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THE PHYSIOLOGY OF THE GENUS BACILLUS

INTRODUCTION

The term genus Bacillus is applied to a rather large number of
diverse species of bacterial organisms whose natural habitat appears
to be the soil. The most outatanding characteristics of this group,
so far as is known, are the ability to produce endospores and grow
in the presence of oxygen, this latter characteristic differentiating
it from the snaerobic spore-forming Clostridia,

Cohn {(1875) was the first taxonomist to imeclude the genus Bacillus
in his elassification of the smell number of mieroorgsnisms known at
that time (2). He, like all other early investigators wmtil the time
of Pasteur, was primarily a botanist. Using morphological character-
istics as the sole basis of relationship between microorganisms, he
introduced a crude taxonomic nomenclature which continues to be mani~-
fest in present day attemptis to differentiate the members of this
genus,

The faet that bacteria in general are, physiologiecally speaking,
chemical entities had its inception with the works of Pasteur. Since
chemical technigues were poor and means for their development slow,
it was not until 1904, with the work of Chester {3), that any physio-
logical methods for the differentiation of the members of the genus
Bacillus were proposed.

I% has been difficult for bacterial taxonomists to complete a

rational system of differentiation for deseribed members of the genus
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Bacillus because of the inadequacy of the data. Complete deseriptions
of the morphological, cultural, serologicsl, and physiologiecal charac-
teristics are lacking (1). Such characteristics as pigment produetion,
size and location of endospores, size of bacterium, methods of spore
germination, and colonial morphology are inadequate to describe and
differentiate members of this large group of normal soil flora. The
variaetions of these characteristies with constantly changing environ-
mental conditions, whether natural or artificial, are too well known
to require further amplification, As a result of the lack of adequate
data, Bergey's Manual of Determinative Bacteriology (1) has necessarily
based the differentiation of the members of the genus Bacillus
primarily upon the aforementioned characteristics, fully realizing
the limitations of such a taxonomic procedure..

Morphological and cultural descriptions of the Baseilli have
probably received more attention than the other necessary criteria.
The literature pertaining to these characteristices is guite large
and beyond the scope of this survey. Lamenna ’(20, 21) has recently
begun investigations concerned with the serology of the so-called
"small” and "large™ celled species, His data are too incomplete to
be of much value at the present time.

Only a few investigators (4, 6, 9, 18, 19, 34, 37-42) have
attempted fundemental physiological studies of the Bacilli and for
this reason such physiological data eare incomplete. With few ex~
ceptions (4, 9, 37-39) none of these has attempted a study of this

group as a whole but have confined attention to widely separate
species: B, rotens (34), B. subtilis (6, 19, 41), B. cereus (42),
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B. megatherium (13); or to special groups such as those which attack
ealcium n~butyrate, or cellulose and xylem (1).

The application and use of physiological characteristics as
applied to the classification of the genus Baseillus has received
attention & seemingly hephazard sort of way. This statement is
justified on the basis of the faot thet fundsmentsl studies on the
group as a whole have been lacking. Probably the most noteworthy
publiéhed basis for this fact is menifest in the work of de Soriamo
(37-39) in an extensive attempt to elassify more then one~half of
the Bacilli on the basis of morphological and physiological deserip-
tions in the literature. Finding descriptions inadequate, de Soriano
'ctrfied out extensive physiological investigations of this genus in
an atteupt to establish reliable criteria of distinetion.

In an attempt to elarify some of the physiclogical discrepancies
existing in the literature to date, Fitzgerald (9) began a series of
studies which led to the fundamental investigations of Coffee (4) on
the physiology of this group. In gemeral the works of these investi-
gators confim the following statementis:
ls Cellular and colonial morphology must regress to a less important

position in the differentiation of members of the genus Bacillus.
2, A number of reactions such as nitrate reduction and acetyl-methyl-
' carbinel production vary to such an extent within species that

they maintain little taxonomic significance.

S« So few species of Bsecilli fail to liquefy gelatin that this eriterion
is of value only when considered with other differentiating

characteristics.
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The effect of the organiam on peptone, tryptone, and proteose-
peptone is such that reliable observations of the activity of the
organisms toward carbohydrate media cannot be made without numerous
precautions, Since the necessity of these precautions is often
unknown to the routine bacteriological worker, any reactions he
may obtain are guestionable.

Some indicator solutions, such as Andrades, employed routinely in
bacteriological laboratories require too low a pH before color
changes are detectable, and are not sensitive enough to detect
acid produetion by certain of the Bacilli. Some of these indiecator

solutions appear to possess a bacteriostatic effect.

6. Baeilli differ in their ability to ferment d~ and 1~ forms of a

7e

single sugar. This observation probably accounts for discrepancies
reported by various authors concerning the ability of an orgenism
to ferment a particular sugar.

The present method of classification of the genus m employed
by Bergey's Manual (1), which is based primarily on cultural and
morphological characteristics and the physiologieal distinections
proposed by de Soriano (37-39), is shown t0 be inadequate without
further physiological description.

The investigations of de Soriano (37-39) are apparently the first

extensive physiological studies of the genus Baeillus. In spite of the

many exeellent contributions of her investigations, they might be eriti-

cized {4) because Andrades indicator was employed to detect the produc-

tion of acid from carbohydrate. Coffee (4) employed brom=-thymol-blue

and brome-cresol-purple in his investigations of the fermemtability of

32 carbohydrates. He points out that diserepancy between results
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obtained by him, and those of de Soriano (37-39), might be due %o his
use of acid-indicators, which exhibit distinct color chenge per 0.2 pH
unit from pH 5.2 -~ 7.6, while Andrades indicator shows mo color change
from pH 5.4 - 7.5.

Numerous investigators (4-7, 10-12, 16, 28, 29-32, 34, 45, 46)
have demonstrated that although used routinely by bacteriologists,
acid-indicators are inadequate to determine the utilization of carbo-
hydrate from a carbohydrate-peptone medium by meny orgenisms, This
failure may often be due $0 a lack of sparing action®™ of carbohydrate
for the peptone of the medium, which sometimes results in an alkaline
or nwtm PpH reaction, even though carbohydrate has been utilized.

l_ lack of "sparing action™ of carbohydrate for peptone has been
demonstrated in studies which compared the pH produced in a carbohydrate-
peptone medium with the utilizsbility of the ecarbohydrate for the
following orgenisms: B, rotans (34), the genus Mycobacterium (28),
the tubercle baeillus (14), the hydroearbon bacteria (15), the
Brucella (25, 26, 49) and certain miscellaneous organisms (45).

Quentitetive investigations such as these have not been made for
many members of the genus Bacillus. If they were carried out, at least
part of the existing taxonomic confusion might be eliminated, and
knowledge of the physiology of the Baecilli, in general, would be ex-

panded,



6.

OBJECT OF THE INVESTIGATION

It is routine bacteriological procedure to consider an acidie
pH resding, taken on a carbohydrate~peptone medium in which an
orgenism is growing, as evidence that the bacterium in question
utilizes the earbohydrate. In a carbohydrate-peptone mediun an
organism will utilize the carbohydrate in respiration as an energy
source. The peptone is ‘attaekcd as a source of growth comstituents,
Peptone is utilized as an energy food only in the absence of carbo-
hydrate by most microorganisms, This mecheniam is referred to by
baecteriologists as the “sparing action™ of carbohydrate for peptone.
It has been shown (29, 31, 32) that a lack of “sparing mion" of
carbohydrate for peptone by species of the ‘mm Bacillus mskes it
diffieult and sometimes impossible to determine the utilization of
various carbohydrates as measured by a lowering of the pH. The
resulting pH of the medium, when there is no %sparing action®™, is
dependent not only upon aeid produced from carbohydrate dissimila=-
tion, but also upon conmt acid and emmonia produced from peptone
doocnpositioﬁ.

The object of the present investigation was to determine
quantitatively the extent of glucoseé and d- and l- arabinose utiliza-
tion in order to separate it from the other two factors influenecing
the pH change in the medium. The pH of the carbohydrate media employed
was determined potentiometrieally, using a glass electrode in order
that the pH produced could be compared with the extent of utilization
of these carbohydrates, Likewise, the pH produced by the same Bacilli
in peptone alone was determined so that it could be compared with the

pH produced in the carbohydrate-peptone media.
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The fundemental observations concerned with the metebolism of
the genus Bagillus (which may be derived from this study) may be of
vzlue in the taxonomic identification of various members of this
group of organisms, snd might lead to other interesting conclusions
regarding the metabolism of these organisms in pure laboratory
culture and also in mixed cultures in the natural habitat.



EXPERIMENTAL PROCEDURE

One hundred and thirty strains of the genus Bacillus, repre~
senting 41 species, were studied in these investigations. These
strains end speeies are listed in Table I together with some indica-
tion of the source of each culture, where known,

Stock cultures of these organisms were propsgated on' Difeo
Stock Culture Agar and stored at approximately 3°C, when not in use,
Before any strain of Bacillus was inoculated into the test medium
it was first transferred five consecutive times on plain (sugar free)
nutrient sgar, pH 6.8-7.0. This step is considered necessary in
most bacteriological work to insure that the éultm'a metabolism
is normal.

Determination of pH was made by using a Beckman potentiometer
equipped with a glass eleetrode. These hydrogen ion observations
were made on individual strains in each of the following media at
intervals of 1, 2, 3, =nd 7 days of incubation.

1. 1% peptone broth (Difeo), pH 6.8-7.0.
2. 0.5% glucose--1% peptone broth (Baker C. P. grade glucose),

PH 6.8-7.0.

3, 0.5% d-arabinose--1% peptone broth (Pfamstiehl d-arabinose),
pH 6.8-7.0.
4. 0,5% l-arabinose--1% peptone broth (Pfanstiehl l-arabinose),

PH 6.8-7.0.
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TABLE I

The members of the genus Bacillus employed in this investigation
are listed in the following table according to species, strain,

source, and incubation temperature.

B. adhaerens A. T. C. s0°c.
B. 2gri U. S. D. A. 20°c.
B, albolaetis V. P, I. 300C,
B. albolactis Tex. 300¢C.
B. alvei A. T. C. s7ocC,
B. alvei Tex. 379cC.
B. alvei #622 Tex. 370C,
B. alveli #622 Lockheed, Tex. 370¢C,
B. anthracis Wis. 37oc¢,
B. anthracis Tex. 379¢C.
B. anthracis (Wis.) Tex. 37o¢,
B. snthracis Rall. Tex. 37°¢c.
B, anthracis (Smooth) Tex. s7°c.
B. aterrimus #353 Wis. 379C.
B. aterrimus U. S. D. A. 379¢,
B. M Pesek, Wis, 379¢C.
B. aterrimus R. C. Wis. 579¢.
B. brevis #604 A. T. C. s7°¢.
B. brevis U. S. D. A. 379¢C,
B. gereus #1 A. T. C. 309¢.
B. cereus #2 A. T. C. 20°c.
B. cereus Tex. ; 30%.

B. gereus (Stock) Tex. 30°¢c.



B. cereus (Non-Motile) Tex.

B. cereus #244 Tex,
B. cereus Clark Tex.

B. cereus Neb.

B. cereus A. T. C. Wis.
B. circulams A. T. C.

B. gcohaerens #840 Tex.
B. danicus U. S. D, A.
B. danicus #1 A. T. C.
B. firms U. S. D. A.

B. flexus V. P, I.

B. freudenreiehit A. T. C.
B. fusiformis A. T. C.
B. fusiformis Tex. |
B fusiformis #539 Tex.
B. fusiformis Wright Wis.
B. globigii A. T. C.

B. globigly #3856 Wis.

B. graveolems U. S. D. A.
B. graveolens #615 Tex,
B. graveolens Wright Wis,
B. graveolens Neb.

B. lacticola Tex.
B._lacticola #876 Tex.
B. lactic #618 Tex.

30°¢.
309¢.
300C,
3000,
30°¢,
%0°¢.
30°¢.
30°C,

379¢,

30°¢.,
30%¢.
27°¢,

35°C,
35°¢C.,
35°¢,
3590,
50°¢.
30°c.
37°¢C.
370C,
37°C.
379¢,
37°¢.
379¢.
379¢.

10.

(s7°c,)
(379¢C.)
(379¢C.)
(370¢.)
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laterosporus V. P. I.
lautus V. P. I.

macerans U. S. D. A,
megatherium U, S. D. A.
megatherium #1 A. T. C.
megatherium #2 A. T. C.
megatheriun Tex,
megatherium #240 Tex.

B. megstheriua Wis.

B, megetherium A. T. C, Wis,
B. megetherium Neb.

B, mesentericus A. T. C.

B. mesentericus U. S. D. A.
B. nesentericus Tex.

B. zesentericus A. T. C. Wis,
B. mesentericus Frost, Wis.
B. mesentericus Neb.

B. mycoides #1 V. P. I,

2’ geo;deg #101 Vs Po 1,
B+ mycoides {Beaded) Tex.

B mycoides A. T. C. #8680 Tex.
B. mycoides A. 2 Tex.

B. mycoides A. 6 Tex.

B. mycoldes #23 Tex.

B. mycoides #65 Tex.

B, mycoides #405 Tex.

yRPoPery

I

30°c,
370¢.
420c¢,
379¢,
$79¢.,
379¢C.
37°¢.
37%¢.
37°¢,
379¢,
379¢.
20°¢,
37%¢,
370C,
a70c.
s7¢,
s7%¢.
s00¢.
20°¢,
30°C.,
30°¢.
50°C,
20°C,
50°C,
20°%¢.
80°C.

11.

(370)
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Bycoides #410 Tex.
. mycoides #417 Tex.
mycoides #420 Tex.

= 1w |

jo

. mycoides #421 Tex.
B. mycoides #422 Tex.
B. mycoides #425 Tex.
B. mycoides #426 Tex.
B._mycoides #427 Tex.
B, mycoides #430 Tex.

B. mycoides Wright, Wis,

B. myooides Neb.

B, mycoides (left-hand Sarles) Wis.

B. mniger A. T. C.

feet

. Biger U, 8. D. A.
B. niger #228 Wis,
B. niger '014d* Wis,
B, piger 'S' Wis,
B, panis A. T. G,
B. panis U. 8. D. A.

B paraalvel Tex.

B. prausnitsii Neb.

_‘;o robur #946 Tex.

B. rotams A. T. C.

B. rotans Tex.

200¢,
%0°¢,
30%¢.
300°¢.,
309¢,
30%¢c.
0°¢,
30°¢,
30°¢,

300C.
300¢,
%09¢,
300¢.
309¢.,
30°¢,
30°¢.
20°¢C,
30°¢.
30°¢.
30°¢,
379C.,
379¢.

22°¢,
229¢.

12,



B. rotans (probably Wis.)

B. rusinatus #952 Tex.
B. servsitides Neb.

B. silvatious #957 Tex.

o Bimplex Tex.

B. simplex #3535 Tex.
sphaericus #548 Tex.,
subtilis #231 A, T. C.

subtiliis Tex.
subtilis Koch-Novy Tex.

[}

TR

I

B. subtilis Marburg Tex.
B. subtilis Gram neg. Tex,

B, subtilis #231 Tex,
» Subtilis Marburg Wis,

f

ies

» subtilis Marburg New York

B, subtilis Marburg Neb.

—

+ Subtilis "L' Neb.

B, subtilis #600 Neb.

B. subtilis V. P. I. (Milk)
B. tumefuciens Tex.

B. tumescens Tex.

B. tumescens #995 Tex.

B. yuigatus A. T. C.

B. vulgatus U. S. D. A.

B. yulgatus Neb.

B. yulgatus Tex.

B. globigii Wis. (Probably Vogel)

o

Delong strain peetin fermenter, Wis.

229¢,
379C.
379¢,
37°¢.
30°¢,
300¢,
300¢,
300¢,

30°¢,

300¢,
300¢.
309¢,
300¢,
309,
30°¢,
309¢.

300C,

309¢C,
30°¢C,
$7%¢,
7%¢,
309¢.
30°c.
30°¢.
30°%¢,
30%¢.

30%¢,

13.
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The results of the hydmgen ion concentrations were recorded to
the nearest 0.1 pH unit. (The instrument was capable of greater
accuracy but it was felt that readings closer than 0.1 pH units
were not reproducible and had no meaning.)

With few exceptions the incubation temperatures employed in this
investigation were those which were considered optimum for the growth
of the organism. Those strains having an optimum growth temperature
of 42°C. were, however, incubated at 370C,

The utilization of carbohydrate was determined quantitatively
according to the method of Stiles, Peterson and Fred (43)., This is
a direct method for measuring the amount of carbohydrate remaining
in an inoculated tube after incubation., It is a modification of the
volunetric technique of Schaffer and Hartmen. In principle it con-
sists of oxidizing with iodine the cuprous oxide formed by the sugar
with cuprie sulphate, and titrating the excess iodine with thiosul-
phate. The iodostarech endpoint is very sensitive and easily observed
(43).

Carbohydrate utilization by this method was determined at
intervals of 1, 2, 85, and 7 days of incubation to coineide with the
time of the pH observations, \Scts of 8 tubes of each medium being
tested were inoculated with each orgenism end imcubated. A separate
tube was employed for each utilization dctamzntioa end for each pH
reading.

Although this method of inoculation necessitated more handling
than a sampling procedure, it precluded the possibility of irregular

results from contamination and evaporation. The quentitative
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determinations per tube were made on triplicate samples. All tubes
of media were pipetted with an sutomatic overflow pipette so that
each 5 ml. contained 25 mg. of a particular carbohydrate.

Each day that sugar utilizetion determinations were made upon
inoculated tubes of medis, similar determinations were made upon
incubated, but uninoculated, tubes of the same medium. These control
determinations permitted a record of the accuracy of the determina~
tions each day and at the ssme time served as the basis for calcula~
tion of the amount of carbohydrate utilized by sn organism at any
particular period of 1ncub§tion. :

A summary of the aceuracy of the daily control determinations
may be found in Table II.

Ho appreciable difference was noted in the percentage daily
recovery of any of the control carbohydrates tested during the 1-7
day incubation period at 30°9C, or 379C. Neither was there any
detectable change in the pH of either the glucose of l-arabinose
media. A change did take place in the pH of d-arebinose during the
1~7 day incubation period. In general the pH of this medium dropped
from the initial value of 6.8-7.0 t0o a low of 6.5. There was a slight
change in the pH of d-arabinose after sterilization at 10 lbs. pressure

for 15 minutes, This change became more promnounced during incubstion.



TABLE II

A Summary of the Accuracy of the Daily Carbohydrate Control Recoveries

Number mlx Number 4 Daily Number % Daily
hydrate jRecovery bohydrate | Recovery | Carbohydrate [ Recovery
Sampl € ONHTIOLE 3D 88 onsrol Sempl es nyvrol
Glucose 103.1 : d-Arabinose 8l.6
76 98.7 66 102.1 26 86.3
102.0 104.1 84.8
102,9 98.9 85.8
99.0 95.9 80,7
99.6 97.8 83.1
99.6 89.7 81.9
99.3 95.3 85.9
96.9 99.0
100,9 99.0
104.0 93.0
100.0 100.2
101.9 100,7
110.6 101.0
100.1 100.3
98.5 100.1
100.9 99.0
97.8 97.6
97.7
95.8
98.0
98.5
90.6
m : Rt o Ee
AVERAGE: - 99.3 98,851 83.4
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The low percentage recovery of d-arabinose may be due to
impurities or to destruction of this carbohydrate during steriliza-
tion.
Method of Caleculation and Interpretation of Carbohydrate

Utilization Data:
' The average percentage Tecovery of the control determinations

made on 1, 2, 3, end 7 days of incubstion wes used as a basis for
caleculating the extent of cerbohydrate utilization. The following
tabular form illustrates the manner in which the deta representing
glucose utilization by B, albolactis Tex. were calculated:

CONTROL DETERMINATION (GLUCOSE) i

Incubation Total mg. Total mg Glucose % Glucose Date Det'n.
Period Glucose Det*n. per Tube by Wt, Recovery Made
8 er Tub

1 24.68 £25.01 98,7 2-25-44

2 24,92 25,01 99.6 2-26-44

3 24.92 25,01 99.6 2=27~44

7 24,80 25,01 99.3 5-2-44
Aversge 24.83 99.3

_B. elbclectis Tex.

Incubation Total mg. Aves 4 Daye Mg. Glucose Dste
Period Glucose Det'n. Control Glucose Utilized
8 er Tub ng
1 19.60 5.83 2-25-44
2 18.08 6.75 2-26-44
3 17.20 7.63 2-87-44
7 12.90 11,93 3-2=44
24,83
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Effect _o__g Metabolie Products in I’ogr tone Medium upon Na :

To determine the effect of metabolic products produced by Baeilli
growing in peptone broth upon NapgSPs used in titrating excess iodine,
a comparison was made of the total rqéuation of copper by cultures
grown on this medium. The results, summarized in the table below,
indicate that reducing substances were not produced in guantities

suffieient to reduce the copper reagent.

Ave, Titr. Ave. ﬁtrc Titr. Mffn
Incubation|No. tubes|No. strains | value: cec. value: ¢c. | ¢cec 0,005 N
Period titrated | represented | NagSOx: Inoec.| NagSOs:
(days) Peptone Brothl Uninoe¢.P.B.| NagS0s
5 74 25 22,27 22,36 -0.09
7 74 25 £2.41 22,30 +0,11
1l 62 21 19.39 19.31 +0,08
s 61 22 19.70 19.75 ~0.08
7 62 22 19.71 19.80 -0.09

The identification of all the reducing substances produced was

outside the seope of this study. A comperison of the titration values
of peptone broth inoculated with 47 strains of Bacilli and uninoculated
peptone broth reveal a maximum average difference of 0.2 ml. of NapSa,
or sn amount equivalent to 0.46 mg. of glucose. Thus, all Baeilli
whiech utilize more than 0.46 mg. of glucose are considered positive
utilizers of glucose under conditions of the experiment.

All sugars do not reduce copper to the same extent it is reduced
by glucose. The ratio of this reduetion to the reduction by glucose

varies with each sugar., With the exception of maltose and lactose,
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the reducing power of many other sugars is s0 nearly equal to that
of glucose that in most bacteriological work the differences may be
neglected (43). In this investigation, these differences for d- and
l-arabinose have been taken into consideration in determining the extent
of their utilization. The ratio 1.06 for arabinose was determined by
the authors (43) of the procedure used.

It follows that after applying the ratio for arabinose, 0.46 mg.
of glucose is equivalent to 0.48 mg. of either d~ or l-arabinose. Thus
all of the Baeilli whiech utilize more than this amount of arabinose can

be assumed t0 be positive utilizers of this carbohydrate.



RESULTS OF THE INVESTIGATION

The results of the pH and earbohydrate utilization determinations
are recorded in Table III and are given graphically in Figures 1-130,

In Table IV will be found an interpretation of the pH values
recorded in Table III together with comparable data from the investiga-
tions of Coffee (4), and the reactions from other literature listed in
Bergey's Manual (1). Plus (+) marks are employed to indicate acidie
pH values. Negative, alkaline, or neutral pH values are recorded as
minus (=),

Table V presents a sumary of the data in Tables III end IV and in
Figures 1~130. In this table the reactions of the various strains of
Bacilli employed are summarized into a reaction epparemtly character-
istic of the species represented. Only those reactions which appear to
have taxonomic value are listed in this table. The *legend' for the
interpretation of these reactions sccompanies the table, Further dis-

cussion mey be found under "Discussion of Results®,



TABLE III

Comparison of pH Produced and Carbohydrate

Utflized by Members of the Genus Bacillus

pH
Organiam Incubatioa Peptone Glucose d-Arabinose l-Arabinose
o e | Vo | Bl ™ | Tl ™| i
b , & 1liz
B. adnaerens 1 7.0 5.8 | 5.7 6+5 1.3 6.3 1.2
AT. 04
3 "u? 508 7.4 609 - 509 805
3 7.6 5.1 8.7 7.0 0.6 8¢5 4,6
7 8.3 5.1 | 28.1 8.2 046 6.0 5.6
B. sgri 1 " 8.6 5e5 2,9 Bel 047 a3 0.7
UQSOD‘AO
: : 2 6.8 5.2 6.0 6.5 - 6.0 1.0
3 6.6 5.1 6.4 6.5 0. 5.7 1.1
7 7.4 5o 4 9.2 7.7 0ed 5.6 8.0
B, albolacti 1 7.1 4.9 4.2 a5 1.8 7.0 0.2
V.P.I1.
2 7.4 5.0 6.8 7.2 - 7.2 1.0
3 7.8 5.0 6.7 7.3 2.3 7.4 0.6
7 | = 5.5 7.8 8.4 2.6 7.8 1.0
——-———-—-———L——-—--—-——-——-——L———

i £4



TABLE III (Continued)

: PH
Orgeniam Incubation Peptone Gluoose d~Arabinose l-Arabinose
sabeminddl Boownd el i T A Ubtiiged | Ut111zed

B. dboi.,cti’ 1 60’ 59 5.3 5.9 1.8 3:5 1&0
Tex, ‘ ~ :

8. ?.8 bol 5‘? ?.8 » 6»‘ 008

4 8.0 5.0 17.1 8,3 3.4 7.6 0.8
Bp ﬂlv“ 1 3-8 Eb 8 m 7 60 4 10 5 50 3 100
AToCo ‘

2 7.4 5.2 3.1 7.0 - 6.4 0.8

3 7«7 5.2 4.8 7.2 ; 95§ 7.0 0.1

7 8.4 5.3 3.6 8.0 1.6 7.3 0.9
B. alved 1 6.0 5.5 2.2 6.4 1.3 6.2 0.9
Tex. :

8 700 5.4 2'8 70 g - 6»5 l’s

3 7.5 .4 2,0 73 1.1 71 0.2

7 8.4 5.5 1.1 8.2 2.4 8.0 1.7




TABLE IIXI (Continued)

PH
Organism Incubation Peptone Glucose d=-Arabinose l~Arabinose
Period (days) (alone) | pH ng pH ng pH ng
Utild zed Ut zed Utils zed

B. nﬁ 1 6s1 Sed 2.2 6.2 1.4 3.8 0.6
#622 Tex, : :

8 7&0 5.‘ 2'? 7-1 - 6;9 0.3

3 745 5.4 2.4 7.5 1.5 7.4 0.5

? 8.5 5,95 0.0 8.2 2.1 7.9 0.7
B. aived 1 6.2 5.0 0.8 6a1 1.5 [ 0.9
#622 Lockhead
2.30 8 770 507 8-1 752 o 606 1.9

3 75 5.7 2.7 7.6 0.8 75 0.8

? 8.5 5.5 7.7 8.2 1.7 7.8 1.5
B. enthracis | 6.9 5ed 2.2 5.8 ~0,.8 5.8 0.1
Wis,. :

2 B4 5.4 4.2 6.4 - 6,0 0.2

3 6.5 5.4 3.7 65 0.4 6.4 0.4

7 7.6 5.4 4.4 7.4 0.8 6.7 1.5
m
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TABLE III (Continued)

. : -
Orgenism Incubation Peptone Glucose d~Arabinose l-Arabinose
_ Period (days) | (alone) | pH gg, o PH ;2 pH gc :
——taiized | | Utilizedl | Utilized

B. enthracis | 1 a7 5.4 4.2 5.8 =0.5 Be0 =0, 2
(snooth) Tex.

2 7.0 5.5 4.1 645 - 6ed 0.5

3 8.0 5.7 5.4 8¢5 1.1 645 0.6

7 8.4 5.8 5.8 7.5 2.0 740 0.3
B. aterrimus 1 [ 5.5 2.1 7.5 1.4 6ol 1.5
#5353 Wis.

2 8.1 5.5 5.2 7.8 - 6.2 3.8

S '01 5.1& 5] ‘a 4 "Ol lo ? 59 5 5.‘

7 8.3 6.3 15,2 8.3 1.7 6.7 13.1
B, aterrimus 1 6,6 Ba5 4.9 6.8 0.0 5.5 0.8
Ue 8. Da Ao

2 6,9 546 3.9 7.6 - 5.2 4,0

8 7.‘ - 5&6 ?.' 3..1 5-‘3 ‘-‘

7 8.7 5.7 19.6 8.3 1.5 5.4 8.3
m




TABLE III (Comtinued)

PH
Organiam Incubation Peptone @ucose d-Arabinose l-Arabinose
Period (days) | (alone) | pH gs e pH ;a e pH ;ﬁ
B. aterrimus 3 1 6.7 85 6ed 7.0 0.0 sl 10 6
Pesek Wis,
3 70’ 5;5 9.1 7.7 b 5-9 5'4
3 8.0 8.6 3.8 7.8 6,6 6.0 10.2
7 8.4 6,0 21.6 8.2 1.8 6.8 13.0
T. aterrimus 1 6.8 5.5 Ba7 Teld 0.6 6ed 1.3
RO CC u.t o
3 ?&9 5. 5 1018 709 - 50@ 30 4
3 8.2 5.6 10,4 8.0 0.5 644 7.0
7 8.4 6.2 16,7 8.2 1.9 6.8 13.8
B. cereus 1 7.5 5.1 13.4 6.9 0.3 6.8 0.2
# A, T. Cs
2 907 5#& 15.? ?.‘ - 7.9 0.4
3 7.6 5.1 13.0 7.4 1.4 7.8 0.3
7 8.3 5.1 22,7 8.3 1.4 7.7 2.4
4
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TAHBLE III {Continued)

pH
Organism Incubation Peptone Glucose d-Arabinose l-Arebinose
Period {days) | (slone)
Bi: cereus
Non-motile Tex.
7;4 5.0 9.3 7:8 - 643’ 3.0
3 7&‘ 5&5 8.3 7‘2 9v5 70‘ 9.0
7 8.1 6!1 19.9 ‘91 OQS 7;8 l. 6
B, cereus 1 7.4 5.4 E.2 ] 0.8 7.0 0.3
#244 Tex,
2 7.4 7% § 6.8 7.8 - 7.0 0.8
3 7.5 5:4 746 7.3 0.8 7:2 Cud
9 8.2 5.8 11.9 8.2 1.2 7:7 0.3
B, cereus 1 7.5 5.1 17.7 6.7 0.5 7.0 0.2
Clark Tex,
8 7;? 5.0 15» 5 ?01 -» 700 2‘1
3 7.8 5.0 17.8 7.3 0:4 7:5 0.5
9 8.3 5.2 £5.0 8:5 1.2 7.9 1:8
[T R R R SR N R R S R S S S R D R S S B T P D S S S R R SRR R R S s B R T S s s e e )




TABLE IIX (Continued)

pH
Organiam Incubation Peptone Glucose d~Arabinose l-Arabinose
Period (days) | (alome)| pE | mg PH mg pH mg
. JT Utilized
Neb.
2 75 - Bl 11.8 7.2 2.3
3 ?. 6 501 bl 70 3 0.8
7 8.3 5.3 22.0 8.0 0.9
B. cereus 1 7.0 5.9 104 646 bci 6.4 1.2
Smi th~Thom
TOI. 3 ?t’ 507 ‘09 700 i 603 sol
3 5»1 608 ‘.5 701 006 6‘& 5.3
7 8.3 6.3 12.4 8.2 0.9 6.2 7.6
B. cereus 1 6.6 Bl 6.5 6.8 0.4 6.8 0.2
Wis.
8 ‘?.0 5.0 603 707 - 600 0.9
3 700 5.1 603 60‘ 004 5.6 1-9
7 7«8 S.1 9.8 7.4 2.1 S.5 4.6




TABLE III (Continued)

PH
Organiam Incubation Peptone Glucose d~Arabinose l-Arabinose
Period (days) | (alome) - 11
B. cereus
As Ts €, Wa,
2 7.8 5.0 8.6 1 7.3 - 7.8 1.5
3 7.8 5,0 10.5 7.4 0.5 7.3 0.7
7 8.3 8.1 16.1 8.3 1.7 7.5 0.6
Be bm’ 1 ﬁ 1 7.1 deD )7(05 0.4 l-io‘ 1.2
#604 A. T. Cs
2 8.0 7.7 "~ 13 8.1 - 7.5 -
3 8.8 7.9 - a-‘ 106 801 19‘
7 8.7 8.6 3.8 8.9 1.8 8.4 2.9
B. brevis 1 508 ?03 1.0 ?.8 1.0 6.9 105
Us S¢ Do A .
2 7.7 7.6 805 8.1 ; - 7.2 2.0
3 7.8 1 7.8 - 8.5 1.0 7.5 0.3
7 8.7 8.5 3.2 8.7 2.0 8.2 1.8




TABLE III (Continued)

PH
Organism Incubation Peptone Glucose d~Arabinose l-Arabinose
Period (days) | (alone) | pH ng pH mg pH mg
Utilized Utilized Ut
Be i ansg 1 6a O« 3 "1ql 5&’ Qs 6 Ba [ das 5
AQ T‘ o&
2 - 5.3 Qe d ép 6 - 5.6 2.4
3 6.7 5.3 - 6.5 0.5 5.6 Q.6
7 7.6 5.3 1.8 6.4 2.0 5.5 1.1
B, cohaerens i 6.8 5.8 4.7 6.9 0.8 6.6 1.8
#6840 Tex. '
2 ?Qé 5‘? 701 7‘ 5 - - 3-1
3 7.7 5.6 - 7.7 1.2 6.8 3.8
7 8.4 5.9 13,8 8.5 1.0 5% 8 16.0
B. danicus 1 6.7 6ol 1.8 Bed 1.9 ) -
Us 8¢ Dy As
2 7.0 5.9 4.3 7.3 - 5.6 2.3
3 7«4 58 - T4 2.4 S.7 0.8
4 8.0 4.9 8.8 8.5 2.2 6.2 3.5
== IR R A ~M R M




TAELE III (Continued)

pH
Organism Incubation Peptone @Aucose d=-Arabinose l-Arsbinose
Period (days) | (alome) | pH gg L pH gg pH ;g
, : Z
B, danicus 1 7.0 6.8 0.2 6.3 0.7 6.3 1.7
s T O
’ ?‘ g 5.3 5; 5 6: 7 - 5& 5 &1
3 7.5 5.4 - 6.7 0.2 5.5 5.8
4 8.3 Se4 11.1 8.2 0.2 662 3.2
B, firmus 1 6e7 6.3 0.7 % 0.5 6.2 0.8
U'- s. Db Al
2 7.1 6.1 00 5 5;9 - 6,5 1.7
5 ?03 6Ql b 5.5 lo? 6¢5 0-1
4 77 6s1 2.8 7.1 1.5 7.8 1.6
B, flemis 1 6.7 6e5 0.5 ) 0.9 6.3 1.5
Ve Pe 1s
8 7o 4 6. 5 1‘ 5 60‘ " - 501
3 ?.5 5.5 - 701 005 6.6 "001
7 7.9 6.3 2.7 7.8 1.6 7.6 0.5

‘e



pH
Organism Incudbation Paptone Glucose d~Arabinose l-Arabinose
Period (days | (alone) | pH ng PH mg | pH ng
- i1l ‘ Ut%& U zeod
60‘ G) 6‘ "008

2 7‘1 6'3 "‘80 7 7;0 - ?.l 00&

3 5.9 700 - ?pl 04'7 SQQ 0;8

7 600 - 101 70? 004 7.1 L B
B, fusiformis 1 7ol ) 0.7 6.6 1.5 6.8 0.5
As Ts Ca

3 ?0 5 7 o 6 10 5 7 'l 4 - -» 10 6

3 706 70‘ - 7.6 1.5 7.7 00’

4 8.1 8.0 3.7 8.0 1.5 7.9 2.5
B. fusifomis 1 Ved 7e2 —dnd 6.5 0.6 6.9 0.8
Tex.

3 70 6 7; 5 300 740 - - lc 5

3 7.9 7 - 7.1 1.2 7.7 0.2

7 7.9 8.1 1.7 8.1 1.2 8.2 1.5
Mmm




TABLE III (Continued)

PpH
Organism Incubation Peptone Glucose d-Arabinose l-Arabtinose
Period (days) | (alone) | pH mg PH ng pH ng
2 1| uttiized Utilized ‘ Utdlized
B. ;G “mm' 1 7.2 6.9 0.4 645 0.3 6.9 0.2
#339 Tex.
3 705 702 -208 60’ - ?-8 1.7
3 706 70' - 701 0.7 7.8 "0.8
7 7.9 7.8 3.4 7.9 1.6 7.7 0.3
B, fusiforuis 1 7.0 6.9 0.6 8.7 0.7 6.8 1.4
Wright Wis.
g 7;5 7.5 1'3 6.? - "05 304
3 7.8 7.8 1.9 6.9 1.1 7.6 2.0
7 8.0 8.0 1.6 8.0 2.0 7.7 0.6
B. globigii 1 6.4 5.4 1.6 6.2 0.0 5.5 1.6
A Ts Cs
8 709 505 1.0 5'5 b 505 1.7
] 7.1 B4 1.8 6.5 1.2 5.6 0.6
; 7 7.3 5.4 1.3 7.0 0.7 5.4 0.8




TABLE III (Continued)

PH
Organiam Incubation Peptone Glucose d~-Arabinose l-Arabinose
Period (days) | (alone) pH ng pH ng pH ng
Utilized Utdlized Utilized

B. globigii i 7.0 5.6 2.7
m‘ Wis. '

2 7ed 5.7 4.6

3 76 5.7 5«2

7 8.1 5.9 8.2
B. mml-l. 1 77;0 5.5 1.5 6 ? 0.0 5.9 2.1
Ue 8« Ds As

2 73 5.5 19.8 7.5 - 5.7 2.5

a 707 507 - 7.‘ 0.6 5.7 2.1

9 - 5.3 11.7 8.2 1.8 8.7 6.1
B. graveolens 1 6.8 5.8 2.1 6.4 1.0 5.8 1.1
#615 Tex.

2 746 5.4 6.3 7.0 - 5.6 8.7

3 79 5.3 - 7.1 0.8 5.6 B3

7 8.2 5.4 7.5 8.0 0.8 5.8 4,3
mm——mmm




TABLE III (Continued}

~ i
Organism Incubation Peptone Glucose d-Arebinose l-Arabincse
Period (days) | (alone) PH ng
Ut
B, graveolens
Wright Wis.
8 3.0 5.0 801 b 0.0 - 7-‘ 1&7
s 803 5-° - 8.6 113 79' 101
7 8.6 5.0 12,8 8.7 1.9 7+4 2,4
B. graveolens 1 7.8 Y1 % 6.9 0.1 6.5 4,7
Neb.
2 '[0‘ 603 15.8 s»a - sv' 70‘
' 3:1 6" - 8.0 00. 537 11.6
7 8,5 8.3 38.1 8.5 1.5 8.0 20,9
B. lacticola 1 5.0 5.1 : 2,5 7-0 "0-3 6.9 0.5
Tex.
3 7.7 501 409 7;7 - ?o? 895
3 8.0 5.1 o 8.1 0.3 7.8 3.3
7 6.9 5.1 8.8 8.6 1.1 8.4 3.2




TABLE IIX (Continued)

PH
Organism Incubation Peptone Glucose d-Arabinose l-Arabinose
Period (days) | (salone) pH ng pH ng pH ng
- ‘
#876 Tex.
3 797 5.2 5n5 7#8 - 70‘ go'
3 7.9 5.2 . | 7.8 0.6 8.1 0.2
? 834 1 Snl ?09 : 8.6 0" 81.3 3.5
B, lactis 1 68 | 5o 6.5 Ta2 0.5 7.2 2.8
#618 Tex.
2 7.5 5.2 6.5 7.6 - 7.7 2.8
3 8.3 5.8 - 7.9 0.2 7.8 1.5
7 8.6 5.1 8.8 8.7 1.2 8.2 2.9
B. leterosporus 1 B 7 B 7 Bl 6.2 0.5 6.8 1.5
Vo Pt Il i
3 700 5.1 &5 7.& - 61& 508
3 7.9 5.3 - 7.4 0.9 7.1 4.5
9 8.3 5.8 24,7 8.4 0.2 7.7 8.6

e



TABLE IXI (Comtinued)

PH
Organiam Incubation Peptone Glucose d~Arabinose l-Arabirose
Perdod (days) | (alone) pH ;gmm pH nf e PH ng
U & Z Ui&ém

B. leutus 1 7.5 5.9 &1 | 7.5 1.0 el re
V. Ps 1.

2 8.1 5.9 19.0 7.9 - 6.3 7.4

3 8.3 5.9 - 8.2 1.9 6.3 7.7

4 8,5 6.2 24.0 8.5 1.6 6.0 12.4
B. mocerans 1 6.4 5.2 2.6 el 1.6 5.2 2.3
Us 8, Do As

8 5.8 500 8. 5 5.0 - 50 2 2. 5

3 6.7 5.0 2.4 5.9 2.6 5.1 2.9

7 L 2% 3 5.0 Be3 5.8 5.6 5.0 2,6
'ﬁvc neg atherium 1 6:5 6el 6;‘ 6.0 1.5 in 2 ’6-1
Ue 8« Ds As

3 7.1 5.5 3.6 6.8 0.4 5.4 1.9

7 7.8 Bed 5.3 77 1.3 5.2 4.5




TABLE III (Continued)

pH
Orgenian Incubation Peptone Glucose d-Arabinose l-Arabinose
Period (deys) | (alone) | pH | mg PH ng pH mg
Uilized Utilized Utilized
B, megatherium 1 . 5, 3 1 8 1.8 6 1.4
A A T. C
; a 6,8 509 Eo' 6-' - -~ 165
3 6.6 5.6 1.5 6.9 0.7 5.6 2.7
7 7.8 5.4 4u2 7.7 1.8 5.5 5.4
B, megatherium i a7 . 0.5 6.9 0.7 %1 0.5
'a An T‘ Ga
2 6.7 5.5 3.6 6e7 - - 2.0
3 7.0 5.5 3.5 6.8 0.4 5.6 2.4
7 7.8 54 5.9 7a7 1.7 5.6 4.4
B, megatherium ;) 4 5.4 .4 6.3 1.0 5.6 0.2
Tex.
8 6.. 5.8 6.0 6.‘ ”» e 1.’
3 7.0 5.1 3.9 6.8 1.2 5.4 0.3
7 7.8 5ul 2.8 7.6 0.1 5.5 4.8
O A RN R TR S S A RSO AT T SRR




TABLE III (Continued)

PH
Organiem Incubation Peptone Glucose d~-Arabinose l-Arabinose
Period (days) | (elone) | pH ng pH mg pH mg
Ut&lim mg;m Utg;ud
. B umtmm 1 6.7 6.0 1.9 6.1 0.6 6.1 1.9

#240 Tex.

2 6.5 8.4 2.9 6.7 - - 2.9

3 6.9 6.6 3.4 6.9 0.0 B8 5.0

7 746 5.3 4.0 7.8 1.2 545 2.9
B. megatherium 1 ek 5.2 1.9 6.9 2.9 7.1 3.2
Wis.

8 ?o 6 5. 2 10? 7§ 6 - - 4.1

3 7.8 . Sl 3.4 78 2.1 7.8 3.6

7 8.1 5.1 3.6 8.0 1.4 8.0 2.0
B. megatherium 1 7.8 5ol 2.8 7.0 2.5 7ol 1.9
As Te Cs Wis,

8 7.5 501 309 7. 5 - - 506

3 7.3 5.1 6.4 77 1.6 ?.7. 4.5

7 8.3 5.1 6.2 8.0 0.7 7.9 2.7
M

v



TABLE III (Continued)

pH
Orgeniam Incubation Peptone Glucose d-Arabinose l-Arabinose
Period (days) | (alone) | pH ng PH ng pPH ng
Utilized Utilized USilized

B. megatherium 1 6.7 (%) 1.3 6.2 0.3 65 0.8
Hﬂbg

3 509 503 1;4 7.3 -» - 107

3 7.l 5.1 1.4 7.3 0.9 7.2 2.1

7 77 8. 2.8 8.6 1.8 8.0 2.2
B. mesentericus 1 67 Bed 1.5 6.5 0.8
Aw TO G:

2 6.9 5.0 1.9 6.0 1.2

3 742 5.0 2.0 6e1 2.2

7 7.7 5.8 5.9 6.0 2.7
B. mesentericus 1 7ol 5.8 1.8 6.3 0.9 6.2 1.4
Us 84 D. As

8 707 5-5 8.9 7.8 - 506 3!8

3 7.8 5.6 4.0 8.1 -0.2 6+3 6.1

7 8.8 7.3 9.8 8.5 0.2 7.4 2.8
A R O S R AT RS R ST . AR g
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TAELE IIXI (Continued)

i
Organien Incubation Peptone Glucose d~Arabinose l-Arabinose
Period (days)| (elone)| pH ng PH ng PH mg
Utilized Ut zad Utiliz

B. mesentericus 1 «8 5.7 8.9 7.4 340 6.6 6.5
Tex. :

2 - 6.0 14,2 8.2 - 6.0 16,7

3 8.4 6.2 23.5 844 0.6 64 21.9

7 8.5 M) 28.7 846 2.4 7.9 28.1
B. mesentericus 1 7.0 Bed 2.9 6.4 1.8 6.8 0.0
A T Co Wis.

2 ?05 5-5 5!5 7'3 w 7;0 2.8

3 P 5.7 3.8 7.8 Q.4 7.0 6.5

7 8.2 6.3 13.6 8.6 1.8 7.5 6.5
B, mesenterious 1 6.8 Ba 4 2.6 8.4 0.1 6.8 0.4
Frost Wis.

8 ?o 4 5‘ 5 29' 7 ] 4 - G- 6 20 9

3 748 5.7 3.9 Ted 1.8 8e 6 8.2

7 8.1 6.0 19.4 8.3 1.7 72 20,5




TABLE III (Continued)

PH
Orgeniam Incubation Peptone Glucose d-Arabinose 1~Arabinose
Period(days) | (elome) | pH ng pH mg PH mg

- . . | Utilized Uil Utilized
B. mesentericus 4 7.4 5.0 3.6 6.4 1.4 6e5 «0.1
lieb,

2 8,0 5.0 2.0 8,0 - 8.0 1.6

3 8.2 5.0 2.0 8.1 1.8 8.2 3.0

7 8.6 5.0 1.9 8.6 2.0 8.4 449
B, mycoides 1 6e4 5.2 Bel 6.8 - 646 5.7
A VP Xo

2 7:3 5.8 4.4 Te4 1.3 7.8 1.9

3 7.4 5.0 4.7 7.5 0:9 75 3.3

V4 8.0 Be8 1l.4 8.0 1.3 7.0 4.1
B. mycoides 1 e -
f01 v, P. I,

2 7.1 3.2

3 763 C.9

7 79 0.8
A R S R R 05 T S B R R R Y S RC R T M I ¥ ST TR QRN
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TABLE IIX (Continued)

PH
Organism Incubation Peptone Glucose d~Arabinose l-Arabinose
Period (days) | (alone) | pH - pH .. T & e n;&m
ilize tilized U
B. mycoddes | 1 Ted Bl 4l 7.0 .
Beaded Tex.
2 7.5 5.1 4.1 7.3 1.3
3 7.6 5.0 3.8 7.5 0.5
7 ?08 5.1 3‘ ? ?.' o . 6
B. mycoides 75 6.5 8.2
A Ts C. #80
Tex. 2 7.6 5.0 4,7
3 77 5.0 3.4
7 7.9 4.9 4.5
B, myccicdes p 7.5 5.0 15 6.6 1.7
A 2 Tex,
2 7.8 5.0 4.2 7.2 1.8
3 75 5.0 2.7 7.3 0.9
7 7.9 5.0 2.6 79 1.4




TABLE IIX (Continued)

PH
Organisn Incubation Peptone Glucose d~Arabinose l-Arabinose
Perdod (days) | (alone) | pH . AP 8 gaw pH o
_ m& % Z
B. mycoides S S 1,7 7.5 -
A 8 Tex,
2 7.6 5.0 5.9 7.4 0.7
3 7.5 5.0 2.8 7.8 1.7
7 8.1 5.0 4,6 8.1 1.2
B, mycolides 1 7e8 5.0 17
#23 Tex,
2 76 5.0 2.9
] 77 5.0 Se2
7 8.1 5.0 4.9
B. mycoides 1 Ted Y ) Ge? PR 5.8 5.8
”5 TeXe
b % D3 0.7 7.2 - 6e9 1.8
£ 75 5.8 1.8 645 0.8 Ted S8
7 7.8 5.2 0.9 7.8 1.7 78 1.9
o L*—m R



TABLE III (Continued)

PH
Organism Incubation Peptone Glucose d-Arabinose l-~Arabinose
Period (days) | {(alone) pE ng PH ng pH mg,
Utilized Utilized wE Utili%ed

B, my@ﬁsd’. 1 748 5:2 - 7'0 - 7.3 1.7
#405 Tex.

2 7.8 De2 1.9 7.6 1.9 71 1.6

3 7.5 5.1 4.3 7.6 1.6 7«2 1,6

7 8.2 5.0 2.6 8.1 27 8.0 2,3
B. mycoides 1 7ol 5.2 Be b 72 - 748 2.7
#410 Tex,

2 7.6 5.3 4.1 7.5 0.7 Ted 2.4

3 7.4 S8 3.0 75 1.6 7«4 3.8

7 7% 4 B.2 7.0 7.9 1,8 8.0 1.9
B. mycoides i 7.4 S.1 2.3 7ed 5.0
#4109 Tex.

R 7.7 5.0 2.8 78 3.4

3 7.8 S.1 4.4 7.6 2.3

7 8.5 S.1 4,5 8.2 0.5

sy



TABLE III (Continued)

pH
Orgenism Incubation FPeptone Glucose d-Arabinose 1-irebinose
Period (dsys) | (alone) | pH ng pH ng PH ng
B. myocoides 1 7.2 - Ted 1.2
$420 Tex,
2 7.6 5.2 4.9 7.2 1.0 77 446
3 7.5 5.1 3,6 7.4 1.5 77 3.5
b 4 8.0 58 3.9 8.0 0.8 8.0 2.4
B, mycoides 1 K 5ol T 1.5 Vod - 6e9 2.0
- #481 Tex,
2 7.7 5.8 S8 78 0.2 7.5 2,8
3 7.9 5.1 5.8 7.5 1.9 7.7 8.1
7 8.0 8.1 1.5 7.9 1.0 8.3 le4
B. mycoides 1 Ted Bol i 6.8 - GeD &8 -
#422 Tox,
2 76 5.8 2.2 7.5 1.2 e 4.1
3 T 54 2.2 Ved D8 T el 8.7
7 8.0 B¢l 2.1 8.0 1.5 7.9 2.9

i g



TAHLE III (Continued)

PH
Organism Incubation Peptone Glucose d-Arabinose l-Arabinose
Period (days) | (alome) | pH sfm pH : gﬁ G pH ng
l zed I i1 U
T T RS SR S R SR SR ST ERE »
B. mycoides 1 . Bel 1.9 Ted - . ;
#425 Tex. ‘
2 746 5.3 2.5 7.2 1.2 7.6 2.8
3 7.5 5.l 3.2 7.4 1.7 7.5 2.7
" 7.7 5,2 2.2 8.0 0.6 7.8 1.9
B, mycoides 1 7.5 5.0 2.5 6.7 - Vel 4.1
#426 Tex,
2 746 5.8 1.5 7.8 0.9 7.4 2.9
3 7.5 5.2 2.2 7.4 0.7 7.8 4.9
7 7.8 5.1 1.5 7.8 «0.1 7.6 0.9
B. mycoides 1 7.5 5.8 1.5 7.2 - 743 2.0
#4287 Tex,
2 7.6 8.8 1.6 7.4 1.0 7.4 2.1
3 7.6 5.l 2.6 7.5 1.4 7.8 1.7
: 7 8.1 5.0 1.5 7.9 0.5 8.1 1.3



TAHELE III (Continued)

PH
Organi an Incubation Peptone Glucose d-Arabinose l~-Arabinose
Period (days) | (alone) | pH ng pH ng pH ng
Utili U zod U zed

B. nm»'fdu 1 T 0.8 5e3 1.6 7.0 - 6.7 1.8
#430 Tex.

2 7.7 5.8 2.1 7.2 1.4 7.2 1.8

3 746 5.8 1.6 7.4 1.8 7.5 3.8

7 7.9 5.2 2.1 749 0.5 7.7 0.4
B, mycoides 1 Te7 5.2 2.0
Wright Wis,

2 76 5.2 2.8

3 7.5 5.1 D7

7 7.9 5.1 2.8
B. mycoides 1 7.5 543 1.9 7ol - 7.8 3.5
Neb,

2 75 Se3 2.3 7.6 1.5 7.5 4,2

3 7.4 5.1 4.1 7.4 1.9 7.3 1.9

: i 8.0 .1 4.6 7.1 1.4 7.9 0.8

K



TAELE III (Continued)

pH
Organisn Incubation eapton. d-Arabinose
Pericd (days) pH ng
Us
B. mycoides 1
Left-Hand , |
Sarles Wis. 2 7.7 5.0 4,3 7.0 1.2 745 2.3
3 7.6 540 3.9 7.5 1.5 7.8 8.5
7 8.6 5.8 3.4 8.2 1.7 8.2 3.0
B. niger 1 Vo2 5.9 1.5 6.8 - 6+l 0.2
A. T. C. v
2 7.6 6.0 4.1 7.3 1.8 7.2 3,2
3 7.9 5.7 9.3 7.2 1.0 748 3.9
7 B.4 5.8 19.6 8.4 1.8 7.8 7.8
B. niger 6.9 59 0.6 67 - 6.2 0.8
Ui B Do A
2 7.3 5.7 4.1 7.4 1.8 6.7 1.4
3 7.8 5.6 9.1 77 0.3 - 2.9
? 8.2 5.7 23,0 8.4 1.1 7.7 4.4

, n

08



TABLE III (Contimued)

PH
Organisn Incubation Peptone Glucose d~Arabinose l-Arasbinose
cosettinaed Doninl Rk B PP Gy P e Ubilized

B. niger | - 3 T 7.0 5.9 3. I b - 8.3 1.2
#2828 wis.

8 ?09 5»0 8’6 704 006 794 303

3 7.8 5.8 7.8 7.7 0.5 7.4 4.0

7 8.4 5.7 18.0 8.3 0.1 7.9 12.0
B, niger 1 7.2 5.8 1.8 ) - 6.7 0.9
101d-Wis'

3 ’07 6;1 401 7.5 00" - 0.9

3 7.8 6,2 72 7.5 1.8 7.1 1.9

v 8.1 6.2 21.9 8.2 1.8 745 85,7
Ba n&g‘r p § }7. - 6«:6 0.8 6;45 - 6. 5 0.2
r Wise

2 7.8 6.1 3.6 7¢1 1.0 7.3 1.7

s 7.9 6.0 10,6 47 0.9 7.3 5«7

i 8.4 6.0 19.9 8.3 0.3 7.9 10.9

]
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TAHLE III { Continued)

pH
Organism Incubation Paptone Glucose d-Arabinose l-Arabinose
Perfod (days) | (alone) | »pH ng pE mg PH ng
= Utilized Utilized Utdlszed
B, robur 1 6.4 5.1 2.2 6el - 6e3 1.0
#946 Tex.
2 6.5 5.0 2.0 6.6 0.7 6.9 1.7
3 6.9 5.0 305 7.‘ 102 7‘3 203
7 746 sl 9.3 8.0 l.2 7.5 1.1
B. rotans 1 V.2 6.8 0.2 a7 - 6.9 =1l
As Ts Cs
2 % 7.1 0.4 7.1 1.1 - -0.4
3 7.5 7‘5 0.5 7.1 0.8 - -
7 7.8 76 1.9 7.8 0.7 7.6 “0.3
B. Totens 1 5.9 Y 8.5 . 6.8 )
Tex,
8 5'8 6.6 001 6.3 1‘1 - "007
8 '?.0 eis 0-4 6;’ 006 - *»
? 7.0 6.8 1.3 Ted 1.3 6.8 «0,6

¥



TABELE III (Continued)

PH
Organism Incubation Peptone Glucose d~Arabinose l-Arabinose
Period (days) | (alone)]| pH ng pH ng pH mg
B. rotens 1 +2 6. . 6.6 0 447
{probably
u‘b-') 2 7.2 7.4 "1.5 741 l‘o " ~0:1
3 7.5 747 0.6 7.8 3 - -
7 8.0 8.1 2.8 7.8 1.7 79 22
B. m‘m’ 1 72 595 106 6.9 - 6-9 [+ 1
#952 Tex.
2 7.3 5.1 2.6 667 0.9 8«6 0:3
8 7&7 500 508 ?ce 3»0-1 505 30‘
7 7.8 5.3 5.9 7.7 1.0 5:3 6.2
B, serositidis| 1 745 6.9 0.8 ) - 73 0.2
Neb.
2 743 7.7 ~0.2 74 0.7 7.8 0.5
S 745 8.0 0.2 7.8 1.9 8.1 16
9




TAHLE III (Continued)

, PH :
Organism Incubation Peptone Glucose d~Arabinose l-Arebinose
Period (days) | (alone) | pH mg PH mg PH ng
Utilized Utilized Utild
B‘ m 1 508 5.0 1.5 5.‘ - 6; 1'5
#957 Tex. ‘ :
2 6.9 5.8 2.7 6.8 1.8 5.9 1.7
3 7.1 5.8 4.7 5 0.7 5.4 2.2
7 7.7 5.8 8.5 746 1.8 5.4 5.0
B. simplex 1 Ted 6.7 0.5 6.5 - 6.8 0.5
Tex, . :
8 7‘ 8 607 00 5 ?00 101 7.0 “lﬁl
3 7.2 6.5 0.6 71 0.5 7.1 «0.4
4 7.6 64 5.9 7.4 1.2 7.4 1.8
B. simplex 1 9.4 6.8 «1.0 6.4 - 6.9 0.9
#3355 Tex.
3 7.4 6.9 Q4,7 7.0 1.3 7.2 0.9
s ?. 3 6' 7 la. 5 7.9 1.1 ?0 3 001
7 T 6.6 6.8 7.4 1.8 7.4 0.7



TAELE III (Continued)

PH
Organisa Incubation Peptone Glucose d-Arabinose 1-Arabinose
Perdod (days) | (elone) | pH ?wm PH ng e pH ;m
B. sphaericus 1 7¢3 7.0 ~0.8 6e5 - 7.0 0.9
#348 Tex.
; 2 7.8 6.7 ~0.1 7.1 0.5 7.8 0.6
3 7.7 5.9 3.3 7.4 0.8 7.4 0.0
7 7.9 5.8 2.1 7.8 1.7 7.7 3.8
B, subtilias 1 6.9 57 Bed e - 6.5 0.8
$231 A.T.C.
2 7.3 5.7 3.8 6.9 1.7 6.7 2.0
3 744 6.4 9.1 7.8 0.8 7.1 3.1
7 8.1 6.4 15.1 8.3 1.8 7.5 9.3
B. subtilis 1 6.9 5.8 1.2 6ol - 8.5 1.2
Tex,
2 6.9 8.5 2.7 7,0 1.3 6.8 1.4
3 7.0 5.6 7.2 7.3 0.7 7.0 2.3
7 8.4 6.0 14.8 8.4 1.3 7.8 12,6
m

*4S



TABLE III {Continued)

A
Organian Incubation Peptone Glucose d~Arabinose l-Arabinose
Perjod (days) ! (alome) | pH ng pH gc pH ng
2 6»3 5.7 - 50? 107 608 8.2
3 7.0 5.5 9.7 6.9 1.1 7.0 3.9
7 8.1 6ed 16.4 8.2 0.8 7.8 5.3
Bq “W 1 3.]'7 5‘? 00; 5.6 - 605 003
Marburg Tex,
2 6.8 £.6 0.9 7.2 0.7 6.7 1.9
3 7.3 £.8 4.2 7.3 1.3 7.2 1.9
7 8.3 6.8 11.9 8.0 0.8 7.4 . M8
B, subtiiis 1 7.8 | 5.9 2.7 ) - Gy 6 0.4
Gran Hegs Tex.
2 7.6 5.6 547 7.0 0.7 6.4 3.6
3 7.7 5.7 9.1 7.8 0.6 7.1 | 5.8
7 8.3 5.9 22.0 8.1 0.7 8.0 15,7




TABLE III (Continued)

PH
Organien Incubation | Peptone Glucose d-Arabinose l-Arabinose
: Period (days) | (alome) | pH g " pH ;g L pH ;g ‘
T U | 1 T =y 5.8 | '2.»3! ] 6.7 o T o "-eq.!ﬁ!= ézk'j =
#2381 Tex,
2 7.0 5.6 6.8 6.8 0.9 8.7 1.6
3 7.7 5.8 10.7 7.3 0.8 7.2 1.8
7 8.5 6.6 15,6 8.2 1.8 7.6 1l.4
B, subtilis 1 %Y 6.0 0.7 6.8 - 6.6 -0,8
Marburg Wis.
2 7.5 547 4.4 7.1 0.5 7.1 2.2
3 7.9 5.8 9.8 7.3 0.6 7.5 4.8
7 8.4 6.1 19,3 8.2 0.7 8.0 15,2
B. subtilis 1 6.7 6.2 1.2 7.0 - 6.6 0.3
Marburg N,Y.
2 7.2 5.4 645 7.1 2.5 7.1 2.2
’ ?o 5 5.’ llw@ 7. ‘ 1;3 7;4 4t°
7 8.2 5.9 19.8 8.3 0.7 7.0 16,3
M eres = M

*6S



TAELE III {Continued)

‘ . =
Organism Incubation Pepione Glucose d~-Arabinose l~Arabinoss
Period (deys) | (ealone) | pH ng PH ng PH mg

Marburg Reb.

2 7«1 5.8 3.9 7.2 0.9 6.8 3.6

3 7.6 5.8 8.5 ¥s7 0.3 6.8 7.0

7 8.2 640 19.3 8.1 -0.3 79 13.6
B. subtilis 1 Ta? 6.0 2.9 7.5 - 6.8 1.2
1L Neb,

2 - B.4 7.2 74 0.7 5.5 4,2

3 7.8 5.2 9.3 7.8 1.0 5.6 4.3

7 8.2 8.1 13.1 8,4 1.4 5.8 6.1
B, subtilis 1 7.5 5.0 1.6 7.0 - k25 0.0
m Neb,

2 7.5 4.9 2.8 7.1 1.1 7.3 . -0

3 2:8 5‘6 6" Vt" 0.5 7."‘ ‘00.5

*0
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TAELE III (Continued)

* 1 PH
Orgenism Incubation Peptone Glucose d-Arabinose l-Arabinose
Period (days) | (alome) | pH mg pH . mg pH ng
Utilized Ut v U

B. tumsscens ; 6.5 5.4 -0.8 6.2 - 6.2 3.0
#995 Tex. :

-8 7.1 5.2 0.7 6.8 9% 3 5.8 2.7

3 7.0 5.2 0.8 7.2 1.2 66 2.5

7 8.0 5.4 2.4 8,3 1.7 5.8 9.8
Be 'ul“m 1 6.9 5.9 24 6.? - ec‘g n‘i
A. . Co

2 7.0 5.9 4,6 7.8 1.2 6.9 4.4

-8 7.9 6.4 10.7 7.7 1.4 6.8 5.9

7 8.3 7.3 14.6 8.4 1.2 7.3 6.7
B. vuigatus 1 59 | 6.0 2.0 8.5 - 8.3 5.7
Us 8¢ Do As

2 7.0 5.7 6.8 L 0.9 6.8 3.8

3 7.5 6.2 8.6 77 1.1 7.0 8.7
‘ 7 B.3 6,5 14,3 8.4 1.5 6.3 %
SRR i

29



TABLE IIX (Continued)

pH
Organimn Incubation Peptone | Glucgse d-Arabinose l-Arabinose
Period (days) | (alone) | pH ng pH ng PH mg
Utilized Utilized Uiilized
B. wvulgatus i 6.8 5.9 1.8 6:8 - 6.3 3a?
Neb,
2 7.7 5.8 7.8 73 0.0 6.9 3.1
3 7.7 | 5.9 9.1 7.9 14 7.3 3.5
? 8.4 6.8 16.5 8.3 1.7 7.2 4.8
B, vulgatus 1 6.5 | 5.8 - 8.6 - 6.8 0.4
Tex.
2 509 5.6 -» 7:3 ‘Ol’ 607 8:8
8 70' 5-7 - 745 100 50’ 403
7 8,4 6.6 - 8.2 0.0 T3 5.8
B, globigii ¢ 6.8 5.9 1.2 6.6 - 8.5 1.3
(Probably Vogel))
Wis. 2 746 5,7 5.9 7.1 0.8 7.4 2.2
3 7.8 5.7 8.6 7.9 1.3 7.7 4.6
7 8.4 6.1 8:3 8.4 1.4 7.9 13.7




TAHLE III (Continued)

pH
Orgenis Incubation Peptone Glucose d-Arabinose l-Arabinose
Period (days) | (elone) | pH ng PH ng PH mg
. e Usilized Utiidzed utilized

Delong Pectin i 7.2 7.1 0.4 6.6 - - 647 0.8
Fementer '
Wis. 2 7.3 7.2 2.6 60‘ p 1.1 7.0 1.1

3 7.5 7.5 1.6 7.1 1.4 7.3 1.5

7 8.0 8.0 2.8 8.0 1.8 746 2.5
w R R




EXPLANATION OF FIGURES 1-130
The graphs in Figures 1-130 are intended to express the data
recorded in Table II. The pH values resulting fiom the activity
of a particular Bacillus in peptone alone; glucose-peptone, and
d~ and 1- arsbinose-peptone media are given in curves in the upper
half of each figure. The curves which express the ability of each
orgenisn tested to utilize these carbohydrates as food for energy

are in the lower half of each figure.

LECEND:

~==m== DH change in peptone medium alone.

G Abbrevizaiicn for glucose-peptone medium.
d-A » * gd-arabinose-peptone medium
1-A » ® Jle-arabinose~-peptone medium

65.
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TABLE IV

Interpretation of pH Data from Three Sources to Indicate

Dissimilation of Glucose, d-Arabinose and l-Arabinose.

LEGEND:

+

++

pH within the range 6.0-6.8

pH below 6.0

either the pH value did not change from its initial 6.8-7.0
or the reaction became more alkaline

pH produced just slightly below 6.8-7.0 (Peptone)or, in the
case of carbohydrates, pH difference compared to peptone is
not great enough to be certain that the acid produced was
derived from the carbohydrate. Data teken from Coffee (4)
listed by that author as +. Data of present investigation
does not differ by at least 0.2 pH units.

The reactions from Bergey's Manusl (1) sre listed for species
only. The reactions obtained by the suthor and by Coffee (4)

are listed according tc both species and strain.



TABLE IV
Interpretation of pH Data from Three Scurces to Indicate

Dissimilation of Glucose, d-Arabinose and l-Arabinose

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey' s lianual
2 @ s 2
o o o
g g &
e 8 3 2|8 g3 2|3 8 ¢
$ o 5 8 8 5 E 3 8 o
% 2 1 % %‘ o 1 2 3 ’g
o g & kA Ay g <& i o g 3
B. adhasrens +
Ao To Co . e 3 +
B, agri -
Ue. Sa Du As + ++ + +
Ve P. Io - ++ + -
Tex. - ++ b + + ++ + -

*28T



TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's Manual
: 3 : 8 .
s 3 2 3 2
o @ o
g & 2 3 g 8 & 3 - T
o 8 o a C 8 o 8 8 0
5 4 4 £ 4 4 S 3 o
' 3 ; ' & 2 ! L ™ T -
a. T b LS o B b.! o T
B.
As T ©4 + ++ o +
Tex. + + + + - +4 + ?
#622 Tex. + -+ + + + -+ + +
#622 Lockheed Tex, + ++ + + + -+ + +
B, anthracis -
Wis. + ++ +4 4+
Texa + ++ + 4 e + o + +
(Wis,) Tex, + ++ + +4 + ++ + +
Rall. Tex. + -+ ++ ++ + ++ + &
Smooth Tex, + 4 S 4 + 4+ + +

‘et




TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's Manual
© o [ @
n 7] 193] 0
Q (o] (] 0 @
® ® - = ® e 5 = ® ® o
=] @ Q o =] ®n ) Q n @ =
(] 8 o ] (o] Q o o o Q wd
» S H & I ) Q £ > ) o)
) < < ) =] : <3 3 o= o
~ § i » = ! 1 O ~ .'3,1
iy 5 ks — Oy (L < ~ oy 3]
B, aterrimus ' T —
#553 Wis, +* ++ - T - 4 - +
Us S. D. A. . ++ - 44
Pesek ¥is, + ++ - ++ - ++ - +
R. C, #is. - e - e - ++ o +
B. cereus *
ffl A. T. C. - ++ - -
#8 A T Cs + ++ ++ ++
Tax, - ++ + - - ++ - -
Stock Tex. - 4+ - - - ++ - -

FeT



TABLE IV (Continued)

B. cereus
Non motiie Tex.
#244 Tex.
Clerk Tex,
Hebs
caith-Thom Tex.
Vis.

Le Te G. Wis,

Resctions listed
in

Bergey's Manual

Investigations Investigations
by the by
Author Coffee
o e @ ()
w w0 (4 -]
o] g C g
® @ A -t © D 5 .l
g = 5 3 § & ¢ &
o w }
o o £ + |2
s 2 3 A A
& & g _ S a, B <2 A

+4 - -
++

- - -
L

e + +
+4 + -
++ - -

-t -
++ -
++ -
4 -
g +
++ -

-3

++

Peptone
Glucose
Arsbinose

B, bravis
#604 A, T, C,

*GaT



TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's Manual
: 2 d o
® ® - ..‘3 ® o e s ® © g
o 0 2 o Il 0 - el ) w S|
o] 8 « o 0 (o) o o 0 8 e
g g1 8 5 3 % 2 8
5 2 ¥ 03 2 3 33 e 2 F
0y T s ~ ny ) o ~ oy T} 2
e e e
B. circulans +
A. To Ce + ++ B g
B. cohaerens +
804 Tex. - A - 4 o b + o
B. danicus
Us 8. Ds A, + -+ - +
X & P. Co - ++ + +
B, firmus
U. s- D- A, + + L +
BQ ﬂem +
Y. Ps I, + + + +
B. freudenreichii
A. To C' - + + %

ogg-[



TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's Manual

d-iArabinose
l1-Arabinose
d=Arabinose
l-Arabinose

Peptone
Glucose

5 Peptone
Glucose

t Peptone
Glucose

i Arabinose

Be

Tex. - - + -
339 Tex. - - - P
Wright Wis. - - - - - - " -
B. globigii *
Ao B Os + -+ * +
Vogel Wis. - ++ + *
356 Wis, - ++ - -+ + -
B. graveolens +
Uo L- Dc A. - ++ + L
615 Tex, - ++ + ++ - +4 + -+
Wright Wis. - L2 g - - Lo - -

AN



TABLE IV (Continued)

Investigetions Investigations Recetions listed
by the by in
Author Corfee Bergey's Msnual
® o @ ®
5 3 - o
[53] @® 3 a o© o 5 -«% ® o fg
5 § 3 3 5 8 4 3 5 § =
b & i S 3] S
s 2 3 3 s 5 4 1 -
g (& 3 ~ W S 3 ~ N & &

B. graveolens Neb,

B. lacticola '
Tex. - o N -
876 Tex. - e - - - b " -

B, lactis ’ '
618 Tex. + ++ . . , e -

B. laterosporus ’
v. P. I. + b o &

B. lautus '
V. P. I. - ¥4 - *

B. macerans ' )
U. S. D. A + - * v

‘821



TARLE IV (Continued)

i

B. megatherium

U. S. D A.
#1 A, T. C,
#2 A, T. C.
Tex,

#240 Tex.
Wise

A, T, C. Wis,

Keb,.

-Investigations

Ianvestigations Nesctione 1isted
by the by in
Author Coffee Bergey's lanual
® D L [
3 o e o o
® o - - P e 5 B o o o
o @ 2 o o 0 o < 2 0 -
g 8 & g 8§ £ I 2 8§ 3
e 2 1 A - T B > 2 f
n. ] o rd Ny 4] L o] pac) y € 2
HACPLE I,

+

++ +
++ +
4 -
++ +
++ +
- +
+4 -
++ +

+
*

++

- 4 +
- ++ -
- L -
- +e -

+4

+¥

1

*68T



TABLE IV (Continued)

B. mesentericus

Investigations

Investigations
by
Coffee

Resetions listed
in

Bergey's Manual

§ Peptone

? Glucose
d-Arabinose
| 1-Apabinose

i Peptone

: d-Arabinose

é Glucose

g l-Arabinose

% Peptone
# Arabinose

: Glucose

A, T. C. ? ++ +
U. 8. D. A, - ++ + +
TexXe - ++ pe o > -+ - 4
A, T. C. Wis. - ++ + + - ++ ? ?
Frost Wis, - e + + - ++ ° 2
Neb. - o * *
B. mycoides vy -
# V. P, I, + + ? +

#101 V. P. I,

No Peptone data, therefore cannot interpret results.

oI



TABLE IV (Continued)

Investigations Investigations eactions listed
by the by
Author Coffee
: 3 s 8 o
® ) .. ., o ) 3 L. o ® o
s & 2 32 85 2 3 % 8 &
8 8 g 5 3 8 B & 8 8 a
& 2 3 3 g 5 3 3 5 3 2
a4 & 4 ~ By T 4 5! a O 4
B;»ﬁ§coidé§m g ——— - : ]
Beaded Tex. - 4 - ++ - -
#417 Tex. - ++
Ao T. Co 80 Tex. - ++ - 4 ? o
#‘2 TeX. - ++ - e - 4+
#M Tex, - ++ e ++ o -
#23 Tex. - ++ - -+ ? -
#65 Tex. - ++ ? + - ¥ ? +
#4:05 TeXQ - ++ Rd o - R - o
#410 Tex. - ++ - - " ++ ? .
#420 Texe. - +4 - - - ++ - -
#421 Tex. - e+ - - " - - %

‘TP




TABLE IV (Continued)

B. mycoides

Investigations Investigations Reactions listed
by the by in
Avthor Coffee Bergey's Manual
o © o ®
5 9 s o ®
o e B H | o e 5 B 1 o o &
8 o @ % | 8 g8 ® %! 8 o &
£ & 4 5 |5 8§ & s} & § =
s 2 3 1 |& 2 Tl 8 2 B
[+ % o 3 4 0y - | é e Ay &) 2

#422 Tex. - e o + - ++ & ”
#425 Tex. - ++ = - - o - -
#4826 Tex. - ++ - e - e - -
#427 Tex, - ++ - " = e - -
#4%0 Tex. - ++ - ? - e+ ? ”
Wright Wis. - ++ - - - ++ ? -
Left-Hand Sarles Wis. - ++ - -+ - -
Neb. - 4 - -
B. niger - + -

A. T. Cs - -+ & ¥

#228 Wis. - ++ + + - ++ - -

U. 8. D. A, - R + +

*3¥T



TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's Manusl
@ ] (53 &
7] 2] n 0
a 2 g & %
@ @ et e @« D et i ] @ o
Pl B ) o d @ 0 Q e 0 b=
g 8 g 3 g 8 g & g g8 =z
5 =z 3 4 e 4 4 4 e 3 f
£y & J ~ oy b < - ¥ o 2
B. niger - + -
.Old' Wis. - +4 ? ? - L& 2 - -
t3* Wise - ++ * + - +4 - -
B. panis +
As T G, - ++ ++ +
U. sa Do Ac - ++ + +
B. paraalvei
Texe + s ++ + + - +4 T+
B. polymyzxa + *
T Ps LTw - R 2 ¥ 4
Tex. P + 2 s

*ev1



TABLE IV (Continued)

stigatior Investigations Reactions liste
Investigations Investigations React listed
by the b in
Author Coffee Bergey's Marual
@ @ @ ®
)] w <] w
3 2 - ;
L] o o et o @ -t i ] @ (o]
o ® a o P @ Q 0 = @ =
5] Q @ o 0 o o o 5 ot
y=d 3 & H ho ot H o} 8 (5] 52
> 2 i ¢ 2 I 3 5 2 ¥
N s o ~t P4 & = - y &) <
B. prausnitzii
Neb. - ++ o 2 i
B, robur i Py
4
#946 Tex. S ++ ? .+ + *
E. rotans - &
;l' To C. » - - ?
Tex. - - + ? + + + +
Vil s. - - + - - - - -
B. ruminatus
#952 Tex. - ++ - + ? ++ * ++
B. serositidis
Neb. - - + -

FYT



TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's iManual
: 2 2 8 o
=) Q
A =] A A 2
s 8 3 3 = s 2 2 |g§ 8 38
Q o [+] (o] ® '] o] 8 o4
8 8 E 2 8 H 5 8 a
% a3 'g h % '3 i % r?! g
o & & ! A 8 A iy T 2
]
#957 - 4 s + - ++ 7 ++
B. simplex
Tex. " ? + -
#335 Tex, - ? + - - 4 . -

B, sphaericus

#348 Tex. - $ + - - - N -
B, subtilis - - =
#231 A, T. C. - o + -
Tex. - 4 + -
Koch~Novy Tex, ? ++ + + - ++ + +
Marburg Tex. 7 & * # - ++ ? -

‘SPT




TABLE IV (Continued)

Investigations Investigations Reactions listed
by the by in
Author Coffee Bergey's Manual
o ® ® ®
5 5 5 8 ®
s g 3 3 = 8 2 2 |g§ 38 &8
2 3 g f 8 8§ § § |2 8§ 3
2 L ) ) & o - : & 3 o
0y o ] - ja¥] &) d ~ s ¥ 8 :h'
WA R 1
B. subtilis - + +
Gram-Neg. Tex. - ++ - + - ++ - ?
#231 Tex. & ++ + + + ++ ? ++
Marburg Wis, - b - + ? ++ - +
Marburg N. Y. + s - +
Marburg Neb. - o + +
'L' Neb. o ++ - ?
#600 Neb. - ++ - -
VQ Po Io (Milk) - +4 - -
B. tumefaciens
TGI. - ++ - -
B. tumescens
Tex, - ++ ks +4 +
#995 Tex. - o ++ ++ - -+ + e+

9%



TABLE IV (Continued)

Investigations Investigastions Reactions ligted
by the by in
Author Coffee Bergey®s Manusl

® @ o @

o E o a o
® o 2 8 o e £ & o o 9
8 o o E 8 & @ 8 2 A
+ © & 4 3 8 é é - © B)
s 5 i 3 SR A A A I -
iy o = -~ oy (&) o ~ ja¥l o :

A, T. C, - ot + +
U. S. D. A. - ++ + +
Neb, - ++ + *
Tex, + e - ++ - -
Delong strain
- - & + - i - ++

Peetin Fermenter Wis.

*LPT
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TABLE V

A Summary of Strein Reactions as Taey Appear to be of Value
Tfor Speeles Identificetion in Indicatin: Sugar Dissimilation. (Summary

of pH Datzs in Figures 1-130 and Tables III and IV.)

Legend:

Glucose media: to be of value taxonomicelly the pH of this
medium must be converted to a pH of 6.0 or less.
Plus (+) marks indicate such reactions.

d- end l- Arabinose

mediaz PH values have tazonomie importance only when
peptone is tested concurrently. Plus (+) marks
indiecate a difference of acidity greater then
0.2 pH units lower than that produced by the same
orgeniem in peptone medium below 6.8. Adnittedly
& schemne of interpretation such as thet employed
for this media is open to question. Ividence for
such an interpretotion may be found under

¥Discussion 2f Resultz.”

T Reaction of yuestionable value hecause of strain
variation.
+* or -* indicate disagreenent with the results listed by

Bergey's Menual (1).



149,

TAELE V

A Sumary of Strain Reactions as They Appear to be of Value for
Species Identification in Indicating Suger Dissimilation. (Summary

of oH Data in Figures 1-130 andé Tables III and IV.)

Organi su Gliuce se 1-Arabinose d-Arabinose
B, zdhasersns + + +
B, ezgri +* +* +*
B. albolsctis +7F ¥ e
B. zlvel +* - -
B. anthracis +* - ?
B. zterrimus + + -
B, brevis - - -
B. cereus +* - ?
B, circulens + + +
B. cohserens + + -
B. cdenicus + + +
B. firmus - + +
B. flexus ¥ + -
B. freudenreichii - - +
B. fusiformis - - +¥*
B. globigii + ? +
B. graveolens + + -
B. lacticola & - ”
B, lactis + = =
B. laterosporus + + +

B. lautus + + e



Orgeni sm

B.
B.
B.
B.
B.
B.
B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

macerans

megatherium

mesentericus

mycoides
niger
panis
paraalvel
polymyxa
prausnitzii
robur
rotans
runinatus
serositidis
silvaticus
éimplex
sphaericus
subtilis
tumefaciens
tunescens

vulgatus

TABLE V (Continued)

Glucose

“

+

A-Arabinose

+

130.

d-Arabinose
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DISCUSSION OF RESULTS

Interpretation of Graphical and Tabular Uata
There are several ways in which the data in Table III and Figures

1-130 may be interpreted. In order to facilitate correlation of the
extent of carbohydrate utilization with the pH produced in carbohydrate-
peptone media, it is possible to separate the Bacilli into various
groups. A grouping devised as the result of the activity of an organism
in one carbohydrate mediwn does not necessarily hold for the other two
carbohydrate media; therefore, the basis for these groups will be dis-
cussed under headings for each carbohydrate investigated. The practical
value of these groups is undoubtedly open to guestion.

Glucose:

The grouping of the Bacilli on the basis of their activity in
glucose-peptone mediun bas been devised first upon the extent of pH
change from neutrality, and second, upon the extent of glucose utiliza-
tion.

If the utilization values of the Baeilli for glucose are plotted on
a scattergram (Fig. 131) visual inspection cannot determine a boundary
which could be termed the dividing line between high and low utilization
values. The distribution of the organisms plotted ageinst utilization
appears very nearly uniform. In order to establish some arbitrary
boundary upon which to base a discussion of two degrees of glucose
utilization (high and low) it was decided to establish a discussion
boundary at that amount of glucose used by at least 50% of the strains
of Bacilli investigated. Analysis of the glucose utilization data of

Table III indicates that 50% of the strains utilize more than 6.2 mg.;



152,

therefore, the arbitrary boundary upon which to discuss two degrees of
glucose utilization and the pH produced within each degree is established
at 6.2 mg. of glucose. A grouping of the Bacilli aeccording to this plan
may be found in Table VI.

The advantage to a grouping of this type may be illustrated in a
comparison of Group 1 (pH more than 7.0; glucose utilization less than
8.2 mge.) and Group 3 (pH less than 7.0; glucos: utilization less than
6.2 mg.). The pH difference between these two groups is difficult, if
not impossible to explain, particularly since studies concerned with
the nitrogen metabolism were outside the scope of this investigation.

A comparison of the pH values produne@ in peptone and glucose-peptone
media (Table III and Figures 1-130) by any organism in Group 1 reveals
that for sll practieal purposes, they are identical. A similar com-
parison for the organisms of Group 3 reveals a very broad difference
in these values. The buffering capacity of the medium esnnot account
for these differences between the two groups, since many orgenisms in
both groups were run concurrently on the same "batch® of media. They
may be due to a fundamental difference in the metaboliam of the

organisms in the two groups.



TABLE VI

4

- S

A Grouping of the Genus Bacillus According to the Extent of Glucose

utilized and pH Produced in Glucose-peptone Media.

1.

£

pH glucose-peptone more then 7.0; glucose

B.
B.

B.

pH
B.

B.

B,
B.

B.

B.
B.
B.

B.

brevis #0604 A. T. C.
brevis U. S, D. A.
fusiformis A. T. C.
fusiformis Tex.
fusiformis #339 Tex.

fusiformis Wright Wis,

glucose~-peptone less than 5.5; glucose

adhaerens A, T. C,.
agri U. S. D. A.
albolactis Tex.
albolactis V, P. I.
slvei #622 Lockheed Tex.
cereus #1 A. T. C.
cersus Neb.

cereus Clark Tex.
cereus Non-motile Tex.
cereus Stock Tex.
cereus #244 Tex.
cereus A, T, C. Wis,
cereus Wis.

graveolens #612 Tex,

B.

B.

B.

B.

utilized less than 6.2 mg.
rotans A. T, C.

rotans Tex.

rotans Wis.

serositidis Neb.

Delong strain pectin

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

fermenter

utilized more than 6.2 mg.
graveolens U, &, D. A.
graveolens Wright Wis.
lactis #618 Tex.
lacticola Tex.
lacticola #876 Tex.
lsterosporus V. P, I.
mycoides #410 Tex.
mycoides #1 V. P, I.
robur #946 Tex.
gilvaticus #937 Tex.
subtilis "L™ Neb.
subtilis #600 Neb.
tumetaciens Tex.

tumescens Tex.
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TABLE VI (Continued)

pH glucose-peptone less than 5.5; «lucose utilized less thsn 6,2 mg,

B.

B.

B.

alvei A, T. C.

alvel TeX.

sntliracis Smooth Tex.
anthrecis Rall. Tex.
anthracis Tex.
anthracis (Wis.) Tex.
anthracis Wis,.

cereus #2 A. T. C.
cireulans A, T. C,
globigii A, T, C.
macerens U, S. D. A,
megatherium #1 A. T. C.
megatheriun Neb.
megatherium #240 Tex.
megatherium Tex.
megatheriun A, T, C. Wis.
negatherium #2 4. T. C,
negatherium U, 8. D. A.
megatherium Wis,
mesentericus Nebe.
mesentericus A, T. C,

mycoides Neb.

B,

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

B.

Be

B.

B.

mycoides A~2 Tex,
mycoides A-6 Tex.
mycoides Beaded Tex.
mycoides A, T. C. #80 Tex.
mycoides #23 Tex.
mycoides £65 Tex.
mycoides #405 Tex.
mycoides #417 Tex.
mycoides #4820 Tex.
mycoides #421 Tex.
mycoides #422 Tex.
mycoides #425 Tex.
mycoides #426 Tex.
mycoides #427 Tex.
mycoides #4320 Tex.
mycoides>Left-Hand Sarles
Wis.
mycoides Wright Wia.
paraslvei Tex.
prausnitzii Neb.

runinatus #952 Tex.

tunescens #995 Tex.



155,

TABLE VI (Continued)

pH glucose-peptone 5.5-6.5; glucose utilized more than 6.2 mg.

E. aterrimus #355 wic. B. niger "S™ Wis.

B. aterrimus U. 5. D. A. B. niger ™0la"™ Wis,

B. aterrimus Pesek Wis. B. nigér U, 5, D, A,

B, aterrimus R. C, ¥is. B. panis A, T, C,

B. cereus Smitn-Tnom Tex. B. subtilis darburg~ Conn N. Y,
B. cereus TexX. B. subtilis Marburg Neb.

B, coherens #6840 Tex. B. subtilie Marburg Tex.

B. dsnicus A, T. C. B. subtilis Marburg Wis.

B, danicus U, 5. D. 4. B. subtilis #2231 A. T. C.
B. globigii #356 Vis. B. subtilis #2231 Tex.

B. globigii (probably Vogel) Wis. B, subtilis Tex.

B. graveolens Heb. B. subtilis Koch-Novy Tex.
B. lautus V, P. I, B. subtilis (Milk) V. P. I.
Be. mesentvericus A, T. C, Wis, B, subtilis CGraa-neg Tex.
B. mesentericus Frost Wis, B. vulgstus A. T, C.

Be. mesentericus Tex, B. vulgstus Neb.

Be niger A, T. C, B. vulgatus U, S, D, A.

Bs niger #2828 Wis.
Borderiine cases:
B. simplex #335 Tex,

be. simplex Tex.

pH glucose~peptone less than 5.5 within 2 days--more than 5.5
in 7 days; gilucose utilized more then 6.2 mg.

B. mesentericus U. S, D. A. (used 9.76 mg.)

B. polymyxa Tex. (used 22.62 mg.)

B. polymyxa V. P. I. (used 21.86 mg.)
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TABLE VI (Continued)

The following organisms do not belong to any of the above groups.
They are discussed in the text.

B. firmus U. S, D. A.

B. flexus V. P. I.

B. freudenreichii A, T. C.

B. sphaericus #348 Tex.

B. simplex Tex,

B. simplex #335 Tex.



157.

Figures 29 and 30, representing two strains of B. brevis, illustrates
pH curves for peptone and gluecose-peptone media and glucose utilization
values typical of all the organisms within Group l. Analysis of the pH
curves for peptone broth indicstes that the organiem has utilized the
carbon of the peptone molecule as an energy source. Nitrogen has accumu-
lated in the medium, probasbly as ammonia, in a cuantity sufficient to
neutralize any acidic products of respiration and an alkaline pH reac-
tion has resulted. Tor all practical purposes the pH produced in
glucose~-peptone is identical with the pH produced by the organism in
peptone alone., It appears, therefore, that although these Bacilli have
utilized glucose, they have also sttacked the peptone molecule in such
a menner that basic produects, suech as amconis, aceumulate to neutralize
any acidie produets formed from the carbohydrate. Not all produets of
carbohydrate dissimilation are acidic in character. They may be neutral
in reaction; however, regasrdless of the nature of these products, there
must have been basic substances forned, or liberated, from the peptone
molecule in order for the pH to be alkaline, It appears that in this
case the "sparing action®™ of carbohydrate for peptone is not exerecised.

The pH values produced in peptone broth by the organisms of
Group 3 necessitate dividing this group into two parts. Figures 75 and
76 represent typical peptone-broth pH curves for all strains of
B. mycoides within Group 3. Figures 5 and 6 (B. alvei strains) repre-
sent typical peptone broth pH curves for all other organisms in this
group. The fundamental difference between these two divisions is that
the pH produced by the B. mycoides strains in peptone broth are alkaline
throughout the entire incubation period. All other organisms within
Group 3 produce an acidic pH in peptone broth after 24 hours incubation,

which then reverts to an slksline pH upon further incubation.
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The activity of the B. mycoides strains in peptone broth parallels
the activity of the organisms of Group 1 in this medium. It appears
that all other organisms in Group 3 utilize the peptone molecule con-
currently as an energy and growth source in the early stages of incu-
bation, since basic substances do not accumulate to neutrslize any
acidie products formed. In the later stages of incubation, basic sub-
stances do accumulate and the pH becomes strongly alkaline.

All the organisms within Group 2 produce a pH below 5.5 im
glucose~peptone medium. ILike the organisms of Group 1, they utilize
less than 6.2 mg. of glucose. Apparently when glucose is present the
organisms of Group 3 use it as an energy source, and do not sttack the
peptone present except as nitrogenous substance is needed for growth;
thus, basic nitrogen does not accumulate to react with the acidic
products of respiration to yield an alkaline pH value. It would appear,
therefore, that "sparing setion"™ of carbohydrate for peptone has taken
place in this case.

It is interesting to point out that curves representing the pH
values produced by many Bacilli of Group 3 in glucose-peptone medium do
not indicate a change from the pH produced at the end of 24 hours of
incubation even though the incubation period extends for 7 days. This
might be indicative of the effect of a low pH upon the metebolism of
the organisms concerned.

The Bacilli included in Groups 2, 4, and 5 utilize from 6.2 to
25 mg. of glucose. They are divided into the respeetive groups accord-
ing to the pH they produce in glucose-peptone medium. The pH resulting
from the growth of the orgenisms of Group & is less than 5.5. The pH

produced by the organisms of Group 4 is in the range of 5.5-6.5. The
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organisms of Group S produce a pH of less than 5.5 during the first two
days of incubation but this pH becomes more alkaline before the end of
the seven day incubation period.

It is impossible to explain this wide divergence of pH values pro-
duced by three groups of organisms which use comperable, or in msny
cases, identical guantities of glucose without definite knowledge of
the organiam®s nitrogen metaboliasm and the type of end-products result-
ing from their carbchydrate dissimilation.

In part this would be accounted for if some of the end=-products
of respiration were neutral. This observation applies particularly to
the Bacilli of Group 4.

The organisms of Group 4 are strong producers of alksli in psptone
broth alone. It might be that these Bacilli attack peptone in such a
menner that alkali is released to react with part of the acidie products
formed by respiration.

There is practically no change in the pH produced by the organisms
of Group 2 after the first Z4 hours of incubation, during which time the
initial pH is lowered to 5.5 or less. As with the Bacilli of Group 3,
this absence of pH fluctuation is probably a result of the effeect of a
low pH upon the bacteriazl cell, although the exaet mechanism of the
effeet is unknown.

Apparently the orgenisms of Group £ are less resistant to low pH
than those of Group 5, since the pH of the latter spproaches neutrality
by the end of the seven day incubation period. It is interesting to
point out further, that the two B. polymyxa strains of Group 5 utilize
21 and 22 mg. of glucose out of the 25 mg. present.

The division of the Bacilli into the above five groups leaves 8
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Of the 130 strains employed in these investigations unsceounted for.
The data for one of these (B. vulgsius Tex.) is incomplete. B. firmus
U. 8. D« A., B. flexus V. P. 1., B. freudenreicinii A. T. C., B. panis
U. S. D. A., B. simplex Tex. and B. simplex #335 Tex. each used less
than 6.2 mg. glucose and produced a pH of 6.0 or above. B. sphaericus
#348 Tex. used less than 6.2 mg. of glucose and produced a pH which
grew progressively more acidie to pH 5.6 after seven days incubation.

The activity of these organisms is aifficult to explein. Ia peptone
alone they do not produce elkali t0 the extent of meny of tie Bacilli in
Groups 1-5., The pH they produce in gluccse~peptone is decidedly lower
than the pH produeed in peptone alone. It is, then, advisable to ob-
serve the pH produced by these organiams in peptone and glucose-peptone
media concurrently for a period of seven days, &s recommended by Coffee
(4) bvefore attaching taxonomic value to the pH they produce in glucose-
peptone. The pH of glucose-peptone may mot drop below 6.6; however,
according to the results of this investigation, these © strains of
Bacilli should produce a pH at least 0.6 pH units more alksline in pep-
tone alome than they produce in glucose~pepione mediud.

The results of the glucose utilization determination compsared with
the pH produced in glucose-peptone and peptone slone by members of the
genus Bacillus employed confirm the following stateuents:

1. A pH of less than 6.0 produeced by an setively growing culture
of the genus Baecillus is indicative of positive glucose
utilization by that organism., This pH is not indicative of
the extent of glucosc utilization.

2. No species of Bacillus tested produce a pH of less than 6.0
in peptone medium alomne. Those Bacilli ceapable of lowering

the pH of peptone medium to 6.0 produce pH values of less than
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5.5 in glucose~peptone medium. It would not, therefore, be
necessary to check the pH of peptone and glucose-peptone media
concurrently before designating taxonomic significance to a
pPH value of less then 6.0 produced in glucose-peptone medium
by any of these Bacilli.

3, A few Bacilli tested produce a pH in the range of 6.0-7.0 in
glucose-peptone medium and at the same time utilize glucose.

In these cases it is necessary to check the pH of peptone
medium concurrently before assigning taxonomic significance

to any value within this renge. In this investigation, peptone
medium has been at least 0.6 pH units more alksline than
glucose-peptone medium inoculated with the same Bacillus and
observed for a seven day incubation period.

4., Some Bacilli utilize less than 5 mg. glucose, which is not
detectable by pH measurement of glucose-peptone medium even
when compared to the pH of peptone medium run concurrently.

The Bacilli of Group 1 fall within this category.

5. These pH observations are in almost complete agreement with
those of Coffee (4). The results obtained by Coffee were
duplicated by the present author, in many cases to the record-
ing of exact pH readings, although a two year period intervened.
Minor differences do occur. ZThese differences have been pointed
out in Table IV.

The pH and glucose utilization velues obtained from the strains

of each species tested in this investigation are in excellent agreement
with each other. The most notable discrepsncy is demonstrated by the

failure of B. zlvei #6%2 Tex. to use glucose, while the other three
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strains employed used 1-7 mg. of this carbohydrate. There is also
slight difference in the extent of glucose utilization by the various
strains of B. globigii, B. megatherium, B. mycoides, and B. subtilis;
the pH produced by all these strains is, however, less than 5.5 The
strains of B. mesentericus tested vary in both the pH they produce

and in the amount of glucose they utilize. In actual values the extent
of this variation is very small.

l-Arabinose:

The Bacilli do not produce the wide diversity of pH values in
l-arabinose-peptone medium which they produce in glucose-peptone medium
(Figures 1-130). Neither do they utilize l-arabinose to the extent
that they utilize glucose (Figure 131). The data concerned with the
PH and utilization of l-arabinose (Table III, Figures 1-13%0) does not,
therefore, justify the use of the grouping (Table VI) devised to com-
pare pH and utilization values of glucose.

In order to summarize the l-arabinose utilization data of
Table III, the amount of l-arabinose that each Bacillus utilized in
this experiment has been plotted in Figure 131l. From this scattergram
it will be noted that 67 strains of Bacilli use less than 3 mg. of
l-arabinose. The remainder of the Bacilli tested utilize 3~-25 mg. of
l-arabinose.

Table III and Figures 1-130 indieate that regardless of the amount
of l-arabinose utilized 69 strains of Bacilli may produce essentially
the same pH in l-arsbinose-peptone medium that they produce in peptone
medium alone, in the range below pH 6.8, remain neutral, or be converted
to an alkaliine pH value. The remainder of the Becilli produce pH values

in l-arabinose-peptone which are slightly lower than those they produce
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in peptone alone. These Bacilli yield pH values in l-sarabinose-peptone
that are at least 0.2 pH units more acidie, in the range below 6.8,

than the pH they produced im peptone alomc. Thc extent of l-srsbincse
utilization does not sppear to be the determining factor in the produc-

tion of a low pH.
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TAELE VII

A Summary of the Action of the Bacilli in l-arabinose-

peptone liedium:

1.

pH produced in l-arabinose-peptone medium is 0.2 pH units

more acidic, in the range below 6.8, than that produced by

pH Compared to pH Produced in Peptone Medium

the same Bacillus in peptone medium.

A
B,
B,
B,
B.
Be
B.

B.

B)
B.
B.
B.
B.
B.
B.
B.

Be

Less then 3 mg. of l-arsbinose utilized.

enthraclis Tex.
anthracis Smooth Tex.
cereus #2 A.T.C.
circulans A.T.C.
fipmus U.S8.D. A
flexus V.P.I.

globigii A.T.C.

B.

B.

B.

B,

B.

Be

laterosporus V. P. I.
macerans U.S.D.A.
megatherium #240 Tex.
mesentericus U.S.D.A.
mycoides #65 Tex.
panis A.T.C.

panis U.S.D.A.

iore than 3 mg. of l-arasbinose utilized.

adhaerans A.T.C.

agri U.S.D.A.
aterrimus #353 Wis.
aterrimus U.S.D.A.
aterrimus Pesek Wis.
aterrimus R.C. Wis.
cersus Suith-Thom Tex.

cersus Wis.

B.
B.
B.

Ba

B.

Be

Be

Be

cohaerens #6840 Vis.
danicus U.S.D.A.
danicus #1 A.T.C.
graveolens U.S,.D.A.
graveolens Neb.
lautus V.P.I.
megatherium U.S.D.A.

megatherium #1 A.T.C.

184.
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B)

B,
B.
E,
B.
B.
B.
Be
B.
Be
E.
B

pii

TABLE VII (CON'T)

168,

Jiore than 3 mg. l-arsbinose utilized. (con't)

megatherium #2 A.T.C.
megatheriwa Tex.
mesenitericus Neb.
wmesentericus TeX.
mesentericus A.T.C. Wis.
mesentericus I'rost Wis.
niger A.T.C.

niger U.S.D.A.

niger #228 Wis.

niger "01ld™ Wis.

niger "8" Wia.

E.
B.
B.

Be

polymyxa Tex.
polymyxa V.P.I.
ruminatus §#952 Tex.
silvaticus #957 Tex.
subtilis "L" Neb.
tumescens Tex.
tumescens #995 Tex.
vulgatus A.T.C.
vulgatus U.S5.D. A,

valgatus Neb.

produced in l-arsbinose may be essentisally the same as

that produced by the same Bacillus in peptone medium, in

the range below pH 6.8, reunain neutral, or be converted to

an

4)

alkaline pH value.

Less than 3 mg. of l-arabinose utilized.

B.albolactis Tex.

B.
Be
B.
B.
B.
B.

Be

albolactis V.P.I.

alvei A.T.C.

alvel Tex.

alvei #622 Tex.

alvei #622 Lockheed Tex.
anthracis Wis.

anthracis Tex.

B.
B.
B.
B.
Be
B.
B.

B.

anthracis (¥Wis.) Tex.
anthracls Rall. Tex.
brevis #604 A.T.C.
brevis U.S.D.A.

cereus #1 A.T.C.
cersus Stock Tex.
cereus Non-motile Tex.

cereus #2844 Tex.



A)

B.
B.
B.
B
B.
B.
Be
Be
B.
B.
Be
Be
B.
Be

Be

Be

B.

TARLE VII (CONT'D)

Less than 3 mg of l-arabinose utilized. (cont'd)

cereus Clark Tex.
cereus A.T.C. Wis.
freundenreichii A.T.C.
fusifomis A.7.C.
fusiformis Tex.
fusiformis Wright Tex.
fusifornis #339 Tex.
graveolens Wright Wis.
lactis #618 Tex.
megatherium Wis,
megatherium A.T.C. Wis.
megatheriun Neb.
mycoides #405 Tex.
mycoldes #410 Tex.
mycoides #417 Tex.
mycoides #420 Tex.
mycoides #421 Tex.
mycoides #422 Tex.

mycoldes #425 Tex.

Be

Be

Ba

B.

B.

B

Be

B

B.

B.

Be

Delong strain pectin fermenter

mycoidss #426 Tex.
mycoides #427 Tex.
nycoides #430 Tex.

mycoides Neb.

166.

mycoides Loft-hand Sarles Wis.

paraaslvel Tex.
prausnit zii Neb.

robur #0946 Tex.

rotans A.T.C.

rotans Tex.

rotans [probably Wis.)
serositidis Nab.
simplex Tex.

simplex. #335 Tex.
subtilis #600 Neb.

tumefaciens Tex.
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B.
B.
B.
B.
B.
B.
Be

Be
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TABLE VII (CONT'D)

More than 3 mg. of l-arabinose utilized.

globigii (probably Vogel) Wis. B. subtilis llarburg Tex.

lacticola Tex. B. subtilis Gram-neg. TeX.
lacticola #876 Tex. B. subtilis #231 Tex.
mycoides # V.P.I. B. subtilis Marburg N.Y.
gphaericus #348 Tex. B. subtilis Marburg Wis.
subtilis #231 A.T.C. B. subtilis Marburg Neb.
subtilis Tex. B. subtilis (Milk) V.P.I.
subtilis Xoch-lovy Tex. B. vulgatus Tex.



Teble VII summarizes the action of the Bacilli in l-arabinose-
peptone and compares the pH produced in this medium with the pH
the ssme organism produces in peptone mediuwm alonee.

It is difficult, if not impossible, to state whether or not
l-arabinose "spares®™ the peptone of the medium. In the case of
those Bacilli which utilize more then 3 mg. of this carbohydrate
and do not produce pH values at least 0.2 pH units more scidie,
in the range below 6.8, than those produced in peptone alone,
it seems apparent that a "sparing action® has not been effected;
or, the organisms produce neutral, instead of acidic, products
from respiration. On the other hand, those Bacilll which utilize
l-arabinose and produce pil values lower than those produced in
peptone medium slone appear to utilize l-arabinose in preference
to the peptons of the medium as a source of food for respiration,

as i8 evidenced by the lower pH produced in this medium.

d-Arabinose:

The data concernsed with the pH produced from d-arabinose-psptons

medium and the utilization of d-arsbinose does not substantiate a
grouping of any type. The pH produced by memny of the Bacjlli tested
in this medium is for all practical purposes identical with the

PH produced by them in peptone medium alone (Table III, Flgures
1-130). A summary of the pH values produced by these Bacilli,

together with the exceptions, may be found in Table V.



TABLE VIII
A Summary of the letabolic Activity of the Genus Bacillus in

d=-Arabinose liedia.

Strein of Bacillus mg. d-arsbinose taxonomic value
tested utilized of pH produced
B. albolactis Tex. 3.37 + (at 24 hrs.)
B. albolactis V.P.I. 2,55 + (at 24 hrs.)
B. alveli Tex. 2¢37 -
B. alvei #622 Tex. 2.14 -
B. anthraecis Smooth Tex. 2.04 +
B. brevis U.S.D.A 2.04 -
B. cersus Wis. 2.07 ¥
B. danicus U.S.D.A. 2.20 + (at 24 hrs.)
B. macerans U.S.D.A. 5,63 +
B. mesentericus Tex. Re44 -
B. subtilis #600 Neb. 6460 -

The pH values listed above are recorded as positive (+)
i the pH produced in d-srebinose, in the range below pH 6.8,
differs at least 0.2 pH units from that wiich the same organism

produced in peptone medium alone.
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The scattergram (Figure 1%1) denoting the degree of d-arabinose
utilization by the strzins of Baeilli tested indicstes that only three
strains used wmore than 3 mg.: 86 strains used 2-3 mg.; and all other
gtrains tested used £ mg. or less than 2 mg. Table VIII lists the
Bacilli which use more than 2 mg. of d-arabinose slong with the author's
opinion of the taxonomic vslue of the pH produced in d-arabinose-peptons
medium. It will be noted from comparing the pH produced in d-asrabinose-
peptone medium (Table III, Figures 1-130) with the degree of d-arabinose
utilization and the pH produced in peptone medium alone thaet the pH
produced in d-arabinose-peptone mediun does not indicate d-arsbinose
utilization for all of these Bacilli; therefore, if the pH produced in
d-arabinose-peptone mediun does not differ by st least 0.% pH units,
in the range below 6.8, from the pH produced by the same organisr in
peptone medium alone, the pH velue is not considered t¢ be tzxonomicelly
significent from the standpoint of indicating d-arsbinose utilizetion.
It is, therefore, necessary to test the pH of peptone alone concurrently

with d-srabinose medium.

General Discussion:

The results of the pH and carbohydrate utilization determinations
are recorcded in Teble III and are given graphically in Figures 1-130.

Table IV presents an interpretation of the pH values recorded in
Table III together with comparable data from the investigations of
Coffee (4), and the reactions from other literature listed in Bergey's
Manual (1).

Table V presents a summary of the dats in Tables III and IV and
in Figures 1-130, 1In this table the reactions of the various strains

of Bacilli used in this investigation are summarized into a reaction
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apparently characteristic of the species represented. Only those
reactions which appear to have taxonomic value sre listed in this
table.

As a resulit of the extent of glucose utilization asnd a comparison
of the pH produced in glucose-peptone medium and peptone medium =lone,
it has beem poszible to separate the Bacilli used in this investigation
into the 5 groups listed in Table VI.

Table VII sumaarizes the action of the Bacilli in l-arabinose-
peptone and coupares the pH produced in this medium with the pH the
same orgenism produces in peptone medium alone.

Table VIII lists those Bacilli which utilize more than 2 mgz. of
d~arabinose together with the author's opinion of the tazonomic value
of the pH these Baeilll produce in d-arabinose~peptonc medium when com-
pared to the pH produced by the same orgemiss in peptone medium alone,

In order to interpret the data concerned with the pH produced in
d- and 1~ arabinose-peptone media so that it may have texonomic sig-
nificance, it is compared with the pH produced by a Baeillus in peptone
mediun alone and the extent of utilization of the two carbohydrates
(Teble III, Figures 1-130). Such a comparison of these data indicates
that those Bacilli whiech lower the pH of the carbohydraste-peptone media
at least 0.2 pH units more acidic, in the range below 6.8, than the pH
of the peptone medium utilize from 0.48 mg. (p. 18 & 19) to 25 mg. of
carbohydrate. Evidence for the consisteney and reprodueibility of the
pH values produced by the Bacilli eamployed in this investigation, may
be found by comparing these values with those obtained by Coffee (4).

A difference of 0.2 pH units produced by a Bacillus culture in

carbohydrate-pentone and peptone media, is not large. The interpretation
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of such a difference as indicating the positive utilization of d- and
l-arabinose is, however, according to the results of this investigation,
justifiable. This method of interpreting these results enables a
maximun number of carbohydrate-using orgenisms to be detected by pH
messurenent., There is no possibility of misinterpreting these results
using this criterion since non-carbohydrate users did not produce pH
values in carbohydrate-peptone medium whicn were 0.2 pH units more
acidiec, in the range below 6.8, thar the pH they produced in peptone
zlone.

Table III indieates very conclusively that although an zcidic pH
in d- or l-arabinose-peptone can be indieative of carbohydrate utiliza-
tion, it cannot be interpreted in sny manner to indicate the extent of
utilization., An excellent example for this observation is eited in
Figures 15, 64, 65, 111 (l-arabinose); 3, 4, 53 (d-arsbinose). It is
also important to point out that sn =alkaline pH does not necessarily
mean that large amounts of carbohydrate have not been utilized
(Figure 120 for d-arabinose; Figures 121, 117 for l-srabinose).

In this investigation the pH produced in glucose-peptone medium
by 40 species of the genus Bacillus was determined., Four of the species
investigated did not produce reactions in this medium which agree with
those listed by Bergey's Manual (1) for thece species. Probably because
of inadeguate data, this menuel does not list resctions for six species
tested in glucose-peptone medium in this investigetion.

Rergey's Manual (1) lists reactions for only twelve of the 40
cpeeies of Bacllll tested in d=- end l-arebinose peptone medie. This
manual mekeg no distinetion between d- and l- forms of arabinose.

Resctions produced in this medium are merely listed under "Arabinose®.
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This lack of distinction is probably due Yo an absenee of data for

g- and 1- forms of arabinose, This may account for diserepancy between
7 rsactions for species used in the present investigation when compared
to the "Arabinose®™ reactions listed by Bergey (1).

The results of this investigation are in excellent agreament with
those of Coffes (4). Minor differences do occur in the extent of low
pH values produced by some of the Bacilli. These differences are not
great enougn to interfere with the method of interpretation employed
in this investigation, or that of Coffee, and may be due to differences
in experimental procedures, or to experimental error.

Roverts (34) report that glucose is utilized by B, rotans without
aeid production is eonfirmed. Koser and Saunders (19) report that
B. megatherium does not utilize d- or l-arabinose, The present results
are in opposition to this report; however, other resulte listed by these
suthors have been confirmed, 2s have the results of Merrill (28),

Fedum (45), and Wedum and Walker (46).

Debord (6) reported thet the presence of glucose in peptone medium
increased the rate of production of amino nitrogen in cultures of
B. subtilis., He infers thet a more slkaline reaction is produced by
B, subtilis under these conditions. Coffee (4) has obtained results
suggestive of greater alkali production from peptone in the presence of
d- or l-arabipnose by certain Bacilli. Sufficient evidence to support or

refute these results was not obtained in this investigation.



The present investigation has been concerned with the ability

of 130 strains, representing 41 species, of the genus Baelllus to

utilize glucose and d- or l- arabinose as a source of food for

respiration. Carbohydrate utilization was detemmined by direct
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titration of the amount of carbohydrate remaining after incubatiocn.

The ph of the cerbohydrate-peptone media amployed was deter-
mined potentiometrically using a glass electrode and was compared
with the pH produced by the same Bacillus in peptone medium slone.

The emount of glucose utilized by a particular Bacillus and
the pH it produced in glucose~peptone medium was teken as a basis

upon which %o separate the strains and species of Bacllll tested

into the following five groups:
l. Glucose utilization less than 6.8 mg.: pH glucose-peptone

7.0 or sbovse.

Typical examples: B. brevis, B, fusiformis, B, rotaens, and

B, serositidis.

2. Glucose utilization more than 6.2 mg.: pH glucose-peptone
less than 5.0.

Typical examples: 5., adhaerems, B. agri, B. albolactis,

B. cereus, B. graveolems, B. lactis, B. lacticols,

Be. laterosporus, B. robur, B. silvaticus, and B. tumefaciens.

3. Glucose utilization less than 6.2 mg.: pH glucose-peptone
less than 5.5.

Typical examples: B. alvel, B, enthracis, 5. circulans,

B. macerans, B, megatherium, B. mycoides, B. paraalvei,

B. prausnitzii, and B. ruminatus.
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Glucose utilization more thean 6.2 mg.: piH glucose-peptone
5.5 - 6.5-

Typical examples: B. atterrimus, B. cohaerens, B. danicus,

B, globigii, B. lautus, B, mesentericus, B. niger, B. psenis,

B. subtilis, and B, wvulgatus.

Glucose utilization more than 6.2 mg.: pH glucose~peptone
less than 5.5 within 2 days - more than 5.5 in 7 days.

Typical example: B, polymyxa.
The following species did not apparently belong to any of

the above groups: B. fimus, B, flexus, B. freudenreichii, end

HB. simplex, because each used less than 6.2 mg. of glucose and

produced a pH of 6.0 or above. L. sSphaericus used less than 6.2

mg. of glucose and produced s pH which ;rew progressively more

acidic to pH 5.6 after seven days incubation.

Results obtained from investigations of the =mection of the

Bacilll in d- and l- arsbinose-peptons media do not pemit the

use of similar groupings for those media.

The results obtained from the carbohydrate utilization studies,

and the pH produced in carbohydrate-pepione medium and peptone

medium alone further indicate that the following statements are

justified:

1.

2

A pH of less than 6.0 produced by an actively growing culture

175.

of the genus Bscillus is indicative of positive glucose utiliaa-

tion by that organism. This pli is not indicative of the axtent

of glucose utilization.
No species of Bacillus tested produce & pH of lesz than 6.0

in peptone mediwm alons. Thoss Dagcilli capabls of lowering
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the pH of peptone mediun W 6.0 produce pH values of less than
5.5 in glucose-peptone medium. It would not, therefore, be
necessary t check the pH of peptone znd glucose-psptons nedla
concurrently before designating taxonomic significance to a
pI valus of less than 6.0 produced in glucose-peptone medium
by eny of these Bacilli.

A few Bacilli tested produce a pH in the range 6.0 - 7.0 in
glucose-peptone medium and at the same time utilize glucose.
In these cases it 1s necessary t check the pH of peptons
medium concurrently before assigning taxonomic significance to
any velus within this range. In this investigation pepitone
medium has been at least 0.6 pli units more alkaline then zlucose-
peptone medium inoculated with the same Bacillus end observed
for a sevean day incubation period.

Some bacilli utilize less than 6.8 mge. of glucose which is

not deteciable by pl measurement of glucose-peptone medium
even when compared to the pH of peptone medium run concurrently.
The pb of these media either remains neutral or becomes alka-
line during the entire incubation period.

These pi observations are in almost complete sgreauent with
those of Coffee (4). The results obtained by Coffes were
duplicated by the present suthor, in many instances to the
recording of exact pii readings, although a two year psriod
intervened.

Sixty-seven (67) strains of the Bacilli tested for their
ability to utilize l-arabinose utilize less tham 3 mg. of

this carbohydrate. The remainder utilized 3-25 mg. of this

carbohydrate.
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Regardless of the amount of l-arabinose utilized sixty-

nine (69) strains of Bacilli, representing 21 species,
produce the same pH in l-arabinose-peptone medium that they
produce in peptone medium alons. The remsinder, representing
20 speclies, produce pi values in l-arabinose-peptone which
are at least 0.2 pH units more scidie, in the range below
6.8, than the pH they produced in peptone medium alone.
Fleven strains of Bacilli, representing 8 species, utilized
more than 2 mg. of d-arabinose. The remesinder used less than
this amount.

Thirty-three strains of Bacilli representing 19 species, pro-
duce pH values in d-arabincse-peptone which are at least 0.2
PH units lower, in the range below 6.8 then the pH they pro-
éuce in peptone medium slone. The remainder, 98 strains,
representing 22 species, produce identical pIl values in both
d~-arabinose-peptone snd peptone media,

Practically all of the Bacilli tested were capable of using
glucose and d- or l- arabinose to some extent in their
metabolian. An acidic pH value cen in no manner be indicative
of the extent of this utilization. The order of decreasing
utilizability of these carbohydrates is glucose, l-arabinose
and d-arabinose.

The strains of the genus Bacillus used in this investigation
show diversity in the extent of their ability to utilize the
d- and 1- fomms of arabinose. It is therefors recommended

that Bergey's Menual (1) change its designation of arabinose
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media from "Arabinose®” to d- Arabinose and l-Arabinose in
order to avoid confiicting reports as to the ability of

an orgenism to utilize a particular carbohydrate.
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AN ABSTRACT OF THE PHYSIOLOGY OF THE GENUS BACILIUS

It is routine bacteriological procedure to consider an acidic pH read-
ing, taken on a carbohydrate-peptone medium in which an organism is growing,
as evidence that the bacterium in question utilizes the carbohydrate. Numerous
investigators (2-5, 6-8, 11, 12, 16-19, 20, 22, 23) have demonstrated that
although used routinely by bacteriologists, acid-indicators are inadequate
to determine the utilization of carbohydrate from a carbohydrate-peptone
medium by many organisms, This failure may oitemn be due to a lack of "spar-
ing action" of carbohydrate for the peptone of the medium. This sometimes
results in an alkaline or neutral pH reaction even though carbohydrate has
been utilized.

A lack of vsparing action" of carbchydrate for peptone has been demon~
strated in guantitive studies which compared the pH produced in a carbohydrate=
peptone medium with the utilizability of the carbohydrate for the following

organisms: B. rotens’ (20), the genus lycobacterium (13), the tubercle

bacillus (9), the hydrocarbon bacteria (10), the Brucella (14, 15, 24) and
certain miscellaneous organisms (22).

It has been shown by acid indicator technigres (16, 18, 19), that a
lasck of "sparing action" by specles of the genus Racillus makes it difficult
and sometimes impossible to determine the utilization of various carbohydrates
as measured by a lowering of the pH. The resulting pH of the medium, where
there is no "sparing action,” is dependent not only on acid produced from
carbohydrate dissimilation, but also upon concurrent acid and ammonia produced
from peptone decomposition. The change in pH, therefore, may result from

factors other than carbohydrate utilization.



2.

The object of the present investigation was to determine quantitatively
the extent of glucose and d- and 1l- arabinose utilization in order to separate
it from the other two factors influencing the pH change in the medium. The
pH of the carbohydrate medic employed wes determined potentiametrically, in
order that the pH produced could be compared with the extent of utilization
of these carbohylirates. Iikewise, the pH produced by the same Bacilli in
peptone alone was determined so that it could be compared with the pHE prc-
duced in the carbohydrate-peptone medie,

The methods for differentisting the aercbic spore formers of the genus
Bacillus have been devised from Jnadequate and often unreliable data (1),

The fundeamental observations derived from this investigetion concermed with
the metabolism of the genus Becillus may be of value in the necessary re-
arrangement of the present taxonomic procedure. Such studies might also

lead to other interesting conclusions regerding the metecbolism of the Raeilli
in pure laboratory culture snd slsc in the mixed cultures of theirnatural

habitat.

THE IRVESTIGATION

¢ne hundred and thirty strains of the genus Bacillus, representing 41
species, were used in these studies. Determination of the pH resulting from
the growth of an organism in peptone alone and in peptone conteining glucose,
d- arabinose, or l- arabinose was made after 1, 2, 3, and 7 days of incuba-
tion. A Beckman potenticmeter squipped with a glass electrode was used for
taking the pH measurements. At the same time pH readings were made, the
amount of carbohydrate remeining in a tube 2fter each incubation period was
determined quantitatively according to the method of Stiles, Peterson and

Fred (21)0
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All carbohydrate medie used were measured by automatic pipette to
contain 25 mg. of a particular carbohydrate.

A summary of the results obtained have been plotted graphieally in
Figures 1-41. These graphs illustrate the species of RBacilli investigated
and were selected to represent the action apparently characteristic of the
strains of the various species under investigation.

Figure 42 ropresents the degree of utilization of carbohydrate by the
various strains of Racilli employed. A 8tudy of Figure 42 indlcates that
the utilization of glucose is such thut it would be difficult, if not im-
possible to establish a ﬁoundary which could be called the dividing line
between high and low glucose utilization. It has therefore been necessary
to consider a'purely arbitrary boundary at that amount of glucose utilized
by at least 50 4 of the strains investigated im order that glucose utiliza-
tion might be more easily compared with the pH produced. According to this
division it is possible when comparing pH with utilization to separate the
Bacilli into six grcups. The data for d- and 1- arabincse do not permit

the use of such groupinzs.
SULMARY

The data obtained in these studies substantiate the following statements:
1. A pH of less than 6.0 produced by an actively growing culture of the
genus Bacillus is indicative of positive glucose utilization by that
organism, This pH is not indicative of the extent of glucose utilization.
2. No species of Bacillus tested produce a pH of less than 6.0 in peptone
medium alone. Those Bacilli capable of lowering the pH of peptone medium
to 6.0 produce pH values of less than 5.5 in glucose-peptone medium. It

would not, therefore, be necessary to check the pH of peptone and glucose-
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4.

5.

6.
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4,
peprtone media concurrently before designating taxonomic significance to
a pH value of less than 6.0 produced in glucose-peptone medium by any of
these Bacilli,
A few Bacilli tested produce a pH irn the renge €.0 - 7.0 in glucuse-peptone
medium and et the same time utilize glucose., 1In these cases it is necessary
to check the pH of peptone medium ccmcurrently before uwssigning taxonomic
significance to any value within this range. 1In this investigetion peptone
medium has been st least 0.6 pH units more alkaline than glucose-peptone
medium inoculated with the same Bacillus and observed for a seven day in-
cubation period,
Some Bacilli utilize less than 6.2 mg. of glucose which is not detectable
by pH measurement of glucose-peptone medium even when compzred to the pH
of peptone medium run concurrently. The pH of these media either remains
neutral or becomes alkaline during the entire incubatiom period.
These pH observations are in slmost complete agreement with those of Coffee
(4)s The results cbtained by Ccffee were duplicated by the presemt author,
in many instances tc the recording cof exact pH readings, although a two
year period intervened,
Sixty-seven (67) strains of the Bacilli testesd for their ability to utilize
l-arabinose utilize less than dmg. of this carbohydrate. The remainder
utilized 3-25 mg. of this carbohydrate.
Regardless of the amount of l-arabincse utilized sixtyfnine (68) strains
of Bacilli, representing 21 species, produce the same pH in l-arabinose-
peptone medium that they produce in peptone medium slone. The remainder,
representing 2C species, produce pH vslues in l-arabinose-peptone which
ere at least 0.2 pH units more acidie, in the range below 6.8, than the

PH they produced in peptone medium alcne.
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8. FEleven strains of Bacilli, representing 8 species, utilized more than
2 mg. of d-arabinose. The remainder used less thean this amount.

9. Thirty-three strasins of Bacilli represéﬁting 19 species, produce pH values
in d-arabinose-peptone which are at least 0.2 pH units lower, in the range be-
low 6.8 than the pH they produce in peptone mcdium alone. The remainder,
98 strains, rcpresenting 22 speciles, produce identical pH values in both
d-arabinose-peptone and peptone medla.

10, Practically all of the Bacilli tested were capable of using glucose and d-
or l-arabinose to some extent in their metabolism. An acidic pH value ean
in no msnner be indicative of the extent of this utilization. The order
of decreasing utilizability of these carbohydrates is glucose, l-arabinose
and d-arablnose,

11, The strains of the genus Bacillus used in this investigation show diversity
in the extent of their ability to utilize the d- and 1l- forms of arabinose,
It is thercfore recommended that Bergey's Manuzl (1) change its designation
of arabinose media from "arabinose” t$0 d- Arabinose aund l-Arabinose in
order to avoid confiicting reports =s to ths ability of an organism to

utilize carbohydrate.
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