonary, brain, joint, and liver abscesses, 

otitis media, mastoiditis, meningitis, peritonitis, bartho-

linitis, pharyngitis, tonsilitis, puerperal fever, septicemia, 

decubitus ulcers, urinary tract infections, prostatitis, 

and ulcerative colitis (27, 13» 15» ^0» 42, 58). The fre-

quency of occurrence of baeteroides infections is difficult 

t6 determine because of the varying techniques used to iso-

lated anaerobes. The success of isolation depends to a large 

extent on the methods and time spent on their isolation. 

In 19;40, Dack reported an over-all incidence of 3.86^ in 

specimens submitted for culture in the Department of Surgery, 

University of Chicago, Billings Hospital (16), In a review 

of baeteroides septicemia cases seen at the Kayo Clinic 

between the years of 193^ to 1936, baeteroides were found 

in 6 out of 144 cases (13). In & roost recent study, Moore, 



Cato, and Holdeman (^2) have reported that "in studies of 

about 300 infections of the lung, urogenital tract, brain, 

blood, and other sites, over 85$ of specimens contained, 

obligate anaerobes." Out of eighty-one consecutive speci-

mens, bacteroides were isolated from 38,9$. 

The data of KcVay and Sprunt (^0) do not give an indi-

cation of the percentage of infections which are due to bac-

teroides, but do give information concerning the mortality 

rate. Their work reviews thirty-five cases in which twenty-

two were in critical condition, and of which eleven terminated 

fatally, for a mortality rate of A report dated in 

19^1 concerning bacteroides septicemia cites a review of 

eight cases which all ended fatally. It should be noted that 

this report was made before the discovery and use of most 

of the antibiotics. The report of McVay and Sprunt, however, 

was made in 1952, and many of the patients were treated with 

potent drugs such as Aureornycin, streptomycin, and penicillin, 

Goodman(26), in 1971» reports that frequently these organisms 

are overlooked or treated inappropriately, and "mortality 

that even in the best of circumstances averages 30$ "to kOfo 

may go much higher," 

The bacteroides.have been found to produce a number of 

products of importance in the disease process, including peni-

cill.inase (̂ -5) and heparinase (23). 

Some studies on the nutritive requirements of bacteroides 

have been attempted, and these indicate that as a group, they 
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are very exacting and fastidious, Workers with these organ-

isms have found that complex, enriched media were necessary 

to obtain growth, Most strains require a number of amino 

acids, vitamins, and nucleic acids, and some require growth 

factors such as heme and menadione (10, 1^, 19, 2k t 3-1 > k!, 

52, 55i 57• 6*0. Sensitivity to oxygen has hampered studies 

with these organisms, because unlike many other anaerobes, 

these cannot even be transferred in an aerobic atmosphere 

and incubated anaerobically. To consistently isolate and 

maintain these bacteria, it is necessary to use a pre-reduced 

medium which is maintained in its reduced state throughout 

inoculation and incubation (2, 3? k, 19, 22, 38» 39, ^1, k2, 

k?, 50, 57, 62). 

Studies on 'bacteroides from sources other than human have 

been performed, and indicate that they are found in many 

animals (7, 33, 3k, ^3). 

Resolution of the problems of classification has been 

attempted by serological methods, with degrees of success. 

The earliest attempts were made by P. H. Varney in 1927 (66). 

His work was limited to the fusiform bacteria, and a great 

deal of difficulty was experienced with spontaneous aggluti-

nation, This work resulted in the delineation of four groups 

based on serological as well as morphological characters. 

In 1930, Orcutt (kj) studied a group of Bacillus necrophorus 

which were isolated from infections in cattle. One of the 

strains was found to possess antigens in common with all of. 



the other strains, whereas the other strains were related to 

each other "by fewer common antigens. Eggerth and Gagnon (20), 

in 1933 > compared by agglutination sixteen strains isolated 

from humans, and found that the antiserums were strain-spe-

cific, and therefore of 210 value in classification. Studies 

of the fusiform bacilli by Slantez and Rettger (56), Spaulding 

and Rettger (6l), and Henthorne et al. (30) included attempts 

at serological classification, but no successful results were 

obtained due to spontaneous agglutination of the antigens. 

Weiss and Rettger (?0), in 1938, did achieve a measure of 

success in serological testing by classifying their isolates 

into four groups, primarily on the basis of serological reac-

tions, and secondarily on morphology. Weiss (69) later used 

precipitin reactions to demonstrate different serological 

types of Bacterium melaninogenicum.• The four serological 

types of Weiss and Rettger were confirmed by using carbo-

hydrate extracted from the organisms in the test method de-

vised by Rebecca Lan.cefield for classifying streptococci 

(71). Walker and Dack (68) studied twelve strains of Bacterium 

necrophorum from both human and bovine sources and demon-

strated distinct serological groups. The application of 

serological means to the .study of the bacteroides was aban-

doned until the work of Sonnenwirth (60) and Rosebury and 

Sonnenwirth (5̂ » 59). These workers used passive hemagglu-

tination and gel-diffusion methods to group these organisms 

into four large groups, De Arau.jo, et al. (18), used 



immunological methods to demonstrate differences between closely 

related Fusobacterium polymorphism and Leptotrichia buccalis 

(Fusobacterium fusiforme ). Immunofluorescence» agglutination, 

and precipitin tests were used by Gustafson and Kroeger (28) 

to study the antigenic composition of Fusobacterium fuslforme. 

They found that there was a type-specific antigen on the 

surface of the organisms which was lost by cultivation on. 

artificial media. Beneath the surface of .the cell, there 

were antigens thought to be group™specific, Werner and 

Sebald (72) attempted to devise a rapid serological means 

of identifying the large divisions of Bacteroidaceae without 

success, because of the serological heterogeneity, but sug-

gested that studies with polyvalent serums may be useful. 

No serological relationship was found between the Bacteroides-

Bggerthella groups and the Sphaerophorus-Fuslformis groups, 

but many cross reactions were found within the groups. Other 

studies on the antigenic characters of bacteroides have been 

performed recently, but none have contributed significantly 

to their classification (1?, 29). 

The problems of classifying the bacteroides have been 

numerous due to their exacting requirements, including 

absence of oxygen, and requirements for vitamins and micro-

nutrients. Previous to the fifth edition of Sergey's Manual, 

gram-positive organisms were included in the group called 

bacteroides. Even after exclusion of the gram-positive mem-

bers, apparently a. great deal of confusion remained, of 
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which Lewis and Rettger (3''+) state, "In spite of these re-

arrangements, much doubt remains concerning the systematic 

relationships of the non-sporulating anaerobes." The earl-

ier attempts to classify these bacteria were based on morphol-

ogy of the bacterial cell and divided into species on fer-

mentation of carbohydrates and cultural characteristics. 

This schema led to a great deal of confusion due to a large 

number of poorly described species whose identification 

depended on a number of subjective characters (36). 

In American literature this classification schema has 

persisted through the seventh edition of Sergey's Manual, 

1957, (12). Prevot (48, >4-9) proposed, in 1938, a different 

plan which greatly clarified the systematics of the group. 

He based the divisions on morphology of the organisms, but 

also used the presence or absence of flagella and capsules 

in addition to shape of the cells (̂ -8, H-9, 52). However, 

this system also suffers from an over-abundance of poorly 

described species. 

What appears to be the most significant progress in 

bacteroides systematics has been published within the last 

three years, and has led to the development of a schema of 

classification based principally on characteristics other 

than morphology. Barnes and Goldberg (6) applied the prin-

ciples of numerical taxonomy to the bacteroides. The most 

useful tests for their identification were found.to be cell 

morphology, the terminal pH value in glucose broth, the 
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production of formic, acetic, propionic, and butyric acids, 

the production of propionate from threonine, growth stimu-

lation "by bile, and the effect of various - inhibitors. Us-

ing these methods, four phena were identified? 1) strains 

of Sphaerophorus, Fusobacterium, and Bacteroides irtelanino-

genicus, 2) Bacteroides species, and 3) and 4) two distinct 

groups which were isolated from rjoultry, The fact that 

Sphaerophorus and Fusobacterium appeared to be closely related 

is underscored by the work of Sebald, who found that the 

base ratios in the nucleic acids were similar for the two 

genera (G+C ratio 2?-34?£, as compared to G+C ratio greater 

than kl?3 for Bacteroides) (49) •. Further support for these 

groupings is given by Finegold, et al. (21), who used anti-

biotic susceptibility patterns. In this study, five dif-

ferent groups were defined on the basis of'morphological and 

biochemical criteria. Antibiotic susceptibility patterns 

conformed to these groups and appear to provide additional 

means of classification. These groups were essentially the 

same as those found by numerical taxonomy, except that Bac-

teroides melaninogenicus was placed in a separate group, • 

and the slender forms of fusobacteria were retained separate 

from the Sphaerophorus-Fusobacterium group. Keudell and 

Goldberg (35), studied the dehydrogenase patterns of Bacter-

oidaceae, and attempted to use these as a means for classi-

fication. Esterases, phosphatidases, and lactic and succinic 
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dehydrogenases were uniformly present, and therefore of no 

value in classification. Italic, glutamic, and glucose-6-

phosphate dehydrogenases were used to separate Bacteroides 

species from Sphaerophorus and Fusobacterium species which 

lacked these enzymes. This is in very close agreement with 

the numerical taxonomy studies which placed the ?usobacterium 

and Sphaerophorus species into one group. Recent texts on 

anaerobic bacteria (10, 57) also place these two genera in-

to one group. It is reported that the eighth edition of 

Sergey's Manual will follow this classification (10). These 

authors state that the Bacteroides group and Fu s o b a c t e r i urn-• 

Sphaerophorus groups should be separated on the basis of the 

principle end products of fermentation. Bacteroides species 

do not produce butyric acid from glucose, whereas the Puso-

bacterium-Sphaerophorus group produces butyric acid as the 

chief product. Another useful test for differentiating these 

groups has been reported to be the deamination of threonine 

to propionic acid (8, 21, 57 )> which occurs with the Fuso-

bacteriurn-Sphaerophorus group, but not the Bacteroides. 

The study of bacteriophages which parasitize these bac-

teria appears to be an area almost completely neglected. Only 

one reference to bacteriophage for bacteroides has been found 

(32). This report announced the isolation of a bacteriophage 

capable of lys.ing Sphaerophorus varus. 

From the foregoing discussion and review of the litera-

ture , it is apparent that much remains to be learned about 
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the group of- bacteria called bacteroides, Of particular need 

are easy and inexpensive methods fa-the isolation and study 

of these organisms, and a more critical study of their taxonomy. 

In attempting to determine the taxonomy of organisms, 

rather than prepare a diehotomous key, it is well to examine 

several lines of evidence, rather than to make assumptions 

on the basis of a single type of test or characteristic. 

Some of the most profitable studies of this type have been 

with the genetic material of the cell, such as studies of 

the percentage of cytosine and guanosine in the deoxyribon-

nucleic acid of the cell, transformation, transduction, and 

annealing experiments with heat-separated strands of the 

nucleic acids. The older and more generally used tests of 

shape, flagellation, and production or utilization of cer-

tain compounds constitute other means of determining rela-

tionships between microorganisms. 

The studies which have been performed, and are reported 

hfere are based on three types of evidences morphology, 

biochemistry, and use of bacteriophages. 



MATERIALS AND METHODS . 

The bacteria], strains used in this study were isolated 

or obtained from the following sources: strains numbered 

1, 2, 3, k, 8, 9, 13» and 1^ were isolated from human feces. 

Strains numbered 21, 22, and 23 were isolated from sewage 

obtained from the Denton municipal sewage treatment plant, 

Bacteroides melaninogenicus 353^, Fusifcrmls .fusiformis 

2388, Bggerthella convexa 2389, and Sphaerophorus freundii 

2395 were supplied by Dr. H. S, Goldberg, University of 

Missouri, School of Medicine. Bacteroides fragilis 3140, 

3253» and B446, Sphaer oph or us necrophorus B0O6, S. varus 

35^0, S. ridiculosus 31042, S. mortiferus 3538, and Fuso-

bacterium fusiforme or nucleatum 3215 v/ere supplied by 

Drs. S. K, Finegold and Vera Sutter of the Veterans Admini-

stration Center, Los Angeles, California. Cultures of 

Bacteroides melaninogenicus designated as strains LEV, 

TS55, CR2A1, and CR2A2 were provided by Dr. David C. White, 

University of Kentucky Medical Center, Lexington, Kentucky. 

Strains isolated from rat intestinal tract and designated 

as E2a, E2b, and S4a were provided by Dr. Dwayne Savage, 

University of Texas at Austin, Austin, Texas. Bacteroides 

vulgatus 8482, Fusobacterium polymorphum 10953» and Sphaero-

phorus funduliformis 12290 were obtained from the American 
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Type Culture Collection, Washington, D, C, 

The "bacterial cultures were maintained in a liquid medium 

with the following composition2 liver infusion broth (D.ifco), 

12.5 g; nutrient "broth (Difco), 4.0 g? yeast extract (Difco), 

5,0 g; L-cysteine, 250 rogj sodium bicarbonate, 2,5 gi resa-

zurin, 1.0 rug; hemin (Sigma), 5.0 mg; menadione (Synkayvite, 

Roche Laboratories), 50.0 ugj distilled water, 1000,0 ml. 

All ingredients except L-cysteine and sodium bicarbonate were• 

added together and boiled under a stream of oxygen-free ni-

trogen until the resazurin was decolorized. The flask was 

then cooled in an ice water bath, maintaining the anaerobic 

conditions with the stream of nitrogen, and the L-cysteine 

and sodium bicarbonate were added. The medium was then dis-

tributed into rubber-stoppered culture tubes and sterilized as 

described by Moore (4l), All transfers to.or from cultures pre-

pared in this manner were made by using the techniques of Moore 

(4l), using a stream of oxygen-free nitrogen from a flamed, 

15~gauge cannula, in the tube to prevent the entrance of air. 

This medium was also prepared by adding 20,0 g of agar per 

liter, boiling and dispensing into 16 x 125 mm screw-capped 

tubes, without using anaerobic conditions, for use as deep 

agar tubes. The same medium with 1,0 g of agar per liter ' 

was also prepared to retard oxidation of the medium, and used 

to propagate the bacteria and to grow ceils for inoculum. 

All incubations of bacterial cultures were carried out 
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at 37 C. 

Isolation of the local strains was accomplished by di-• 

lution of the inoculum in the "broth prepared in screw-capped 

- 6 

tubes, to a dilution of 10 , and spreading or streaking blood 

agar plates prepared with 7^ defibrinated sheep blood and 

incubated in a Baltimore Biological Laboratory "C-as-pak" an-

aerobic jar, 

Morphology of the bacterial cells was observed on Gram-

stained smears of 2.4- and 48-hour-old cultures. In addition, 

strains designated 2388, 10953» and B215 were stained with 

crystal violet. 

Photomicrographs of Oram-stained preparations, flagella-

stained preparations, or crystal violet-stained preparations 

were taken using Kodak 35 raw Tri-X film. These films were 

then developed with Kodak Yersatol developer or D-ll developer, 

and Kodak Rapid-Fix, according to directions supplied. Prints 

were made on Kodabromide number 4- photographic paper, and 

developed in Yersatol developer and Rapid-Fix, All photo-

micrographs were taken using a Nikon microscope and photo-

graphic equipment, using a lOOx immersion objective. 

Determination of flagellation was accomplished by stain-

ing 18-24 hour cultures of the bacteria grown in the liver 

infusion medium prepared as either the broth or on the same me-

dium prepared as an agar slant. The broth cultures were washed 

twice by centri.fuging at approximately 1000 rpm in an 
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International Clinical Centrifuge, and resuspended in distilled 

water before preparing the slides. Bacteria grown on agar . 

slants were suspended in distilled water to form a slightly 

hazy suspension before the slides were prepared. The stain 

used was obtained from Difco Inc., and prepared and used 

according to directions supplied with the stain. 

Determination of motility was determined by -using SIM 

medium (Difco), enriched with hemin, menadione, and yeast 

extract in the same concentrations used in the liver infusion 

medium. This medium was prepared in 20 x 125 mm screw-capped 

tubes, and inoculated by stabbing once down the center of 

the medium. Motility was evidenced by spreading of the growth 

away from the line of inoculation. These tubes were examined 

daily for three days before discarding. 

' The fermentation of carbohydrates, and the final pH 

after fermentation, were determined by using the liver in-

fusion medium, to which filter sterilized carbohydrated were 

added after sterilization, to give a final concentration of 

lfo. These tubes were incubated for 2k or 48 hours before 

testing for fermentation by pH measurement, using a Sargent 

pH meter fitted with a microelectrode. The incubation period 

needed for maximum reduction in pH was determined by testing 

cultures of strains 8482 and 10953 after incubation for 24, 

48, and 72 hours. The final pH was found in all cases to be 

reached in less than 24 hours. The determinations were per-

formed at least twice for each organism. The pH was compared 
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with a culture of the same organism grovm in the same medium, 

without added carbohydrate. Any organism which reduced the' 

pH 0.5 unit, or more, lower than the control was considered 

to have fermented the carbohydrate. The carbohydrates tested 

were those used by other workers, and found to be of value 

with this group of bacteria (2), These were dextrose, arabi-

nose, fructose, lactose, maltose, r.annitol, sucrose, and 

xylose. 

Hydrogen sulfide production was determined by three 

methods: strips of lead acetate paper suspended above the 

culture in liver infusion .medium with Vfo agar; the-SIM me-

dium described previously; and a semisolid medium recommended 

for this purpose by Moore, et al. (2), Due to the dark color 

of the medium of Moore, it was necessary to compare the test 

culture tubes with the uninoculated control tubes to determine 

an increase in darkness in the medium, indicating produc-

tion of hydrogen, sulfide. All cultures were examined for four 

days, with the exception of those using the medium of Moore 

which were incubated for two days. 

Reduction of nitrates was determined by using Nitrate 

Broth (Difco), to which yeast extract, hemin, and menadione 

had been added in the same concentrations as used in the 

liver infusion medium; and also with the addition of 0,1% 

agar to retard oxidation of the medium. The cultures were 

incubated for two days before testing for the reduction of 

the nitrate by the addition of sulfanilic acid and dimethyl-

alpha-naphthylamine reagents (2, 10, 57). All negative tubes 
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were further.tested with the addition of the zinc dust to detect 

unreduced nitrate. 

Indole production was determined using the SIM medium, 

which was described previously for hydrogen sulfide deter-

minations. The production of indole was detected in the 

medium by the addition of Kovac's reagent (10), after extrac-

tion of the indole with xylene. 

Testing of susceptibility to commonly used antibiotics 

was performed by using the paper disk method (10), with disks 

commercially available, prepared by either Difco or Baltimore 

Biological Laboratory. The test medium was blood agar pre-

pared with Tryptose Blood Agar Base (Difco), and 7$ sterile 

defibrinated sheep blood. The plates were inoculated evenly 

over the surface' with a sterile cotton-tipped swab, which 

had been moistened in a 24-hour broth culture of the bacteria. 

The plates were incubated 18-24 hours anaerobically in the 

previously described anaerobic jar. Any zone of growth in-

hibition around an antibiotic disk was interpreted as sus-

ceptibility without regard to the size of the zone. The anti-

biotics tested were penicillin, ' 10 units; vancomycin, 30 }).g; 

erythromycin, 15 ]ig> Furadantin, 100 p.g; dihydrostreptomycin, 

10 }Ag; Colymycin, 10 jag; tetracycline, 30 ]ig; arnpicillin, 

10 pg; and nalidixic acid, 30 P-g. 

Determination of amino acid and organic acid dehydrogenase 

activity was performed on 24-hour cultures grown in the liver 

infusion medium supplemented with 0.1 fo casamino acids (Difco), 
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Preliminary testing was also carried out on cells which were 

grown in the medium without additional amino acids. Dehydro-

genase activity was detected using 2,3,5-tr.iphenyl tetra-

zolium chloride, which on reduction forms a formazan which 

can be measured spectrophotometrically at its absorption peak 

at ^90 nm. The test procedure was essentially the same as 

that used by Girvin (27), with the exception that the bac-

terial suspension was standardized turbidometrieally with 

the MacParian nephelometsr standard number k, visually or in 

a spectrophotometer with wave length set at 5^0 nm. Incu-

bation of the tests was carried out at 37 0 for 20 hours. 

The reaction was stopped by the addition of 0.5 ml of glacial 

acetic acid, and the reduced dye extracted into k. 0 ml of 

toluene. Control tubes were prepared by substituting buffer 

for the substrate. Controls were also prepared once by sub-

stituting heat-killed bacterial suspension for the viable-

cell suspension, The amount of dye reduction was determined 

spectrophotometrically, using a Beckman Spectronic 20 instru-

ment, and using the blank to set the instrument at 100^ trans-

mission. Those tests which produced sufficient reduced form 

of the dye to allow less than 90% transmission were consid-

ered to possess dehydrogenase activity. The organic acids 

tested were malic, pyruvic, lactic, and succinic acids. 

The amino acids tested were phenylalanine, methionine, tryp-

tophan, lysine, threonine, glutamic acid, alanine', leucine, 

isoleucine, and valine, The substrates were prepared as 



0.1 M solutions of the L-isomer, or 0,2 K solutions of the 

DL-mixture", in 0,067 ^ phosphate. buffer (27). These tests 

were performed twice on all of the strains used in this study. 

The determination of threonine dehydrogenase by the method 

of Beerens, et al, (8) was also attempted. 

Analysis of the .acetic, propionic, isobutyric, butyric, 

and isovaleric acids produced during growth was performed by 

gas chromatography. The instrument used was a Varian Aero-

graph, model 20^-lC, with a Coleman-HItache recorder model 

165, operated at 20 mm/minute. The column was l/8 inch In dia-

meter and six feet long, and packed with stationary phase 

Resoflex LAC-l-R-296, standard concentration (P), obtained 

from the Burrell Corporation, Fifth Avenue, Pittsburgh, Penn-

sylvania. The chromatography was operated with a column temper-

ature of 180 C, a detector temperature .185 C, an injector temper-

ature 200 C, with helium carrier gas flowing at a rate of 20 

ml/minute, and using attenuation set at 16. Two microliters 

of sample were injected. The cultures and standards were 

prepared according to the method of Moore et al. (2).. 

Isolation of bacteriophages active on bacteroides strains 

was accomplished from sewage obtained from the Denton sewage 

treatment plant. Samples of the effluent from the primary 

clarification basin were taken not earlier than 11:00 in the 

morning. Samples taken earlier were not found to contain 

•detectable quantities of bacteriophage with the methods used. 

Enrichment of the specimen for bacteriophage was performed, 
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preparing the sewage sa;npls as a culture medium, "by adding 

the following ingredients to one liter of sewage in a 1500 

ml Erlenmeyer flasks liver infusion, 17.0 g; glucose, 3-0 g; 

brain-heart infusion (Difco), 18.5 g» yeast extract, 5.0 g; 

L-cysteine, 0.5 gj hemoglobin solution--10?5 (BBl) or hemin 

5.0 mg,' 10.0 ml; resazurin, 1,0 mg. Also used in the same 

manner were Fluid Thioglycollate Medium (Difco), enriched 

with 0.5# yeast extract, and 5.0 mg/liter hemin; and Elliker's 

Broth (Difco), Sufficient mineral oil v/as added to form a 

layer approximately one centimeter thick, to exclude air. 

The suspension was then incubated at 37 C for. two hours to 

allow partial reduction of the medium by the bacteria in the 

sewage. Eight to ten milliliters of overnight broth cultures 

of the host bacteria for the desired bacteriophages were then 

added, and the flask incubated overnight. The following day 

samples were taken, centrifuged sufficiently to sediment the 

bacterial cells, and filtered through a membrane filter with 

either a 0.^5 or 0,20 p. pore size. One-half milliliter of 

the filtrate was then added to tubes of liver infusion broth, 

which had been inoculated with 0,1 ml of an actively growing 

broth culture of the bacteria. This was done for each of the 

bacteroides strains. Tubes were also inoculated with bacteria 

in the same manner, but no enrichment filtrate v/as added, to 

serve as growth controls, Tubes were also prepared without 

.inoculation with bacteria, but to "which only bacteriophage 

enrichment was added, to serve to detect contaminating bacteria 
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in the enrichment filtrate. These tubes were incubated over-

night, and examined for lysis. Those cultures which were thought 

to show evidence of bacteriophage activity were filtered through 

a membrane filter, as before, and passaged once more on the 

host bacterium. 

Purification of the bacteriophages was performed by 

picking plaques formed on plates, using the "soft agar" technique 

(1). The bacteriophage suspensions were treated with chloro-

form (1), and filtered with a membrane filter to removed re-

maining viable bacteria. Serial ten-fold dilutions of the 

bacteriophage suspension we're prepared in tryptic soy broth, 

and 0,1 ml of the dilutions was added to tubes of melted liver 

infusion medium with 0.?fo agar at 4-5 G. The contents of these 

tubes were poured onto the surface of tryptic soy agar plates, 

allowed to solidify, and incubated in an anaerobic jar, After 

overnight incubation of the plates, plates which showed iso-

lated plaques were taken, and isolated plaques picked with an 

inoculating loop, and transferred to a freshly inoculated tube 

of broth with the same strain of bacterium. Growth controls 

without bacteriophage were also prepared. 

Strains of bacteriophages were designated with the num-

ber of the host bacterium on which they were propagated, with 

the addition of a letter of the alphabet to identify.different 

strains of bacteriophage active on the same host bacterium. 

Titration of the bacteriophages was done in two different 
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ways, tube-dilution and plaque-count, Titration by the tube-

dilution method was carried out by making serial, ten-fold 

dilutions of the bacteriophage suspension .in tryptic soy broth,, 

from ICT1 to 10"""̂ . One-tenth milliliter of these dilutions 

was then transferred to tubes of the liver infusion broth, which 

were inoculated with 0,1 ml of a two-hour, actively growing 

culture of the host bacteria. These tubes were incubated over-

night, with the contents being mixed by inversion .one to two 

hours after incubation began. The mixing of the tubes pro-

duced more sharply defined end points than if this step was 

omitted. The end point was taken as the last tube-which showed 

complete lysis. The titer of the original bacteriophage sus-

pension was determined as the reciprocal of the highest dilu-

tion which produced complete lysis, and was expressed as tube-, 

lytic units per milliliter (tlu). Titration of the bacteriophages 

by the plaque-count method was .carried out by making dilutions 

of the bacteriophage suspension, as with the tube-dilution 

method, and adding 0.1 ml of these dilutions to tubes of 0.7$ 

liver infusion agar, which had been melted and cooled to 

approximately ^5 C. These tubes of melted agar were ino-

culated with 0,1 ml of an 18-2̂ !--hour-old culture of the host 

bacterium, and poured onto the surface of tryptic soy agar 

plates. After the agar had solidified, the plates were placed 

in an anaerobic jar, and incubated overnight. The titer was 

determined from the number of plaques appearing on a plate, 

and multiplying by the dilution of the bacteriophage 
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suspension in that plate. The results of these titrations 

were expressed as plaque-forming units per milliliter (pfu), 

Determination of the lytic spectrum of the bacteriophages 

was performed by testing for ability to lyse the different 

bacteroides strains, when growing in broth tubes. This was car-

ried out by determining the titer of the different bacteriophage 

suspensions to be used, in tube-lytic units, and preparing 

dilutions of those suspensions which contained 100 tlu/ml. 

Qne-milliliter aloquots of these suspensions -were transferred 

to tubes which had been inoculated with the bacteria to be 

tested. Controls were also included to which no bacteriophage 

was added, as growth controls, and also tubes which contained 

only bacteriophage suspension, to detect the presence of con-

taminating bacteria in the bacteriophage suspension, A tube 

of medium inoculated with the bacterial host strain and an 

appropriate dilution of bacteriophage was also prepared, as a 

positive control. These tubes were also mixed by inverting 

approximately two hours after the start of incubation. 

Testing of the bacterial strains with high concentrations 

of bacteriophage was also carried out in order to detect 

strains which were less readily lysed, that is, which have 

a low efficiency of plating, or which lyse slowly and there-

fore do not exhibit complete lysis unless there is a multi-

plicity of infection. These tests were performed using 1 x 
>4- " . 

10 tlu of bacteriophage per tube in the same manner as 
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the standard test. 

Host range of the bacteriophages active on bacteroid.es 

was also determined by testing the bacteriophages against the 

following organism; Escherichia coll, ATCC 4157; Staphylo-

coccus aureus, ATCC 6538; Bacillus cereus, ATCC 6464; Al-

caligenes faecalis, ATCC 8748; and Viellonella species. 

Tests to detect lysogenic strains of bacteria were per-

formed by two methods. The first of these was used to detect 

lysogenic strains of staphylococci (1), It was performed by 

cross™streaking a sensitive indicator strain of bacteria with 

the strain which is thought to be lysogenic. Lysogenic strains 

produce lysis of the indicator strain where the two streaks 

cross. The other method used an enrichment procedure (1), 

Tubes of broth culture media were inoculated with both the 

indicator strains and the strain suspected'of being lysogenic. 

After incubation, the tubes were centrifuged and the supernatant 

was filtered through a membrane filter, with an average pore 

diameter of 0.45 "to remove viable bacteria. The suspension 

was then tested for the presence of bacteriophage by the usual 

methods. 

Tests to detect the ability of bacteriophage to adsorb 

onto the surface of bacteria without completing a lytic 

cycle were also performed, by preparing a suspension of 

bacteriophage containing double the amount of bacterio-

phage which will cause almost-confluent lysis when placed 

on the surface- of an agar plate with a layer of 0. 
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agar, seeded with the propagating strain of bacteria, The 

bacteria which were tested were grown overnight in the liver 

infusion medium used to propagate the bacteriophage, These 

cultures were centrifuged and resuspended in the some medium 

to a turbidity corresponding to the number 3 MacParian tur-

bidity standard. One milliliter each of the bacterial sus-

pension and bacteriophage suspension were mixed and placed on a 

100 cycle/minute oscillating shaker at room temperature for 

30 minutes. One milliliter of chloroform was. then added to 

kill viable bacteria, and the suspension allowed to stand an 

additional 15 minutes. The tubes were centrifuged, and the 

supernatant fluid removed. This fluid was tested for bacterio-

phage activity, by placing it on the surface of a seeded agar 

plate of the original host as before. Bacteriophages 2389a 

and Bl40a were tested in this manner with bacterial cultures 

1, 8, 3, 22, B446, B14-0, B253, 8482, 2389, 19, and 23. Con-

trols were prepared by using culture media instead of bacter-

ial suspension, and by using the propagating strain, which 

is known to adsorb the bacteriophage. 

Electron micrographsof the bacteriophages were obtained, 

using the standard negative staining technique with potassium 

phosphotungstate, following the method supplied by Dr. W. G. 

McDonald, Tulane University, New Orleans, Louisiana, in a 

personal communication. An RCA electron microscope model 

3MU-3G was used. 
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Isolation of bacteroides from fecal samples was accom-

- 6 

plished after dilution of the liquefied specimen to 10 

Plates inoculated by spreading 0.1 ml of this dilution over 

the surface, and incubated anaerobically, contained isolated 

colonies which were predominantly obligately anaerobic bac-

teria. Attempts at isolation of these anaerobes by the usual 

method of streaking an undiluted specimen onto the surface of 

the plate were frequently unsuccessful, due to growth of many 

colonies of facultative anaerobes, and to spreading grov/th of 

Proteus species which covered the surface of the plates, mak-

ing it impossible to pick isolated colonies of the other: bac- • 

teria. Since obligate anaerobes greatly outnumber the other 

types of organisms found in fec-es, dilution of the specimen 

before inoculation reduced the number of facultative anaerobes 

in the final dilution for inoculum to a minimum, which yet 

contained a large number of the anaerobic bacteria (19, 3?, 

39, ^2, 53, 62). 

Most of the strains produced colonies which were indis-

tinguishable from each other, and from many of the facultatively 

anaerobic coliform bacteria. The exceptions to this were the 

colonies of the fusiform bacilli, strains numbered 10953, 

3215, and 2388. These organisms produced colonies which were 

opalescent in appearance to the unaided eye, and when observed 

2? 



under a dissecting microscope, appeared to have a flecked 

internal structure. Unlike the other fusobacteria which were 

white, colonies of Fusobacteriurn polymorphum ATGC 10953 were 

pink in color, Bacteroides melaninogsnicus produced colon-

ies on blood agar which turned brown or black after 5-? 

days incubation. Colonies of the other bacteria were un-

remarkable in size, shape, and appearance, 

Examination of Gram-stained smears of these bacteria 

revealed that there were five different types, distinguish-

able by the size and shape of the cells. The first type, and 

the type which appeared to'be the most frequently found in 

the fecal specimens, was uniform in 'size, and had rounded 

ends, The cells were approximately 0,5-0,8 p. x 1,0-2,5 p.. 

They occasionally exhibited bipolar staining, but were other-

wise unremarkable and frequently indistingu.isha.ble micro-

scopically from Escherichia coli. The morphology of these 

bacteria corresponds to that of the genus Bacteroides in the 

seventh edition of Eergey's Manual (12), Bacteria designated 

numbers 1, 3, 8, 13, 1^, 19, 22, 23, Bl^O, B253, B446, S2a, 

E2b, S'ia, ATCC 84-82, and 2389 were found to be of this mor-

phological type. Figure 1 shows the morphology of organisms 

in Group I, The second type which could be distinguished 

corresponds to the definition of the genus Sphaerophorus in 

Sergey "'s Manual. These bacteria were typically pleomorphic, 

with swollen and spherical cells, and filamentous forms. 

Regularly-shaped cells with rounded ends like those of 
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Figure 1, Typical morphology of bacteria placed in 
Group I (Bacteroides species), strain 1. Magnification 2000 
diameters. Gram-stained preparation. 

chy 
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Bacteroides species could "be found occurring with the pleo-

morphic cells. The relative numbers of pleomorphic and non-

pleomorphic cells varied from strain to strain, with cultural • 

conditions, and with age. Young cultures, less than 12 hours 

old, and cultures several days old, tended to have fewer pleo-

morphic forms. Culture media containing glucose also produced 

fewer pleomorphic cells- than media without sugar, Organisms 

which exhibited this type of morphologyware designated by 

numbers 2, ATCC 12290, 2395, B606, B5^0, 10^2, and B538. 

Figure 2 is a photomicrograph illustrating the morphology 

of Group II (Sphaerophorus species). Cultures of strains 

ATCC 10953-, 2388, and B215 formed a third morphological type, 

which was characterized by slender cells with pointed ends. 

These cells stained weakly with safranin, making them diffi- • 

cult to see on Gram-stained smears. Cells were occasionally 

seen containing areas which did not stain, or which had deeply 

staining granules. These cells were approximately 0,k x 10-15 p. 

in size. This group corresponds to the genus Fusobacterium 

in Sergey's Manual. A photomicrograph of F u s 0 b a c t&r1um spe-

cies is shown in Figure 3. The bacteria which have the speci-

fic name Bacteroides me1aninogenicus in Bergey's Kanual were 

found to have a distinctive morphology, and placed in a fourth 

morphological group. These cells had rounded ends and were 

not pleomorphic, like the first type, but they were smaller, 

and frequently appeared to be ovoid cocci. Cells of this 

group were approximately 0.3-0.5 x 0.7-1.5 p. These bacteria 
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Figure 2. Typical morphology of bacteria placed in 
Group II (Sphaerophorus species), strain B5^0. Total 
magnification 2000 diameters. Gram-stained preparation. 
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Figure 3. Typical morphology of bacteria placed in 
Group III (Pusobacterium species), strain B215, Total 
magnification"2000 diameters. Stained with crystal violet. 
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could not be•maintained on blood-free media without the ad-

dition of henin and menadione. As noted earlier, these or-

ganisms produced a characteristic brown to black pigment when 

grown on blood agar, Cultures of this type were designated 

B536, TS55, LEV, CR2A1, and CR2A2. Figure is representa-

tive of the organisms in Group IV, The fifth type was char-

acterized by cells with pointed ends, which tended to occur 

in pairs, and which were peritrichously flagellated. These 

cells were thicker in diameter than the fusobacteria, stained 

readily with safranin, and the colonies did not have the 

flecked appearance. These -bacteria were approximately . 

0,3-1,0 x 1.0-3.0 u. This group corresponded to the genus 

Pusocillus formerly used by Prevot (^9). This group was 

composed of strains designated by numbers 4, 9, and 21, 

The morphological characteristics of this group are illustrated 

by Figure 5. 

The fermentation of carbohydrates and the polyalcohol 

mannitol, with the production of acid, was tested. The results 

were compared with the groupings determined by morphological 

characteristics. The fermentation patterns for the five groups 

distinguished by morphological characteristics are given in 

Tables 2 through 6, It should be noted that the fermentation 

of L-arabinose was found to be useful for subdividing Group I 

(Bacteroides species), as well as differentiating the major 

groups. None of the organisms fermented mannitol. Bacteria 

of Group IV (B. melaninogenicus) did not ferment any of the 
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Figure 4. Typical morphology of bacteria placed in 
Group IV (B. melaninogenicus), strain TS55. Total magni-
fication 2000 diameters. Gram-stained preparation. 
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Figure 5. Typical morphology of bacteria placed in 
Group V (Fusocillus species), strain 9. Total magnifica-
tion 2000 diameters. Gram-stained preparation. 
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TABLE 2. FERMENTATION OF CARBOHYDRATES OF ORGANISMS 
OF MORPHOLOGICAL GROUP I (BAGTEROIDES SPECIES) 

Strain 

0) 
03 0) H 
O <D 10 0 0 O C) c O CO m -p to CD •H 0 •P 0 0 O £0 

0 O 43 +> £ O 
P' 3 O «H a O H 

*4 H cd ctf oS $ 
<< O S S CO X 

1 - ~ 

3 + + + + _ ' + + 

8 4. .f.|. 

22 - + + + + - + + 

Bl^O - + + + + - + + 

22a. - + + + + - • { • + 

E2b - + + + + 4- + 

B253 „ + 

2389 - * + . + • + - 4- + 

13 + + '+ + + - + + 

lif. -r + + + + - + + 

19 + + •$• + + - + + 

23 + + + + + - + + 

S'+a + + + + + - + + 

B4^6 + + + +' + — + + 

8^82 + + + + + - + + 
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TABLE 3,. FERMENTATION OF 
MORPHOLOGICAL GROUP II 

CARBOHYDRATES BY ORGANISMS OF 
(SPHAEROPHORTJS SPECIES) 

Strain 

0> CO 0> o 0 m 
a m o 
*H o -P 
fQ o o 
Oj 3 13 
U r~l u 
< O 
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B5^0 - 4- - - - « 4. 

10/42 - + + - + - + -

B538 - + 4m - - -
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TABLE k, FERMENTATION OF CARBOHYDRATES BY ORGANISMS 
OF MORPHOLOGICAL GROUP III (FUSOBACTSRIUM SPECIES) 

o> 
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TABLE 5. • FERMENTATICN OF CARBOHYDRATES BY ORGANISMS 
OF MORPHOLOGICAL TYPE IV (3. MELANINOGENICUS) 

Strain 

0) 

m <D H 
0 Q> m 0 O O 0 
rt CQ 0 CO m 43 m 0 

O 0 0 •H 0 CQ 
, 0 O 0 -p +3 c $4 0 
Ctf 3 3 0 H £ O H 

H u Cd cd of 3 >5 
O fx< s 

fe=—< m X 

B536 

TS55 

LEV 

CR2A1 

CR2A2 

TABLE 6, FERMENTATION OF CARBOHYDRATES BY ORGANISMS 
OF MORPHOLOGICAL GROUP V (PUSOCILLUS SPECIES) 

Strain 

0) 

w 0 H 
0 0 CO 0 • 0 O 0 

£ ta 0 to CO •P . w 0 
•H 0 -p O 0 •H 0 to 

0 0 43 -p £ U 0 
(A 3 O H 0 H 
U H ctf £d § 0 i » 

0 fx* i-3 s S m X 

4 + + + + + _ + + 

9 + + '}• + + — + + 

21 + + + - + - » } • 4. 
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compounds tested. Maltose, sucrose, and xylose were fermented 

"by all members of Group I (Bacteroides species), and Group V 

(Fusocillus species). These sugars were not fermented by any 

bacterium of Group III (Pusobacteriuro species), or Group IV 

(B. melaninogenicus). Fermentation of maltose, lactose, su-

crose, and xylose was variable with members of Group II (Sphaero-

phorus species). Lactose was fermented by all the bacteria 

in Group I (Bacteroides species) and two of the three mem-

bers of Group V (Fusocillus species). Lactose fermentation 

was not found in Group III (Fusobacterium species), or Group 

IV (3. melaninogenicus). 

The final pH produced in glucose broth was found to be 

less than 5.5 for all of the bacteria in morphological Group 

I (Bacteroides species). The organisms in morphological 

Group IV (B. melaninogenicus) did not produce acid from glu-

cose, and the pH of these cultures was found to be the same 

as the control. The bacteria in Groups II, III, and IV pro-

duced a final pH higher than 5.5. 

Nitrates were found to be reduced only by two members 

of Group V (Fusocillus species), numbers 9 and 21. None of 

the other cultures were capable of reducing nitrates to ni-

trites. 

Inhibition of growth by bile and deoxycholate was found 

to occur with all members of morphological Groups III (Fuso-

bacterium species), IV (B. melaninogenicus), and V (Fusocillus 

species). Inhibition of growth of members of Groups I (Bac-

teroides species), and II (Sphaerophorus species) was found 
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to be variable. These results are given in Table 7. 

TABLE ?. INHIBITION OF GROWTH BY BILE AND DEOXYCHOLATE 
OF BACTEROIDES GROUP I (BAGTERPIPES SPECIES) 

AND GROUP II (SPHAEROPHORUS SPECIES) 

Group I Bacteroides species Group II Sphaerophorus species 

Inhibited 

1 
3 
8 
22 
B 2 5 3 
2 3 8 9 
1 3 
Ik 
1 9 • 
2 3 
8^-82 

Not 
Inhibited 

Bl^O 
E2a 
E2b 
S^a' 

Inhibited 

12290 
2 3 0 5 
3 6 0 6 
2 

Not 
Inhibited 

B5^0 
B538 
10^2 

The determination of hydrogen sulfide gave variable 

results. The lead acetate paper strips suspended over cul-

tures, prepared in screw-capped tubes, with 0.1% agar in the 

medium, gave variable results. Lead acetate strips, suspend-

ed over cultures growing in rubber-stoppered tubes without 

agar in the medium, were blackened by hydrogen sulfide after 

four days incubation in all the cultures except B. melanino-

genlcus TS55. Cultures grown in the modified SIM medium gave 

identical results after four days incubation. The medium re-

commended by Moore was found to be very difficult to inter-

pret, because the addition of cysteine caused a partial re-

duction of the indicator during sterilization, with blackening 
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of the medium, Determination of hydrogen sulfide production 

could "be made only by comparison of the culture tube with 

an uninoculated tube to determine if further "blackening had 

occurred. This method was found to produce fewer positive 

tests than the previously described methods, and the results 

were not reproducible when repeated. These cultures were 

examined for only two days, as directed by Moore. Those cul-

tures found to produce hydrogen sulfide by this method with 

the first determination were numbers 1, 2, 3» 8, 9, 22, 

B446, B300, 2389, B536, CR2A1, 10953, 3215, 2388, 2395, B606, 

35^0, B104-2, B53S, and S4a,. When these tests were repeated, 

different results were obtained for the following cultures! 

k, 8, 23, 3446, 2389, CR2A1, 10953, and 12290. 

Indole production was not found to occur in Group I (Bac-

teroides species), nor in Group V (Fusocillus species). All 

members of Group III (Fusobacterium species) produced indole. 

Group II (Sphaerophorus species) was found to be variable. 

Numbers 12290, B6O6, and B<h0 were positive, and the others 

were negative. Culture number B53& was the only one of Group 

IV (B. melaninogenicus) which produced indole. 

Motility was detected in only one of the cultures•stud-

ied, organism number 9. 

Flagella were found in only one of the groups. Those 

bacteria constituting Group V (Fusocillus species) were all 

found to be peritrichously flagellated, when preparations were 

stained by Lief son's method. Organisms numbered !4 and 21 were 



t'/d 

flagellated,. but not motile, It was also noted that the f'lagell; 

of strain 9, which was motile, had a much shorter periodicity 

of the undulations than strains ^ and 21,'which were non-

motile. In fact, the non-motile strains' flagella varied 

from a simple curved appearance to one with only one period 

of wave motion. Figure 6 is a photomicrograph showing the 

type of flagella found, on the motile strain, number 9. Figure 

7 is a photomicrograph of the flagella of.,the non-motile strain, 

number k. 

Antibiotic susceptibility testing was performed on all 

of the strains studied, v/ith the results given in Tables 8 

through 12. All of the organisms within morphological Groups 

I, III, IV, and V were found to have uniform antibiotic sus-

ceptibility spectra, within each group, with the exceptions that 

strain 21 in Group V (Fusocillus species) was resistant to 

erythromycin, and strain b in Group V was resistant to ampi-

cillin. Group II (Sphaerophorus species) appeared to be vari-

able from one organism to another when tested with penicillin, 

erythromycin, Colymycin, and vancomycin. This group reacted 

uniformly to Fur ad an tin, streptomycin, tetracycline, ampi'cillin, 

and nalidixic acid. 

The determination of dehydrogenase activity was made twice 

with all of the cultures in the study, using the following 

amino acids as substrates: alanine, glutamic acid, isoleucine, 

leucine, lysine, phenylalanine, threonine, tryptophan, and 

valine. All of the bacteria were found to be positive for • 
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Figure 6. Photomicrograph of motile strain 9 showing 
the short periodicity of undulation of the flagella. Pre-
paration stained by Liefson's method. Total magnification 
2000 diameters. 
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Figure 7. Photomicrograph of non-motile strain 4 
shov/ing the long periodicity of undulation of the flagella. 
Preparation stained by L.iefson's method. Total magnification 
2000 diameters', • 
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TABLE 8. SUSCEPTIBILITY TO ANTIBIOTICS BY BACTERIA OF 
MORPHOLOGICAL GROUP I (3ACTER0IDES SPECIES) 

•H 
<D O 

•H £ •<! 
O ,C O H c 

•H >3 H •T* O •H 
rH s P s O rH •H •H O 

fi 
rH 0 c 0 >> «H O 

fi •H ctf p O •H >? . s 
•H O rd oj O -d 0 
cd •H p cd 0 k •H 0 

£ U >> £-4 .{-3 P-i rH JH 
0 
£ P 0 54 3 P CD S 03 O 3 m P* Pq ry> en < O > 

1 — 4* 4- • 4- — ™ _ 4. 

3 + 4- _ + „ » « + 

8 . - + + + - - + 

2 2 - 4* %* - - - + 

3140 + 4- - _ - + 

E2a -r • 4- - + - - - + 

E2b - 4 - 4- 4* - • » 4-

B253 — 4" 4" — 4" — — — -j-

2389 + 4- - 4- - - 4 -

13 + 4- • + - 4-

— *4" 4* — *i* — — — 4" 

1 9 ~ *•' "i* — 4* — — — 4-

23 - + + - + - + 

S^-a - + 4* - + _ 4-

B bbS — 4- + 4- — — ~ 4* 

Q k 3 Z — 4* 4* 4- — — 4-
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TAB LE 9. SUSCEPTIBILITY TO ANTIBIOTICS BY BACTERIA OP 
GROUP II (SPIiAEROPKORUS SPECIES) 

•H 
C C 0) 0 

£ 
•H 
O c 

•H 
O 3 

<{ 
£ 

•H >? rH •H 0 £ 
rH B 43 s O H •H O 
H 0 a 0 £>j rH O >> 
•H SH ed +3 O »H 6 

•H O p4 cd O r d s 0 • 
Cd -p d <P •H s 0 

>a U -P p , rH rH • fi 

•P <D •P 0 s O 
W P-i fx. <* O > 

1 2 2 9 0 + + + - + 

2395 - + + - + - - -

B606 ' - + + - + - - * + -

B5^0 - - 4- + - - + -

1042 + - + - - - 4* -

b538 - *c# + • + - - • + -

2 - + 4. + - - « + 

TABLE 10. SUSCEPTIBILITY TO ANTIBIOTICS BY BACTERIA OP 
MORPHOLOGICAL GROUP III (FUSOBACTERIUM SPECIES) 

a 

O c 
>3 •H 

rH s -P 
rH 0 

£ *H Oj O 
03 •H -p 03 
U >* U 
»P <D u 
m m 

10953 + 

B215 + 

2388 + 

4* 

4. 

+ 

£ 
O 

o ~p 
P4 
<D 
U 
-P 
m 

*& 
•H 

<D O 

•H si 
H •Hi O s r •H 
O rH •H •H O 
>5 H X O 
O •rH s 

O TJ H 0 
•H «H p>> 0 

HP Q« rH H rt 
0 oj O cd 

EH 25 O > 

+ + - + -

+ + - 4. 

+ 4. «•* 4. « * 



TABLE 11. SUSCEPTIBILITY TO ANTIBIOTICS BY BACTERIA OP 
MORPHOLOGICAL GROUP IV (3. MELANINOGENICUS) 

4? 

C 
cd 
U 
•P 
w 

nd 
1 a> •rl 
O tf a O si O C £ •H •H rH O £ •H HI e •P £ O H •H •H O Hf o c O rH O •H £-4 cd -P O •H •H 5? s O rc> P. cd 0 EH 0 •H -p cd 0) •H s> 0 £ H - -P A H H £ <D +3 CD S cd O cd P* m fx, EH <4 S O > 

B536 + + - + + - - + 

TS55 •f + 4* - '!r + - + 

LEV + + + 4- + - - ~r 

CR2A1 + + + + + - - + 

CR2A2 Hh + + + + - T 4-

TABLE 12. SUSCEPTIBILITY 
MORPHOLOGICAL GROUP 

TO ANTIBIOTICS BY BACTERIA 
V (PUSOCILLUS"SPECIES) 

OP 

£ 
•H 
cd u +> 

W 

•H 
C O £ 

>5 
rH -P 
H O 

a? 
O '"d 

•H "P cd 
£ 
0 3 

p4 fxl Ph 

T*' 
•H £ 0 O •H £ «! 

O *ri £ 
>> H •H 0 £ s O H •H •H 0 >> H X O •P O *H ,'>i p-i cd O XS & 0 <4 •H •H & 

-P P< rH rH ~p 0 e cd O m E-i O 

£ 
O 
s o 
o 
§ 
> 

H-

9 

21 

+• 
+ 

+ 

-S* 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

4-
+ 
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alanine and glutamic acid, and therefore these substrates 

were of no value for differentiation. None of the strains 

were capable of dehydrogenating the following amino acids, 

which also renders them useless in this regard? isoleucine, 

leucine, lysine, phenylalanine, threonine, and tryptophan. 

Valine is the only amino acid which was found valuable for -

differentiating the groups within this family of bacteria. 

The dehydrogenation was carried out by six strains in Group 

I (Bacteroides species), numbered 1, 3» 8, 22, Bl^O, and 2389. 

Only one of Group II (Sphaerophorus species) was found posi-

tive, number 2395. Culture number CR2A2 of Group IV (B. 

melaninogenicus) was the only member- of that group to dehy-

drogenate valine. None of Groups II (Pusobacterium species) , 

nor V (Fusocillus species) were found to be positive. 

The bacteria were tested also for the presence of lac-

tic, malic, pyruvic, and succinic dehydrogenases. Lactic and 

succinic dehydrogenases were present in all of the bacteria. 

Dehydrogenases for malic and pyruvic acids were found useful 

in differentiating the different groups. Group I (Bacteroides 

species) was found to either possess both dehydrogenases or 

neither, and this serves to subdivide the group. Those strains 

which formed both enzymes were numbers 1, 3» 8, 22, B140, 13, 

14, 19, 23, S4a, B446, and 8482. Strains numbered E2a, E2"b, 

E253, and 2389 did not form either enzyme. The bacteria com-

posing Group II {Sphaerophorus species) were found to lack 

a dehydrogenase for pyruvate. Strains 12290, 2395, and B5^0 
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produced malic dehydrogenase, but the other strains in this 

group did not. Bacteria in Group III (Fusobacterium species) 

and Group IV (B, melaninogenicus) formed malic dehydrogenase, 

but not pyruvic. Group V (Fusocillus species) cultures formed 

neither enzyme. 

The tests for ability to ferment L-arabinose, dehydro-

genation of valine, malic, and pyruvic acids subdivided Group 

I into three subgroups,, designated A, B, and C, which differed 

from one another by two or more characteristics. These char-

acteristics are given in Table 13. Subgroup IA was characterized 

by failure to ferment L-arabinose, and by positive tests for 

dehydrogenation of valine, malic, and pyruvic acids. Subgroup 

IB was characterized by negative tests for the three dehydro-

genations, and failure to ferment L-arabinose, with the excep-

tion of strain 2389, which was positive for dehydrogenation 

of valine. Subgroup IC fermented L-arabinose and was positive 

for malic and pyruvic dehydrogenation, but did not dehydro-

genate valine, with the exception of number 19, which gave a 

negative test with pyruvate. 

Analysis by gas chromatography of the organic acids pro-

duced by the different groups revealed different patterns. 

All members of Group I (Bacteroides species) produced only 

acetic and propionic acids in only barely detectable amounts. 

Group II (Sphaerophorus species), with the exception of two 

strains, produced a predominant quantity of butyric acid with 

trace amounts of either acetic or propionic acids or both, 
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TABLE 13. SUBDIVISION 0? GROUP I (MCTBR0IDS5 SPECIES) 

w 

3 
m 

pq 

O 

£ 
c - O 
0 £ •H 
•H O •P 
-P •H 03 
cd -P C 
£ cd 0) 
<D A-« W 

<D 0 
O UD u 
JLj O rd 
-xj U >* 

0) *•a 
w ,a >3 0 0 o> XI P c P CD 
•H P O 
rQ CD •H 
cd £ O > 

•H •H 
cti r-j rH £-4 
I $ cd 
Hi > S P* 

C 
oj 
U 

+ • > 

w 

1 « + + + 
<4 

3 - + + + 
3 
0 3 _ 4. 4. + 

22 - * + + 

Bli|0 . - + + + 

E2a - -

§< E2b 
o 
bD B253 
rO 
w 2389 

13 + - + + 

14. + - + + 
ft 
o 19 + - + 

hfl 
rO 23 + ~ + + 
P 

m 
• 3446 + - + + 



51 

Strains 2395'and 12290 produced only small amounts of acetic 

and propionic acids. All of the Group III (Fusobacterium 

species) bacteria produced acetic, propionic, and butyric 

acids, with butyric acid predominating. Four of the five 

strains of Group IV (3, melaninogenieus) produced acetic, 

propionic, isobutyric, butyric, and isovaleric acids, with 

either propionic or butyric being present in greatest amount. 

Strain TS55 did not produce detectable amounts of any of the 

acids. Group V (Fusocillus species) produced only trace amounts 

of acetic acid. Table 1'!- summarizes the results of the bio-

chemical tests with the morphological groups. 

Bacteriophages active on bacter'oides were isolated from 

sewage. Bacteriophages capable of lysis with several mem-

bers of Group I (Bacteroides species) were found to be the 

most common in the sewage, and these were almost invariably 

present in samples which contained bacteriophage. This cor-

relates with the finding that the Bacteroides strains were 

aiso the most numerous in the .intestinal tract. Lytic bac-

teriophages for a member of Group II (Snhaero-phorus species), 

and for a member of Group V (Fusocillus species) were also 

isolated. 

The bacteriophages which lysed organisms in Group I 

(Bacteroides species) were designated la, 8a, 8b, 8c., 22a, 

22b, Bl̂ l-Oa, and 2389a. The bacteriophage capable of propa-

gating on Group II (Snhaerophorus species) was numbered 2395a, 



TABLE I**. CORRELATION OF TEST RESULTS WITH 
MOP PROLOGICAL GR OUPS 

t; o 
J 

Test IA IB 
M 0 r p h 010 & i c a 1 

IC "il 
Group 
III 

S 

IV V 

Arabino.se - - 4" (V7-) 4-

Glucose + 4* + + - 4. 

Fructose + 4. •f ( 2/3+) + 

Lactose + (5/7-) - (2/3+) 

Maltose & •f + (V7-) - 4. 
Sucrose 4. 4* + (V7+) - - 4. 

Xylose + 4* (5/7-) - - + 

Terminal pH 5 . 5 4. 4 . + - - - -

Indole - (V7-) 4. (V5- . ) -

Nitrate Reduction - - - - (2/3+) 

Bile Inhibition (V5+ )(3A- ) (5/7-4-)(V7+) 4 . 4- 4 . 

Flagella - - « + 

Penicillin - - - (6/7-) + 4. -

Erythromycin 4 & e+/?+) - 4- (2/3+) 

Ampicillin - - + 4. (2/3+) 
Colymycin - - (V7+) 4 . -

Vancomycin • + 4- + (5/7-) - 4. + 

Valine Dehyd, + (3 A - ) ' - (6/7-) - - -

Malic Dehyd. 4 . - (V7-) 4 . 4. -

Pyruvic Dehyd, + - 4 . - -

Butyric Acid 

produced - « - (5/7+) 4. (V5+) -
Isovaleric Acid 

produced 

^Fractions in parenthesis indicate the number of strains 
positive or negative for the test out of the total number. 
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and the bacteriophage for Group V (Pusocillus species) was 

numbered 9a. 

The results of the titrations of the'bacteriophages are 

given in Table 15. Bacteriophage 9a did not produce plaques 

in lawns of bacterial growth on plates. Therefore- the plaque-

forming unit titration could not be performed. 

TABLE 15. RESULTS 0? TITRATION OP BACTERIOPHAGE 
SUSPENSIONS AND TEST DILUTIONS USED 

0) 
t*o 
cd & 
Ph 
o 

•H 
u 
O 
-P 
o 
cd 
PA 

bD 
£ 
*ri 

s 
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o 
MH rH 
tvs 
3 10 
0*-P 
cd *H 
H £ 
PL, & 

o 

-I-5 I—-1 
>\S 

W Q) ~p 
.-O *H 
2 a 
EH 

fcdD 
•H 
s 

0) ~P 
O P - H 
*H X £ 
r -P 3 
3 CO o 
a 4 -P *H 
cd *H ̂  
H C >> 
P-t I"-? 

3 
iH 

O 2 
P. 

<-d 
0 o 
w o 
3 o 
iH iH 

a s 
o a 

•H *H rH 
-p o3 • 
2 -P O 
H £ 
*H O a 
P O d 

la 6.2 X 109 H
 
O
 CO
 

62 1:620,000 

8a 1.0 X 109 1Q8 10 Is 100,000 

8b 1.1 X 10
10 109 11 1:1,100,000 

8c 3.5 X 10
9 108 35 1:350,000 

2.2a 5.7 X 10
8 108 

5.7 1:57,000 

22b 3.0 X !0
9 108 30 1:300,000 

Bl^Oa 8.9 X 109 109 8.9 1:890,000 

2389a X 109 109 k.k 1:^4-0,000 

2395a 2.8 X 1010 109 28 1:280,000 

9a — 108 — ' 1:100,000 
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Bacteriophages 9a and 2395a were found capable of lysing 

only their- respective propagating strains of bacteria, Those 

bacteriophages active on bacteria in Group I (Bacteroides 

species) were generally found to be capable of lysing several 

strains within the group. Subgroup IA was found to be the 

most active for bacteriophages propagation, with strain 2389 

of Subgroup IB also being lysed by several of the viruses, 

The lytic spectrum of each of the bacteriophages for Group I 

(Bacteroides species) is given in Table 16. .A relationship 

between strain 2389 and the strains in Subgroup IA v;as shown 

by common lysis of these bacteria by bacteriophage. In ad-

dition, these bacteria had in common the valine dehydrogenase, 

as noted earlier. Differences between the bacteria in Sub-

group IA were shown to be present by the fact that some of 

the bacteriophages were capable of lysing only certain strains 

in the group. None of these bacteriophages were found cap-

able of lysing any of the bacteria which were in any. other 

morphological group, other than the group of its propagating 

strain. 

Tests, performed by using high concentrations of bac-

teriophage, 10,000 tlu/ml, to detect bacteria only weakly 

lysed, were found to give the same results as those using 

the standard test concentration "of bacteriophage. None of 

the bacteriophages were found to cause lysis of Escherichia 

coli ATCC 4-157, Staphy 1 ococcus aureus ATCC 6538, Bacillus 

cereus ATCC 6464, Alealigenes faecalis ATCC 87^8, or a 
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Vie.I Ion el la species. 

TABLE 16. THE LYTIC SPRECTRUI.1 CF BACTERIOPHAGES ACTIVE 
ON BACTERIA OP GROUP I (BACTEROIDSS SPECIES) 

Strain 

1 

3 

8 

22 

B14-0 

Bacteriophage 

la ' 8a 8b 8c 22a 22b Bl^Oa 2389a 

E2a 

E2b 

B253 

2389 

13 

Ik 

19 

23 

BkkS 

QkQZ 

+ + 

+ 

+ 
+ 

* 

+ 
+ 

+ 
+ 

The bacteriophage adsorption tests performed with bac-

teriophages 31^0 a and 2389a indicate! that the receptor site 

may be present" on bacterial strains not lysed by the 
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bacteriophage, The results of these tests are given in Table 

17. The adsorption of bacteriophage 2389a by strains 1, 3» 

TABLE 17, BACTERIOPHAGE REMAINING IN SUSPENSION AFTER 
ADSORPTION WITH VARIOUS BACTERIAL STRAINS 

Strain 2389a Jl'+Oa 

1 

3 

8 

19 

22 

23 

B140 

B 

2389 

8482 

Blank 

++ 

•H-++ 
++ 

4-+++ 

*}•+++ 

++++ 
++++ 

+4'4,+ 
++++ 

++• 

++-H-
++ 

++++ 

++++ 
+ 

++++ 

+4-4,4-

+4̂ 1-4' 

+-H-+ - nearly confluent lysis 
-1-+H- - raany closely spaced plaques 
++ ~ well separated plaques 
+ = few plaques 

22, and the propagating strain 2389 was identical to the ly-

tic spectrum of the bacteriophage, Bacteriophage Bl^Oa, 

however, was adsorbed by strains 1 and 8, which were not found 

to be lysed by this bacteriophage. 
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Electron micrographs of bacteriophages la, 8b, 22a, 9a, 

2389a, and 2395a were made as representatives of the bac-

teriophages used in this study. These are shown in Figures 8 

•through 18. These bacteriophages were found to have the same 

general morphology as bacteriophages of the aerobic bacteria. 

The heads of these bacteriophages were found to be polyhedral 

in shape, and they appealed to have a spherical cavity inside 

to contain the genetic material. These features are best 

demonstrated in Figures 8, 12, 15, and 18, Details of the 

tail structure can be seen best in Figure 15. The tail ap-

peared to be relatively long and slender as compared to the 

T~even bacteriophages of S. coli. The tail appeared to be 

composed of three partss a neck, which was more slender .than 

the rest of the tail and without a collar, the tail proper, . 

and what appeared to be the tail plate. Ro tail fibers were 

seen on these preparations. The sizes of the bacteriophages, 

as determined from the electron micrographs, are recorded 

in Table 18. 

TABLE 18. MEASUREMENTS OF BACTERIOPHAGES la, 8b, 22a, 
9a, 2389a, and 2395a 

la 8b 22b 9a 2 3 8 9 a 2 3 9 5 a 

Over-all length l?0nm 103nm 103nm 22̂ -nm 159nm 170nm 

Taii length 113 9^ 94- 179 103 113 

Head diameter 56 45 ^5 6l ^7 56 
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These bacteriophages were smaller than the I-even bacterio-

phages for E. coli, which have a head diameter of 65 nm (1). 

The head diameter for the largest of the bacteroides "bac-

teriophages, number $a, was 6l nm. Bacteriophages 8b and 

22a had head diameters of only nm, I.Teasurements of the 

width of the tail structures were not attempted, because 

of their small size and the error inherent in the measure-

ments, but are on the order of'5 to 15 nm, 
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H , 

Figure 8. Electron micrograph of bacteroides bacterio-
phage la. The polyhedral shape of the head can be seen. 
Total magnification 79»685x. 
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Figure 9. Bacteroides "bacteriophage la. Rosette of 
bacteriophages attached to debris, which is probably a frag-
ment of bacterial cell wall. Note the empty heads. Total 
magnification 106,380x. 
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Figure 10. ' Bacteriophage la. This bacteriophage appears 
to have an electron dense sheath around the distal portion 
of the tail. The head appears to be intact. Total magni-
fication 106,380X. 
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Figure 11. Bacteriophage 8b. Intact bacteriophage. 
The slender neck portion can be seen, Total magnification 
106,380x. 
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Figure 12. Bacteriophage 22a, This bacteriophage 
appears'to have an empty head, and the outer contractile 
sheath of the tail is not seen. Total magnification 
106,380x. 
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Figure 13. Cluster of "bacteriophage 2389a. Total 
magnification 70,920x. 
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Figure 1^. Bacteriophage 2389a. Many broken tails 
are seen with the heads missing. ^The_background appeared to 
be cellular debris. Total magnification 79»o8^x. 
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Figure 15. . Bacteriophage 9a. This electron micro-_ 
graph shows the tail plate, contractile sheath of the tail, 
slender neck portion, and the head, which has a hexagonal 
outline. Total magnification 106,380x. 
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Figure 16. Bacteriophage 2395a. Both have empty heads, 
and one appears to have lost the tail plate. Total magnifi-
cation 106,380X. 
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Figure 1?. • Bacteriophage 2395a. These bacteriophages 
are intact, and lie among the remains of the -bacteria. 
Total magnification 79»685x. 
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Figure 18. Cluster of bacteriophage 2395a attached to 
portion of the bacterial cell wall. Total magnification 
79,685X. 



DISCUSSION 

The "bacteria used in this study were representative of 

the most commonly encountered types found in the intestine 

of man, and included members of the groups described by other 

workers, with the exception of the genus Dialister. This 

genus is seldom isolated (10, 57), and apparently difficult 

to maintain in cultures or in the lyophillized state. Because• 

a strain of this genus was not available, it was not included 

in the study. 

The liver infusion culture medium used most frequently 

in this investigation was chosen, because it would support 

growth of all the different types of bacteria studied. The . 

Peptone-yeast extract medium (2), used by many workers, was 

not found to support growth of some of the strains without 

the addition of blood, serum, or other enrichments, which are 

thermolabile and must be added aseptically after the basal me-

dium is autoclaved. The addition of these enrichments would 

have increased the possibility that the medium would become 

oxidized or contaminated, and consequently made the results 

of the tests invalid. 

During the course of this study, several different methods 

of cultivating anaerobic bacteria were evaluated. Several 

recent studies have shewn that pre-reduced culture media with 

oxidation potentials less than -100 mv are essential.for 
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Isolation of bacteroides from clinical specimens (3, 19, ^1, 

kZ, 50, 62), Methods of preparing culture media in Petri 

plates, and inoculating these plates without exposure to air, 

were investigated. 

The first method involved the construction of an anaerobic 

glove box. This was an isolation chamber fitted with a win-

dow and arm-length neoprene gloves similar to those used for 

handling the more hazardous pathogenic bacteria. One end of 

the box was fitted with an air lock, through' which articles 

could be passed into the inside of the box, without introducing 

atmospheric oxygen. The box measured approximately 

kO x 28 x Zh- Inches, Air was flushed out of the box by a 

constant stream of oxygen-free nitrogen flowing through the 

box. The inside of the box was coated with a layer of poly-

ester resin, of the type normally used to fiberglass boats, 

Manipulations inside the box could be performed by placing the 

hands into the gloves, which were sealed into the box. Since 

a burner could not be used inside to flame inoculating loops, 

an electrical device was devised, using a twelve-volt current 

from an electronic power supply unit. vV'ires carrying the 

current were placed through a rubber stopper In the end of 

the box and then connected to two metal contacts inside. 

The inoculating loop was sterilized by placing the wire, of the 

inoculating loop across the metal contacts, which allowed 

electrical current to flow through the wire, heating it to 

redness. Culture media could be prepared in Petri dishes, 
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without exposure to air, by placing the empty dishes inside 

along with a sterile flask of the culture medium, still hot 

from the autoclave, The medium could be poured into the plates 

and allowed to harden anaerobically. The plates could be 

inoculated with the specimens inside the box, and then be 

placed into an anaerobic jar arid removed from the box for 

incubation. This anaerobic box permitted the use of pre-

reduced culture media in Petri plates, for isolation of bacteria 

with the usual bacteriological techniques. The box, however, 

was difficult to maintain free of oxygen, and a great deal 

of time was required to flush out all of the air. Nitrogen 

had to be continually run into the box, even when not in use, 

to keep air out. 

In an attempt to devise a system without the faults of • 

the anaerobic box, a second type of chamber was constructed. 

This chamber was in the form of a bag, and was constructed 

out of vinyl, transparent plastic. Sleeves made of the same 

plastic were set into the bag, with rubber surgical gloves 

fitted at the cuffs by means of metal bands. The bag had an 

opening at the back, through which articles could be placed 

inside the bag. The opening was closed by folding over to-

gether the edges of the opening, and securing them with a 

metal clamp of the type used with the BBL "Gas-Pak Envelope." 

The bag could be made anaerobic by attaching to the bag a 

vacuum source and then inflating with oxygen-free nitrogen 

or carbon dioxide. Culture media could be prepared in this 
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bag, in the same manner as with the box. The plates could 

be inoculated by using sterile wooden applicator sticks in-

stead of an inoculating loop. The sticks.were discarded into 

a' beaker of disinfectant after use. The bag provided an in-

expensive and easy-to-use means of preparing anaerobic cultures. 

The disadvantage found with this method was that the vinyl 

plastic, used to construct the bag, was permeable to oxygen, 

and the bag did not remain anaerobic for very long, A multi-

layered plastic bag is used for the BBL "C-as-Pak Envelope", 

which is composed of oxygen-impermeable mylar between layers 

of .other types. This type of plastic would seem to be the 

best, because it is impermeable to oxygen. The anaerobic 

bag would be very advantageous in clinical use, where specimens 

could be processed rapidly ajid inexpensively by personnel 

with limited training. 

Another method of anaerobic culture tried was that of 

Hungate's anaerobic roll-tube, as modified by Moore (^1). 

This method used agar culture media prepared and sterilized 

under anaerobic conditions. Bacteria were isolated by streak-

ing an agar surface formed on the inner wall of the tube.by 

melting the agar in the tube, and cooling by spinning the tube 

in a horizonal position on a bed of ice. When the tube was 

opened, a jet of oxygen-free nitrogen was directed into the 

tube to prevent entry of air, Holders had to be used while inocu-

lating the tubes, to hold the tube and nitrogen jet in place 

while the inoculating loop was held against the side of the 



tube, and the tube rolled to spread the inoculum. The medium 

was prepared by boiling under a stream of nitrogen, and dis-

pensed with a pipette into tubes flushed free of air by an-

other jet of nitrogen. The tubes were closed with rubber 

stoppers. The tubes were sterilised by autoclaving, while 

clamped in presses to prevent the stoppers from being blown 

out by the pressure inside. This method was found to be time-

consuming in the preparation of the media in tubes,and required 

a great amount of manual dexterity and practice to be used. 

The isolation of bacteria was difficult beeause well separated 

colonies were usually found on only a small area of the tube, 

and picking these required that a long inoculating loop be 

introduced into the center of the tube, and withdrawn without 

touching the side of the tube or the nitrogen jet. The use • 

of this method may also be hazardous, when'working with viru-

lent bacteria, because aerosols are created when the stopper 

is removed s.nd the jet of nitrogen is placed in the tube. 

This problem has been recognized'by others (^). 

Morphology has long been one of the principal character-

istics used to delineate groups of bacteria. These character-

istics were the first used to define the genera v/ithin the 

family Bacteroidaceae. The classification of Prevot (^8, 

^9) used these characteristics to a greater extent than the 

classification found in Bergey's Manual (12), in that the 

presence or absence of flagella was recognized as significant 

at the generic level, as it is with other families of bacteria 
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such as the ffnterobacteriaceae. The more recent publications 

have discarded morphological criteria for division of the 

family into genera, and instead have used the production of 

butyric acid (2, 10)- and other characteristics (6, ?). The 

studies reported here have indicated that there is a correla-

tion between morphological characteristics of these bacteria, 

and their physiological characters.-

In this study, five groups were indicated by the size 

and shape of the cells- and the presence of flagella. Examples 

of these groups are shown in Figures 1 through 5. 

Studies of the fermentation of carbohydrates lent addi-

tional evidence for these groups as being natural, or phylo-

genetic, The fermentation of glucose and fructose was common 

to all groups except Group IV (B, melaninogenicus), which 

did not ferment any of the carbohydrates tested in this study. 

The fermentation of arabinose was found with GroupIC (Bacter-

oiaes species), occasionally with Group II (Sphaerophorus spe-

cies), and in Group V (Fusocillus species). 

The determination of the final growth limiting pH in 

glucose broth is actually .the same type of test as the methyl 

red test, which is a standard test used with aerobic coliform 

bacteria. The findings of others' (6, 10), that this is a 

useful test was confirmed here. Group I (3acteroid.es species) 

.was capable of lowering the pH of the medium to less than 5.5> 

whereas the other groups did not. This test differentiated 

the first group from the rest, but did not indicate that the 



76 

groups which did not lower the pK below 5.5 were sufficiently 

related to "be placed in the same genus. 

The divisions of the Bacteroidaceae proposed in this paper 

were supported "by the work of Finegold et al. (21) with anti-

biotic susceptibility patterns. That study determined that 

the genera Bacteroides, Sphaerophorus» Fusobacterium, and 

Bacteroides melaninogenlcus were all separate groups. No 

bacteria in that study had characteristics like those of 

Group V (Fusocillus species). The use of antibiotic suscep-

tibility patterns as an aid to classification has not been 

widely used. It is probably of questionable value with many 

groups of bacteria, because of the facility with which some 

bacteria acquire resistance to antibiotics. Their use with 

bacteroides has been studied in some length by Finegold et al-, 

(21), Their reports indicate that these methods may be of con-

siderable value, especially in clinical laboratories, where 

time and cost are very important. The studies of- Finegold were 

performed by preparing culture media containing the anti-

biotics to be tested. This method of testing is time-con-

suming, and the media frequently cannot be stored for later 

use. The tests reported here were performed using commer-

cially available paper disks impregnated with antibiotics. 

These disks are widely available, inexpensive, and used rou-

tinely by most clinical laboratories to guide physicians in 

treatment. This method confirms the findings of Finegold 

et al, that antibiotic susceptibility is useful in 
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classification. The results of these tests also lent further 

weight to a classification based on morphology. 

The inhibition of growth by bile and • deoxych o.late has 

been described as varying from one species to the next within 

the different genera (2), In this study, variation was found 

in Group I (Bacteroides) and Group II (Sphaerophorus). The 

other three groups were uniformly inhibited. 

Hydrogen sulfide was found to be produced by all of 

the strains studied except one. This test appears to be 

of little value for differentiation. The determination of 

hydrogen sulfide production was found to be unreliable 

when performed with lead acetate paper suspended over a broth 

culture of the bacteria growing in a medium containing O.lfo 

agar, such as thioglycollate broth. This was probably due 

to the lack of growth near the top of the tube, and the 

consequent absence of hydrogen -sulfide vapors reaching the 

paper. The test may also be performed by using broth prepared 

anaerobically in rubber-stoppered tubes, by placing the paper 

in a slit cut in the bottom of the stopper. This was found 

to be very difficult to perform, because the medium frequently 

was contaminated by wetting the unsterile paper strip, or in 

handling the tube while inserting the paper in the stopper. 

The medium used by Moore et al. (2) was prepared with cysteine, 

which blackens the indicator when the medium is sterilized. 

Because of this, the test was insensitive and difficult to 

interpret. The SIM medium prepared without the addition of 
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cysteine appears to "be the method of choice, because it gives 

reproducible results, This method was also found to be very-

sensitive, when the cultures were incubated for several days. 

Smith and Holdeman (57) state that the use of lead acetate paper 

is of little value, because too many anaerobes will give a 

positive test if a delicate test such as this is used. The 

use of less sensitive tests would detect those strains which 

produce the larger quantities, but the results may vary•with 

slight differences in conditions, giving variable results. In 

any case, the method used must be stated if the results are 

to be duplicated. 

The erroneous conclusion which may be drawn when bacteria 

are tested for motility, and non-motile bacteria are assumed 

to be non-flagellated, is well known. That this is true for. 

this group of organisms is brought out be the discovery that 

strains numbered h and 21 are flagellated, but non-motile. 

How frequently this occurs is not known, but a flagella-stained-

preparation should always be examined before non-motile strains 

are assumed to be non-flagellated. 

The determination of dehydrogenases for amino acids and 

organic acids seems to be infrequently used with many groups 

of bacteria for purposes of classification. The work of Keudell 

and Goldberg (35) indicated that the dehydrogenase reactions 

which they tested are of value in classification of bacteroides. 

Their tests were performed by electrophoresis of enzymes, 

followed by application of substrate and hydrogen acceptor 
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dye to locate areas of enzyme activity. While this method 

detects the presence of isoenzymes, it is too lengthy for 

routine use, a„nd it requires use of expensive electrophoresis 

equipment not usually found in most microbiology laboratories. 

Threonine dehydrogenase had previously been indirectly studied 

by determination of the production of propionate from threonine, 

by silicic acid chromatography (8), or by gas chromatography 

(2). Neither of these methods are useful in many laboratories, 

because of the prolonged incubation period necessary, and the 

use of chromatographic equipment which is seldom available. 

The tests reported here are rapid, inexpensive, and require 

only the use of a colorimeter, which may be replaced by a set 

of color comparison tubes. 

Tests for the production of threonine dehydrogenase were . 

not found to be of value in this study, because none of the 

strains produced positive tests with the test method used. 

The method described by Beerens and Tahon-Castel (8) was at-

tempted without success. This method called for the use of 

nile blue dye as a hydrogen acceptor and indicator. The method, 

printed in French, specified a "solution de bleu de Nil 

(BHD) a 1/200 en tampon phosphate de pH 7.6 ..." This' was 

interpreted to indicate a 0, 5fo solution was to be used. In 

addition, the substrate called for was stated as "solution de 

DL threonine a 10 p. 100 en tajnpon phosphate." This was inter-

preted as meaning a 10f* solution in phosphate buffer. ' Both 

of these concentrations seemed to be excessively high, and were 
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therefore also tested at lower concentrations without success, 

V/hen attempting to perform this test, it v/as found that the 

control tube, which contained buffer instead of substrate, 

was decolorized, and not the tube with substrate, or frequently 

both the test and. control tubes were decolorized. This method 

also required that the tubes be overlaid with molten 2j% agar 

solution to exclude air. It v/as very difficult to overlay 

the liquid with the more dense agar without having the agar 

settle to the bottom of the tube before solidification. Var-

ious methods were tried to circumvent this problem. Mineral 

oil. was substituted for the agar, but.was not useful, because 

the lipid-soluble dye was extracted from the aqueous solution 

by the oil. Flushing the tubes with oxygen-free nitrogen and 

stoppering with rubber stoppers also was attempted. 

The use of dehydrogenase reactions with other amino acids 

remained to be investigated, as well as the dehydrogenases 

for succinic, lactic, and pyruvic acids. The test for malic 

dehydrogenase was also studied by using the dye reduction method, 

Dehydrogenases for valine, malic, and pyruvic acids were found 

to be useful. These results supported the division of the 

family Bacteroidaceae into the genera used in this study. 

The Bacteroides species in Group I were found to differ 

from one another in only a few characteristics. The subgroups 

of this genus probably represent different species. Many 

different species are listed In the last edition of Sergey's 

Manual (12). The work of Eosebury and Sonnenwirth (57), Sonnen-

wirth (60), and Sonnenwirth and Rosebury (59) indicated that 
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only a few species names were sufficient for the entire genus. 

This conclusion was supported by the findings of this study, 

The organisms which were placed in Group II (Sphaerophorus) 

varied in characteristics from strain to strain. The group 

as a whole, however, has characters which unify it in one 

genus. These are distinctive morphology when grown on arti-

ficial media, fermentation of glucose and various other sugars, 

terminal pH above 5.5» and absence of dehydrogenases for pyruvate, 

valine, and sometimes malate. 

The organisms in this study comprising the Sphaerophorus 

group were more heterogeneous than those in the other groups. 

These represented several different species. S. ridiculosus 

10^2 and S. mortiferus B538 are considered by some to be 

identical (2). The strains of these species obtained for this 

study differed only in the fermentation of maltose and sucrose 

and susceptibility to penicillin. Determination of whether 

or not these organisms should be considered as distinct species 

awaits examination of many more strains. ' 

Smith and Holdeman (57) state that Sphaerophorus necro-

phorus has been given at least ten different synonyms in the 

literature, including the name S. funduliformis. The strain of 

S. necrophorus and the strain of S, funduliformis used for this 

work differed in a number of characteristics. Differences 

were found in the fermentations of arabinose, lactose, sucrose, 

maltose, and xylose, and in susceptibility to Colymycin, and 

production of malic dehydrogenase, From this it appears 
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unlikely that all of the organisms given the names considered 

synonymous are actually identical. 

The gas chromatograms of acids produced by Sphaerophorus . 

species did not indicate the production of butyric acid by 

two of the organisms. If this were taken to be the sole cri-

terion, these bacteria would be placed in the genus Bacteroides. 

The genus Pusobacterium appeared to be distinct from the 

genus Sphaerophorus, with which it has been proposed to be 

merged. Much of the confusion may result from the assump-

tion that all bacteria with pointed ends are placed in the 

genus Fusobacterium, without consideration of their other 

characteristics, The genus Fusobacterium should be limited 

to those bacteria which conform to the morphology of the 

first descriptions (53) . Other studies also maintained that • 

these bacteria constitute a distinct genus (5» 31» 5^, 6l). 

The genus Fusobacterium was characterized by the distinctive 

morphology, which was of very slender cells which stained 

weakly v/ith safranin, unique colonial morphology with a flecked 

appearance, feeble fermentative ability, inhibition of growth 

by bile, susceptibility to penicillin and ampicillin, and 

other characteristics which are given in' Table 14, The cells 

of Sphaerophorus species were thicker than those of Fusobacterium, 

and a number of sugars were fermented, Sergey's Manual (12) 

lists a number of species in the genus Fusobacterium which 

probably belong in other genera. The production of butyric 

acid by both Fusobacterium and Sphaerophorus species does 
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not seem to be sufficient grounds for merging the two genera. 

The organisms presently called Bacteroldes melaninogenlcus 

appear to be a heterogeneous group. There have been descrip-

tions of organisms given the sajne specific epithet which fer-

ment many different carbohydrates (2S 57). The description 

given in Sergey's Manual (12) is that of a fermentative or-

ganism. Finegold (21) statesthat "strains presently clas-

sified as 3. melaninogenicus are so diverse in characteris-

tics as to make it unreasonable for them to be in one species." 

Moore (2) has designated three sub-species of this organism: 

asacchrolytics, intermedius, and melaninogenicus. 'All of 

the strains obtained for this study were found to be of the 

asaccharolyticus type, This organism may be related to mem-

bers of the Brucellaceae because of its fastidious nutritive • 

requirements, small size, requirement for the X factor (heme), 

production of brown pigment, and non-fermentation of carbo-

hydrates. It is not suitable for inclusion -in the Brucellaceae. 

however, because of its' strictly anaerobic nature. The most 

reasonable course would seem to be placing the asaccharolyticus 

types in a separate genus, while retaining the others in the 

genus Bacteroides. 

The genus Fusocillus was found to be a distinct genus. 

V/ith the classification proposed by Moore et al. (2, 10), these 

bacteria would be classified as Bacteroides species, because 

they were not found to produce butyric acid. With the classi-

fication of Prevot (^8, 4-9), these bacteria would be Fusiformis 
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species, which is the same as the genus Fusobacterium in the 

American literature. The seventh edition of Sergey's Manual 

(12) lists an organism called Fus ob ac t e r ium -praeacutum which has 

the characteristics of Group Y (Fusocillus species). The find-

ings of this research have supported separation of these or-

ganisms into a distinct genus. 

Very little work with bacteriophages for anaerobic bac-

teria has been done. The use of bacteriophages in classifi-

cation of bacteroides, and the presence in sewage of bacterio-

phages for these bacteria have never been reported. These 

studies have shown the utility of investigating bacteriophages 

for anaerobic bacteria. The use of bacteriophages is promis-

ing in the identification of species, and specific bacterio-

phage types. Bacteriophage 31̂ -Oa was found to be of narrow 

host range, and therefore useful to identify that particular 

bacteriophage type. Bacteriophages 8b, 8c, 22b, and 2389a 

had broad host ranges and may be useful for identifying 

larger groups, 

The results' of this work have shown that the genera in 

the family Bacteroidaceae should not be identified by a single 
I 

differential characteristic. The use of several different 

lines of evidence should be considered. 
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