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INTRODUC TION

The cultivation and identification of the members
of the colon-asrogenes group of bacteria are of grest im-
portence from the standpoint of public heslth. These organ=-
isms are normal inhabitents of the intestinal tract of man,
and their presence or sbsence in wesier, and to a less extent
in foods, serves as an index to its sanitary quality. They
are also of some importance 8s an stilologicsl factor in
disease, the colon bacillus being not infrequently found to
be the cause of infections of the urinary tract, and of other
suppurative conditions in the body. The successful culti-
vetion and ldentification of these orgenisms depend upon a
knowledge of their mutritional requirements and of their
metabolism. The nutritionsl requirements of bacterias are
relatively simple, but like other living things they require
nitrogen, carbon, oxygen and hydrogen with certain inorganic
salts.

A study of bacterial nutrition would involve a
study of the conditions under which these elements may be
supplied to allow or favor growth of the organism.

A study of the metabolism of bacteria constitutes
a study of the processes and products of extra-celluler di-
gestion, whereby complex food molecules are broken down to

simpler substances preparatory to absorption by the bacterial
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cell, and & study of the process and products of intra-
celluler digestion whereby the food molecule is further
disintergrated, a8 part being stored, or built up into bac-
torial protoplasm and a part being given off as secretions
or as waste products. The nutrition and metabolism of
bacteria are so closely allied that & study of one could
not be made without considering the other.
REVIEW OF LITERATURE
A review of the literature on bacteriasl nutrition
and bacterial metabolism might be considered under the
following headings.
I. Bacterial Nutrition
A, Nitrogen requirements

g, Utilization of purified proteins

be Utilization of hydrolytic products

¢. Utilization of emino acids and smmonium salts

d« Growth accessory substances

B. Carbon requirements

a. Carbon dioxlde

be Carbohydrates and alecohols

c. Organic acid radicles

d. Cellulose

8« Proteins.

C. Inorganic salt requirements
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II. Bacterial Metabolism
A. Nitrogen metabolism
8. Qualitative study of intermediate &nd end pro-
ducts.
b. Quantitative study of intermediste and end
products.
¢, Effect of utilizable carbohydrate upon nitrogen
metabolism
B, Carbohydrate metzbolism; products of fermentation;
acids and gases

C. Gageous metabolism

I. BACTIRIAL NUTRITION

Previous work on bacterisl nutrition hes veen along
two general lines with different ends in view. One with
the practical purpose of supplying the nutritional require-
ments for the growth of some particular organism or group
of organisms, without regerd to the actusl chemlical compo-
sition or complexity of the medium; the other with the more
purely scientific purpose of simplifying the medium to one
of known chemical composition, for the purpose of more
accurately studylng the reactions of the organism.

A, Hitrogen Requirements
a. Utilization of purified proteins.
The nitrogen requirement for bacterial nutrition

hag been considered to be the most difficult to supply and
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hes received considerable attention by investigators. The
garly observetion of Pere (1892) that certain bacterias would
not grow upon medis contaeining pure protein as the only
source of nitrogen is usually overlooked. He was nnsuccess-
ful in growing B. typhosus and B. coll upon a dilute solu-
tion of slbumine &s the only source of nitrogen. He Dbelieved
they were unable to produce suitable enzymes to transform
that substance into sasimilable substences. Bainbridge
(1911) ,using purified animel proteins as the only source of
nitrogen, found that certain serobic and facultative an--
aerobic bacteris were unable to grow. Sperry and Rettger
(1915) confirmed the previous work and noted in addition
that putrefactive anaerobes were nnable to attack pure
proteins and that bacteria were unable to attack the puri-
fied vegetable protein edestin, but that decomposition was
rapid if peptone or other nitrogenous food was presente.
Rettger, Bermen and Sturges (1916) observed that B. vulgaris,
B. subtlilis, Stephylococcus aureus, B. colil and B. typhosus
were unsble to grow upon coagulated egg e2lbumin 2s the sole
source of nitrogen. They detormined the amount of protein
and peptone used by the above organisms and found that the
non-gelatine liquefying group utilized them very little or
not at 2ll, while the gelatine liquefying group digested
them readilye. Opportunity for autolysis of the bacterisal

cells was given in the case of both of the above groupse
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Sturges and Rettger (1922) Following up this work upon
autolysis, found that dbacteria of the proteolytiec type, such
as B. prodigiosus, Ps. pyocyaneus and B. subtilis; the patho=-
genic cocoi, such as the gonococcus, the méningococcus end
the pneumococcus undergo an actual asutolysls, while the
sutolytic chenges in B. coli wes very slight. Wollmen (1919
observed that when B. co0ll was grown on & horse serum Or an
egg~-white medium no indol was produced but if proteolytic
organisms had previously grown in the medium, the growth of
B. colil was sccompanied by indol production.

be Utilization of hydrolytic products.

A number of investigators have called attention
to the use of acid and alksll hydrolytic products snd the
products of peptic and tryptio digestion of proteins, for
the cultivation of bacteris. Pere (1892) reports the growth
of B. c0ll and B. typhosus upon the products of acid and
alkall hydrolysis, £1so upon the products of digestion by
pepsin and trysine.

Dalimer and Lancereaux {1913, a &b) reported
excellent results upon & protein-free product of peptic end
tryptic digestion, known commercially as "opsine". It
contained all the emino acids of hydrolysis, phosphorus
from nucleiuns, cystine, and & carbohydrate, glucosamine.
They obtaeined good growth not only with the sesprophytic
bacteria and fungi but also with the pathogens more difficult
to cultivate. Robinson and Rettger (1918) confirmed the
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vesults of Dalimer snd Lancereaux conceyhming opsine and
jn addition prepared protein free zeid hydrolytic products
from eegein, lacto albumin and edestin. The products from
cagsein gave fair bacterisl growth, but the products of
edestin were found unsuitabls. They noticed less growth
in the products decolorized with charcosl. Stickel and
Myers {1918) used peptic and tryptic digestion products of
blood, pig or beef liver and placenta, successfully for
bacterial culture. In some cases they found it necessery
to 2dd phosphates. Xligler (1919) found 2n autolysate of
yeast a suitable medium for bacterisal grovth, toxin pro=-
duction, and observation of indol production, he noted that
the amino acid content was high.
c. Amino Acids and Armmonium Saltse

Yhile many of these produscts furnish nitrogen in
& form which may be utilized by & great number of strains
of bacteria, and have proven very useful for cultivation,
they do not serve the purpose of a medium for reseerch in
bacterial metaboliom so well. It is highly desirable in
stpdying the products formed by bacterial action to have
a necdium of definite chemical composition« This is found
in & number of synthetic media. Uschinsky (1893), Frankel
(1894) and Jordan (1899( used media having as & source of
nitrogen, asparegin slone or with an ammonium salt. These
have been found to support the growth of many seprophytic
and & few pathogenic bacteria. Studles upon the availability
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of nitronon 0f ehordanlly &asfinite eomnomds foy covyisin
opeoion of boaloric hove boon nade by sovorsl ianvestigntorse
Tolls, Dowist =ad Tong {1923) hove roviewed the work on
the nifHrogan raoaliromonts 02 3. fnboroulosis ond in oddlition
Tong [1929) notod that vihille alenine in the wreswmos of
slycerol muppdried grovitlh, whon phonylelaning o sudbatitie
ted for aloning the grovth wos 4inlndcheds He ctiriduted
this 20 tho Inhibilive effoot of the ring caxmpounids

DoIt {1908} ohaerrsd thet agourogin conld ho nood
a3 o sourgo of nitrvogen ond parbon for Be 0ol I phosphaton
wore presont. o resopmands two nosdis for the jsolstisn

0 e o1l Traon walore

I« 3% ogor solation Ho0 oo
Slgaarine 5 priSe
Armonivn phosphoto I gfe
Pistiilod wmtor 500 ao

Il. 85 spne solution 500 eo
fm%%m lactots g fte.
Dok . e
Diatﬂ%a& water 8OO co

Zuns wmd Gyfrzy {(1916) stuliod the offect of
certain onino seida, protoeoses, neptils, porincs and oxtiroe
tive hadios upen grovih 2nfl indnd prodnction of Be c0li snd
Be tyzhnouns. They found thnt while B. o0if wounld prow woll
upen monoe-cnxing 2oids end ponptids, Be tynhoous counld not
utilize thom dut grow well avon ecricin proteins and nitropon
gompounls guch 28 asreonine, ronthine sad teurine. Gliadine

seanod to snoeinlly Lovor provth of Be typhosuse Indol
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production with B. coli depended upon presence of trypto-
phane.

Clark and Lubs (1917) recommended & medium contein-
ing aspartic acid as the only source of nitrogen for use
in differentiation within the colon-aserogenes group. This
has since been adopted as a stendard medium in the Bacter-
fological Analysis of Water (1925).

Gordon (1917) used & basic medium composed of
woshed and dried sger 3%, KgHPO, 0.1% MgSOg 0.2%, COClz
0,01%, NeGl 0.5% to which he added various nitrogenous
substances. He attempted to cultivate & number of patho-
gonic bscteria and found that when glucose was present as
& source of carbon, B. coli, B. parstyphosus, B. pyocyaneus,
end B. proteus could satisfy their nitrogen requirements
with ammonium salts, amides and esmino acids. The cholere
vibrio and B. dysenteris could use asparagic but could
not utilize smmonium salts. B. typhosus, Friedlander's
baeillus, B. diphtheria, the staphylococci and the strep-
tocoeei could not utilize any of these simpler nitrogeneous
compounds.

Ayers end Rupp (1918) by limiting the nitrogen
containing compounds to ammonium phosphate, secured &
gselective medlium for the enumeration of colon organisms

in water and milk. The colon-serogenes group of bacteris.

produced typical colonies while most other bacteria failed
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to develop.

Otsuka {1918) observed that staphylococcus aureus
and B. prodigiosus could decompose glycyl-l-tyrosine and
glycyl-tryptophene while B. coli could note.

Fronces (1923) mede the interesting observation
that B. tularense failed to grow on beef infusion peptone
agar and in medis containing various proteins, peptides,
amino acids and sulphur compounds other thsn oystine, but
grew well on media containing o small amount of added
oystine. Daovig and Terry (1919) found that B. diphtheria
would not grow on a synethetic medium containing amino
acids or extrectives as the only source of nitrogen,but
when a small amount of beef infuslon wes added, growth
and toxin production proceeded 88 usual. Cystine seemed
to heve a stimulating effect upon toxin production.

Of the investigations which have besn of a more
general neture, Lepierre (1903) prepared what he believed
to be pure crystaline glucoproteins, with from 6 to 11
carbon atoms. These were added in amounts of from 1.5%
to 3% to a new constant mineral solution consisting of

Sodium chloride 0.5%
Magnesium sulphote 0.05%
Calcium glycerophosphate 0.2 to 0.3%
Potagsium bicarbonate Ol to 0.2%

He sometimes sdded 2.0 to 5.0% of glucose, saccharose or
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glycerine. He found that of 45 orgsnisms tried (22
pathogens and 23 saprophytic) 14 of the pathogens and 23
of the saprophytes grew on a2ll the gluco-proteins. Seven
pathogens, i.e., streptococeus, B. diphthsria, B. anthrax,
B. petis, B. tetanus and Vidb septique were a2ble to grow
in glucoproteins of G8 and €9 while a strain of humen
tubercnlosis becillus preferred €10 and ¢1l. The menin-
gococcus required preliminary adaptation.

Galimerd aend Lacomme {1908),using Leplerre's
bagic medium studied the growth of & number of species of
pathogenie bacteria unsing various nitrogen compounds
consisting of seven dlfferent amino scids, urea, and eleven
nixtures of amino acids. He found that B« pyocyaneus
could utilize glycine, leucine, tyrosine, aspartic acid,
lysine, arginine, urea. B. coli utilized glycine, leucine,
tryorine and arginine. B. dysenterie utilized arginine
only; B. paratyphosus, tyresine and erginine; B. typhosus,
none; Be. diphtheria, nonec. Ilone of the species were
able to utilize phenylalanine. Of the mixtures no one
medium supported grovth of £ll organisms used. Ba c0lil
grew on all but one, B. typhosus grew on none and B. diph=
theria on none. Doryland (1916) reported growth by cere
tain strains of bscteria upon & synthetic medium contzin=-

ing various nitrogen and carbon compounds and using silieate
jelly as a coagulent. Hulton-Frankel, et &l., (1919 a,b,c)
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studied growth (&), sugar fermentation (b), virulence end
antibody production (e}, of bacterie upon & synthetic
medium containing emmonium salts as the only source of
nitrogen.

Koser end Rettger (1919),nsing & modified Uschinsky's
basic medium studied the utilizetion of representative mono-
amino, diamino, sromatic and heterocyclia amino acids;
armonium phosphute, urea, taurine, creatin, hypoxunthin,
uric acid, =sllantoin and various mixtures of the ebove,
by & number of bacteria representing 9 different groups.
Their results essentially confirm those of Galimsrd snd
Lacomms. They elso note that with the exception of the
vib. cholerae, the organisms which utilize an amino scid
can use dismmonium ecid phosphate e&s re=2dily. B. anthracis,
B. dysenterise, members of the dlphtheria group and all but
one of the cocci fuiled togrow in any of the media, while
B. typhosus developed in tryptophane and seversl asmino
gcid mixtures.

Dienl (1919) observed that ferments obteined from
bacterial growth on mediums containing amino acids as the
only source of nitrogen show considerable specificity.

Those obtained from growth on asparagin, digest both gelatin
and cesein. Those from tyrosine do not digest gelatine.

Wyon and McLeod (1923) report an inhibition of
growth of verious bacteriae by amino acids when added in
relatively small amounts to peptone media. They found some

variation in resistance of the orgenisms. Staphylococecus
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aureus, subtilis, B. dysenteriece, Flexmer, B. diphtheriee,
the pneumococcus and hemolytic streptococel being the most
eagily inhibited, while Be. typhosus, B. paratypvhosus A
and B wore not effected by the concentrations used. OF
the amino acids tried, histidine and tyrosine were inhi-
bitive in the lowest concentration.

Gordon (1924) found that eystine inhibited the
growth of delicately growing bacteria. While bacteria
which split cystine with liberation of hydrogen sulphide
could withstand a considerable concentration.

D. Growth Accessory Substancess

The isolation and cultivatlon of the more delicately
growing pathogenic bacteria hag slways been a problem of
considerable importance.

It is usu2lly accomplished by adding blood, serum
or some other body fluid to ordinary culture medis. The
substences necessary for usch stimuleotion is considered
to be nitrogenous in nature, snd is known by such terms
23 "growth asccessory factors”, "vitamines" and "hormones”.
Lloyd (1916) working with the meningococcus noted that
these substences may be supplied by body fluids snd pose
sibly by eggs, starch and vegetable digests, that they
are removed by filtering, but not destroyed by heat of
sterilization. Huntoon (1918) =nd Bailey 11925) confirme
edlloyd's results and described preparation of "Harmone"

medisa. Ayers and Rupp (1920) used extracts of dry yeast.
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Putmen e2nd Gay (1920) end Williems snd Povitsky (1921)
were oble to cultivate Pfeiffer's bacillus without the
preseuce of hemoglobin by growing in mixed culture with
verious organsism. Ayers end Mudge (1922) found growth
promoting substances in autolysed yeast extract, cabbage
extract and in animal, vegatable and mineral oils. They
could not successfully identify them with the source of
eny of the known vitamines. IMueller (1922 a) found that
boiling beef heert infusion with 24 wood chercosl removed
some substance necessary for the growth of streptococcus
and thet this could be replaced by smsll quantities of
peptone or scid hydrobyrate of casein or edestin.

Whitehead (1924) gave covidence to show that smino
acids were not responsible for stimulation of growth.

Robertson (1924) showed that B« coli growing in
& medium deveid of zecessory factors produced substances
necessary to the growth offeast.

B. ARBON REQUIREXNENTS.

The carbon requirements of bacteria are more
easily supplied although considerable veristion is found
among the different speciecs. The 2hility to utilize the
carbon of various organic substences 1s believed to be one
of the more stable characteristics of bacterie and hes
been used as a basis for classification.

Jensen (1909) in his classification recognized s



group of bacteria which were gble to utilize atmospherie
CO2. The studies of Kligler (1914), Browne (1914),
Winslow, Kligler and Rothberg (1919) and the classifica=
tion of Holman {1916), Cestelloni and Chembers (1920) and
Bergey's (1923) are based more or less upon the fermenta-
tion of carbohydrates and the higher alcohols. ILaybourn
(1920) studied the fermentation of various poly-saccharides
by B. aerogenes. The 8bility of certain bacteris to
utilize salts of the organic scids has been studied by
Sulliven (1905-~06), Brown, Duncen and Henry (1924) and
Roger (1923 & '24).

lcBeth and Scales (1913) described a number of
bacteria and fungi that decompose cellulose.

That bacteria cen obtain the corbon for their energy
and structural needs from protein sources has been shown
by Smith (1897), Dolt (1908), Kendall (1913) and others.

C. Inorganic Salt Requirements.

There 1s lack of agreement as to the inorganic
salts necessery for bactoerial development. Phosphorus
in some form is conceeded to be necessary for the developw
ment of bacteria due to its inclusion in the structure of
the nucleus of the cells. ILBwenstein {1913) and Kendall,
Day and Walker (1914) were able to grow B. tuberculosis
with phosphorus as the only inorgenic constituent.
Lockemarm (1919) on the other hend found potassium and

maegnesium to be needed in addition to phosphorus. A number
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of the synthetic mediums referred to above contain only
a few inorgenic radicles. Jordan (1899) studied the
effect of inorgsnic salts on pigment production by bacteria.
sulliven {1905-1906) used & number of synthetic medie
in his study of growth and pigmentetion. He nsed aspa-
ragin es 2 source of nitrogen and was able to control
pigmentetion by vaerying the quelitstive inorgenic salt
agontent of the media. He considered phosphates and sul=-
phetes necessary for pigment produwction. Pitz (19%6)
renorts that elemental sulphur had a hermful effect upon
the growth of soil hseteris and that CaS0, increaged
grovwth of nitrogen fixing bacteria but had no effect upon
the general soil flors. Holm and Shermen (1921) explain
the inhibiting and stimuleting effect of different salts
on growth of bacteris by compasring it to the zction on
colloidal reactions such as coagul:stion, permeebility,
diffusion. They found that the cations Na, K, NHy, stim-
wlated growth while Ca, Mg and Fe inhibited growth. OF
the anions, the chloride, iodide, HOs, S0, and POy stim-
ulated; while the oxylote, scetate, citrate and fluoride
inhibited.

Another method of approach to the problem is by
& chemical anslysis of the bacteriesl protein. The out=-
standing fect learned from such snalyses is the marked
variation of the percentage composition of the ash when

the orgenism is growvn upon a medium of verying inorgenic
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galt content. Wells, et 8l., (1923) has summerized the
enelyses of B. tuberculosis mede by & number of investi-
getors. The elements ususlly found present were phos-
phorus, g, Ca, K, Na and sometimes SO4. Dawson (1919)
made snalyses of the ash of B. ¢oli grown unpon 8 different
media which varied in their chemical composition. He
found merked variation in the precentage composition not
only of the inorganic salts but of the nifrogenous com-
position, fats and carbohydrate radicles as well. Vaughn
(1913) summarized the work dons by Lesch (1906), Wheeler
and others in his lsbhoratory upon the chemicel analyses
of the bacterisl substence. Na, X, Ca, Cu, Al, P04 were
identified from the ash of the colon bacillus. A number
of mono=-amino and diamino acids were determined from the
bacteriel proteins They believed that the Cu and Al
vere from extraneous sources.

Dovms (1924) has compiled & comprehensive biblio-
graphy on the effect of hydrogen ion concentration on
biological resctions.

2. Bacterial Metabolism

Scientists have been aware of the reactions and
products of cultures of bocteria and sllied forms since
the work of Pasteur. Some work was done by the sarly
bacteriologists on the identity of the end products of
bactoria grown unpon proteins and upon cerbohydrate media.

Host of the work which we now classify under the term
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becterial metebolism ewaited the perfsction of chemical
methods of enalysis and their modification to bacteriologi-
cal use, and is the result of mors recent years. This
work has taken two genersl directions: (1) & study of the
various steps in the breakdown of protein and carbohydrate
molecules by qualitative identification of the intermediate
and end products; (2) & careful gquentitative study of the
end products and such of the intermediate products as are
necessary for determining the manner of the decomposition.
The accumulation of such knowledge has been of
great value to: (1) the public health worker in regard to
food spoilage, purification of sireams and surface waters
of sewage pollution and industriasl wastes, and the proper
disposal of humen exorete and other waste products; (2) the
physician and medical sclentific workers, in regard to the
production of bacteriel toxins, the rslation of baateria
to disease, intestinal putrefaction and the identification
of pathogonic bacteria; (3) agriculture, in this regard the
study of the nitrogen end carbohydrate metabolism has been
the means of esteblishing upon a firm scientific founde-
tion the theory of rotation of crops, nitrifaction of the
80il, nitrogen fixation by leguminous plents, and has es-
tablished the great importance of bacteria in the nitrogen
and carbon cycles of nature; (4) the menufacturer and

industrial chemist, in the production of fermented foods
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end vinogar, the scientific control of texture flavors and
aromas in butter, cheese, and in the production of other
dairy products, the manufacture of white lezd, cnd the pro=-
duction of various alcohols, scetone and other chemical
products.
A, HITROGEN MLTABOLISM.
A. Qualitetive study of the intermediate and end products.

Indol was one of the first emd product of basterial
decomposition of proteins to be determined and has long
been used &s an index of proteolysis snd &s an 2id in lden-
tification of bacteria. Remy (1900) studied indol pro=
duction of B. coli and B. typhosus in protein media. Taylor
(1902) observed thet B. coli produced proteocses and peptones
and a small emount of amino acids from casein. Rettger
(1903) cultured B. coll end B. serogenss in &n egg-meat
medium and ideantified the following products of decompo=~
sition: indol, oxyacids, sketol, carbonic acid, leucin,
tyrosin, tryptophane, hydrogen sulphide, mercsaptan, albu-
minoses and peptones. He noticed some guelitative dif-
ferences in the production of these substinces by the two
organisms. He later (1906) continued this study using &
number of =2erobic and anaerobic orgenisms and found & con-
siderable variation in the end products produced by the
various bacteria. Berthetot (1917) isolated an orgsnism
from the intestines which produced large quantities of
pehnol from tyrosine. He called the organism.B. phenol-
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ogenes. Herter and TenBroeck (1911) grew B. Protens

vulgaris upon & meat extract peptone medium and were able
to identify indol, acetic scid, aromatic oxy acids, hydro-
gen sulphide and volatile alkeli products but were unable
to demonstrate phenol, skatol, mercapton, putrescine and
cadaverine. Sagaki (1912 8,b,&c) showed that the dipeptides
glycyl-glycine and glycyl-l-tyrosine were split by B. c-oli(e").
by non-liquefying‘b), and certain liquefying baoteria‘a).
In & later paper {1914) he demonstrated P-oxyphenylethy-
lamin &8s & decomposition product of B. coli grown in &
synthetic medium containing tyrosine.

Hall (1921) reported &n orgasnism which he called

B, tyrosinogenes, which produced tyrosine.

b. Quantative Study of Intermediate
End Progggfs.

The quantitative study of products of bacterisl
metabolism is of rather recent development, due to the lack
of suitable quantetive methods of analysis. Kendsll (1913)
in his early papers, and later Kondall snd Welker (1915)
used ammonila nitrogen as an index of proteolysis and
nitrogen utilization by bacteria. In more recent studies,
Kendall (1922) has also used other nitrogen fractions of
the media. Waksman (1918) studied & number of soil fungi
and bacteria. He questions the use of emmonia production

as an index of proteolysis. Benton (1919) cultivated
several species of bacteria in plain broth, scitic flunid
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and plain broth to which was added various amino acids, and
compared the utilization of amino nitrogen to the coaguable
protein end growth rate of organisms. Sears (1916) studied
the amino acid, ammonia, creatin and creatinine in a large
number of cultures in peptone and gelatine media. Wolfe
(1919) measured the proteolytic action of the anaerobic
bacteria, B. welchil and B. sporogenes in & cooked meat
madium by means of ammonis end amino ascid nitrogen determin-
ations. ILampitt (1919) studied the nitrogen utilized

and excreted by & yeast S. cerevisise. DeBord (1923) de-
termined amino nitrogen, hydrogen ion concentration, totel
count and suger utilization in & peptone phosphate medium,
He noted in the pyocyaneus culture a coincident deorezse

in sugar, increasing smmonia with the hydrogen ion con=-
centration remaining sbout the ssme. He concluded from
this that sugar utilization cannot be determined by measur~
ing the acidity produced. This observation has been
confirmed by Sherwood (1926). DeBord believes that amino
ecid nitrogen content is & more logleal index of proteolysis
than ammonia nitrogen, Raistrick (]1919) and Reistrick

and Clark (1921) have studied the utilization of the nitro-~
gen in histidine (1919), tryptophane and tyrosine (1921).

They found that of the organisms studied, B. paratyphosus

4, B. paratyphosus B, B. fecalis e2lhaligcues, Be. pyocyaneus
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snd B. vulgeris, a8ll could utilize the nitrogen of the
iminazole ring except B. vulgaris. This organism wasg
also unable to break dovm the indole ring, while B. pro-
digiosus, B. fluoresceus, and B. pyocyaneus could. MNorris
and Ecker (1924) reported an organism isolated from
chicken excreta that was able to break down large amounts
of uric acid. This wes glos accomplished by a few molds.
Most bacteria failed to grow in the medium ussd.

Patty (1921) studied quantitetively the production
of hydrocyanic acid by several strains of B. pyocyaneus.

¢, Effect of Utiligable Carbohydrates
Hitrogegpl?lgtabolism
The presence of utilizable carbohydrates in a
culture medium has & very profound effect mnpon the nitrogen
metabolism of bacteria. Observations to this effect have
been made by meny investigators. Peckham {1897) while
studying the effect of envoirment upon members of the
colon group of bacteria made the following statement. "When
the members of the colon group are cultivated under cir=

cumstances favorzble to the development of both the function

of fermentation and that of proteolysis, fermentetion imvari-
ably takes precedence, snd no evidence of proteolysis is
menifested until after fermentation has ceased". Xendall
and Fermer (1921) showed that ammonis production by

bacteria was much greater in sugsr free broth than in one
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containing e utilizabvle carbohydrate. This was interpret-
ed to indicate & "protein sparing sction™ of the carbohy-
drate. This hes been the theme of the many studies on
bacteriel metabolism by Kendall and hls associates., Wakaman
(1917) confirmed Kendall's cobservation while studying the
influence of avzilable carbohydrate upon ammonia accumu~
letion in the soil.

Jones (1916) noted thet gelatine containing 0.5%
sugar wag not liquefied by B. proteus vulgaris. Ina
later communication {1920) he concludes that B. proteus
shows no evidence of amino acid utilizetion, when carbo-
hydrate is present, though kept at neutrality. Xligler
(1916] while studying the effect of phosphates on carbohy=-
drate utilization noted reduced ammonia production in the
presence of utilizable carbohydrete.

Theobeld Smith (1899) reported that when a fermen-
table suger was present in apprecisble amounts, toxin pro-
duction by Be. diphtheris was diminished. Dozier, Wagner

end Ueyer (1924) pointed out that this was not true of
toxin production by B. botulinus. Toxin was produced

earlier and in as great quantity in media containing dex=-
trose as in sugar froe media. They believe that this
differonce may be due to the fact that while the toxin
of B. diphtheria is exoculluler, the toxin of B. botulinus
ig releaser only after death of the ¢ell. Simonds (1915)
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found that B. typhosus grown in dextrose medis was more
easily agglutinated, more easily engulfed by leucocytes
and there was some evidence to show that the potency of
the endotoxin was decrensed. Ruediger (1906) and later
Stevens and Xoger (1919) determined that fermentable car=
bohydretes inhibited hemolysim production by streptococcl.

The influvence of utilizable carbohydrate upon
indol production was observed quite early and has been the
subject of considerable research.

Pere (1892) noted that B. coli did not produce
indol when sugar was present. He says, "La presence dn
sucre garantit la peptone contre la putrefsction: cette
preservation se maintient autant que dure la fermentation
du sucre".

Homer (1916) believes that the lack of indol pro=-
duction in presence of cdarbohydrate is caused by the pro-
duction of condensation producets of tryptophane and aldehyde
or keto groups which are too stable for bacteria to break
down. Togie (1919) gave results to support his conten=-
tion that in the presence of sugaer, indol was used by the
bacteria to synthesize tryptophsne. Wyeth (1919) studied
the effeots of free scids, alkslies and of sugers upon
indol production. He concluded that the sugar inactivated
the proteolytic enzymes. Bondo (1922) determined that
the acids due to the fermentation of sugers, is not the
cause of the failure of indol production. He also has
showvn that sungars do not inasctivate the enzymes necessary
for indol production.
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B« Carbohydrate Hetabolism
Products of Fermentation.

Some of the products of carbohydrate decomposi-~
tion was recognized very early in the history of fermen-
tation. Ixsct enalysis of these products from pure cultures
of orgenisms were of later date, however.

Harden and Welpole (1906) determined the percent-
ege production of carbon compounds from gluecose by B.
serogenes and B, coli. The compounds were slcohol, acetic
acid, lactiec scid, succinic acid, formic =cid, carbon dioxide,
In the culture of B, aerogenes they also found 2:8 dutyle-
neglycol CHz.CH({$H).CH(GH).CHz and its derivitive acetyl-
methyloarbinol CHzCO.CH(OH).CHz. Harden (1906) reported
this substance responsible for the production of the Voges
and Proskauer resction.

The titratable scildity of cultures of bacteria in
carbohydrate media has been determined by & number of in-
vestigators, for the purpose of slassification. Broadhurst
(1912) 2nd Winslow (1912) studied the streptococci, Browne
(1214) and Fitzgerald (1914) detormined the acid production
of various members of the colon aerogenss group.

The more socuraste determinations of the actual
acidity by hydrogen ion determination has bcen made of the
colon aerogenes group vy Clark end Lubs (1916) and Clsrk
(1915) who establishod the fact that B. coli, when cultured

in dextrose broth, reaches & finsl hydrogen ion concentra-



tion of 4.37 to 4.55. This relatively high concentration
is maintained for some time. B« 8erogenes, on the other
hand, does not produce this degree of acidity and within a
few days reverts toward sn elkaline reaction. Thus Be
coli when grown in a dextrose medium will reect acid to
methyl red indicecator while aerogenes will react alkaline.
Ayers and Rupp (1918) showed that this reversion may be
partially due to the breaking down of organic scid salts,
with the formation of carbonates and bicarbonates.

It is of interest to note that unliks the products
of protein decomposition, which vary qualitetively with
the protein acted upon, the products of carbohydrete fer-
mentation are similar irrespective of the carbohydrate de=
compsed. However, Browne (1916) hes shown that the quan-
titative yledd of acid in cultures of B. coll varics ine-
versely with the complexity of the carbohydrate.

The possibility of insulin effecting carbohydrate
utilization by bacteria was suggested by Noyes and Estill
(1.924) who .found an increased acid production by B. bulgar-
ieus and B. acidophilus when grown in a glucose~skim milk
solution to which insulin was added. McGuire snd Falk (1924),
Kendall (1925 a&b), end Kendall and Mitzutern (1925) were

unable to confirm this ooservation

C. Gasoeous Metabolism

The gaseous products of carbohydrate and protein
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metebolism merit conslideration.

These gases must not be confused with the gases
produced by respiration. This consists in an exchange of
gases between the protoplasm of the cell and the medium
surrounding it. This characteristic is common to all
living cells. These respiratory goses produced by bacteria
are so smell in aemount that they escape notice unless
special mesns are taken for their detection. A series of
stundies has been recently begun by Novy, et. a2l.(1925) who
have besen able, by means of a mercury menometer to follow
bacterial respiration, and by suitsble methods of gas
enalysis, to determine the respiratory cuotient of the
culture in the differcnt phases of 1ts development.

A knowledge of the gases vroduced by bacteris =ids
in determining the methods by which bzcoteria breaR down
different nitrogen and carbon compounds. The gases pro-
duced from carbohydrates have long been used as a means
of classificetion. That gas from protein substances may
also be used for classificction is suggested by certain
results shovm in this paper.

A review of the literature bearing on gaseous
metabolism is reserved for later sections where the pro-

duction of gas from peptone is considered.
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The present investigastion grew out of an early

observation that certein members of the colon serogenes

group produced 8 visible amount of gas from & peptone gele-

tine medium to which no carbohydrate had been added. With

the ¥iew of explaining this recction and of determining

1ts possible significance in classification, the work here-

in reported was undertsken. This has been considered in

the following waye.

Part I. Cultural Studies.
In this section thepe has been given the methods &snd
rosults of the isolation and cultural reactions of the
orgenisms unsed. OCorreletions between gas production
in Difco peptone gelatine with other cultural reactions
and with the source of the orgenisms have been observed..
Part II. Metebolic Studies.
There has been included in this section:

(1) A study of the gas production from peptones,
showing the conditions under which the gas is produced,
together with quantiietive analyses of the ges produced
under these conditions..

(2) A study of HoS production from peptones and
and from cystine, showing the influence of the presence

of other amino acids upon HpS production from cystine.
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CULTURAL STUDIES

Isolation of Cultures

The cultural studies were made upon 216 strains
of the colon-serogenes group isolated from the sources as
indicated by Table I.

The different types of specisl media which are
used for the isolotion of members of this group sre pre-
pared with lactose ager, making use of the fact that these
organisms ferment this sugar. They vary in respect to
whether they contain the following:

(1) An indicator for acid or aldehyde production, such
as Endo's agar, Eosin-methylene blue agar, litmus lactose
agar, eto.

(2) An inhibiting agent, such as, brilliant green egar,
gentian violet ager, eto.

(3) A combination of 1 and 2 such as Conradl Drigelski's
agar.

References' to these medias have boen made in the description

of the isolation of culturese.
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TABLE I.

SHOWING SOURCE OF STRAINS STUDIED

Source ~Number Prel iminary Yedia Used
of Straing Enrichment for isola-
' tion
Surface
Water A & B 37 lactose broth | Endo's fuchsin
ager
Groma
Neat 24 lactose broth | Eosin-methylene]
blue
Oysters 21 lactose broth w " "
¥1lk & Cream 14 lactose broth " " "
Flour Sax 6 lactose broth n " "
Soil(stored) 6 lactose broth " " "
Feces A & B 46 plated direct " " "
Feces C 63 dextrose broth
with brilliant " " n
reen '
Total 217
0
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HMothods of Isolation.

The 36 surfasce water strains were obtained by
picking colonies from Endo's sgar plates prepsred accord-
ing to the Stendsrd Method of Water Analysis (1923) and
plented as routine confirmetion tests in the Kansas State
Water and Sewage Laboratory. Plates were selected which
showved well isolated characteristic colonies. These
wore planted on agar slants and subsequently purified by
repeated planting upon Eosin-methylene blue plates. The
Eosin-methylene blue plates in this and all subsequent
isolations woere prepared sfter the method of Holt-Herris
and Teague (1916) which was slightly modified, and was
prepared as follows: To 100 sc of plain meat extract, pep-
tono agra, adijusted to Pp 7.2, was added 6 ce of sterile
20% lactose, 1 1/3 ce 3% Hosin solution and 2 oo 0.6%
methylene blue, plates poured and let dry in incubetor
over night. Typical B. coli colonies appear on such plates
as medium sized colonies, purple to black in color, quite
flat on top and having usually & greenish bronze sheen
vhen viewed by reflected light. B. 2erogenes colonies
are larger,(tend to become confluent after 24 hours). They
are raised and convex. They have & brownish center with
& lighter periphery end are very moist in appearence.

The streins from ground meat, oystérs, milk and
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cream, flour sacks and soil were all isolzted by plenting
appropriate dilutions of the material in lactose fermen=-
tetion tubes and plating out on Eosin-methylene blue plates
from the highest dilution showing gas in 48 hours.

The 46 feces strains marked "Fgces A and B" were
plated out directly upon Eosin-methylene blue plates with-
out preliminary enrichment. A small emount of the sample
being first emulsified ir salt solution. VWhere more
than one type of colony was present on the plate they were
picked.

The 63 "Feces C" stirains were obtained after pro=-
liminary enrichment in dextrose~brilliant green brothe.

This was prepered by adding a measured amount of & sterile
0.1% brilliant green solution to-10 ce of sterile 0.5%
dextrose brothe.

Since the work of Churchmen (1912), & number of
different media have been developed for use in isolation
of the colon~typhoid group all based upon the selective
bactericidal action of the triphenylmethane dyes. Robinson
and Rettger (1916), Krumwiede, et. @l. (1916), Hall and
Ellefsen (1919), Skimmer and Murray (1924) have recommended
medie of this type. Winslow and Dolloff (1922),among
others, noted that B. aerogeries was more resistant to
brillient green than B. coli. He used a lactose broth
medium. ILevine and Linton (1924) used brilliant green
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in lactose broth for isolating Be. cerogenes from feces.

It wes found necessary to titrate each new lot of
brilliant grcen before use. This was done by adding to
a geries of tubes containing 10 cc of 0.5% dextrose broth
a verying smount of the brilliemnt green solutionm, (1 drop
in the first tube, 2 drops in the second, otc.) then add
a uniform amount of feces to each tube, and finally inocu-
late each tube with O.1 cc of a broth culture of B. coli
and O.1 oc of broth culture of B. 2erogenes. Incubete at
370C for 24 hours asnd plate out upon Eosin-methylene blue
ager plates. The emount of brilliant green necessary to
cause inhibition depends upon the amount of feces added,
as this neutralizes the action of the dye.

When used for isolation, the same amount of feces

sample must be used as was used in the titr=tion. Almost

complete decolorization of the dys was sometimes notieced,

even in cases where B. coli was apparently inhibited.
All strains wiere plated out from time to time

during the progress of the work to insure the purity of
the culture.

Cultural Charscteristics and Classification.

There has been much interest in the classification
of the colon-serogenes group of bacterias, especially by
American bacteriologists, becsuse of their use in this

country as an index of fecal pollution. The gecurate
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identification of these organisms isolated from water
and foods is a necessity. As defined by the Committee
on Standard lMethods of Vater Analysis (1925) this group
includes "all-non-spore forming bacilli which ferment
lactose with gas formation and grow aerobically on stan-
dard solid mediz.”™

The earlier classifications of this group such
as those of HMcConkey (1905), Bergey, Dechan and Jackson
(1911), Kligler (1914), VWinslow et. al. (1919), Castell=~
anil and Chambers 11920) were all based upon the fermen-
tation reactions in a large number of carbohydrates and
alcohols. By this method the group has been divided into
& lerge mumber of strains. Attempts at classification
by immunologicel methods by Dunhem (1900}, Mackie (¥13),
Coulter (1917) and others have resulted in failures,
most strains showing & great specificity for their homos
logous anti-serum. Dudgeon, et el (1921) (1922) have
raported thet B.: coli isolated from infections of the

urinary tract cause hemolysis of red blood cells, and
that B« coll from this aeource form & rather homogoneous

group in this respeocts
Recent studies upon the correlation of certain
cheracteristics of these organisms with sourde have given

us & logical, workable, division of the group

Clark and Lubs (1915) showed that B. coli, when
growing in dextrose broth, properly buiBbred, would reach
a Py, of about 4.5 and would then remain quite constant,
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while B. gserogenes did not reach such & high hydrogen
jon concentration and quickly reverted toffard an alkaline

reaction. These orgenisms ocan then be differentiated
in dextrose broth by the use of &n indicator such ag
methyl red whose range is I?h 4.4-6,0.

Voges and Prosksuer (1398) noted an eosin
pink like color develop when XKOH was added to 2 peptone
dextrose culture of certain organisms. The substance
regponsible for the color was determined to b3 acetyl-
methyleerbinol by Harden (1906). The test has since
beon used by many investigators and it is found to be
cheracteristic of B. serogenes, while B. coli fails to
produce this substance.

Eoser (1918) noted thet B. merogence wes sble
to utilize uric acid as & source of nitrogen while B.
coli could not, snd in 1923 reported that B. aerogenes
was able to use citrates as a sowrce of carbon while
B. coli could not.

Attempts to correlate two oxr more of these
tests with the sourse of the organism hes been made by
Levine (1916), Johnson (1916), Hulton (1916}, Greenfield
(1916), Burton and Rettger (1917), Winslow and Cohen
(1918), Chen and Rettger (1920) and Koser (1924). The

result of these studies has been to establish the fact
that; 1, Be. coli end B. aerogenes are well defined
types; 2, that the B. coll type predominates in the



foces of men and animols, while the Be serogenos type
is found in greater numbera in the soil; sud I, that
these two tyres mey be succemafully differentiated by
the cbove testss This is summarized by the following
tabvlee

T4BLE 1s
Lgsentiel differcnces betweom Be 0011 and B. fcrogenos.

TTo5eo & i6LHyL orowtn inl TGTOWLD D' oredomise
Organism'Proskeuer' Rod 'Uric acid ' Citrate ‘uates in

‘ponetion T RTeot ' Hediwm ' iedfum
h 4 R 2 k hJ b 2
Be 001% °* - M ’ - ' Peces
L 4 ¥ 2 [ 4 3
Te tOTO~" £ To. £ ' £ ¥ sSoil
cenes’ v $ ¥ _* .

The interprotatlon of the pregence of these
organisma in water, foods, etos is compliceted, howWever,
by the finding of vertoin infermediete streing, that
poertake of some of the cheracteristics of cech of the
abova iype species. Alno & small pernentage of aerow
gones=~l11iize organiong have beeon found in tho foves. Any
evidence which wonld help to establish the origin of
thess intermediste streins would be of vslue to Sanitary
Basteriology.

HETHODS «

The cultuwral charncteristics which have been
found pertinont to the classifisation of this group,
voro used. Theoy are og follows: ~formentation of the

carbohydrataes; dextrose, luotose and seecharose and of
tho aloohols, duloitol end sdonitol; tho production of
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indol; liquefaction of gelatine; wethyl red test; the
Voges Proskeuer reaction; hydrogen sulphide production;
and the utilization of uric ecid and sodlum citrate.
To tais list has been added the production of gas from
Difco peptons gelatine.

The description of the culture media used and
of tests applied in the study of the characteristics
of these organisms is as follows.

Termentation Reactionse

All fermentation reactions were made in invert-
ed vial fermentation tubes, filled with meat extract-
peptone broth to which 1% of the desired carbohydrate
was added. This was adjusied fto P, 7.4 and heated in the
sutoclave for 20 minutds at 10 1lbs. pressure. Innocula-
tions woere made from 24 hours agar slant cultuwres, incu-
bated at 37°C for 48 hours. Acid production wes deter-
mined by the use of phenol red a&s indicator. G(ag produc-
tion was noted and in cases where the reaction ss acid
with no gas or less then 10% of gas present the test
was repeated. In the case of the repeated tests the
incubation period was increased to 14 days in order to
eliminate the possibility of a delayed fermention.

In this way the fermentation of dextrose,

lactose, saocharoge, dulcitol and adonitol was studied.

Indol Reaction.
Indol tests were applied after four days
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incubation at 37°C in a peptone water mediuwm. The
Salkowsky and the Ehrlich taests were used. The S5l-
kowsky test was applied as follows: To 5 c.ce of the
culture was added «5 ce.c. concentrated sulphuric acid,
this was mixed end 2 G.C. of 8 0.1% solution of sodium
nitrite was carefully run down the side of the tube to
stratify the two solutions. Indol is indicated by & red
color forming at the joncture of the two solutions. The
Ehrlich test for indol was made by stratifying 1 c.cs

of the reagent (6% alcohol 380 c.c., HOL conc. Co P,

80 c.c., and peradimethylamidobenzaldehyde 4 grems)

ehove 4 to 5 c.Ces 0f the culture. A positive reaction is
indicated by & red color appearing et the Junction of the
two liquidse.

Liquefaction of gelatine and gas production
in 2% Difeo Peptone Gelatine.

The 2% peptone gelatine medium was prepared by
dissolving 5% meat extract, 27 Difoo peptone, .5% NaCl,
and 10-12% gelatine, in distilled water, AdJust to Pp
7.2, tube and stetilize in autoclave for 20 minutes et
10 1bs. pressure, c¢ool rppidly and store in ice-box.
Immoculation was made with a straight needle, and from
& 24 hour agar slant culture. Gas production was re-
corded after 48 hours incubetion at 20°C,

The gas appeared s bubbles along the line
of innoculation, and st timew out near the edge of the

tube. The bubbles vary somewhat in size and vary in
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nunber from 1 to 8 or more.

Gelatine liauefaction was determined after

14 days incubation at 20°C.

lethyl red and Voges and Proskauer Testa.

The medis used for the methyl red and Voges
and Prosxauer tests is that recommended by the Standard
lMothods of Vater Anslysis (1923). Proteose peptone Dlifco
was used and the method of preparation was carefully
followed. The suggestion of Chen and Retiger that the
media be sutoclaved, with the tubes contained in beskers
or tins instead of the usual wire baskets, was tried
with excellent success. The media always came out cry-
gtal clear, however, it was necegsary to sterilize at
20 1lbs. added pressure snd for 15 to 20 minutes to in=-
sure sterility. Incubation was carried out at 37%
and the tosats made after 48 hours. The culture was di-
vided by pouring half into another tube. Five drops of
methyl red indicetor was added to the medis in the ori-
ginal tube and the resction recorded. To the culture
in the othor tube was added an equal amount &£ 10% KOH.
This was mized thoroughly by shaking, and allowed to
gtend at room temperature. Readings were made after
4-5 hours and after standing over night. A positive

Voges snd Proskauor test is indicated by the formation
of a flvorescent-eosin-like color which forms &t the

surfece. The negative tubes remain colorless or dightly
yellow.
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Hydrogen Sulphide Production.

The quelitative test for HsS production was
made upon the grester vart of ths strains by the use

of & 3% Difoo peptone agar with ferrous sulphete added
as on indicator. 4 solid medium for use in the detec~

tion of HpS l& usually prepared, with led sceiate as an
indicator, Jorden and Victorson (1917).

There are & number of objections to using
lead acotate, (1) when the solution is added to a medium
conteining e small emount of COp, the medium becomes
doudy, due to the precipitation of lead carbonate. This
compound also forms upon exposure of the solution to the
air. (2) Upon standing or upon prolonged incubation,
the medium containing lead acetate becomes brownish in
color due probably to the formation of lead oxides. This

color may be confused with the brown to black color pro-
duced by the HsS. In order that these objections might

be overcome, the following medie was devised.

Ferrous Bulphate Agar .

It wos found that ferrous smlphate could be
substituted for the lead ecetate, and that it did not
have the objectionable festures of that salt. Results
showing a comparison of the two salts as indicators are

shown in teble 9.
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The agar was prepared a2s for plain agar except
3% Difco peptone was used instead of the usual 1%. The
apgar wag adjusted to Py 7.2, bottled in 100 ce amounts and
sterilized in the autoclave. After sterilization there
wasg added to each 100 oc of agsr, 1 co of a 2% solution
of ferrous sulphate in distilled water. The ferrous
sulphate gelution may be sterilized in the auntoclave and
should then be kept tightly stoppered. The media was
poured into gterile tubes sbout 6-7 co per tube, end allow-
ed to solidify. Stab innoculations were made with a8
straight needle and from 24 hour agar slant cultures.
Incubetion was carried on at 37°C for 48 hours. A positive
reaction is indicated by an intense black color beginning
at the line of innoculation and diffusing toward the sides
of the tube.

Uric Acid Utillizotion.
The medium for testing uric acid utilization
wes made 2ccording to Koser (1918) with the following

formula.
Distilled emmonia-free watsr 1000 cc

NaCl 5.0 gms.
1’13804 0.2 gfmﬂSo
Csllp Oel gm.
Glycérol 30,1 gmse.
Uric acid 0.5 gme

Some difficulty was had in getting the urie
2cid to dissolve. This difficulty was overcome by dise-
Solving the K HPO,, glycerol snd uric scid in about 800 ce
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of the weter. The NeCl, MgS0, end CaClg were dissolved
in the remasinder e&nd the two solutions mixed. The media
wes £illed into tubes which were chemically clean and had
been thoroughly rinsed with ammonia free water. It was
then sterilized in the sutoclave st 15 pounds added pressure.
Innoculation was made a8 soon after preparztion of the
medie as possible in order to evold the possibility of
ahgorption of ammonia. Very light innoculations were
made with & straight ncedle from & 24 hour agar culture.
Incubation was at 370C and the presence of growth noted
at the end of 4 days. The presence of growth is inter-
preted as indicating utilization of the uric acid.

Citrote Utilization.
The citraste medie was mede zccording to Koser
(1923) (1924) and the Stapderd Methods of Water Analysis
(1925). It hoe the following formmls.

Sodiuwm emmonium phosphote 1.5 gme
Potassium dihydrogen phosphate 1.0 gme
Ilagnesium sulphate = = - =~ 0.2 gm.
Sodium citrate (crystals) 2.6 to 3.0 gms.

Distilled water= = = = -~ ~ 1000, cc.

The solution was fTilled into chemically clesn
tubes and sterilized in the sutoclave. Vory light
innocvlations were made with a straight needle from a2 24
hour agar slant culture. The innoculated tubes were
incubated et 37°C for 4 deys,at the end of this time

readings were made for the presence of growth. As in the
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cagse of the uric a2cid medium the presence of growth is

interpreted as indicatins wtilization of the citraote.
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RESUL TS

The results of the cultural studies are founad
in TARLE 2.

LXGEND: The + sign in the ferrmentations meons
acid and gas production. "A" indicates aeid but rno
gas production. The + sign in liguefaction of and gas
production from 2% peptone gelstine ; mothyl red test;
Voges and Proskauer test; Indol test; hydrogen sul-
phide production, mesns & positive reaction in each
cage; + in uric aclid and citrate media indicetes visi-
ble growth,

The - sign indice tes a negative reaction in

each case,
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RESULTS OF CULTURAL STUDIES
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Discussion.

The separation of the above strains into the type
species; B. coli; B, asrogenes; and B. cloacae on the
Yasis of the methyl red test, the Voges and Prosksuer re-
action and gelatine liquefaction, gives the following
porcentage incidence of these species from the various
gources studied. (See Table 3).

Any comparative study of the percentage incidence
of species of bacteria isolated from various sources is
of limited value, for the reason that the conditions of
collection of materiel and the methods of isolation are
seldom duplicated. Also the personal equation as to
the choice of the colonies to be plcked are all faotors
which enter very largely into the results.

In regerd to the strains tabulated above, the
fecal strains were accumulated by picking representative
colonies on the plate thet had the appesrence of being &
lactose fermenting organism. Sometimes two or three
different colony types would be found. The food and
water strains, however, were collected under more routine
conditions. One typical colony being selected from &
plate in the confirmation of a positive presumptive test.

The percentege of B. coli (MeRe £, VePe =)
found in surface water is 83.8%. This is in the main
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TABLE 3

SHOYING PERCENTAGE INCIDENCE O B, COLI, B. ARROGENES,
and B, CLOACAE, FROX DIFFERENT SOIURCES, UPON THE SIS OF
VETHYL RED AND VOGUS PROSKAUER TASTS AlD GFLATINE LIQUE-

FACTIOR..
Source Numbter B. coli B.eeropgenes|B.closcae
of K, R.+ F.R.= VB +|17:R -V.P 4+
Strains | V,P,.- Gel - Gel +
Gel - percent percent
percent

¥ece s
Series 46 100 0 o}
A& 3
Feces
Series C 63 74.6 22,2 3.2
Surface
Wiater 27 83.8 16.2 0
Series

A& B
Ground

Yeat 24 7.8 25.0 4.2
Oysters 21 33.3 47.6 19.0
¥ilk &

Cream 14 64.3 35.7 0
Flour

Sacks 6 50 50 0
Soil 6 100 0 0
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higher then that reported by other investigators using
direct plating methods.

The results reported have varied from 70% to
80.4% as reported by Greenfield (1916), Koser (1924) and
Winslow and Cohen (1918).

The summsry shown in Table 4 wgs copied from the
published report of the last named authors.

A study of this table shows that B. serogenes-
like organisms have been very seldom found in feoces.

This is especially true when the isolations are made by
direct plating. HNo asrogenes types were found in the
46 feces strains isolated by direct plating. However,
when special means of isolation were employed a relative-
ly large percent of the orgenisms isolated are of the B.
aerogenes type.

When brilliant green broth was used for pre-
liminary enrichment, 22.2% of the orgenisms isolaied were
of the B. aerogenes type, 28 shown by the methyl red and
Voges~-Proskauer testse. These results are shown in Teble
3. These strains were isolated from 11 individuals,
from 3 of which M.R. -, V.P. ¥ organisms were isolated
each time the feces wers examined. Three of the 16
straina were isolated from stools following cathartics.
The remeinder were from normel stools. Tywo other isola-
tions from stools following & eathartiec produced B. coli
only.
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SHOWING COLON-AFROGENES AS RELATED TO SOURCE

TABLE 4

(Copied from table of Winslow & Cohen)

Numter Percentage
Authors Sowrce of Y.P.+ Or
Strains Y. Ry =
Ferriera, Horton
% Paredes 1908 Reces Fuman 117 6.8
TecCorkey 1900 Haman 36 0.
T 1909 i 178 6.2
m 1909 Yorse 67 11.9
" 1909 Uther animels 87 0.
Clemesha 1912 Human 1207 6.1
v 1912 Cow 1029 10,7
“Kogers, Llark & '
Evens 1914 Cow 150 0.7
Rogers, Clark &
‘Lubg 1916 Hyman 113 6.6
"Rogers,Clark &
Lubs (1918) Human 177 26.0
Levine 1916 oeware ——— 23.0
Levine 1916 Fecas 187 0.0
*Chen & Rettger
(1920) Feces 173 0.0
x 7 1920 Soil 467 93.6
racbonkey 1909 Cereals,
water eto. 121 56.82
Eanston,4.C
1911 Raw water 243 12,9
" 10T Stored water 133 5.5
" 1911 Stored &
filtered HeO 156 3.2
Greenfield 1916 Water 4056 %0, 0
| Rogers 1916 Wator 137 33,5
iinslow &
Cohen 1918 Polluted EeO 94 23.0
n " Unpolluted
He0 80 24.0
*Koser (1924) Polluted Hel 170 19.6
* 0 1924 Unpolluted
He0 90 26,7
Roegers,Clark & ‘
Evans (1915) Grsins 166 91.0
Johnson (1916) Soil 363 7Z.0

* Added to list by autbor,




The soil strains shown in Teble 3 merit some
discussion. The strains were isolated from soil obtained
from the Agronomy Department of the Kansas State Agri-
culture College and had been sealed in glasg fruit jJars
for about 8 years. As no water had been added in the
meantime, the soil was very dry. These results ars of
interest gince it is generslly assumed thet the B. coli
type is able to survive in the soil only & relatively
short time, Skinner and Murrey (1926) report 197 days
and Young and Greenfield (1923) almost 3 years as the
period of storage which they will survive.

The present series is too small to sllow any
general conclusions to be drawn, but they would at least
indicate that B« c0li was able to exist under the condi-
tions of storage found in this experiment.

If it is true that B. c0li can adapt itself to
Burvive in the soil for long periods of time, then the
finding of this organism in surface water which contains
soil washings should not have the sanitary significanee
which is now attached to 1it.

B. Aerogenes Isolated From Feces
(M.Re =, VoPs £ Group.)

These strains have been collected together and
their principle characteristics tabulated in order to
facilitate their study.
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TABLE &6

CULTURAL CHARACTERISTICS OF THE KRTEYL RED -
VOGRS PROSKAUERTGROWP ISOLATED FROY FRCES

Ig)iof co Adon~]| Uric| Citrate Iﬁ-
Strsin| K.R. V.P.|Peptone itol { Acid dol

Gela tine

Gag | Lig
3 - + + ) - - + + -
P8 - + | - - + + -
P8 - + -i - + + -
1 - + +] - + + + -
F156 - + + | - - + + -
F19 - + +| - - + + -
»23 - + +t |- - + + -
P24 - + +]- + + + +
»25 - + + | - + + + +
P26 + + + | - + + + +
P20 - + + |- + + + +
732 - + + | - + + + -
»38 - + + | - + + + +
P39 - + + | - + + + -
Fan - + + | - - + + -
e - + + |+ - + + -
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These orgcnisms shown in Tsble § are typical
streins of B. aerogenes, with a few exceptions. F 8 and
F 72 are slow liquefyers of gelatine but inssmuch as
the senitary significance of these cloacse-like organisms
is usually considered to be the same &s Be+ serogenes,
they have been included here, I' 26 is like B. serogenes
in every respect except that it is methyl red positive.
This choracteristic has persisted through many transfers
and after many attempts at purification.

Culturel Study of Gas Production
from
Difco Peptone Gelatine.

A study of the fecal aerogenes atrains in Table
b5, and of B. serogenes from other sources shown in Table
2, shows that gas production is uniformly positive for
members of this group. This gas may be demonstrated in
a8 number of ways which will be found described in Part II.
When inmoculated into 2% peptone gelatine®, and incubated
at 200C the gas appears ususlly within 24 hours but the
bubbles seem to reach their maximum size after about 48
hours. The bubble may sppear along the line of innocu-
lation or out along the sides of the tube with no apparent
connection with the line of growth. They usually appesr

*The 2% peptone gelatine medium was retained throughout
the cultural study because 1t could also be used for
observation of gelatine liquefaction, thus serving two

Purposes.
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first near the bottom of the tube but may later extend to
within 4 inch of the top. The bubbles vary in number
from one or two small bubbles in the case of certein atypical

B. coli strains to seven or eight in typical B. aerogenes.

B. serogenes strains which had been isolated
for more then a year still retasined their ability to pro=-
duce gas from peptone. This would indicate that the
characteristic was a permanent one.

B. cloacas~1like organisms have been found variable
in gas production. Some strains showed gas produstion
comparable in amount to that produced by B. asrogenes,
while other strains produced no visidle gas. This sug-
gests the possibility thet a more thorough study of this
group of bacteria in regard to gas production from peptone
might reveal important relationships between this group
and others snd within the group itself, as this study has
shovm for the gelatine non-liquefying members of the group.

Adonitol Permentation.
0f the sixteen strains listed in Table b, eight
fermented adonitol while eight were negative. The faot
that adonitol negative strains of B. serogenes may be
found in feces 1s of considerable interest, since the fer=
montation of this alcohol has been used 28 & criterion to
differentiate fecal strains of B. aserogenes from non-fecal

strains, {Standard Methods of Water Analysis,1923.)
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The adoption of this standard was bssed largely
upon the results of Rogers, Clark and Tubs (1918) who
found 211 of their strains of fecal aerogenes to be
adonitol fermenters, while the strains isolated from other
sources were verlable. TLevine and Linton (1924) also
report similar results.

The value of the test has been guestioned, how=-
ever, by Chen and Rettger {1920), Winslow and Cohen (1918),
Perry and Montfort (1921) and others, who were unable to
successfully apply the test to organisms obtained from
water. Since the actual sources of their organisms were
unknown, their resulis were based on the supposed distri=-
bution of B. coli and B. zerogenses in water as determined
by statistical methods. Such evidence is, therefore,
indirect.

The isolation of adonitol negative strains of
serogenes from feces would, on the other hand, be direct
proof that such organisms existed.

The fermentation of adonitol as & criterion of
the fecal source of B. serogenes has been omitted from
the last edition of the Standsrd Methods of Water Analysis
(1925), awaiting additional evidence as to its value.

Inasmuch a2s Rivas (1912) hed reported & loss of
fermentative power in & strein of B. coli after repeated
transfers into brilliant green broth; the possibility of
the brilliant green, used in the isolation of these

b8.



aserogenes strains, effecting the fermentation of adonitol
could not be ignored. The faoct that the organisms were
normel in 811l the other fermentation reactions argued
ageinst such a probability. Nevertheless, several streins
of B. aerogenes which had been isoleted by direct plating
were innoculated into brilliant green dextrose broth using
the seme technic as had been employed in the enrichment
method. These were incubated for 24 hours and streaked
out on Eosin-methylene blue ager plates. A number of
colonies were picked from each plate and planted into ado=-
nitol broth. Without exception thesse organisms fermented
the adonitol with zcid and gas production within 24 hours.
This eliminated the probability that such an attenustion
had occurred in the fecal azerogenes strains.

This observation is also of interest in connec-

tion with the discussion of atypical B. coli strains,
which follows.

Definition of Typical B. coli.
The direct pleting of suspensions of feces
usually yield & large proportion of typical B. coli.
These may be described as short gram negative rods, fer=-
menting dextrose znd lzctose with acid and gas production,
positive or negative fermentation of saccherose and dul-

cite, non-liguefaction of gelatine, positive methyl red,
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negative Voges-Prosksuer, indol positive, and as has been
recently shown by Koser, fail to grow in wric acid and

in citrate media. Such organisms are seen to predominate
in the feces series A and B, {See Table 2) These
organisms are the most numerous of the colon-aerogenes
forms found in feces and are the forms ususlly picked from

direct plating.
Atypical Straing Isolated From Feces.

However, when some method, such as enrichment
in brilliant green broth, is used which inhibits this

tyre, 2llowing the less numerous forms to develop, there

is found an increased number of organisms which fail in

one or more characteristics to conform to the desoription
given above. lNany of these colonies on Eosin-methylene
blue plates are atypical in appearence, being larger,
slightly raised, with a dark center, and showing 1little
or no metalic luster.

While only 2 atypicel straing, 1 in Series A,
number X 10, and 1 in Series B, number B 4, were isolated
from feces by direct plating. These irregular strains
amount to 40% of the methyl red #, Voges-Proskauor =
organisms picked when preliminary enrichment in dbrilliant
green dextrose broth was ugsed. A comparison of the
characteristics of these organisms is found in the following
Table.



TABLE 6

CULTURAL CEARACTERISTICS (F ATYPICAL
B. COLI STRAINS FROK FECES

£% Difco
Stmin| ¥.R{ V.P|{ Teptome | iZdnq In-| Uric| Cit4 Colonies on Eo-
Gelagtine| itol] dol{ Aoid] ratd sin Eetnylene
Gas | Lig blue angar
e + - + - - # =1 = | Xedium raised,
dark center
F18 + - - - - + =} + | Yedium, flat
lipght colored
731 + - - - + + + + { Coli-l1ike
emall, almost
oma 11 ,dark blng
r34 + - + - + + + + center no sheen
®35 + - - - - + + - 1 Coli-1ike
P36 + - - - - +f 4+ { - | Coli-like
F4‘2 + - - - [ad + + - COIi-li.}’.B
48 + - - - + + + - | Large, soft,
radd ish center
F49 1 - - - - + o+ - | Coli-like
F52 + - + - - + + -~ | Coli~like
»53 + - + - - 4] « | = }Coli-like
Aerogenes-~
P54 o+ - - - + + + + 1like
Wedium,daxk,
756 + - - - - + + + slightly rsised
Large ,dark, cm@r
»59 + - + - - + - - ter,no sheen
Large ,dark, cen<
62 + - + - - + - - ter,no sheen
Large ,dark ce-
P65 + - + - - + - - ter .m0 sheen
P66 + - - - - + + - |Large, dark
Wediuvm,raiBed,
P70 + - + - - + + + (8lmost cleer




Al]l of the organisms in feces "Series C" were
jgolated by the use of brilliant green broth which had
been titrated so that the smount of brilliant green used
wonld just inhibit{ B. coli and allow B. aerogenes to
develop. However, this balance is easily tipped one wey
or the other by a slight variation in the amount of feces
used for the inmmocunlation. It is conceivable that in
cortain cases conditions would exist when the concentra=
tion of the dye would inhiblit B. coli strains whioch were
more sensitive and would permit more resistant ones to
develop, while in other cases the concentration would be
such as would completely inhibit all coli forms, then
only B. aerogenes would be found. TUpon inspection of
Table 1 this ia often found to be the casa. T 32, F 33
and F 34 wore all picked from one plate. F 32 is &
typical B. coli while I 33 and F 34 are atypical and differ
from each other in their characteristics. Another
interesting case is snown in I' 63 and F 54. The inmoocu=-
lated brilliant green broth was incubated 24 hours as
usual, and plated out on Eosin-methylene blue plates.
The colonies after 24 hours were all of the coli type.

P 53 was picked. This culture is atypical only in its
rositive gas production from peptone gelatine. Several
loops full of the brilliant green broth culture, which

was now 48 hours old, were plunted into another dextrose

brillisnt green tube and incubated 24 hours. It was then
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plated out as ususl and the colonies were now found. to be
g1l oerogenes-like. Strain F 54 wes picked. It does
not produce gas but grows on uric acid and citrete media.
Cultures number ¥ 55 and F 66 were obtained under the
game circumstences. F 55, obtained from the first plant-
ing, gave typicel coli-like golonies and is typical coli
in every way, while F 56, from the replant, gave derk,
slightly raised colonies with no sheen. As may be seen
in Table 1 or Table 6 the first organism picked in both
cases ( F 53 and P BB) 1is crl:-like in its characteristics
anf fails to grow in either uric acid or citrate medis.
The orgenisms plcked from the replants, F 54 and F 56,
are gypical coli which retain their methyl red and Voges-
Proskauer charscteristics but slso have the ability to
utilize uric scid snd citrate, which are attributes of
B, aerogenes. 1In each case the dye concentration was
greater in the replant tube since no feces was used, which
probably accounts for the appearence of the strains which
were more like Be. serogenes.

A study of the above table shows that these
strains have several characteristics common to all, namely,

H.R. f, V.P. -, failure to liquefy gelatine and indol
production. These oharacteristies would ordinarily be

sufficientto iden%ify the organism with the B. coli group.

However, it is seen thet they also have one or more of
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the cheracteristies such as gas production in peptone
gelatine, uric acid utilization or citrate utilization
which are typical of the B« aerogenes section. These
characteristics together with the fact that they are

found only after preliminary enrichment in brilliant
green broth, of a concentration which inhibits B. coli
and does not affect B. serogenes would cause these straims
to be considered rather close physiologicelly to B.
aerogenes.

The sbility of these M.R. #, V.P. = strains to
produce gas from paptone gelatine is not well developed.
The amount is small as compared to that produced by the
HeRe =, VeP. # types. In every case the visible gas
consisted of one or two small bubbles, while B. aerogenes
produces 4 to B medium to lsrge bubblese.

That such organisms may be found in surface
water is shown by the following group of strains selected

from water Series B.

Btypical Strains Isolated Fgzom Water
The similerity of these orgenisms shown in
Teble 7 and those of the atypical fecal strains is ap=
varent. With the exception of cne, they are indol pro=-
ducers and ell but one failed to ferment adonitol. None

of the group produced gas in peptone gelatine. The
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TABIE 7

CULTURAL CEARACTERISTICS (F ATYPICAL
B.COLI STRAINS FROY. SURFACE WATER

Simin

M.R'

V.P.

2% Tepto 1o

Geln tine
Gas iq

Adond
itol

In-
dol

Uric
Acig

Cit
rate

Coloniss on
Bosin-¥eth-
$lene blue
agar

wee

Sma 1l ,red-
dish, no
cheen

w25

Smmll, dark
center, no
she en

ey

ome 11 dark
cen ter ,light
periphery

Wes

Small ,Ted-
dish, no
sheon

W33

omall ,red-
dish, some
sheen

W34

Small, derk
center Jlight
per iphory

W35

Coli-1likn

W39

Srall,red=-
di sh ,some
shesn

W4l

Sma1l,ds r<
center,
1ight
reriphery

W44

orall,red-
dish, no
sheen

W50

Srall, red-
dish, some
sheen
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results of growth in uric acid and citrate mediz show

that but one strain developed in citrate media and that
this strein was the only one which failed to grow in uric
acid media. These atypicel strains have become especially
interesting in view of Koser's (1924) interpretation of
citrate utilization by members of this group. He found
that 90.7% of 118 fecal organisms failed to utilize eitrate,
while 97,2% of 72 soil strains utilized i1t. The soil

was collected from apparently wnpolluted sources. He, there-
fore, correlates laseck of u¥lization with the feocal source
of the organism.

These atypical strains have also been reported
by others. Among their soil strains, Chen and Rettger
(1920) found 20 that were MsR. #, V.Pe = of which 10 uti-
lized uric acid. They considered them as posgible inter-
mediate strains between B« c0li ond B. cerogenes. Perry
and Montfort (1921) found these same types to be prevalent
in water and esll attention to the difficulty of the inter~
pretation of their sanitary significance.

That orgasnisms of the colon type which utilize
citrete are found in the feces is shown by the above
Table 7. Their number in the feces must be small as
compared to the typicsl B. coli which falls to utilize
citrate. Nevertheless, feces cannot be disregarded as

8 possible source of these organisms in soil and water.
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The relative importance of feces as a source

of such atypicsl colon-sertgenes forms found in soil and
water can be determined only by more extensive work on
this group, using some method for their isolation, such

as preliminary enrichment in brilliasnt green broth.
Summary of Strains.

The following Teble, number 8, has been errsnged
to compare the principal characteristics of all s trains
in relation to thelr source.

This work vas tegun in 1918 and the strains
indicated as Feces A, Water A, Foods, Flour sacks and
80il were isolated at that time. These cultures were
lost after completing the work then contemplated. Uric
acid and citrate utilization wes unfortunately not run
on these strains.

A consideration of Table 8 will again emphasigze
the fact that gas production in peptone gelatine 1s s
constant characteristic of B. aerogenes. Of the 52
cultures of the M.R. ¥, V.P. = group only 6 fail to pro-
duce gas and of these 6 streins, 5 are gelatine lique=-
fiers and would, therefore, not be considered as aserogenes.

Treece (1920) in & preliminary report called
attention to the elose correlation of gas production in

Deptone gelatine to fermentation of adonitol in the food
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TABLE 8

SHOWING CORRELATION OF CUTTURAL
CH tRACTERISTICS WITE SOIRCE

Source | Yethyl Red] Uric Citratqd 27 PepY. Adoni-|Indol

Ho. of ad Acid No,of Gel.pnq tol.

Strains| Voges-Prsk{ No of| Strains Straing No.of |[Wo.|of
Strains Styains | Strdins
+} - + | - +| - +] - + | -

Feces A} KR+ VPa-

56 56 s 8 [ ER X EEEEEICKENX: 1 35 0 36 560

Feces B KR+ VP~

10 10 0t10 119 0 10 1 9! 10f{0

Teces O] KR+ VPw

63 47 13|34 6141 8] 39 9| 38} 45| 2
¥R~ VP+

16 16] O 1 O 16 1 88l511
Pater A] IR+ VP~

15 10 LK (XA EXEEILEXEN. l 9 2 8 9 1
KR~ VP+

3 [ A B X ERNEEEXXIIEERXN. 3 0 2 1 1 2

Water B 1R+ VP-

24 21 10] 11 1 20 0] 21 1) 20} 18} 3
HR- VP+
3 3 0 30 3 0 1 2 1 2
Poods ¥R+ VP=-
58 52 coeloendo aeefee o o 8 24 5 27 1" 15
¥R~ VP4
26 ‘e &« 46 o 4 o o8 vje & ¢ o 21 5 ‘?1 5 4 22
Flour ¥R+ VP
Sscks 2 b b d 2l 2l o] o o o
6
YR- VE+
4= ‘. ® o'.i"o-aco‘a‘r.ﬁ 4 O 5 1 1 5
Soil ¥R+ VP~
6 ‘i &« l"b.""..’~'~‘.! o 6 O 6 8 5
Totals ¥R+ VP=
116 164 231 b5 8 70 19]145 181146} 140] 24
MR- VP+
52 19 0 19 O 46 6 35) 1M 12{ 40
— 42] 551 27 70 6511511 531163 152] 64
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strains, FPeces A and Water A series stundied. This cor-
relation is probably & coincidence since a study of a
greater number of strains has shown fermentation of adonitol
to be & more varisble factor than production of gas from
peptone gelatine. This}garticularny evident in Feces

C where of the 16 M.R. -, V.P. ¥ strains, 8 were negative
in adonitol, only one {gelatine liquefier) failed to pro-
duce gas in peptone gelatine. This charascteristic 1s
very uncommon among the organisms of the B. coli group,
(19 out of 164 strains) and meny of these were found to
be atypical in other respéota. {See Table 6)

It should be emphasized that the expression "gas
production™ as used in the above discussion has the same
significance that it has in the usual tests for gas pro~
duction in fermentation of carbohydrates, i.e., that it
refors to visible gas as evidenced by bubbles in the
peptone gelatine, or in the case of the ususl fermentation
tests, by gas collecting in the closed arm of the tube.
Gas will collect, in either case, only after the medium
has become saturated with the gas produced. It is well
known that smell amounts of gaseous products are produced
by the respiration of bacteria. These gases are ordi-
narily in such small quantities thet the medium does not
become seturated. Specisl methods must be employed for
their demonstration and collection for analysis. Tests

for visible gas then becomes & quantitative rather then
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a qualitative test.
Hydrogen Sulphide Production.

A review of the literature given in a later
section shows that statements regarding hydrogen sulphide
production by members of the intestinal group, especially
of the colon-aerogenes section, do not agree. It was,
therefore, thought advisable to include this test with
others made upon thig group.

As shown by Table 2 only two strains in the
entire series produced blackening in the 48 hour incuba-
tion period. Thisshort incubation period waes selected
for the readings as this is the usual period used in
differsntial tests §f the intestinal orgenisms for hydro=-
gen sulphide production. A number of the organisms were
incubated for & longer period, howsver, and the results
ere shown in Table 9.

It is seen that the results are somewhat vari-
able after several days incubation. In no case was
there any considerable amount of hydrogen sulphide pro=-
duced. It was @iffiocult to distinguish smell amounts of
blackening in the lead acetate agar due to the fact that
after seversl days tho media becomes slightly brown due

perhaps to the production of a brown lead oxide*.

- e e e wm

*Attention hes been previously celled to this, as wellhs
other objections to the use of lead acetate agar.
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The Ferrous sulphete agar, on the other hand, is clearer
and, except for the brown ring which forms near the sur-
face, the media retains its normsl color. The brown ring
is probably caunsed by the precipitation of ferriec hydroxide.

The results from this seriss would indicate that
B. coli, which produces more than traces of hydrogen sul-
phide from Difco peptone in 48 hours, is comparatively
rare in feces. But the faot that certain strains are
found which produce abundant hydrogen sulphide in 24 hours
might explain the disagreement of the results of different
investigators.

An explanation of this delayed hydrogen sule
phide production by the B. coli asnd B. asrogenes strains
will be found in Part II of this thesis under the heading
"Metabolic study of EgS production”.
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PART II
HMETABOLIC STUDIES

GAS PRODUCTION FROM PEPTONE..

The production of gases from carbohydrates, by

basteria, was early recognized, and accurate esnalyses of
the gases produced, have been made by a number of inves-

tigators &s shown in the review of the literature previous-

1y given.

The faet that bacteria may produce & consider-
gble amount of gas from protein sources is often over-
looked, due, no doubt, to the fact that the gases are
not in sufficient amount or of a character such as to
be demonstrated by the usual methods of determining gsas

production.
Grimpert end Legros (1900) noted bubdbles of

g8s which formed in nuirient gelatine with oultures of
B. zeorogenes. They sttributed this to the native sugar
present in the meat bullion. Van Slyke and Hart (1903)
observed continuous 002 production in Cheddsr cheese
from the beginning of the ripening wmrocess until the

end of the experiment 32 weeks later. They believed
thet the gas was produced from such compounds Bs tyro-

8ine and arginine by mioro~-orgasnisms. Eldridge and
Rogers (1904) found a lerge vercentage of cultures of
bacteria isolated from Emmenthaeler cheese produced gas

in s whey medium rendered sugar free by B. bulgaricus.



Using & speclal device they determined that the gas
consisted entirely of COs.

In & preliminery report the author (1920)
called attention to the production of visible gas in
a 2% Difco peptone gelatine medium by B. serogenes.

Ayers, Rupp and Mudge (1921) demonstfated COg
production by certain streptococel from Difco peptone.
They believed the source of the gas was other then the
carbohydrate radicles in the peptone. Nichols (1921)
showed that B. typhosus produced measurable smounts of
gas from dextrose broth.

The gaseous metabolism of certain anserobes
has been carefully worked out by several investigators.,
Smith et. al., {1905) observed gas produotion by ansero-
bic bacteria in sugar free modia. More recently Wolf
and Harris (1917), Bushnell (1922) end Anderson (1924)
have reported annlyses of the gases produced by anserobes
under various conditions. Anderson considers the mein
geses produced from peptone to be COp, Hg, Ng &nd & small

amount of HgS.

Early in the present investigation 1t was noted

that bubbles of gas were formed in the depths of certain
mitrient gelatine cultures. Upon investigation it was
found that the amount of the gas could be increased by

increasing the amount of peptone and that increasing
the percentage of gelatine had very little effect.
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Table 10 shows the relative amounts of gas pro-

duced by B« serogenes in a medium containing 5% meet
extract and varying smounts of peptone and gelatine incu=-
pated at 20°C for 72 hours.

Whent such a medium is placed in Smith fermenta-
tion tubes &nd incubsted at 37°C there is usually a failure
to produce visible gas, although at times &s much as 109
of gas in the closed arm has been observed. This has
8180 been observed in the inverted vial type of formenta-
tion tubes filled with & carbohydrate broth containing
1% Difco peptone, and inmoculsted with a strain of B.
aerogenes which does not ferment the carbohydrate. This
might become a gource of error where ges production alone
is thken a3 an indication of fermentation of the carbohy~
drate. When tested with phenol red or other suitable
indieator, however, such broth is found to bs alkaline.

In order to determine whether the peptone alone
was the source of the gas, & number of tests were made
eliminating one by one the other ingredients in the media,
These hoave been summarized in Table 11. It is to be
noted that in each case where the peptone was prescnt
there was gas production. Vhers it was ebsent there
was no gas production, even though other proteins substan-
ces such as meat extract and gelatine were present. This
proved beyond doubt that fhe wource of the gas was the

veptone. Vhere the peptone solution was used alone the
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TABIE 10

EOWING RELATIVE ANOUNTS OF GAS PRODUCED BY B, AEROGENES IN
| KEDIUY. CONTAINING .5% WBAT EXTRACT AND VARYIHG ALOUNTS OF

YIRTONY ARD & LATIﬁL., INCUBATED AT 200 C. 72 hours
Difco peptone Percent Gelatine
percent ] 10 12
2 7=10 medium 6-10 medium | 3-56 medium
gsize bubbkles | size bubbles| size bubblss
32 7-14 medinm | 6-28 medium | 4-7 medium
size bubbles | to small sine
bubbles bubbles
5 14-16 medium | 6~-8 lsarge 11-14 larpge
glze bubbles | hudbbles bubbles

SHOIING PRODUCTION OF GAS BY B, ARROGENES IN

TABLE 11

KFEDIA CONTAIN-

ING VARIOUS IEGREDIENTS OF NUTRIUNT AGAR AND NUTRIFNT

CELATINE,

| Difco Difco Difco . 5% « 5% 2%
veptone | peptore pep tone extract extract | Difco
+ .Bh + 10% + 1-1/2% + 1-1/2% + peptone
ext r% ct |gelatine| agsr agar gelatine | solution
+ 10%
gel atine

Gas Gas Gas Yo gas No gas gas
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medium was placed in ordinary culture tubes to which
wes added & layer of sterile vaseline. Gas forms be-
neath this plug forcing it up, the gas being collected
gbove the medium. It was noticed that gss production
was slightly increased when & smell amount of KoHPO,
was added, due perhaps to its buffer effect.

A Comparstive Study of Gas Production

from Different Peptonss

A nmumber of experiments were made upon differ-
ent commercial peptones to determine whether this pro=
perty was peculiar to Difco peptone or was common to
ell.

The media contained 4% of the peptone to be
tested, with the exception of Difeco, which was used
in the usual 2% solution. Five-tenths percent K HPO,
wes added and this solution heated in the Arnold steam
sterilizer for several minutes. This was thon filtered
and adjusted to Py 7.2 to 7.4, One and five-tenths
persent ager was added and the media was sterilized in
the autoclave. Andredes! indicator was added to the
sterilized media, adjustment to neutrality to this
indicator being mede when necesssry. The media was
then poured into sterile tubes and allowed to solidify.

gnnoculaﬁon was also made into plain nutrient agar,
containing 0.5% meat extract, 1% Difco peptone and
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1.5% agar prepared in the ususl way and adjusted to
Andrades® indicator, Innoculations wers made by deep
stabs, The resulis of the experiment are shown in Table
12,

The readings were made at short intervsls to
follow the acid productions Where gas was produced the
gurrounding mediom was inverisbly acid. Tho surface of
the medium never became acid. It was neutrael for the
first 24 hours then begame slkaline, This dkalinity
graduslly extended toward the butt of the tube. The
appearance of Bs aerogenes growing th the Difco medium
deseribed above, is strikingly like that of B. paraty-
phosus in Hew Russell's medium and where acid but no
visible gas 1s producsd as in 62 the appearance is like
that of B, typhosus.

The appearance of the tube mey be explained by
assuming that the gaas produced, is 2 mixture of COp, and
Hoe The 602 produced would f£irst neutrelize the slight
emount of elkali in the media and would then be absorbed
as such, This would cause the media to react acid. The
COp being quite soluble would be f£ound dissolved in the
medium while Hp being almost insoluble would tend to
force the medis apart and would collect in bubbles.

The reversion to an alksline reaction of the
surface of the agar, mey be explained by the diffusion
of the CO, from the agar into the air and the increase
of alkalinity due to production of NH5° This interpre-
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tation is similar to that given by Nichols (1921) to
explain the reversion found in Russell's medium by B.
typhosus.

The acid rezction might also be caused by the
formation of fatty acids or from the breaking down of
carbohydrates radicles, found in the peptone. The small
amount of acidity produced, however, is evidence egainat
the presence of asny great smount of fatty acids.

As may be secen from Table 12 B. aerogenes pro-
duced egoid and gas from Difco pertone and from Park-Davis
peptone. The production was always much less in the
Park-~Davis peptone 2lthough the concentretion used was
double that used for Difco. No acid or ges could be
demonstrated in either Wistes' peptone or Armour's
peptore. This would indicate thet the substance respon-
8ible for the =cid and gas was wither not present in
these peptones, or was not aveilable for use by the or-
ganisms used. It is also noted thet strains of Be coll
F 50 and 58 are able to produce smell amounts of acid and
in some cases gas from Difco peptone. When gas is pro=
duced the amount is very small ag compered to that pro-
duced by B. aerogenes. As has been stated before, it is

believed that the difference in the reaction of these two

orgaenisms in peptone is a quantitative rather than a

qualitative one.
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That the source of acid and gas is the ssme for
both Be coll and B. aerogenes is indiceted by the fact
that this reaction is produced in the same peptones by
both organisms.

Additional evidence to this fact is shown by
the following experiment.

A flask of 4% Difco peptone and 0.5% K,PO,
was innoculated with B. aerogenes F 11 and incubeted
24 hours. The culiure was then boiled and filtersd.

The reactionves foumd to be Py, 7.2. One and one-helf

per cent was sdded and the medis was sterilized, adjusted
to Andrade's indicator snd tubed. This medila was inno-
culated with several strains of B. aerogenes and B. coli.

In no ease wag there a perceptible production
of scid or gas. Growth of all the straing was less in
this medis than in normal peptone solutlon agar.

This would jndicate (1) that the substence in
the peptone that is the source of the acid and gas pro-
duced is present in small quantities end (2) that inou-
bation with one strain of B. serogenes will remove the
gource of acid gas production for bbher strains of B.
aerogenes and for strains of B. coli as well.

Analyses of the Gas produced from Difco

Peptone, by B« merogenes snd B. coli.
¥ethods Used in CGas Anslysis.

In selecting & method for an enalysis of the
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gases produced from peptone, & number of factors had to
be considered. (1) Whether sufficiently accurate results
gould be obtained. (2) Whether the method would lend it-
gelf to this particular problem. (3) Whether or not the
necessary spparatus was available.

A survey of the literature showed that e number
of methods had been used in the analyses of gas produced
by hacteria«

Keys (1909), Fisher {1913), Rogers et al (1914),
Bushnell (1922), Anderson {1924) used the method of collect-
ing the gas in s vacuum &nd then transfering it to a
train of appropriate absorbents, where each gas oould be
determined. This method gives scourate results, when a
comparatively large sample of gas is taken. Anderson
believed that in order to get consistent results, sam-
ples of at least 100 c.cs should be used and that there
should be sufficient gas for duplicate nnelyses. This
method was rejected becalse of the very small amounts

of gas produced under the conditions of the experiment
and because the spparatus was at the time not available..

Eldridge and Rogers (1904) nsed & special culture tube

for the determination of €O, by bacteria. This consists
of two compartments, connected with a "g" shaped tube,

eadh compartment having an exterior opening. The cul-
ture is placed in one compertment and in the other is

placed & guentity of N/10 Ba{OH),. The CO, produced by
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the bacteria passes over and is absorbed by the alkaline
golution, The amount nentralized is determined by t#tra-
tion. This method hes been used by Ayers et al ( 1921) .
Nichols {1921) and others. This method was not suitable,
because: (1), there is no meens of measuring the volume
of gas produced; (2), there is no meens of determining
other gases than 002.- The method used by Smith (1895)
for the rough spproximations of gas percentages was not
gseriously considersd because of the inaccuracies of the

method mentioned earlier in this paper.

HMETHOD USED IN THIS EXPERIMENT.

The method introduced by Brown (1922) was se~
lected and used with a few modificetions. It is given
here in some detsil.,

The method congists in collecting the ges under
vaseline, from & known amount of media, the gas pushing
the plng of vaseline up &s the gas collects. This may
then be measured in c.c. in terms of the amount of media
used. The 002 in the collected gas 1is analysed dy
agpireting out a measured quantity of the gas by means
of a short piece of capillary rubber tubing with & long
needle. The syringe and needle are first rinsed with
dilute acid then the needle is passed through the vaselins
plug at the sid of the tube, and as the gas is withdrawn
the plug moves down. Care must bde taken to seal the

opening left by the needls gs it is withdrawn. This is
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done by spplying e hot spatula or forceps to the side
of the tube until the vaseline softens and closes the
hole.

The syringe is then used as an absorption pipette.
Vhen the needle is withdrawn it is quickly transferred to
& dish of dilute meid (2 -5%). Holding the syringe up-
right, the acid 1s drawn up until it reaches the gradua=-
tions on the syringe. The smount of gas (and air) in the
syringe is read. Ths plunger 1s then pushed down until
only & small amownt of the acid msmsins in the needle.
The neaedle is then plunged into & solution of alkall
(4% B‘écﬂ } snd this is drawn into the syringe. Keeping
the pnd of the needle In the alkali the syringe is rocked
back and forth to aid the absorption. It is then held
upright as befors and the emount of remeining gas and
&4ir read. The difference in this amount and thet of the
previous reading represents the amount of 002 absorbed
by the alkali. EKnowing the amount of gas sample originally
taken the percentage of €O, is readily obtained., The fact
that the system is £illed with air at the beginning and
therefore & mixzture of the gas and air is reclly enelysed
is not believed to introduce an sppreciable error since
the percentage of GO, in the air (.06%) is well within

2
the 1imit of experimentsl error.

The cﬁz in the medlum as carbonztes and dissolv-

ed .11}0:3 is &etemiined ®ith the same apparatus. The syringe
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and needle are dhoroughly rinsed with water snd with the
plunger placed i one of the lower graduations the needle i
is lowered through the vaseline plug into the medium.
One~tenth ¢.c. of the medium is aspirated into the needle.
It is then removed, using the same precautions as before
to seal the hole in the vaseline, A small bubble of air
is ellowed to enter the needle, then & small amount of
Caprylic aleohol 13 drawn up, followed by another bubble
of air. The end of the needle is then placed in a 5%
solution of H,80, confaining methyl red indicator. The
plunger is raigsed until the 0.1 - 0.2 c.c. of the acid
is seen to enter the barrel of the syringe. With the
end of the needle remaining in the acid, the syripge 1is
inverfied. The needle end of the syringe is closed by
pressing a finger over the rubber tubing. The plunger
is then drewn down cresting & partisl vacuum. 4As this
1s increased the air lesks by the plunger and bubbles up
through the medis serating it. The plunger is held
aownt until the pressure is equelized. The syringe is
then held upright and the emount of the contained gas
and sir determined. The CO, is then absorbed end deter-
mined as in the preceding operation. Since the emount of
the media in the culture tube is knowm, the amount of 002
in the culture may be calculated.

It is necessary to conduot the entirs experiment
under uniform terperature conditions, and where handling

of the syringe is necessary during the manipulation, the
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contents allowed to return to room temperature before
making the reading.

Oxygen may be determined in a similar way to
coz except that the system is filled with dilute acid
instead of air, and that sodinm pyrogallate is used as
an sbsorbent instead of HalOH.

It is evident that no provision is made for the
analysis of other gases then CQ, and Og which might be Zound
sbove the medium. Of these H, has been found in the greatest
quantity by other investigators making complete gas analy-
sis under other conditions such as carbohydrate fermenta-~
tion. Roger, st 2l, using & dextrose medium, Ffound thaet
all, except & mere trace, of the gas not absorbed by NaOH
wasg Bz.. Other gases which have been reported as being pro-
duced by bacterie are Nz, ¢0, CHy, NH; and HBS.

WHo NH; would be found combined &s ammonium salts
in the media when the resctionwas neutral or acide. There
was no evidence found in the literature to show that
either CO or methane occur in more than traces. N, may
1mnder cebtain conditions be produced in considerable quan=-
tities by certain snserobes £s shown by Anderson. It
was therefdre believed that while working with the colon-
serogenes group no considerable error would be introduced
by assuming the collected gas which was unazbsorbed by

NaOH to consist largely of Hye
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The accurzcy of the method and apparatus was
determined in the following way.

(1) Tubes gontaining 10 c.c. of 1.0% dextrose broth were
prepared and imnnoculated with e¢iltures of B. ferogenes and
B. coli end 2 c.c. of sterile vaselins added. After in-
cubation at 37°C for 48 hours the tubes were removed to
the laboratory, allowed to cool to room temperature, and
the yolume of gas measured. The CO, in the collected

gas and in the media was determined. These results are
found in table #13.

{2) A number of analyses of the collected gas from carbo-
hydrate fermentation wes made upon the same culture to
determine how close duplicate analyses would check. These
rosults are shown in table #14.

The G'Qa/ﬂz ratio caloulated from the above re-
sults wag found to be characteristic of the organisms
used. Rogers, et al, with their more elaborate methods
of gag anslysis found the average »003/52 ratio of many
strains of Be. coli to be approximately 1.0 varying from
0.95 to 1.4 while the average CO,/H, ratio of aerogenes
was approximately 2. varying £rom 1.7 to 2.8«

Thitg the method applied to gases produced by
carbohydrate fermention is seen to give consistent results

in the hends of the author and to give results which
are comparable to those obtained by more elaborate methods

used by others. Having thus determined that the method
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was reasonably saccurate for (10:a and 0y, the application

of this method to the anslysis of gasea produced from &

peptone medium to which no carbohydrate was added, seemed

warranted. The assumption that the remaining gas was
largely Hz was proven correct by more elaborate methods,
as seen by the footnote to table #15.

It was therefore adopted with the following
modifications. Brown used a long metsl needle which hB8
had made especislly for the purpose. There was substituted
for this a glass needle, made fiom a piece of glass tubing
of the proper diasmeter and drswn out to the propsr capil-
lary size, This is inexpensive and in addition allows
the progress of budbble of gas, vhich is being drawn up,
to be followed. This is especislly helpful in the case
of determination of the carbonates and CO, in the medium
where bubbles of air precede and follow the small amount
of csprylic alcobhl. It alsc allows obstructions in the
needle to be more easily detected.

The media used waes a 4% Difco peptone solution
to which was added 0.5% K HPO,., This gave a Py of about
7+4 without sdjustment. This was steriligzed in flasks
and 50 c.c. moasured into sterile "9 gm." Baboock bottles.
These were selected so that 50 c.c. 0of the media filled
up the bottle into the gradustions. Since the neck

between the gradustions (from O to 5%) has 5 c.c. volume,
the amount of gas may be directly determined after it
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nes collected. The media was innocmlated and 1 c.c. of

gterile vaseline added. The bottles were incubated &t
37°C for 48 hours. They were then removed to the lsbora-
tory for at least 30 minutes, before the volume of gas

was read and analysis made,

BESULTS .

A sufficient number of snalyses of the gas from
cultures of typical B. serogenes and B. coli were made to
determine the proportion of fhe gases produced. 4 number
of innoculations of B. coli strans were made and in no
oase was theore more than 8 small bubble of gas colleoted.
This was too small to be measured or to be analysed.
Therefore, for these cunltures the determination of the CO

2
as carbonates and dissolved CO. in the medium was all that

could be made. The B. coli st:ain 6a was selected becsause
i1t had been isolated from directly innooulated plates and
soncerning which there could be no guestion of its ‘r’zeing
& typicel strsgin. The resulfs of a seriles of }detem.:ina-
tions sre found in tabde #15.

It is to behoted that the B. serogenes strains
were quite congistent in the manner by which the pepfone
was broken down with the production of gas, &s indicated
by the -002/112 ratio. While there is some veriation, there
is no more than might be expected smong different strains.

While the 002/32 retio of the B. coli type could

not be determined because of the smell amount of H, pro-
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duced, it is readily seen that the proportion of Co, to

H, would be much greater them that found with B. aerogenes.

2
The totel amount of COp produced by B. coli is as great

as thet produced by B. aerogenes. Thig difference in the
gaes ratio is then due to the difference in the amount of
Hy produced by the two orgenisms. Since it has been shown
that the source of the acid and gas is the same for both
B.coli and B. serogenes, this difference in the gas ratio
might be taken to indicate a fundamentael difference in

the manner of attack of this substance in peptones,

This evidence of the difference in the proteoly-
tie nature of the two organisms, is in line with the kmowm
differences in the products formed in a protein medimm
in which B. coli is known to produce indol, indol acetie
84id, skatol, mercasptan, etc., in considerable quantities
while in cultures of B« asrogenes, they are found in very
smzll emounts or not at all.

A comperigon of the CO,/H, ratios of these or-
ganlsms in peptone media and in one oéntailning dextrose
shows that the relation is just reversed. The poseibility
of the coincident production of gas from the peptonc and
from the dextrose in the unsusl dextrose broth, would raise
& question 2s to the sccuracy of the interpretations pleced

upon anslyses of gas produced from peptone sugar broths.

The reection of the medium dertmines to a lerge
extent whether the COp will remein in the medium or will

ecollect sbove it If the medium becomes acid as in the



dextrose fermentation a large part of the 002 is found

above the mediums When the medium is neutral or slightly
alkaline the 002 is found largely in the medium as dis-
solved GO0, and am carbonates.

The demonstration of a considerable 002 ppo-
duction B. coli as well as B, asrogenes would seem to
explain the prodmction of the slight amount of scidity,
noted in the Difco peptone egar.

Although the two media are not entirely com=
pareble due to the fact that the agar medis was open to
the 2ir and no doubt diffusion of the gases through the
media to the air would slowly ocour.

This high percentage of COp might be explained
by considering the amino aeids as & source. When no
other source of carbon is present, these are broken down
to supply the energy requirements of the organisms., The
carbon is obtained by an attack upon the COOH radicle.
This is broken down with the production of 002. The de~
carboxylization may precede the utilization of the amino
nitrogen radicle, produsing:an asmine, or the deamination
may take plece first producing a fatty ecid, which in turn
may be broken down with the produciion ofC()O‘2 and Hz.

It is thus seen thet the relative amount of COp and H,
produced depends upon the type of reaction by which the
amino acid is broken down.

That the characteristic of visible gas production
in s5011d media, which is due to the presence of the moml
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jnsolubze H_, correlates with other established character-

igtics of the orgenisms has been shown in the preceding
gection.
m The fact that the source of the gas was found,
only in twe of the four peptones would indisate a selec-
tive utilization of the emino acids hy the bacteria, Fure
ther evidence that such selective utilizetion mey ococur is
given in the following section under the study of HyS pro-
duction,

All of the peptones used by the author g4ve
a gtrong Molisch test. Thig is & general test for?oarbo-
hydrates; & positive reaction being due to the production
of furfural from the carbohydrate radicle, by concentrated
sulphuric acid end the reaction of this with a-naphthal
to produce & purple cclors Thig test was still strongly
pogitive in a Difco peptone culture of B. serogenes aftor

goferal days incubation.
If a carbohydrate is present in all of the

peptones, the fact that B. serogenes could produce acid
gas from only two of the four would indicete if it was

the source of the gas that sither the same carbohydrate was
not present in the four peptones or that it was bound up
in such a way thet it was not available for the organisms.
Whether the source of the gas is a carbohydrate or an

amino acid it must be present in quite small amounts as showm
by the fact that it can be guantitetively reomoved by a 24

hour culture of en appropriate organism.
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Evidence presented in this study, that would
indicate & protein source of the gas, mey be summariged
as follows.

(1) Visible gas production from 2% Difco peptone gelatine,
with no added carbohydrate.

(2) Amount of gas produced is increased by inoreasing per-
centage of peptone.

(3) While all peptones gave & positive Molisch test, gas
was produced from two only.

(4) The substance responsible for the gas, 18 present in
small amounts, as evidenced by the fact that it ben be
readily removed by & 24 hour culture of B. &erogenes.

{5) The Molisch test for oarbohydrates shows a strong
reaction, after the substance responshhle for the ges

has been removed. And lastly but probably the most signi-
ficant, (6))A gas retio is produced which is unlike that
produced by carbohydrate fermentation.

The gas ratio of these organisms is practically
the seme for all carbohydrates. In a csrbohydrate medium
this 003/33 value is consistontly found to be from l. to 2.

The COp/Hp ratic in & peptone medium is found
to be from G;ijfég aerogones, and very much higher for B.

coli.
One of the outstanding fectors in the classi-

fication of bacteria, has been their action on carbohy-
Grates, alecohols, and glucosides. Aside from the lique-

faction of gelatine and the production of indol snd HZS’
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very little attention has been given to the use of pro-
tein decomposition products in classification.

The specificity shown by B. serogenes in
gas production from peptone gelatine and the work which
is here reported on amino acids and sulphur metabolism,
would suggest that amino acids and simple cleavage pro-
ducts might be found of great valne in the field of
Bacteriological taxonomy.
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HYDROGEN SULPEIDE PRODUCTION FROM PEPTONE.

The produstion of HzS from sulphur compounds
by bacterie has been observed snd reported by many ine
vestigators. This charsctoristic is not peculiar to
any one species of buotoris, but moy be demonstrated by
& verioty of species when propor mothods ere used for
its production.

Iany of the inconsistencos showm in thy 11tor-
ature may be expleined by the difference in sulphur
compounds prescnt in the medis used end 4n the time of
inconbation.

Hortor {1907) statod that, B. aerogones, B.
goll, Be dysenterise and Be. typhosns produced sbundent
hydrogon sulphide when grown in bullion containing
oyrstine. Ssaski and Otsvka (1912) reported hydrogon
sulphids production by meny bactoris inoluding B. o0ldl,
B. typhosus, Be paratyphosus A snd B, B. dysenterls,
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from cystine, elementsl sulphur esnd soiium thisulphate.
A few orgenisms including B. coli produced hydrogen
sulphide from sodlum sulphite while more produced it
from sodium sulphate or taurine. Lederer (1913) noted
hydrogen sulphide production by the different members
of the intestinal group whenm 10% peptone was wmsed and
when incubation was prolonged but noted considerable
differences in the guantity produced by the different
organisms. EKxigler (1917) found 6% of his coll strains
produced hydrogen sulphide in meat infusion, dextrose
ager with lead acetate added as indicator. Jordan and
Victorson (1917) used & meat infusion 3% Vitte's peptone
agar with lead acetate added, and fownd it of differen-
tisl value in the paratyphoid enteritidis group. Myers
(1920 compared the hydrogen sulphide production of a
number of bacteria on several peptones and found that

a greater number of species of bacterie produced hydro-
gen sulphide from Witte's peptone than from Difco or
Fairchild®*s. He found that B, aerogenes snd B. coli
both produced H,S from Witte's peptone while B. aero-
genes was negative in Difeco, and B. coli only slightly
positive after 48 hours. Thompson (1921) used anerobie
plate cultures made from Difco peptone agar with lead
sub-acetate as indicator and found that B. typhosus B,
paratyphosus B, B. enteritides, B. proteus vulgaris and
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B. prodiglosus gave black colonies while B. coli, B,
paratyphosus A, B. alcaligenes and B. dysenteriae had
little or no color. Paola (1922) reported fermentation
end blackening of dextrose and lactose broth by B. coli.
Tilley {1923 a) found hydrogen sulphide production,
from different commercial peptones, extremely variable.
He also found variation between strains of the same
species in regard to their ability to produce hydrogen
sulphide., In a later paper (1923 b) he studied the
"unoxidized", party "oxidized" and "oxidigzed" sulphur
content of a number of peptones and determined the
ayailability of these for HoS production by bacteria.
He found that the "partly oxidized" and "unoxidized"
portions were available while the oxidized was not.

He recommended plain agar with the addition of sodium
thiosulphate as a medium for Has production in differen-
tial tests. Wilson (1923) using plain sgar with sodium
sulphite, glucose and ferric choride added, reported
blackening by B. typhosus, B. enteritidis, B. para-
typhosus B, but no resction with B. paratyphosus A, B,
dysenteria, B, merogenes, B, coli, B, vulgaris and others.
He suggests that the st production in peptones is due
tosulphite impurities. Fellers et al (1924) found that
B. coll produced abundant HyoS from Difco peptone, B.
paratyphosus B, B. enteritidis and B. typhosus produced
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moderate amounts, while B, aerogenes, B. paratyphosams A,
end B, dysenteriae produced none in one hundred forty-
flour hours incubation.

Attention has been czlled to the fact that of
the colon-gserogenes strains reported in this paper, only
two produced st in 48 hours. This 1s apparently & de-
lgyed reaction, however, for when incubation is ecarried
out over a more extended psriod, HoS is produced.

Experimental work for the purpose of explain-
ing this delayed resction was under taken. The experi-
ments were designed to answer the following questions.

(1) How does the incubation period necessary
for Hgs production from peptone of B. aerogenes and B.
¢oli ciffer from that of other organisms of the intesti-
hal group?

(2) How would these incubation periods compare,
when sulpbur compounds of known chemical composition
were used?

(3) what effect would other smino acids have
upon st production from cystine, when used in a synthe-

tic med ium?

METHODS.
In meking such a study it was necessary to
have & method which would give guslitative and at
least roughly quantitative results, and which would
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allows readings to be made upon 8 large rumber of
ecnltures at short intervels of time. An investigation
wes made of the methods vhich might be umsed for quanti-
tative HpS determinations such as those used by Meo-
klenberg and Rosenkrinzer (1914), Meyers (1920), Morri-
gon and Tenmer (1922), Anderson (1924), Fellers et sl.
(1924) and qualitative tests such as those of Kligler
(1917), Jordan snd Vietorson (1917). It was found that
these could not be spplied to this particular problem.
The following method was scoordingly devised.

A 1.56% sgar medium, conteining the peptons
or sulphur compound required, wes prepared, with ferrous

sulphate added &s sn indicator of HpS production.
A system of recording comparative degrees of

blackening of the medium was used as follows: = indl-

cates no reaction, S1 £ indicates a slight perceptible
blackening along the line of innoculation, 1 # indi-
cates & plainly visible blackening slong the line of
innoculation, 2 £ indicates some diffusion of color
from the growth along the steb; 3 Ff indicates blackening
considerably diffused; 4 £ indicates a complete black~
ening of the tube.

Duplicate tests were made on & number of cul-
tures and it was found possible to check the readings on
the duplicate tubes consistently.
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RESULTS.

In order to determine the incubation period
nesgssary for HyS production from psptone, the following
exper iment was mads.

A medium containing 1.5% sgar, 0.5% meat ex-
tract and 3% Witte's peptone and storilized ss for
ordinery agar. One c.c. of & 2.0% FeSOy solution was
added to each 100 c.c. of media. This was tubed in
sterile tubes, innoculeted from 24 hour agar cultures
and incubated at 379C.

Innoculations were also made into a plain
agar containing 3 e.c. of N/50 sodium thiosulpaate per
100 cuc. of media snd containing FeSO4 as stated above,
The results are shown in Table #16.

A consideration of the above table shows
that the time of incubstioniscessary for st production
for the orgsnisms studied varies greatly.

In the case of B. paratyphosus B. and B.
vulgaris, there is evident HZS production in 12 to 24
bhours, while in the cese of B. coli, B. aerogenses, B,
cloacae, B, dysenterise, Shiga, staphylococcus sureus,
sund microspira comma, visible blackening was not ap.ar-
ent until after 3 to 10 days incubation. B. typhosus
and B, avisepticus appeared to be intermsdiate between

the two extremes. The delayed reaction was not due to
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lack of growth, as the growth was luxurisnt within 12 to
24 hours in every case. That i$ was not dus to anmy selec-
tive germicidal action of the FeS0, 1s shown later by the
fact that B.coli, B, aerogcnes and B. cloacae all produce
HBS within 12 hours in the oystine medium, containing
the ssme smount of Feso4.

The sulphur found in proteins is usually consider-
ed to be in fhe form of cystine according to Plimmer (1912).
That this doces not account for all the sulphur present,
and the possibility of the presence of other sulphur com-
pounds, has been shown by Johmson (1911). This orgenie
sulphur may exist in the proteins in different states of
oxidation. This is often referred to as "unoxidizued” or
loosely combined sulphur and as oxidized sulphur. Cystine
with the linking -8~8- is conslidered as an example of the
unoxidized sulphur, and Tgurine with the grouping 032.8033,
analagous to the inorganic sulphates, is considered as
an example of the oxidézed sulphur. Mathews (1920) belis ves
that there is 8 possibility of a cysteine linksge also.
The gulphur occurs here &s en SH group and is in the
reduced state,

7311y (1923) has recently determined the "oxi-

dized™, "partly oxidized" and "unoxidized" sulphur in a

number of commercial peptones and correlated these with

Ho8 production by bacteria, he found that st produgtion
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was dependent upon the presence of the unoxidized sna
partly oxidiged sulphur.

Cystine was, therefore, selected for study as
the probable state of the sulphur in peptone.

Hydrogen sulphide production wes studied with
cystine as the only source of nitrogen snd with cystine
together with other nitrogen compounds.

4 medium was prepered, similar to that used by
Clerk and Lubs (1917} except that aspsrtic acid was

omitted, This hss a composition as follows:

Disodium hydrogen phosphate 7. gms,
Potassium acid phthalatev 2. gms.
Dextrose 4, gms,
Water 1000 cece.

This medium was used as a base to which was
added the various nitrogen compounds.

The smino acids used were aspartic acid,
glycine, alanine, leucine, phenylalanine and tyrosine.
€reatinine was included in the 1list, becanse of its
presence In meat extracts and meat infusions and there-
fore in standard culture media. The nitrogen compounds
other then cystine ware all used in 0.1% smounts.

The cystine was used in 0105% concentration*

owing to its relative insolubility in water, special

*Bxcept in the study with aspartic acid where cystine
in 8 concentration of 0.1% used as shown by table #17.
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means had to be used to get it in solution in the medium.
This was accomplighed by dissolving 1 gm. of
the cystine in 12 c.ec. K/1 HCl in a sterile tube. Six-
tenths c.c. 0f this solution added to 100 c.a. media,
gave a 0.05% concentration of cystine. The medis was
g0 adjusted that the addition of this amount of scid
gave the desired Ph" This slso avoided the necessity of
heating the eystine, eliminating that possibility of
altering its sulphur linksge. The other amino acids
were added to the base medium before sterilizing. All
vhe media was adjusted to Ph 6.83. This slight acidity
was found sufficient to keep the oystine in solution.
One and one-half percent agar was used to produce & solid
medium. One c.c. of 2% sterile FeSO, was added toeach
100 g¢ec. of medium just before tubing. The medium as

finally prepared had the following composition.

Base medium 100.0 oc.c.

Amino scid) 0.1 gm.
or )

Cystine ) 0.05 gm.

Agar 1.5 gm.

FGSO4 2% 1.0 GeCe

Innoculations were from 24 hour agar cultures
and were made by stabbing with a straight needle.
The results of this experiment are gliven in the

following Tebles 17 to 23 and plates 1 to 1l.
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SHOWING CONMPARISON

TABLE 18

OF HeS FRODUC TION FRON CYSTINE ALON® AND WITE CLYCINS

sase medium Besgse medium Base medium
Organisms +0.05% cystine +,05% cystine +,1% glyoine
+.1% glzcine
Hows Incubation 12 241 80 48 1921 121 24186) 481 192] 12124 1561481192
B, typhosus Sglalt|aly 14 1+ 8gl| sg sg szl sg | O |8g|sgl sg| sg
B.vulgaris CL] B4y 44 4+ | ag| 1B+ 44|44+ | 8gl -] ~| ~| =
- B.cloacae 2 B+ 34 BY 4+ ]| - | 24|34 B3+ Bt | = | o m w] -
B.coli P B0 B B4 B B B - |24|24[ BBt | = | w] ] ] =
B.,eerogones B 23 | 2+ 2+| 34 B4 B4 » |[L+|2H 24| B+ | = | w| o= =] o
B,avisepticus sl+| 24} 24 24 3+ | sg|sg|dt} L+}|3+t | O |sg| ~| -] -
B.paratyphosus B.! 2+ F+| 34 3 34| « | 241341 FH 3+ - i -
TABLE 19

SHOWING COMPARISON OF HeS PRODUCTION FROY CYSTINE ALONE AND WITH IEUCINE

Yase medium

Base me diam

Base medium

Organisms +0.05% cystine | +0.05% cystine +0,1% leucine
+0,17% leucine

dours incubation | 121 24|36 44 192 12| 24 56 48] 192| 12]24] 56, 48 [192
B,typhosus sg| @+ sy 14 1+ o] - -! gl Of =] «f =] =~
B.,vulgaris 1+] B4} 44 44 4+ | 2+] 3+ 4+ 44] 4+] w} <] = | =
B,cloacae 24| 34| 3H 34 4+ | 1+| 24| 24| 34| 44| =| =] | «| =
B.coll F&O 24) 34|34 349 3+ | 1+| 24| 24| 24| B¥| | = o] =] -
B,aerogens s F23 2+ 24 3-0J 3 3+ | 14| 24|33+ 3+| 3+| 88| =] «] =] =
B,avisepticus gl+] B+ 84 24 3+ |+ 14|24 24| 24] <] | of =} -
B,paratyphosus B.,| 2+ 34|34 34 3+
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TAFLE 20
SHOWING CONMPARISON OF HeS PRODUCTION FROY CYSTINE ALONT AMD WITH ALSMIRE

Bage, medium Base medium Bage medium
Organi sme | +0,05% cys tine *0,0ﬁfm eystins | +0 1% alemine
+0,1% alanine .
"Hoiwrs incubation | 12| 24| 36 48 192 | 12 |24 |26 |20 198 | 12 |24 |36 148 198
B.typ hosus sgiaiy gly 14 1+ O =] =] ~] 8L+ O] =1 = = -
B.vulgaris 14] 34 44 44 44 ) 143+ |4+ |4+ 4+ | sgleg] -] -] =
B.cloacae 24|34 34 34 4+ | 1+{2+ [3+|3+] 3+ el ) - -
B.coli F50 24134 34 By B+ | L+{2+ |42+ B+ | w| «] «] | =
B.serogenes F 23 | 24|24 3H 34 3B+ | L+ |2+ |3+ |B+]| 44| =] ~f =] <] =
B.avisepticus gl+] 24 24 24 3+ | sgislt {1+ |2+ 2+ | Bg| =| -] - -
B,paratyphosus B.| 2+|3H 34 34 3+ | 1+|3+|3+|3+} B+ ] <~} «| =] =] =
TABLE 21
SHOWING COMPARISON OF HeS PROTIC TION PROX CYSTINE ALONE AND WITH
PEFNYLALANINE
N Base medium Base msdium Base medium
Organisns | +0.05% cystine| +0,05/% cystine4 +0.1% phenyle
_ ] 0.1% ’{19’ 1alsnin alanine
Fours incubation | 12|24 36 48 108 | 12| 24,36|48( 192 12]24,36,46; 192
B,typhosus sg {el+] 814 1+ 1+ Bg| 8gl sg|eg| sg| Ofsg|sg|s8 &8
B.vulgeris 1+|3+4] 44 4+ 4+ | sBg|lt|2+|2+| 34| 8g] = = = =
B.cloacae 24|34 34 3+ 4+ - =]1tj1+} 1 - =} = - -
B.coli T 8O 24134 34 34 By -lalt] 1+]1+] 1+ “l =} -] - -
B.aerogenes P 23 212+ 34 3+ B% « =] =« = gl+ ] =] =] = =
B.avisepticus dl+| 2+ 2 24| 3+ 8g| =| ~|sk| 1+ O] -] = - -
B.parat yphosas B.,| 2+|3+ 34 3+ 3+ | 2+ 24| 24} 24| < - - - -
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TABLE 22
SUCWING COMPARISON OF HeS PRODUCTION PROY CYSTINE AIONE AMD WITH TYRONINE

Bage Nedium Base ledium base lledium
Organi, sm +0.05% cystim | +0.05% cystims +0,1% tyronine
‘ +0.1% tyronine

Hours incubg tion 1lz| 241 36§ 48] 192 12| 241 36] 48 0S| 18| PA[56]148] 192

B,typhosus ' pglsl*|si+{ L+] 1+] sglslt|gi+|sl¥] sl+] O] =] =] ~| =

B.vulegaris 1+ B4j 4e{4+f 4+] 2+ 3+|3+| B3+| 4tr|ogleg|eglieg] -

B.cloacae Rl B4l B4{ B+ 4+| A+|24[ 24| B+]| B¥| =| «| «} = =

B.coll P 60 L+| 34| 3+ 3+] 3+] 14| 24| 2+ 3+ 2| < =} =] = -

| B.aerogenes F £3 B4 2+]) B B4} B4} 14| B+[B+] B+| B+| «| =} «| ] «
‘Beavisepticus glt]| 24| 2+ 24| B+ egl A+t 1+ L+|sg] <] ~[ =] -
| B.paratyphosus B.{ £+ 34| 3+ 34| 3+| 24| B+ 84| 3+] 34| «f «] =] «| =

TABLE 23
SHOWING COMPARIS( OF HeS PRODUCTION FROM CYSTINE AIONE AND WITH CREATININE
Base Nedium i Base Ledium Base Nedium
Organd em +0,05% cysting +0.05% cystime +0.1% orestinine
+0.1% crestinine |
“Hours Incubation 12| £4] 36] 48] 192| 12| 24] 36] 48 | 198 12] 24| 26| 48] 192
8,vyphosus sgialtisitf 1+ 1+f 8g| = = =] ~{8g = =~ ~| =«
B.vulgsris 14 B4] 4+] 4 4+4] 81+ 2+ 24] 34| 44 | = ] =] -] =
B.closcae 24| 3+ B+| B+ 44| glt| 14| 24 B+| 3+ wl ] - - -
"Bleoli F 50 2+4] 34| B4 3Y B« S IH I 14| L | -] e o] -] -
B.serogenes F 23 2] 4] 34 3+ 3+ gl+] 1+] 14 1+| 2+ “ o - - -
"B.avisepticus sltl 2+ 24 24 B+| sgl 1+ 14 24| 2+ {8g] | ~ ~| =
B.parstyphosus B, 24 B4 3+ B4 B+| AH 14| BH B4| B+ | o] ] ~ ~]
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Attention has been called, previously, to the
fact that 2. psratyphosus B. and B, vulgaris produnced a
visible blackening of Feso4 in a peptons medium in 12 to
24 hours indicsating an early attack upon the sulphur com-
pounds in the medium. B. coli and B. aerogenes, however,
showed no reaction until much},a:rc:%.ch would indicate a de-
layed z2ction on the sulphur compounds.

A consideration of tabls #17 shows that when
cystine is prosent as the only scurce of nitrogen, st
is producsd by these orzganisms within 12 hours, and com-
pares with B. paratyphosus B in this respect. This is
shown in plates 1, 2, and 3. Tnis would seem to indicate
that some other substances in the peptons were responsibb

for the delsysd H_S production. This action might take

2
tue form of an interference with the reduetion of the sulphwr

to H,S or 1t might bz gn interference with the utilization

2
or Ypresking down of the qystine.

Any attempt at & solution of these guestions
must include a consideration of the msnmer by which bacteria

msy bresk down cystine with the production of H_S,

2
The formula of cystine shows the sulphur to

ogcur in a partially oxidized state:

H H

14 I

{
N, = C -H H-0C - HX
| i

0 =C~-0H O0=-C~0H

N

2

11.G.



For bacteria to relsase Hy8 from such a compound,
two reactions would seem to be necessary; (1) A reudction
of the sulphur and (2), s splitting off of the sulphur
radicle, The reduction of cystine would produce two mole-
cules of cysteins.

H
H-C- g

MHz - ? - H

® =C - 0H

In which the sulphur is reduced and HyoS would result upon
its being split off. Cysteine is quite unstable, oxidiz-
ing spontaneously to cystine as shown by Mgsthews and Walker
(1909) and probably would not ocour as such in culture
media.

That compounds similar to cysteine may be broken
down without the release of st is shown by the presence of
mercaptans in bacterial culture medis and in the feces.

Rey-Pailhaide (1888) demomstrated a reductass
from yeast juice which would reduce elementary sulphur to
HyS. Petri and Maassen (1893) attributed HyS production
by bacteria, to the reduction of sulphur compoundsby the
nascent hydrogen formed. %hat organisms may produce con-
siderable hydrogen in & peptone medium without H,S being
formed would tend to rule out this possipbility.
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It is well known, however, that the production
of reduteses 1s quite common smong bacteria.

That the presence of a reductase is not alone
responsible for st produoction by bacteris isshown by the
following experiment.

Media was prepared as indicated in Table #84.

B. coli and B. paratyphosus B. was cultured in plain broth
and after 24 houwrs incubation 1l c.c. of this broth was
transferred to 10 c.c. of the media. This was repeated
after 48 hours and 72 hours. One set of media contained
0. 5% phenol, which will stop bacteriel growth, but will
allow enzyme action. Another set containing noc phenol
was used as 8 control. Uninnoculated controls were incu-
bated also.

Table #24 shows the results of the 72 hour broth
innoculations. It is evident that the reductase which is
sufficlent to decolorigze methylene blue, will not produce
st from peptone or uazszog. B. coli which will completely
decolorize methylene blue agar in 30 minutes fd4ils to pro-
duce Hy5 after 16 hours incubation. That the preformed
enzyme has some effect is suggested by the shortened incu-
bation periocd in the case of B. paratyphosus B, without
phenol. Other chemicals such as Toluol and sodium fluoride
were usdd which allow enzyme action but inhibit bacterial

gorwth, The results were the same. This experiment would
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TABLE 24

RESULTS SHOWING EFFECT OF REDUCTASE UPON HeS FRODUCTION

FRON PEPTONE AND NAgSeOs

With 0.5% phenol Without phenol
B.coli Para B. B.coli Para B
NYethylene Completely| completely completely] completely
blue agsr reduced reduced reduced reduced
30'at 450 C
3% Witte's
peptone agar not not not 2+
& TFeS0a blsckened blackened blackecned | blackened
6 hrs at 45°C
16 hrs at 37°C not not not black
blackened blackened blackened
HaeS:0s Agar
+ FeS0< nt not not 3+
6 hrs at 45°C |blasckened | blackened blackened [blackened
16 hrs et 37%¢ not not not 4+
blackened blackened blackened black

113.




then show that st is not produced by reductase unless
active goowth accompsnies i1t. Although such growth will
not cause st production unless the sulphur compounds are
attecked.

It vas thought possible that other amino acids
might exert a retarding effect upon HoS production from
cystins, either by exerting soms inhibiting action on
growth, or by being used by the organism in preference
to the cystine. That such a retarding efféct, occurs
when other amino acids are present is shown in plates 1l-6.
The acids which seemed to have the greatest effect were
agpartic scid, glycine and phenylalanine. Creatinine also
showed some effects The appea ance of st was delayed
from 12 to 24 hours in each case. This 1s particularly
noticeable in the case of B. coll with aspartic acid and
oystine, alsad, in the cass of B. amerogemes with phenyla-
lanine and cystine. In the case of phenylatsniune the
growth was not luxuriant in any of the tubes although
it was evident.

The emino acids alanine, leucine and tyrosine
geem to have much less effsct than the others, although
in practically every instance the production is somewhat
delayed over that from cystine alons.

That amino acids may be inhibitive to bacterisl
growth when used in sufficient concentration was shown
by Wyon and Mcleod (1923) who gave the following per-
centages showing the inhibitory threshold, as determined
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in a 1% to .2% peptone medium.

Histidine 0.18%, tyrosine 0.21%, phenylalanine
0.5%, tryptophsne 0.51%, leucine 0.85%, glycine 0.96%,
alanine 1,0%, glutamic scid 1.9%, asparagine 2.25%¢, as-
partic acid in concentration of 1.73% was inhibitive.
Burrows and Neyman (1917) have cslled attention to their
toxic-like action of tissue cells in culture.

The percentage given by Wyon and McLeod are
all higher than those used in the present work, but the
fact that they used them in a peptone solution, &nd
that the concentration used in the smaller amounts of
peptone were more toxic might indicate a protective
action toward the bacteria by the peptone. They also
failed to consider the amino acids normally present in

the peptone.

GRQNTH RATES.

In order to determine whether the deilayed
st production was caused by inhibition of growth or
by selective preference for one or the other of the
amino acids in solution, a nimber of growth rates were
run.

Hethods.

ledla was preperdd using the same formula
ahd me thods as that used for the study of\HZS production,
except for the 13% agar vwhich was omitted. The cystine
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was used in 0.05% concentration. The other amino acids
in 0.1% concentration. The media was sterilized im 100
C.C. Bmounts in 250 c.c. flasks. The reaction was ad-
Justed to P, 6.8, Innoculations were made by emulei-
fying a 24 hour agar slant culture of the orzgenliem and
diluted to 1-100,000. One c.c. of this dilutlon wes
innoculated into the flask. This dilution permitted
the nue of & small number of organisms for innocule-
tion and slso elimihated the possibility of sny consider-
gble amount of food substance being carried ovor from
the old culturs.

Incubation was carried out &t 37°C. Tae cul-
tures were plated out at regular intervals usiog appro-
priate dilutions and all plates were made with standard
agar snd were counted with a8 lens after 48 hours incube-
tion.

RESULL' S,

The plaste counts shown in the following tables
are expressed in logs of the actual numbor of colonies
counted per c.c. 0f culture.

A study of tae tablee 26-30 reveals a marked
veriation in some cases between the growth rete of cystine
used slons, and when smother amino acid is present. These

differénces may elso be seen in plates 7-ll.

The case of Be. merogenes in the glycime,
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TABIE 25

RESULTS SHOWIRG RATE OF GROWTH WITH CYSTINT ALONE AMD
TOGETEER WITH ASPARTIC ACID

Time

Hrs
in-
cu-
ba-
tion

3.c011

F50

B.aero

fenes I3

B.paratyrhosns B

Cystine

8:1HA
9:1 54
10:154A
11:15A
123157
1 :155
2:15%
3:15%
4:157
5:15¥P
6:157
72157
8:15¥
8:154
i8:1562

8:15 4]

0

W O 3 O G o Y N

I B
A S

36

48

*2.9540
2.7782
2.6990
2,8451
2,4771
53,0792
3.3979
3.7160]
4,0719
4.4502
5.0000
5.3222
5,7076
6.5441
7.0000

}Cystine
&

Aspertic A

Cystine|

Cmﬁgne
Aspertic 4

Cystine

- 3,0792
2,8451
2,6990
2.9540
2,.8451
3.2304
3.3979
3.9243
4.6021
5.0414
5.2788
5.5185
5.7853
8.2923
7.9294

6.4771

7.4472

2.7762
2.4771
2,6021
3.0000
2.6990
2.1761
3.5441
4.1038
4,3820
5.0414
5,431

5.8751
6.7010
8.0414
7.5798
5.9542

S, 8451
2,6990
2,6990
2,7782
2,6990
3.3802
4,0453
4.5563
5.3010
5.7559
6.2175
6.8062
7.2788
7.4914
6.0000

6.77682

28451
2,3010
2,9542
2,8451
2,9542
2.8451
2.8451
3.1461
3.2788
3.7709
3.9395
4,2430
4,3927

Cystim
&

Asparticd]
« T8¢
2.3010
2.6990
3.1761
2.6021
3.0792
3.1139
3.6232
3.9685
4.2601
4.5250
4,9031
5,3222

* In this and the following tsbles
the actusl colony count.
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TABLE 26

RESULTS SEOWING RATE OF GROVTH WITE TYROSINE ALOIE
AND WITH CYSTINE AND TYROSINE

Hrs
in- B.coli F 50 R, serogenes F 23| B.paratynhosus B
Time | cu~] Cystine Cystine Cystine
ba~- & Tyro 8ing & Tyrosing & Tyrosim
tion| Tyrosine Tyrosing Tyrosim
11:004 O 2.3222 | R.4%14 | 2.4772 | 2.4772 |2.8129 |2.7634
2:007 B3 2,7782 | 2,471 | 3.6021 | 2,9031 |3.3979 |2,9031
5:00P7 6 2.6021 2.6021 5.1614 | 3.1139 |3.0792 |2,6990
8:00¥ 9 lost lost 8.0170 6.4579 lost 106st
11:00P] 12 2.6990 | 2,903 8.0000 | 8.1761 |3.4472 |3.0792
11:004] 24 1.,1761 | 11.0000 {6.3979 (4,9138
Less thn
11 :00P] 36 7.6021 4,0000 | 11,7226 | 1D..2672 [10.0000 {9.3D10
less ten
11:004A! 48 9.5416 | 4.0000 |11.0792 | 11.6990 [11.9031 {9.6990
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TABLE 27

RESULTS SEOVING RATE OF GROWTH WITH GLYCINE ALONE
AND WITH GLYCINE AXND CYSTINE

Time | Hrs B,Celi F50 | B.asrosenes F23 B.paratyvhosus B
ine- Gly-| Gly~| Gly~ J Gly-| Gly- Gly-
cu=| cine cine | cine cine| cim 54 cine
ba=f Cys- Cys~ Cys-
tim tine time tine

10:40A| O | 4.5682 14,6533 4.5443 4.6b632] 4.5185 | 44,5441

1:40P| 3 | 4.9085(4.8865 4.7634 4,8324| 4.5315 | 4.3979

4:40P) 6 lost | 16st| 1lost lost| 4.6532 | 4,5441

7:407 9 | 7.2420 {7.3979 7.77862

10:40P| 12 | 9.4771}9.397% 9.201Q 8.9542| 6,23566{ 4.32010
10:404| 24 {11.1761 1.4774 11.301Q 11.6990 6.397 6.4771
10:40P| 36 [11,7782{1.903) 11,4771 11,9642 6.6902 6.6990
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53]

TABLE

RESULTS SHOWING RATE OF GROWTHE WITH

ALOIEZ AUD WITH

PAERVIDALANINE

PEENYLALANIINE AND CYSTINE

Ers | B.coli F B0 | S.aserogenes roj B.parstyphosus B
In- '

Time cu=|{ Yhenyl} Phenyld ’henyl<4 Phenyl4 Phenyt~] Phenyl-
ba~| alanine| slanind slanind alaning alaninel alanine
tion} & Cys-~ & Cys- & Cys-

tine tine tine
11:30A] 0O | 2,43141 2.4778 2.4314 | 2.3979 | 2.8062 | 2.81956

2:302{ 3 | 2,8451} 2.6021} 53.0000 | 3.2041 | 2.9031 3.1139

5:30P] 6 | 2.6021| 3.0414] 4.4771 ] 4.3979 | 3.7669 | 3.1139

8:30P 9 lost 4.6021} lost 6.0402 4,0000 3.71782

11:302} 12 | 3,1139| 4.6128| 8.1761 | 8.0000 | 6.1206 | 4.6990

11:304) 24 | 2.,7782] 5.3010| 9.7634 10.8633 | lost 6.6990

11:30P| 36 | 4.9542| 7.6990} 2.692%0 10.9031 | 9.4771 | 9.5441
less then

11:30A} 48 | 4,0000} 9.24%0) 10,1761 |11.3010| 1lost 8.2900
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RESULTS SHOWING RATE OF GROWTH WITH ALANINE

TABLE

29

ALONE AND WITH ALANINE AND CYSTINE

Time ?:i B.coli P 80| B, serogenes A B.paratyvhosus B
cu~- | Alaning Alaninel Alaning Alanine{Alaninel Alanine
g?;n Cystinj Cyszine Cysfine

10:004} O | 4,5441 | 4,.60%1 | 4,5441} 4,6990 (4.5181 | 4.5441

1:00| 3 |4.7482 | 4,6812 | 4,6335] 4,7993 |4.6435 | 4.4771

4:00P] 6 | 5.3424 | 5,0000| 5.2041} 5.1761 {4.5682 | 4.6232

7:00P] 9 }6,7404)] 6.732& | 7,204).| 6,9031 5.7482

10:002f12 1| 7.4%71| 7.3622] 9,2601]| B,.2122 !6.4771

10:00A1 24 [11.6021 |11.4771 11.3010{11.4771 [6.3979 | 6,3444

10:00P| 36 (11.7782 |11.9542 |11,6990]|11.8451 |8.2068 | 8.2672
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TAELE 30

SHOWING GROWTE IN RBASE KEDIUY WITHOUT
ADDITION OF AMINQO ACIDS

Time Hours B.coli FX0| B.aerogenes| B.para~

Incub, P 23 typhosus B,
10:00A 0 4,544 4,6532 4.4150
1:00P 3 4,7782 4,832 4,6628
4:00P 6 4,210 4.6021 4.08212
7:00P 9 5.5185 6.8751 3.4914
10:00F 12 5.9912 8.1761 3.1461
10:00A 24 6.3979 9.0000 2.8451
10:00P 36 65,7782 8,.7482 g?gs than
10:004 43
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oystine medium may be considered to be en example of

one type of reection (Plate 7). The growth in the media
contsining glycine is much more luxuriant, and the
growth curve much steeper than in the medium conteining
cystine alone. It is evident that B, aerogenes finds
glycine more available thah it does oystine. That the
cystine is sparea when glycine is present is shown by
the Has production curves on the same plate. Viihen

glycine is present, no H_S is released from the cystine

2
until after 12 hours and only a 2 £ reaction after 36
hours while with cystine alone in the medium HoS pro-
duction is very evident (2£) in 12 hours.

Plates 8/10 show much the same reaction. This
is particularly evident in plate 8, in the case of
goerogenes and phenylalsnine. This amino acid was found
to give a much steeper growth curve with B. aerogenes
than cystine while no st production was evident until
after 5 days.

This reaction is not mearly so marked in the
case of B, paretyphosus B, saown in Plate 9. The delay
in st production here is probably due to the fact that
the orgenism grows poorly in most of the amino acid
media and tae small smount of st produced is the result

of lack of utilizstion of amino acid rather than a dis-

cerimination against eystine. The growth cumves show
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that the rste and extent of multiplication varies but
little with phenylalanine or cystine in the meliium. It
will be remembered that B, paratyphosus B. was one of the
organisms that usually produged st abundantly from pep-
tone in 24 hours.

Tas reaction of B, coli with tyrosine shown
in plate 1l was evidently of & different type. As shown
by the growth curves practically no multiplication took
place when tyrosine was alone 8s a source of nitrogen.
Not only did tyrosine fail to furnish proper nourishment
for B. coli but it also seemed to interfere in some way
with the utilization of cystine as shown in a comparison
of the cystine curve with that of the cystine £ tyrosine.
The slight decresss in HBS production when tyrosine was
present was probably caussd by this interference with
growth. This interference might be due to phenol groups
split off from the tyrosinme. If this is trus, then B.
serogenes must bresk down the tyrosine moleculs in a
different manner eince this orgsnism is not sappsrently
inhibited. This possibility might be investigated by
guentitatively determining the phenol groups split off,
Xoser (1919) using visible turbidity in the culture
tube as an index of utilization, found no development
by B. coli in tyrosine media.

The results given above would seem to show &
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marked variation in the availability of smino acids for
bacterisl use. Also that this variation msy be demon-
strated by compering the amino acid in qusstion to cy-
stine, and using BZS production a8 an index of the utili-
z&tion of the cystins.

Expleining the aelagyed st productionffrom
peptone on this basis, it is seen that the delsy is
cauged by ihe orgesnisms finding, in the psptone, amino
aclds moro readily utilizcd than cystine. The cystine

is therefore spared, at the expense of these amino sacids,
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NITROGEN DETERMINATIONS

Early in the course of the present work it
was thought that determination of the nitrogen con-
tained in the different fractioms of cultures grown
in the 2% Difco peptone medium, might throw some 1light
upon the type of reaction produced by B. coli and B.
aeroganes.

These fradtions as suggested by Kendall (1922)
consist of (1), the total nitrogen, (2) non-protein
nitrogen, (3) protein nitrogen, (&) polypeptide nitrogen,
(6) emino acid nitrogen, (6) smmonia nitrogen.

LETHODS

The methods used for these determinations were
largely those used by Kendall in his many studies.

Total nitrogen was determined by the Folin
and Parmer micro methodl (1912) except that the digestion
mixture was similer to that used for the nonr-protein
nitrogen. It conmsisted of equel parts of the phosphoric
sulphuric acid mixture and of concentrated sulphurie
acid. Direct nesslerization was used, employing the
Eesslerzs solution as modified by Folin and Wu (1919).

The non-protein mitrogen was determined by
the Folin and Wu metnod.

The protein nitrogen was obtained by calcula-

ting the difference between the total nitrogen and the
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non-protein nitrogen.

The amino nitrogen was determined by the
Formol tritration method of Henriques and sgrensen (1910),
correction being made for ammonia.

The "polypeptid"hnitrogen, so-called by Kendall,
was considered to be the non-protein nitrogen not account-
§d for by the amino nitrogen and smmonia. It was determin-
6d by calculation.

The ammonia nitrogen was determined by the
Folin snd MeCallum (1912) modification of the Folin
aeration method.

RESULTS.

A number of each determinations were made
using 7 day cultures of the organisms, B. asrogencs and
B. coli.

A protocol of one of such sorics of detoermina-
tions is given in Table #31.

The results show a slight reduction of the
protein nitrogen. This seems to have been broken down
to non-protein nitrogen of the "polypeptid" type, since
this showed some increase. The amino N2 is decreased by
both orgaenisms, and the coincident inorease in ammonia
¥, would indicate that some of the amino acids had been
deamidized, with the production of ammonia. These re-
sults are similar to those produced by other memberw of

the intestinel group of bacteria as shown by Kendall
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TABIE 31

ESULTS OF FRACTIONAL HNITROGEN DETERMINATIONS
upoN 2% DIFCO PEPTONZ 10% GELATINE CULTURE.
INCUBATION, 7 DAYS AT 37°C. EXPRESSED IN
VILLINETERS NITROGEN PER 100cc ¥EDIUK

Control . 3, aerogenes B, coli _
P ) 7
Kgr Ne| Total MNgr Ne| Total ¥gr N;l Tot sl
Ne Ne Fe
Total e fi77.7? 1787.75 1739.13

Protein We | 1519,71} 85,48 1471.22| 81.83 1412.60) 81.22

Non Protein
We | 258.06)14.52| 326.53] 18.17 326.53| 18.78

Polypeptiad
_ Ne | 172.96] 9.72| =240.82] 13.40 246.97] 14.20
Amino 1o 78.03] 4.38 63.81] 3.58 170.39| 4.04
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{1922). TWhile there were some quantitative differences

in nitrogen fractions produced by growth of the two organ=-
isms, 1t was bolieved they were too small to be significant.
This 1ine of investigation, therEfore, was not pursued

furthero
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GENERAL DISCUSSION

A rather thorough discussion has already
been given immediately following the results obtained
in each phase of the problem.

It, therefore, seemed desirable in this
General Discussion to call attention only to the cor=-
relations which may be drawn from the results obtgined
in the various studies,

Evidence has been presented in the forego-
ing paper to show that there is & fundamental difference
in the protein metaboliam of B. coli and B, aerogoenes.
Thig evidence is based on the following points; (1) Dif=-
forences in the CO0p/Hg ratio of the gas produced from

Difoo peptone; (2) Differences in the utilization of
certain amino scids; and (3) Differences in the &gree of
rosistence to brilliant green.

These differences would seem to be funda=-
mental in neture since they are based, (1) upon the end
products obtained from the decomposition of what appesars
to be the same substance in the peptone and would indi-
cate a difference in the manner of bresking down that
substance, end (2) upon the fact that these:organisms
cannot udilize the same, simple nitrogen compounds.
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This lack of utilization would indicate a difference in
the enzymes produced by the two orgenisms. (3) The
difference in the resistence of these organisms to a dye
such ag brillient green, might be taken to indicate a
difference in the character of the protoplasm of the @ell,
gsince it is believed that the selective action of such
dyes depends to a great extent upon difference in the
penstration of the dye and ifs chemical reaction with
the proteins of the cell.

Such observations upon the difference in the
,proteolytic properties. of the two organisms are of sig-
nificance since clagsification within this group in the
ypast has been based almost entirely upon differences in

carbohydrate metabolism.
A consideration of the normsl habitat of

these organisms would be of interest since it is upon
guch & basis that the interpretation of their presence
in water and soil, etc., i3 made. B. coli is found
in greater numbers in the intestinal tract, where 1t
has been able to adapt itself and has bacome to & certain
extent parasitioc. B. serogones, on the other hand, is
found in greater numbers in the soil &nd on grains, and
is more saprophytic in character.

According to Kligler (1917), and Winslow,
fiigler and Rothberg (1919 in their studies on the



relationship of bacteria, B. zerogenes is considered to

be 8 rather primitive type in the evolutionary develop-
ment of the basterisl species. From which type there
has developed the various members of the colon-typhoid
group of bscteria., TIf this is true, then B. coli might
be considered to be & type of B, aerogenes which has
adapted itself to 8 more or less parasitic existence
in the intestinal tract and whose characteristics have
accordingly been changed to suit this envoirment.

It has been seen that the normal envi¥oa-
ment of the two organisms is considerably different.
It 1s of interest to consider what the fate of one tyve
would be if placed in the environment of the other.
Certainly, B. serogenes must have ample opportunity to
enter the intestinal tract. The fact that this organism
is found in very small numbers in the feces would in-
dicate that it does not find suitable conditions in the
lower intestine for its development. These orgsnisms
then, must either be destroyed in their passege through
the intestines or their charascoteristics be so changed
that they no longer resemble the typical B. aerogenes
If this evolution toward the B. coli type ocours, there
wonld be found in the feces, organisms with character-
istics varying from the typical B« aerogenes through
many steps to the typical B. coli.

132,



These intermediate types have been demon=-

strated from feces by the use of brillisnt green dextrose
broth as en enrichment medium sag shown by results given
in Part I. They comprised & considerable percent of
the organisms isolated from normel stools by this means.

Organisms showing ldentical characteristics
are found quite commonly in water. These are ususlly
referred to s "so0ill coll™ and are interpreted as indie
cating remote pollution. That such orgenisms might
be present in water due to direct fecal pollution is
shown by results obtained in this study. The relative
importance of such pollution can be determined only by
& more comprehensive study of these atypical strains.
The methods of study used in this work, nsmely, the gas
production from peptone, and the relative resistence
to dbrilliant greoen has been shown to be particularily
adapted for such a study.

The sbove discussion serves to emphasize the
fact that although the scolon-aerogenes group has been
one of the most thoroughly studied, of all the groups
of bacteria, our knowledge is still very incomplete.

7
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Two huiddred and sixteen strains of the
eolon-aerogenes group were isolefed from the following

sources: feces, 109 strains; soil {stored), 6 strains;
flour suacks, 6 strains; milk and cream, 14 strains;
oysters and meat, 45 strains,; and surface water, 37
strains.

Preliminary enrichment in brillisnt green
broth was applied successfully to the separation and
isolation of the various colon-aerogenes types found
in feces.

These orgenisms were atudied as to their
cultural characteristics. The following tests were
used: the fermentation of dextrose, lactose, saccharose,
dulcitol and adonitol; the methyl red test; the Voges
and Proskauer reaction: production of indol; production
of Hp8; utilization of sodium citrate and uric =oid;
the liquefaction of gelatine and the production of gas
from & 2% Difco peptone geletine medium. Correlstions
were made between the different cultural characteristics

and between these and the source of the organisms,
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Part I1

The metabolic studies consisted of & study
of the conditions under which gas was produced from
Difco peptons, with a comparative study of a number of
other commcreial peptones such as Witte's, Psrk-Davig,
and Armour'gs

Analyses of the gas produced from Difco
peptone by B. aserogenss and B. coll were made and the
CO2/HEs rotio determined. The micro method of Brown was
successfully applied to the study of this problem.

A comparative study of the HgS production
by & number of organisms was made upon Witte's peptone,
Difoo peptone, cystine, and sodium thiosulphate.

A method using FeSO4 in a solid medium was
devised as & qualitative test and for roughly measuring
the HoS produced.

By the use of the FeS04 egar method, the
effect of various amino acids upon HpS production from
cystine was studied for & number of organisms.

The cause of the delayed production of Ho3
when certain other amino scids were present, was found
by a study of comparative growth rates upon these amino
acids in & synthetic medium.



The selective utilization of amino acids by
bacteria was demonstrated by means of growth rates, and
by using HoS production from cystine as an indicator.

In this way the following amino aclds were
studied: glycine, alanine, leucins, tyrosine aspartic
ecid, phenylalanine and the extrasctive creatinine.

A study of the nitrogen metsabolism of Be.
coll and B. zerogenes wes made in Difco peptone gelatine,
and the nitrogen changes oscurring in the various fractions
were considered. The methods used were largely those
applied by Kendell.

The rsesults obtained from the studies in-
dicated in the sbove Summary would seem to Justify the

following conclusionse
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CONCLUSIONS

1. Two percent peptone gelatine medium may be used as
a means of demonstrating gas production from
peptone. This medium serves & double purpose
in that it also can be used for noting gelatine
liquefaction.

2. The gas ratio, G'Og/Hg, as obtained from Difco pep=
tone by the mction of B. coll and B. serogenes
is characteristic for each type of orgenism.
This may be used &8s a oriterion in differentize
ting these organisms.

3« The gas produced from Difco peptone by B. serogenes
and B. coll has its origin from the amino acids
present and i3 not produced from a carbohydrate
radicle.

4, B. morogenes produces visible gas from Difco and from
Park«Devig peptones but not from Witte's or
from Armour's peptones.

5. The vaseline tube &and syringe method for micro gas
enalysis may be successfully used in the routine

study of ges production from peptones.
6. B. co0li and B. asrogenea both produce HgS from pept:
This resction is & delayed one, only 2 strair



B. coli out of 109 studied, and none of the B.
aerogenes produced HoS within 48 hours. All
of the strains tried were positive after 5 to
7 days.

7« B. coll and B. aerogenes produce HoS from cystine
in 12 to 24 hours, when cystine is glone &s &

gource of nitrogen. HNone of the strains studied

produced HgS from sodium thiosulphate.
8, The production of Hz2S from cystine by bacteria 1is

dependent upon its utilization by the organisms.
This is shown by the correlation of growth rates
and HpS production and by the fact that the
reducdases produced by the organisms studied are
not in themselves sufficient to release HoS from
cystine,.

9. Hydrogen sulphide production as shown by the blacken-
ing of FeS04 agar may be used to measure cystine
utilization.

10. Ferrous sulphate ager, as prepared by the author, is
superior to lead acetate agar, as an indicator
of HpS production.

11, Bacteria show a selective preference for certain

smino acids. This was shown by & comparison of
growth rates upon amino scids in a synthetio

medium, end by & comparison of their utilization



to that of cystine, using HpS production as an
index of cystine mtilization.

12. Certain amino acids may selectively inhibit the
the growth of bacteria, ag shown in the present
study of the inhibiting effect of tyrosine on
the growth of B. coli, while it hes practically
no effect on that of B, aerogenes and B. para-
typhosus B.

13« B. coli may exist in the soil for a period of 8
yeardg, under the conditions found in & sealed

magson fruit Jar.

14. Brilliant green dextrose broth 1s of great value
in the isolation and study of B. aerogenes and
of certain atypicel B. coll strains found in
feces.

15. B. serogencs strains which fail to fcrment adonitol
are found in the feces. Six of the fourteen
strains isolated from feces by brillisnt green
broth were of this type. The possibility of
the effect of the brilliant green upon adonitol
fermentation was ruled out.

16. Atypicel B. coli strains may be isolated from feces
in compargtively large numbers, by the use of

brilliant green enrichment. These strains are

139,



similay in every way to those found in watere

17. Atyplcel Be ©oll strains found in feces may bo con-
sidered to bo orgonisms which are in the process
of sn evolutionsl change from the primitive B.
eeorogoneg type to the more perasitic Be coll
type.

18. Direct fecal pollution must bo considercd as & pog=-
sible mource of the atypicel B. coli types

found in waters
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