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DTRODUOTIOlt 

"The cul ti"'vation and identification of the members 

of the colon-aerogenea group of bacteria are of great im-

portance from the standpoint of public health. These organ-

isms are normal inhabitants of the intestinal tract ofma.n, 

a.nd their presence or absence in water, and to a less extent 

in :foods, serves as an index to its sanitary quality. !hey 
are also of some importance as an etiological 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 oulti-

vation and identification of these organisms depend upon a 

knowledge of their nutritional requirements and of their 

metabolism. The nutritional requirements of bacteria are 

relatively simple, but like other living things they require 

nitrogen, carbon, oxygen and hydrogen with certain inorganic 

salts. 

A study of bacterial nu.tr1 tion would involve a 
study of the conditions under which these elements may be 

SU.J?Plied to allow or favor growth of the organism. 
A study of the metabolism of bacteria oonstitutes 

a study of the processes and products of extra-cellular di-

gestion, whereby oomplex food molecules are b~Pken down to 

simpler substances preparatory to absorption by the bacterial 

1. 



cell. and a study of the process and products of 1ntra-
cellu1ar digestion whereby the :food molecule is £urther 

disintergra.ted, apart being stored, or built up into bac-

terial protoplasm and a part being given off as secretions 

or as waste products. The nutrition and metabolism of 

bacteria are so cloaaJ.y allied that a study o'f one could 

not be made without considering the other. 

REVIEW OF LITERATURE 
A review of the literature on bacterial nutrition 

and bacterial metabolism might be considered under the 

following headings. 

I. Bacterial Nutrition 

A. Nitrogen requirements 

a. Utilization of purified proteins 

b. Utilization of hydrolytio products 

o. Utilization of amino acids and ammonium salts 
d. Growth aooessory substances 

B. Oarbon requirements 
a. Carbon dioxide 

b. Carbohydrates and ~loohols 
o. Organic acid radioles 

d. Cellulose 

e. Proteins. 
c. Inorganic salt requirements 



II. l3aoterial Metabolism 
A. Nitrogen metabolism 

a. Qualitative atudy of intermediate and end pro-

ducts .. 
b. Quantitative study of intermediate and end 

products. 
c. Effect of uti11zable carbohydrate upon nitrogen 

metabolism 
l3. Carbohydrate metabolism; :products of fermentation;. 

acids and gases 

c. Gaseous metabolism 

I. l3ACTERIAL NUTRITION 

Previous work on bacterial nutrition has been along 

two general lines with different ends in view. one with 

the praotioal purpose of supplying the nutritional require-

ments for the growth of soma particular organism or group 

of organisms, without regard to the actual ohemioal compo-
sition or complexity of the I11edium; the other with the more 

purely saientifie purpose of simplifying the medium to one 

of known ohemioal composition, for the purpose of more 

aoourately studying the reactions of the organism. 
A. Nitrogen Requirements 

a. Utilization of purified proteins. 

The nitrogen requirement for baoter1a1 nutrition 

has been considered to be the most d1f£icu1t to supply and 

3. 



has received considerable attention by investigators. The 

ear1y observation of :Pere (1892) that certain bacteria. would 

not grow upon media containing pure protein as the on1y 

sou.roe of nitrogen is usually overlooked.- He was nnsueoess-

fu1 in growing B. typhosua and 13. coli upon a dilute solu• 

tion o:f albumine as the only sou.roe o:f nitrogen. Re believed 

they were unable to produce suitable enzy.mes to transform 

that substance into assimilable su.batenees. Bainbridge 

(1911),uaing purified animal proteins as the only source c,f 

nitrogen, found that certain aerobic and faoul tative an--: 
aerobic bacteria were unable to grow. Sperry and Rettger 

{1915) confirmed the previous work and noted in addition 

that putrefaotive anaerobes were unable 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 present. 

Rettger, Berman and Sturges (1916) observed that B. vu1garis, 

B. subti11s, Sta.pbylocooous aureus, B. coli and B. typhosus 

were unable to grow upon ooagulnted egg albumin a.a the sole 

source of nitrogen. They determined the a.mount of protein 

and peptone used by the above organisms and found that the 

non-gelatine liquefying group utilized them very little or 

not at all, while the gelatine liquefying group digested 

them readily. Opportunity for autolyais of the bacterial 
cells was given in the case of both of the above groups. 



Sturges and Rettger (1922) following up this work upon 

autolysia, found that bacteria of the proteolytic tyi:,e, such 

a.s B. prodigiosus, Ps. pyoayaneus and B. subt111s;, the pa.tho• 

genia cocoi. such as the gonococcus. the m6ningoooocue and 

the pneumoooccus undergo an actual autolys!s, while the 

sutolytio changes in B. coli was vary slight. Wollman (19191' 

observed that when B. coli was grown on a horse serum or an 

egg-white medium no indol was produaed but if prote.olytic 

organisms had previously grown in the medium, the growth o:t 
B. coli was accompanied by 1ndol production. 

b. Utilization of hydrolytio products., 

A number of investigators have called attention 

to the use of acid a.nd alkali hydrolytio products and the 
products of peptic and tryptic digestion of proteins, for 

the cultivation of bacteria. Pere (1892) reports the growth 

of B. coli and B. typhosus upon the proa.uots of acid and 

alkali hydrolysis, also upon the products of digestion by 

pepsin and trysin. 

Dalimer and Lancereaux (1913, s &b) reported 

excellent results upon a protein-free product of' peptic and 

tryptic digestion, known commercially as nops1ne". It 

contained all the amino acids o:f hydro1ysis, phosphorus 

from nu.oleius, cystine. and a carbohydrate,. gluoosamine. 

They obtained good growth not only with the saprophytic 

bacteria and £ung1 but also with the pathogens more difficult 

to cultivate. Robinson and Rettger (1918) confirmed the 



resn1ts of Da1imer and Lanoereaux conoet']llng ops1ne and 

in addition prepared protein free acid hydrolytio products 
from casein, 1acto albumin and edestin. The products from 

casein gave fair baateria1 growth, but the pr.oduots of 

edeatin were :found unsuitable.. They noticed less growth 

in the products deoolori:zed With chnrooal. Stickel- and 

Myers (l.918) used peptic and tryptio digestion products of 

blood, pig or beef liver and placenta, suooessfully for 

bacterial culture. In some cases they found it necessary 
to add phosphates. 10.ig].er (1919) found an autolysate of 
yeast a suitabJ.e medium :for bacterial gro\-rth, toxin pro-

duction, and observation of 1ndo1 production, he noted that 
the amino acid content was high. 

o. Amino Acids and Ammonium Sal ts, 
While many of these products furnish nitrogen in 

a form which may be utilized by a great number of strains 
of baotcria, and have proven very usefu1 for cultivation, 

they do not serve the purpose of a. medium for research 1-n 
bacterial metabolism so we11. It is highly desirable in 
st1,tdying the produ.ots formed by bacterial action to have 

a medium of definite chemical composition. This is found 

in a number of synthetio media. Usoh1nsky ( 1893) • Frankel 
(1894) and Jordan (1899( used media hnving as a source of 

nitrogen, a.spa.re.gin alone or with an ammonium salt. These 
ho.va been :found to support the growth o:f mo.ny saprophytic 

and a few pathogenic bacteria. Studies upon the availability 
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production with B. 0011 depended upon presenoe of trypto-

phane. 
Clark and Luba (1917) recommended a medium contain-

ing aspartio acid as the on1y source of nitrogen :for use 

in differentiation within the colon-aerogenes group.. This 

has since been adopted as a standard medium in the Bacter-
iological Analysis of Water (1925). 

Gordon (1917) used a basic medium oomposed of 

washed and dried agar 3%, K~04 0.1% .. UgS04 o.2%, 00012 

0.01%, Na.Cl o.s% to which ha added various nitrogenous 

substances. Re attempted to cultivate a number o:f patho-

genic bacteria and found thnt when glucose was present as 

a source of carbon, B. coli, B. paraty:phosus,, B. pyooyaneu.s, 

end B. proteu.s could satisfy their nitrogen requirements 
with ammonium salts, amides and amino acids. The cholera 

vibrio and B. dysenteria could use asparagia but could 
not utilize ammonium salts. B. typhosua, Frledlanderis 

baoillua, B. diphtheria, the stapbyloaoooi and the strep-

tococci could not utilize any of these simp1er nitrogeneous 

compounds. 

Ayers and Rupp (1918) by limiting the nitrogen 

containing compounds to ammonium phosphate, secured a 

selective medium for tho enumeration of colon organisms 

in water and milk .. The colon-aerogenes group of bacteria. 

produced typical colonies while most other bacteria :failed 



to develop. 

Otsuka {1915) observed that ata:phylocoaous aureua: 

and B. prodigiosus could decompose glyoyl-1-tyrosine and 

glycyl-trypto:pha.n~ while B. coli couJ. a. not. 

Frnnces (1923} made the interesting observation 

that B. tu.1.arense fai1ed to grow on bee:f infusion peptone 

agar and in media containing various :proteins. peptides. 

amino acids ana sulphur compounds other than oystine. but 

grew well on media containing n small amount of added 

oystine. Do.vi9 end Terry (1919) found that B• di:phther,.a 

vmuld not grow on a synethetic medium containing amino 

aoids or extractives as tho only source of nitrogen,but 

when a small amollllt of beef infusion was added. growth 

and toxin production prooeeded as usual. Oystine seemed 

to have a stimulating effect upon toxin production .. 

O:f the investigations whioh hnve been of a more 

general ne.ture. Lapierre (1903) :prepared what he "believed 

to be pure orystaline gluooproteina. with from 6 to 11 

carbon atoms. Those were added in a.mounts o:f :from 1.5% 

to 3% to a new constant mineral solution consisting of 

Sodium chloride 0.5% 

Magnesium sulphate o.ot% 
Calcium glycerophosphate 0.2 to 0.3% 

Potassium bicarbonate 0.1 to o.2% 
Re sometimes added 2.0 to z.o% o:f glucose, sacoharose or 



glycerine. He found that of 45 organisms tried (22 

pathogens and 23 saprophytio} 14 of the pathogens and 23 

of the saprophytes grew on all the gluoo-proteina. Seven 

pathogens, i.e., streptococcus, B. diphtheria, B. anthrax, 

B. petis, B. tetanus and Vib septiqu.e were able to grow 

in glucoproteins of 08 and c9 while a strain of human 

tuberonlosis bacillus preferred clO and ell. 
goaoccus required preliminary adaptation. 

The menin• 

Galima.rd and Lucomme (1908),using Lepierre's 

basic medium studied the growth of e. number of species of 

pathogenic bacteria using various nitrogen compounds 

consisting of seven different amino acids, urea, and eleven 

mixtures o:f amino acids. He found that B. pyocyaneus 

could utilize glycine, l.euc-1ne, tyrosine, a.spartio acid, 

lysine, arginine, urea. B. coli utilized glycine, leuoine, 

tryorine and arginine. B., dysenterio. utilized arginine 

only; B. paratyphosus. tyrosine and arginine; B• typhom1s,. 
none; B. diphtheria, none. None of the apeoies were 

able to utilize phenylalanine. Of the mixtures no one 

medium supported gro-r;th o:f o.11 organisms used. 0011 

grew on all but one, B. typhosua grew on none and B. diph-

theria on none. Doryland (1916) reported growth by car• 
tain strains o:f bacteria upon a synthetic medium contain-

ing various nitrogen and carbon aompounds and using silicate 
jelly as a coa.guJ.ant. HuJ.ton-Frankel, et al.., {1919 a,b,o) 



studied growth (a.)• sugar fcrmente,tion {b), virulence and 

antibody production (o}. of bacteria upon a aynthetio 
medium containing a..r:nnonium salts as the only source of 

nitrogen. 
Koser and Rettger (1919) • using a modified Usehinaey' s 

basic medium studied the utilization of representative mono-

a.mino. diamino, aromatic and heterocyclio amino acids;. 

ammonium phos:phnte. urea, taurine. creatin. hypoxanthin, 

uric acid, allantoin and various mixtures of the above, 

by a number of ga.eteria representing 9 different groups. 

Their results essentially con~irm those of Galimard nnd 
Laoomme. They also note that with the exception oi' the 
vib. cholerae .. the organisms which utilize an amino acid 

can use diammonium acid phosphate e.s readi1y. B. anthra.01s 1 

B. dysenteria.e. members oi' the diphtheria group and all but 

one of the cocci :f'a.iled to grow in any of the media., vlb.ila 

B. typhosus developed in tryptophane and severa1 amino 
acid mixtures. 

Diehl (1919) observed that ferments obtained from 

bucteria1 growth on mediums containing amino noids as the 

only source of nitrogen show considerable specificity. 

Those obtained irom erowth on asparagin. digest both gelatin 
and casein. Those from tyros1no do not digest gelatine •. 

Wyon and MoLeod (1923) report an inhibition of 

growth o:f various baoterla. by ~ino acids when nu.ded in 

:re1atively sma.11 amounts to peptone media. They fotmd some 

variation in resistance of the organisms. Staphylococcus 

,, 



au.reus, subti1is, B. dyaenterine,. li'lexner, B. diphtheriae, 

the pneum.ococcus and hemo1ytio streptocoooi being the most 

easily inhibited. while B. typhosus, B. paratyphosus A 

and B wQre 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 cystine inhibited the 

growth of delicately growing bacteria. While bacteria 

which split cystine with liberation of hydrogen sulphide 

could withstand a. oonaiderable concentration. 

D. Growth Aooesaory Substances, 

The isolation and cultivation of the more delicately 

growing pnthogenic bacteria has always been a problem of 

considerable importance. 

It is usually accomplished by auding blood, serum 
or some other body flu.id to ordinary ou1 ture media. The 

substt:.nces necessary for usch stimulc.tion is considered 

to be nitrogenous in nature, and is known by such terms 

as "growth accessory fnctorsff, "vita.mines" and "hormones"• 

Lloyd (1916) working •with the meningocoocus noted that 

these subst~noes may be supplied by body fluids and pos-

sibly by eggs1 starch and vegetable digests, that thoy 

are removed by filtering, but not destroyed by heat of 

sterilization. Huntoon (1918) end Bailey \1925) confirm• 

edLloyd' s results o.nd described i1repa.ration of "Ho:rmona" 

media. Ayers and Rupp (1920) used extracts of dry yeast. 



Pu.tmen and Gay (1920) end Willie.ms and Povltsky (1921) 

were t.tbie to cul. tivate Pfei£fcr1 s bacillus without the 

presence of hemogiobin by grovling in mixed cu1ture with 

various organsism. Lyers and Mudge (1922) found growth 

p::omoting substances in autolysad yeast erlTUct, cabbage 

extract and in animal. vogstable and mineral oils. They 

cou1d not suooessfully identify them with the sou.roe of 

any of the known vitamines. Mueller (1922 a) :f'ound that 

boiling beef heart infusion with 2% wood charcoal removed 

some substance necessary for tho grmvth of streptoooocue 

a.nd that this could bo replaced by small qunntities of 

peptone or aoid hydrobyrate of casein or adestin. 

Vlhi tehead ( 1924) gave ovidenco to show that amino 

acids were not responsible for stimulation of grow.th. 

Robertson (1924) showed that B. coli growing in 

a medium devoid of accessory fnctors produoed au~stanoea 

necessary to the gro11rth o*enst. 

B. Cl~BOlT P..EQUIRF..1illHTS. 

The carbon roquiroments o:f' bacteria ore more 

easily supplied although considerable vnriation is found 

among the different speoioa. The ability to utilize the 

carbon of various organic substances ia believed to be one 

of the more stable cha.raoter.istios of bacteria and has 

been used aa a basis for ola.saification. 

Jenson (l909} in his classification recognized a 



group of bacteria whioh were able to utilize atmospheric 

CO2. The studies of llig].er (1914), :arowne (1914) • 

Winslow, Xllgler and Rothberg (1919) and the ola.ssifica• 
tion o:f Holman (1916) • Caste110ni nnd Chambers (J.920) and 

Bergey's (1923) are based more or less upon the fermenta-

tion of carbohydrates and the higher a1cohols-. Laybourn 

(1920) st:.died the :fermentation of various poly-saccharides 

by B. aerogenes .. The- ability of certain bacteria to 
utilize salts of the organic acids has been studied by 

Sullivan ( 1905-06) • Brown, Duncan and Henry ( 1924) and 
Koser (1923 & 1 24). 

McBeth and Soales (1913) described a number of 

bocteria and fungi that decompose oellu1osa .. 

That bacteria can obtain the carbon :for their enerw 

and structural needs :from protein sources has been shown 
by Smith (1897) • Dolt (1908) • Xenda11 (1913) and o-thera. 

C .. Inorganic Salt Requirements. 

There 1s lnok of agreement as to the inorganio 
salts necessary- for baotcrial development.. Phosphorus 

in some form is oonoeeded to be necessary for the develop~ 

ment of bacteria due to its inclusion in the structure of 

the nucleus of the cells.. L6wenstein (1913) and Kendall• 

Day o.nd t?alker {1914) were able to grow B. tuberculosis 

with :phosphorus as the only inorganic constituent. 

Lockemann (1919) on the other hnnd found potassium and 

magnesium to b~ needed in addition to phosphorus. A number 

1A.-



of the synthetic mediums referred to above contain only 

a. few inorganic radioles. Jordan (1899) studied the 

effect o:f inorganic salts on pigment production by bacteria. 

Snllivan {1905-1906) used a number of synthetic media 

in his study of growth and pigmentation. Ile used aspa-

:ragin es a source o:f nitrogen and was able to control 

pigmentation by varying the qualitative inorganic salt 

content of the media. He considered phosphates and sul• 

phatea necessary for pigment production. Pitz (1916) 

reports that elemental sulphur had a hsrm:fu.1 effect upon 

the growth of soil bs,oterie nnd tho.t oa.so4 inoreaaed 

grov,th of nitrogen fixing baoteria but hed no effect upon 

the general soil :flora. Holm a.nd Sherman ( 1921) explain 

the inhibi.ting and stinn.ueting effect of di:f:ferent salts 

on grooth of bacteria by comparine it to tho action on 

co11oidal reactions such aa coagul::::tion.- permeability, 

diffnsion. They found that the cations Na, K, NH4 , atim-

ulo.ted grm7th while Ce, Mg and Fe inhibited growth. Of 

the anions, the chloride, iodide, no3 , so4 and P04 stim-

ulated; while the oxyle.te. aoetnte, oi tro.te and fluoride 

inhibited. 

Another method of approach to the problem is by 

a chemical analysis of the bacterial protein. The out-

standing fact learned from such analyses ia tho marked 
variation of the percentage composition of the ash when 

the organism is grown upon a medium of varying inorganic 
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salt content. Wells. et al.• (1923) has summarized the 

anelyses of B. tuberculosis maae by a number of investi-

gators. The elements usually found present were phos-
phorus, Ilg, Ca, K. Na and sometimes so4 • Dawson (1919) 

made analyses of the a.ah of B. coli grown upon 8 different 

media which varied in their chemical composition.. He 

:fonnd marked variation in the preoenta.ge composition not 

only of the inorganic salts but of the nitrogenous com-

position,. :fats and carbohydrate rndioles as well. Va.ugbn 

(1913) summarized the work dona by Lee.ch (1Q06) • Wheel.er 

nna,. others in his laboratory upon the chemical. analyses 
of the becterio.l a11bstanoe. Na., K, Ca, Cu, Al, P04 were 

identified from the a.sh of the colon bacillus. A number 
of mono-amino ana. diamino acids were determined from the 

bacterial protein. They believed that the Ou and Al 

were from extraneous sou.roes. 

Downe (1924) has compiled a comprehensive biblio-

graphy on the effect of hydrogen ion concentration on 
biological reactions. 

2. Bacterial .Met~bo11em 

Scientists have been awe.re of the reactions and 

products of cultures of bacteria and allied :forms since 
the work of Pasteur. Some work was done by the early 

bacteriologists on the identity of the end products of 

ba.otoria. grovm upon proteins and upon carbohydrate media.. 

Most of the work which we now classify under the term 
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bacterial metabo1ism awaited the perfection of chemical 

methods of ena.lysis and their modification to baoterio1og1-

ca1 use. and is the result of more recent years. This 

work has taken t\vo general direotions: (l) a. study of the 

various steps in the breakdown o:f protein and carbohydrate 

molecules by qualitative identification of the intermediate 

and end products; (2) a careful. quantitative rrtudy of the 
end products and such of the intermediate products as a.re 

necessary for determining the manner of the decomposition. 

The accumulation of such knowl.edge has been of' 

great value to: (l) the publio health worker in regard to 

food spoilage. purification of streams nnd surface waters 

of sewage pollution and industrial wastes. and the proper 

disposal of human excreta. and other waste products; (2) the 

physician and medioal scienti:fio workers. in regard to the 

production of bacterial toxins, the relation of bacteria 
to disease, intestinal putrefaction and the identifioation 

of pathogenic bacteria; {3) agriculture,. in this regard the 

study of the nitrogen and carbohydrate metabolism has been 

the means of establishing upon a firm scientific founda-

tion the theory of rotation of crops. nitrifaction of the 

soil, nitrogen fixation by leguminous J)lnnts, and has es-

tablished the grant importance of bacteria in the nitrogen 

and oarbon·,cycles of nature; (4) the manufacturer e.nd 

industrial chemist, in the production of fermented foods 
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end vinegar• the scientific control of to:rtu.i~e flavors and 

aromas in butter. cheese, and in the production of other 

dairy products, the manu:ractnre of white lea.a, end the pro-

duction of various alcohols. ecetone and other ohemica1 

products. 
A. UITROGEN MBTABOLI SM. 

A. Qualitutive study of the intermediate and end products. 

Indol was one of the first end product of bacterial 

decomposition of proteins to be determined and has long 

been used as an index of proteolysis and es an aid in iden-
tification of bacteria. Remy (1900) studied indol pro-

duction of B. coli and B. typhoaus in protein media .. Taylor 

(1902) observed that B. coli produced proteosea and peptones 

and a small amount o:C amino acids from casein. Rettger 

(1903) cultured B. coli and B. aerogenea in an egg-meat 

medium and identified the following products of decompo-

sition: indol, o:x:yacids, skatol, carbonic aoid, leuoin, 

tyrosin, tryptophane, hydrogen sulphide• meroaptan, albu• 

minoses and peptonoa. He noticed some qualitative dif-

ferences in the production of these substr,noes by the two 

organisms. He later (1906) continued this study using a 

number o~ aerobic and anaerobic organisms and found a con-

siderable variation iri the end produots prodnoed by the 

various b~ctoria. Berthotot (1917) isolated an organism 

fiom the intestines which produced large quantities of 

pehnol from tyrosine. He called the organiam.B. phenol-
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ogenes. Herter and TenBroeok (J.91J.) grew B .. Protens 

vu1garis upon a meat extract peptone medium and were able 

to identify indol, acetic aoid, aromatio O'J'C9' acids, hydro-

gen sulphide and volatile alkali products but were unable 
to demonstrate phenol, skatol, mercapton, putresoine and 

cadaverine. sasak'i (1912 a 1 b,&o) showed that the dipeptides 
glyoyl-glyoine and g1yoy1-l-tyrosine were i:plit by J3. coli(a), 

by non-liquefying(b), and certain liquefying bnoteria{c). 

In a later paper (1914) he demonstrated P-oxyphenylathy-

lamin as a decomposition product of B. 0011 grown in a 
synthetic medium containing tyrosine. 

Ha.11 ( 1921} reported an organism which he ca.11ed 

B. tyrosinogenes. which produced tyrosine. 

b. Quantative Study- of Intermediate 
and 

End Products. 

The quantitative study of produota of bacterial. 

metabo1ism is of rather recent deve1opment, due to the 1aok 
of suitab1e quanta.tive methods of anaJ.ysia. Xenda.11 (1913) 

in his early papers. and 1ater Kendall and Wa.J.ker (1915) 

used ammonia 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 a number of soil fungi 

and ba.oteria. Re questions the use of ammonia. production 

as an ;lndex of proteolysis. Benton (1919) cultivated 

several. speoies of bacteria in plain broth, aoitio fluid 



and plain broth to which was added various amino acids, and 

compared the utilization 0£ amino nitrogen to the coaguable 

protein and growth rate 0£ organisms. Sears (1916) studied 
the amino acid, ammonia, creatin a.nd crea.tinine in a large 

number 0£ ou1tures in peptone and gelatine media. Wolfe 

(1919) measured the proteolytio action of the anaerobio 

bacteria, B. welohii and B. sporogenes in a cooked meat 

l'imdium by means of ammonia and mnino acid nitrogen determin-

ations. Lampitt (1919) studied the nitrogen utilized 

and excreted by a yeasts. cerevisiae. DeBord (1923) de~ 

termined amino nitrogen, hydrogen ion concentration, total 

count and sugar utilization in a peptone phosphate medium, 
He noted in the pyocyaneus culture a ooinoident deorease 

in sugar, increasing ammonia with the hydrogen ion con-

centration remaining about the same. He concluded £ram 

this that sugar utilization cannot be determined by measur-
ing the acidity produced. This obsarvution has been 
oon£irmed by Sherwood (1926). DeBord believes that amino 

aoid nitrogen content is a more logical index 0£ proteolysis 

than ammonia nitrogen. Raiatriok (l919) and Raiatrick 

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

They £ound that of the organisms studied, B. paratyphosus 

A, B. paratyphosus B, B. fecalis alhaligoues, B. pyooya.neus 
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and :a. vulgaris, all. oou1d utilize the nitrogen of the 

iminazole ring except B. vu.lgaria. This organism. was 

al.so unable to break down the indole ring, while B. pro-

digiosua, B. fiuoresoeus, and B. pyocyaneus could. Morris 

and Ecker (1924) reported an organism isolated from 

chicken excreta that was able to break down large amounts 

o:f u.ria acid. This was elos accomplished by a £aw molds. 

Most bacteria :failed to grow 1n the medium used. 

Patty (1921) studied quantitatively the production 

of bydrocyanic acid by several strains of B. pyooya.neus. 

o. Effect of Utilizabla Carbohydrates 
upon 

Nitrogen Metabolism 

The presence of utilizable carbohydrates in a 

culture medium ha.a a very profound ef:feot upon the nitrogen 

metabolism of bacteria. Observations to this effect have 

been made by many investigators. Peckham fl897) while 
studying the effect of envoirment upon members of the 

colon group of baoteria made the following statement. "When 
the members of the colon group are cultivated under cir• 

cumstanoes favorable to the development of both the function 
of fermentation and that of proteolysis, fermentation invari-

ably takes precedence, and no evidence of proteolysis is 

manifested until after fermentation has ceased". Xenda.11 

and Farmer (1921) showed that ammonia production by 

bacteria was much greater in SUfflll" :free broth than in one 
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containing a utilizable oarbohydl"ate. Thie was interpret-

ed to indicate a "protein sparing actionu of the carbohy-
drate. This has bean the theme of the many studies on 

bacterial metabolism by Kendall and his associates. Waksman 
(1917) confirmed X:endall's observation while studying the 

in:fluenoe of available onrbohyarate npon ammonia accumu-

lation in the soil. 
Jones (1916) noted that gelatine oontaining 0.5% 

sugar was not liquefied by B. proteua vul.gnris.. In a 

later communication (1920) he concludes that :a. proteus 

shows no evidence of amino aoid utilization, when oarbo-

hydrate is present. though kept at neutrality. Xl1gler 

(19161 while studying the effect of phosphates on carbohy-

drate utilization noted reduced ammonia production 1n the 

presence of utiliza.ble carbohydrate. 

Theobald Smith (1899) reported that when a fermen-

table sugar was present in appreciable amounts, toxin pro-

duction by B. diphtheria we.a diminished. Dozier. Wagner 

and Meyer (1924) pointed out that this was not true of 
toxin production by B. botu1inus. Toxin was produced 
earlier and in as great quantity in media containing dex-

trose as in sugar :free media. They believe that this 

difference may be due to the fact that while the toxin 

Qf B. diphtheria is exoo.Jllular, the toxin of B. botulinus 

is relea.seP only after death of the cell. Simonds (1915) 
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found that B. typhosus grown in dextrose media was more 

easi1y agglutinated~ more easily engulfed by leucocytes 

and there was some evidence to show that the potency of 

the endotoxin was decreased. Ruediger (1906) and later 

stevons and Koser (1919) determined that fermentable car-
bohydrates inhibited bemolysiB production by streptooooo1. 

The influence 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 du 

suore garantit la peptone centre la putrefaction: oette 
preservation se maintient autant qua dure la fermentation 

du suore". 

Homer (1916) believes that the lack o:f indol pro-

duction in presence of carbohydrate is caused by the pro-
duction of oondensa.tion products of tryptophane and aldehyde 

or keto groups which are too stable for bacteria. to break 

down. Logie (1919) gave results to support his conten-

tion that in the presenoe of sugar, indol wns used by the 

bacteria to synthesize tryptophane. Wyeth (1919) studied 

the effects of free noids, alkalies and of sugars upon 

indol production. Ha concluded that the sugar ina.otivated 

the proteolytic enzymes. Bondo (1922) determined that 

the acids due to the fermentation of sugars, is not the 
cause of the failure of indol production. Re also has 
ahovm that sugars do not inactivate the enzymes necessary 

fGT indol production. 
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B. Carbohydrate Metabolism 
Products of Fermentation. 

Some of the products of carbohydrate deoomposi-

tion was recognized very early in the history of fermen-

tation. Ex.act analysis of these products £rom pure cultures 

of organisms were of 1ater date, however. 

Harden and Walpole (1906) determined tbe :percent-

age production of carbon compounds from glucose by B. 

aerogenes and B. coli. The compounds were alcohol. aoetio 

acid, laotio acid. suooinio acid, fol."IIliO eoid• carbon dioxide. 

In the ou1ture of :a. aerogenes they also found 2:3 butyle-
neglyool OH3.CH(OR).CH((m).OH3 and its derivitive a.oe'tyl• 
methyloarbinol OH~O.CH(Olr)~cH3• Rarden (1906) reported 

this subatn.noe responsible for tho production of the Voges 

and Proskeuer reaction. 
The titrata.ble acidity of ou1tures of bacteria. 1n 

carbohydrate media has been determined by a number of in• 
veatigators, for the purpose of classification. Broadhurst 

(1912) and Winslow (1912) studied the streptococci, Browne 

(1914) and Fitzgerald (1914) determined the acid produotion 

of variona members of the colon aerogenes group. 

The more aoourate dotorm.inations 0£ the actual 
acidity by hydrogen ion determination has boan made of the 

colon aerogenee group by Clark nnd Luba (1915) and Clark 

(1915) who established the fact that B. 0011. when cultured 

in dextrose broth, reaches a final hydrogen ion concentra-



tion of 4.37 to 4.55. This relative1y high concentration 

is maintained for some time. B. aerogenes, on the other 
hand, does not produce this degree of acidity and within a 

few days reverts toward an alkaline reaction. Thus B. 

coli when grown in a dextrose medium will react acid to 

methyl red indicator while aerogenes will react alkaline. 

Ayers and Rupp (1918) showed that this reversion may be 

partially duo to the breaking dovvn of organic aoid sal ta, 

with the formation of carbonates and bicarbonates. 
It is of interest to note that unlike the products 

of protein decomposition, which vary qualitatively-with 

the protein acted upon, the products of oarbob.ydrate fer-

mentation are similar irrespective of the carbohydrate de• 

compsed. However,. Browne (1916) has shown. that the quan-

titative yiea~ of aoid in cultures of B •. coli varies in• 

versely with the oomplexity of the ourbohydrate. 

The possibility of insulin effecting carbohydrate 

utilization by bacteria was suggested by Noyes and Est111 

(1924) who.-found an increased aoid J.)roduction by B. bulgar-
ieus and B. acidophilus when grown in a glucose-skim milk 

solution to which 1nsul.1n was added. McGuire and Falk (1924), 

Kendall (1925 a&b), and Kendall and 1titzute:n (1925) were 

unable to confirm this observation 

o. Go.aeons ltetaboli!3Dl 

The gaseous products of carbohydrate and protein 
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metabolism. merit aonsideration. 

These gases must not be confused with the gases 

nroduced by respirntion. This consists in an exchange of 

gases between the protoplasm of the cell and the medium 

surrounding it. 
living cells. 

This characteristio is common to all 

These respiratory gases produced by bacteria 

a.re so small in amount that they escape notice unless 

special means are ts.lean :for thoir detection.. A series of 
studies ho.a been recently begun by Novy .• et. al.(1925) who 

have been able, by means of a meroury manometer to follow 

bacterial respiration, and by suitable methods of gas 

analysis. to determine the respiratory quotient of the 

cuJ.tu.re in the different phases of its development. 

A knowledge of the gases produced by bacteria aids 
in determining the methods by which bacteria breali down 

different nitrogen and carbon compounds.. The gases pro-

duced from carbohydrates.have long been used as a means 

of olassificntion. That gas :from protein subotances may 
al.so be used for olassifio::tion is suggested by certain 

results shown 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. 



The present investigation grew out of an early 

observntion that certain members of the co1on aerogenes 

group produced a visible amount of gas from a peptone gale~ 

tine. medium to which no carbohydrate had been added. With 

the ~iew of explaining this reaction and of determining 

its possible signifioanoe in classification. the work here-
in reported was undertaken. This has been considered in 

the following way. 
Part I. Cultural Studies. 

In this section the»e has been given the methods and 

results of the isolation and ouJ.tural reactions of the 
organisms used. Correlations between gas production 

in- Difeo peptone gelatine with other cultural reactions 

and with the sou.roe of the organisms have been observed. 
Pe.rt II. Metabolic Studies. 

There has been included in this eeation: 

(1) A study of the gas production from peptones. 
showing the conditions under which the gas is produoea. 
together with quantJlntive analyses of the gas produoGd 

under these conditions. 

(2) A study of H2S production from pe-ptonas and 

and :from oystine • al1owing the influence o:f the presence 

of other amino acids upon H2s production from oyst1ne. 
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PART I ..----._ -
CULTURAL STUDIES 

Isolation o:f Cu1tures 

The ou1tura1 studies were made upon 216 strains 

of the oolon-aerogenes group isolated from the sources as 

indicated by Table I. 
The d1£ferant types Qf special media which a.re 

used for the isolation of members of this group are pre--

pared with lactose agar, making use of the fact that these 
organisms ferment thia sugar. They vary in respect to 

wheth~:i? t~ey contain the ~ol1owing: 
{ 1) An indioa.tor for acid or aldehyde pro duo ti on. suoh 

as Endo's agar, Eosin-methylene blue agar, litmus lactose 

agar, eto. 

(2) An inhibiting agent, such as, brilliant green agar. 

gentian violet a.ge.r, eto. 

( 3) A combination of 1 and 2 such as Conradi Driga.lsk1' s 
agar. 

Referenoes'to these media have boen made in the description 
of the isolation of cu1tures. 
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TABLE I. 

SHOWING SOURCE OF STRAI:trS STUDIED 

i::iource Number .11re1.1m1nary J!edia Used 
of Straini Enrichment for isola-

tion 

Surface 
Water A & B 5'1 lacto Fe bro tb Endo' s fuchsin 

8'2:ar 

Ground 
?lest 24 lactose broth Eosin-methylene 

blue 

Oysters 21 lactom broth " ff ff 

1£ilk & Cream 14 lactose bro th " " " 

Flour Sax 6 lactose broth " " " 

Soi 1( stored) 6 lactose broth " " " 

Feces A & B 46 plated ·atreot ff " " 

Feces C 63 dextrose bro th 
with brilliant " " " 2reen 

Total 217 

IP 
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Methods of Isolation. 

The 36 aurfr:ce water strains were obtained by 

picking colonies ~-rom Endo's agar plates prepared accord-

ing to the stands.rd Method of Water Analysis (1923) and 

planted as routine confirmation tests in the Kansas state 

Water and Sewage Laboratory. Plates were seleoted which 

shoned well isolated characteristic colonies. These 

were planted on agar slDD.ta and subsequently purified by 

repeated planting upon Eosin-methylene blue plates. The 

Eosin-methylene blue plates in this and all subsequent 

isolations were prepared after the method 0£ llo1t-Rarris 
and Teague (1916) which was slightly modified• and was 

prepared as £ollows: To 100 co of plain meat extract. pep-

tone agra, adjusted to Pb, 7.2, was added 6 oo of sterile 

20% lactose, l 1/Z cc 3% Bosin solution and 2 oo 0,6% 
methylene blue, plates ~oured and let a:ry in incubator 
over night. Typical B. coli colonies appear on auoh plates 

as medium sized colonies, purple to blaolc in color, quite 

fiat on top and having usually a greenish bronze sheen 

Y1hen viewed by reflected light. B. !lerogenea colonies 
are larger.(tend to become confluent after 24 hours). They 

are raised and convex. They have a brownish center with 

a lighter periphery and are very moist in appearance. 

The strains ~rom ground meat, oysters. milk and 
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cream. :flour sacks and soil. wore all isol~_ted by planting 

appropriate dilutions of the material in lactose fermen-

tation tubes and plating out on Eosin-mothylene blue plates 

from the highest dilution shov,ing gas in 48 hou1·s. 

The 46 feces strains marked "Feces A and B" were 
plated out directly upon Eosin-methyl~ne blue plates with-

out preliminary enrichment. J._ smol.1 amount of the sample 

being fil•st emulsified in salt solution. Where more 

than one type of co1ony was present on the plate they were 
picked. 

The 63 ''Feoes C" strains were obtained after pre-

liminary enrichment in dextrose-brilliant green broth. 

This was prepared by adding a. measured amount of a sterile 

0.1% brilliant green solution to-10 co of sterile o.5% 
dextrose broth. 

Since the work of Ch:urohma.n (1912), a. number of 

different media have been developed for use in 1so1ation 

of the colon-typhoid group all based upon the aeleotive 

baoterioidal action of the tripheny1methane d~es. Robinson 

and Rettger (1916). Krumwiede, et., al. (1916) • Rall and 

Ellefsen (1919). Skinner and Murray (1924) have recommended 

media of this type. Winslow and Dolloff (1922),among 

others, noted that B. nerogenes was more resistant to 

brilliant green than B. 0011. He used a laotoae broth 

medium. Levine and Linton (1924) used bril1iant green 



in lactose broth for isolsting B. aerogenes from feces. 

It waa found necessary to titrate each new lot of 
brilliant groen before use. This was done by adding to 

a series of tubes containing 10 ac of 0.5% dextrose broth 

a varying amount of the brilliant green solution. (l drop 
in the first tube, 2 drops in the second, etc.) then add 

a uniform amount of :feces to each tube, and :finally inocu-
late each tube with 0.1 co of a broth culture of B.- coli 

and 0.1 oc of broth cu1tu.re o:f B. aerogenea. Incubate at 

3700 for 24 hours and plate out upon Eos1n-methylene blue 

agar plates. The a.mount 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 mnount of feces 
sample must be used as was used in the titration. Almost 

complete daoolorization .o:f the dye vras sometimes noticed, 
even in casea where B. coli was ar,psrent1y inhibited. 

Al1 strains were plated out :from time to time 

during the progress of the work to insure the purity of 
the oul ture .. 

Cultural Char~oteristics and Classification. 

There has been much interest in the olasaifioation 

of the co1on-aerogonas group of bacteria, especially by 

.American baoteriologiats, because of their use in this 
country as an index of feaa1 pollution. The qoourate 
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identification a£ these organisms isolated from water 

and foods is a necessity. As defined by the Committee 

on standard Methods of Water Analysis (1925) this group 
includes "all-non-spore forming bacilli which ferment 
lactose with gas £orma.tion and grow aerobically on stan-

dard solid media." 
The earlier classifioationa of thla group such 

na those of llcConkey (1905) 1 Bergey, Deehan and Jaokson 

(1911), Kligle:r (1914) • Wins1ow et. al. (1919) • Oaatell• 

ani and Chambers tl920) were nll baaed upon the fermen-

tation reactions in a large number of carbohydrates and 

alcohols. By this method the group has been divided into 

a large number of strains. Attempts at olassifioa.tion 
by imnmnological methods by Dunhs.m (1900), Mn.okie (l913) • 
Coulter (1917) and others have TGsu.lted in failures, 

moat strains showing a great specificity for their homo-
logous anti-serum. Dudgeon. et al (1921) (1922) have 

reported tha.t B. coli isolated from infections of the 

urinary tract cause hemolyaia of red blood cells, and 
thqt »• coli from this aouroe form a rather homogoneous 

group in this respect. 

Recent studios upon the correlation of certain 

characteristics of these organisms with sourde have given 

us a logical, workable, division of the group 
Clark and Luba (1915) showed that B. coli, when 

growing in dextrose broth, properly bu:fiered, would reaoh 
a Ph o:f about 4.5 and would then remain quite constant, 



while B. nerogenes did not reach such a high hydrogen 

ion concentration and quickly reverted toward an alkaline 

ranotion. These organisms onn then be differentiated 

in dextrose broth by the use of an indicator suoh aa 
methyl red whose ra.ngo is Ph 4.4-6.0. 

Voges and Proakauer (1898) noted an eosin 

pink like oolor develop when KOU was added to a peptone 

dextrose culture of certain organisms. The substance 
responsible for the color was determined to ba aoetyl-

methyloe.rbinol by Hardon (1906). The test has ainoe 

boon used by many investigators and it ia :found to be. 

chnracteristic of B. aerogenos. whilo B. coli £ails to 
produce this substanoe. 

Koser (1918) noted that B. aerogenes was able 
to utilize urlo aoid as a source of nitrogen while B. 

coli could not, and in 1923 reported that B. aerogones 

was able to use citrates as a source of carbon while 

B. coli oou1d not. 
Attempts to correlate two or more 0£ these 

teats with the eourae of the organism baa been made by 

Levine (1916), Jobnaon {1916}. Hulton (1916), Greenfield 

(1916) • Burton and Rettgar {1917) .. Winslow and Cohan 

(1918), Chen and Rottger (1920) and X:oser (1924). The 

result of these studies has been to establish the faot 
that; l, B. coli end n. aerogenea are wall defined 
typos; 2, that the B. coli type predominates in the 
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:eeoes of mon nnd nn1ma1s. while the B. aerogenea type 

is found in greater numbera in tho soil; rmd z. that 

thesa two types- may be trJ.Ooesa:fu.l.l.y diff erentiateil by 

the ebove tests. Thia is summa.r1£ed by tho following 

table. 

l · I Isl. li L . . 4 . re '¾? JCtiUI r y· ¥ . Iii 
1 Vogcs & 'J!etbyl 1 \$rovn;.a in · \.irowt.u 1n .?rea.om'l• 

Orgmiism'Proskauer" Red 'Uric acid •' Citrate 'nates in 
'Ronetion ' · at ' ?Je.d.:1.um ' :ieaiu.111 ' 

D. ooli 1' - y f t --r ' • 
t .... T '.?ecea 
I t 

"':' eero-' t t ..., f f ,i.,I. 

!2'0ll8St t' J 
• f ,, Soil 
1 t'-

Tho illtorprotation of tho prosa1100 of' these 

orgunimna in water,. f'ooclo~. eta., la courplioe:ted. hot1ever.,.. 
by tha 'finding of certain 1ntermod1e.te strains. that 

pa:rta1.'1;l o:f some of' the chnl"OOter~stics o:f oeo11 of the 

nhov3 t;:;1>c spaaiea. Also e. small -pe:r,,ontaga of aero• 
genes-1ike o:rganioma· ha7e been found in tho fooes. l:trJ3 
evideooe Which would help to oata'blish tha origin of 

thaso intermediate strains woul.tl. bo of val.ue to Sanittn7 
Bacteriology. 

WTHODS .. 

The cultural. oha.rnotar1at1as v1hioh hava bean 
found 'Pertinent to tha alaasi:f'lcntlon o:! th.ts grouptil 

nere used... T"n.ey a.re na follows: :fermentation of thG 

oarbobydre.tes; a.axtroee-;: laotoao and snocbaroae nnd of 
tho s.l.oohol.s.- dnl.oitol. and ndonitol; tho production of 



indo1; 1tquefa.ot1on of gelatine; methyl red teat.; the 

Voges l?roska.uer reaction; hydrogen su.lphide prod.uotion; 
and the utilization of uric aoid and sodium citrate. 

To t~is list has been added the production 0£ gas from 

Jlifco peptona gelatine. 
The desoriptlon of tho culture media used snd 

of tests applied in the stud~ of the oharacteristios 

of these orga.nismo is as follows. 

Fermentation Roo.ctions. 

All fermentation reaotions nere made in invert-

ed vial £ermentation tubes~ filled with moat sxtraot-

peptone broth to whioh 11i of the desired carbohydrate. 

was added. This was adjusted to P7 7.4 and heated in the 

autoclave for 20 minut~s at 10 lbs. pressure. Innoou1a-

tiona ware made from 24 hours agar slant oul.turas, inou-
bn.tod at 37°0 for 48 hou.ra. Acid produotion v,os deter-

mined by tho use o:f phenoi red aa indicator. Ga11 produo• 

tion was noted and in oases where the reaction as acid 

with no gas or 1esa than 10~0 o:f gas present tha tost 

was repeated. In the case o:f the repeated tests the 

incubation period was inoreasad to 14 days in order to 

eliminate the possibility of a delayed ~ermention. 

In this way the fermentation of dextrose,. 
laotosey saooharoae~ du1cito1 and adonito1 was studied. 

Indol Rea.otion. 
Indol tests were applied a£ter £our days 
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incubation at 37°0 1n a peptono water medium. The 

Salkowsky and the Ehrlich tests were used. The Sal-
kowsky test was applied as follows: To 6 o.c. of the 
culture was added .5 c.o. concentrated su1phurio acid, 

this was mixed end 2 c.c. of a 0.1% solution of sodium 

nitrite was carefu11y run down the side of the tube to 

stratify the two aol11tions. Indal is indicated by a red 

color forming at the juncture of the t\io solutions. The 

Ehrlich tost for indol was mo.de by stratifyi~g l o.c. 
of tho reagent tm% alcohol .380 c.o •• HO:.L oonc. c. F. 
80 o .c., and paradimethylamidobenzaldehyde 4 grams) 

above 4 to 5 o.o. of the culture. A positive ~eaotion 18 

indicated by a red color appearing at the junction of the 
two liquids. 

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

The 2% peptone gelatine medium. was prepared by 

dissolving .5% meat extract, Z:/4 Difo~ peptone •• 5% NaOl, 
and 10-12% gelatine, in dist11lod water~ Adjust to Ph 

7.21 tube and etetilize in autoclave :for 20 minutes at 
10 1bs. pressure, 0001 rppidly and store 1n ioe-box. 

Innooul.ation was made with a straight needle, and from 

a 24 hour agar slant oulture. Gas production was re-

corded afte:t" 48 houra incubation at 20°0. 

The gas appeared as bubb1es along the 11na 

of innocullition. and at timew out near the edge o'f the 

tu.be. The bubbles vary somewhat in size and vary in 
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numbei' :f'rom 1 to 8 or more. 
Gelatine 1iquefa.ction waa determined after 

14 days incubation at 20°c. 

!lethyl reel and Voges and Proskauer Testa ... 

The media used for the methyl. red ana Voges 

and Proskn11.er tests is that reoommondad by the Standard 
1.rethods of Water Analysis (1923). Protaose poptone D 1:fco 

wo.s used and the method of preparation was ea.retu.J.J.y 

followed. The suggestion o:f Chen and Rettger that the 

media be autoolaved, with the tu.bes contained 1n beakers 

or tins instead of the usual wire baskets, was tried 

with excellent suooess. The media always came out cry-

stal olear, however, it was necessary to sterilize at 

20 lbs. added pressure and ~or 15 to 20 minutes to in-

sure sterility. Incubation was oarried out at 37°0 

and the tosts made a:fter 48 hours. The culture was di-

vided by pouring ha.:J.f into another tube. Five drops of 

methyl red indicator was added to the media in the ori-
ginal tube and the reaction reoorded. To the culture 

in the other tul>e was added o.n equal amount bf 10% XOR. 

This was mixed thoroughly by shaking., and allowed to 

stand at room temperature. Rondinga ware made after 

4-5 hours and after standing over night. A positive 

Voges and Proska.uor test is indicated by the formation 
of a fluoreaoent-eosin-like color which forms at the 

surface. The negative tubes remain colorless orEl.1ghtly 

yellow. 
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Hydrogen Sulphide Production. 

The qualitative test for ll2S production was 
made upon the gTeater part of ths strains by the use 

of a 3%Dlfoo peptone agar with ferrous sul.phate added 
as nn indicator. A so1id medium for use in the detec-

tion o:f n2s 1~ usually prepared, with 1ald a.oetate as an 
indicator, Jordan and Victoraon (191'7). 

There a.re a. number o:f objections to using 

1ead acetate, (1) when tho solution is added to a medium 

containing a sma.11 amonnt of CO2, the medium becomes 

cloudy, due to the J.)1 .. eoipitation of lead carbonate. This 

compound also forms upon exposure of the solution to the 

air. (2) Upon standing or upon prolonged incubation, 

the medium oonta.lning lead acetate becomes brownish 1n 

color due probably to the formation of lead oxides. This 

color may ba confused with the brown to black color pro-
duced by the H2S• In order that these objections might 

be overcome, the following modia was devised. 

Ferrous Bulphate Agar. 

It was found that ferrous sulphate could be 

substituted :for the lead acetate, and thut it did not 

have the objectionable :features of that salt. Results 

showing a comparison o:f the two saJ.ts as indicators are 
shown in table 9. 
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The agar was prepared as for plain agar exoept 

3% Difeo peptone was used instead of the usual 1%. The 

agar was adjusted to~ 7.2. bottled in 100 co amounts and 

sterilized in the autoclave. After sterilization there 

was added to each 100 oc o:f agar, 1 co o:f a 2% solution 

of ferrous sulphate in distilled water. The ferrous 
su1pho.te ~a1ution may be sterilized in the autoclave and 

shou1d then be kept tightly stoppered~ The media was 

poured tnto ete:t"ile tubes a.bout 6-7 co par tube• e.nd allow-

ed to solidify. Stab innoculations were made with a 

straight needle and from 24 hour agar slant ou1tures. 

Inoubf.ltion wa.s carried on at 37°0 :for 48 hours. A positive 

reaction is indicated by an intense black color beginning 

at the line of innooulation and diffusing toward the aides 

o:f tho tube. 

Urio Aoid Utilization. 

The medium for testing uric acid utilization 
was made according to Koser (1918) with the following 
forJ!lu1a.. 

Disti11ed annnonia-free water 1000 co 
lla01 
MgS04 
Os.012 
K2HP04 
Glycerol 
Uric acid 

5.0 gms. 
0.2 gms. 
0.1 gm. 
1.0 gm. 

30.1 gms. o.? gm. 

Some difficulty waa had in getting the uric 

acid to dissolve. This difficulty ~as overcome by dis-

solving the XiHP04 , glycerol and uric acid in about 800 co 
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of the water. The UaCl, MgS04 and CcCl2 were dissolved 

in the remainder and the two solutions mixed. Tho media 

was :filled into tubes which were chemically clean and had 

been thoroughl.y rinsed with ammonia free water. It was 

then sterilized in the autoclave at 15 pounds added pressure. 

Innoau.lation was mnde as soon after preparntion of the 

medians possible in order to avoid tho possibility of 

absorption of am~onia. Very light innoau.lations were 
made with a straight needle from a 24 hour agar cu1ture. 

Incubation was at 3700 and the presence of' growth noted 

at the end of 4 days. The presence of growth is intor• 

preted as indic~ting utilization of the u.rio acid. 

Cltro.te Utilization. 

!I.1he citrate media waa me.de accordin8 to Koser 

(1923) (1924) o.nd the Stan.d.ara Mothods of VTatar .Analysis 

(1925). It hne the following for~u1a. 

Sodium ammonium phoapho.te 1.5 gm. 
Potassium dihyarogen phosphate 1.0 gm. 
Lfagnoaium sulphate - - - ... 0.2 gm. 
Sodium citrate (crystals) 2.6 to 3.0 gms. 
Distilled water- - - - - - 1000. co. 

The solution wus ~illed into chemically clean 

tubes ond sterilized in the autocJ.e..ve. Very light 

innocuJ.ations were made with a strsicht needle :from a 24 

hour agar slant cul t-ure. The innoou.luted tubes ncre 
incubated c.t 37°C :for 4 days,at the end of this time 

readings were made 'for the presence of growth. As in the 

41. 



oase of the uric acid mediut1 the presence of growth is 

interpreted as indioatinn: ut1l.iza.tion of the citrate. 



RESULTS 

The results of the cultural studios are found 

in TA3LE 2. 

LBG!l:UD: The + sign in the fermente. tions meona 

acid an:1 gas production. "A" indicetes acid but no 

gas pro ch10tion. The + sign in liqnefuotio n of and gas 

production from 2% peptone gelatine; mothyl red test; 

Voges and Proskrn1er test; lndol test; hydrogen su1-

phide production, moans a posi tivo roaotion in each 

case; + in uric acid and citrate media indicates visi-

ble growth. 

The - sign indicates a negative reaction in 

esch case. 



TABLE 2. 

RESULTS .Q! CULTURAL STUDIES 

11,i ~% rd m rd ... 
CD e r-t r-t ~tom CD Cl> .... s:s Cl) a, CD CD 0 0 p:; :::f 0 CD m,~ kk m d +> +' Gels-

r-1 mJ9 +' S0111" ce 0 .c or-I .... tine " ~i .BJ ffl +' +' 0 0 6 I>. om 0 .g "§ M 0 0 r-f. ,.c: bno .... ... CD d Gl :::s rd m 0' @ 10 f-1 A 6A G A t-=l l'll A < 03 ..c 0 .... 1%,tal 
C!) 

Feces 
X 1 Series A - + + + + - - - .. - •••••• + ••• X 2 " - + + - A - - - + - + •••••• ••• X 3 " + + + - + - - - - - - •....... ••• X4 " + + + + - - - -+ - + - ....... • •• X 5 

,, 
+ + + + -· -· - + - ... - ....... . . "' 

X 6 " + + + ., 
+ + - - - - - - ... -.... ••• X 7 " - + + - - - - -· + - ••••••• + ••• X 8 " + + - - - - - + - + - ........ ••• X 9 " + + + + - - - + - + - ... ·• .. ••• XlO " + ·.+ - - - + - + - + .., •••••• .... Xll " - + + A + - - - + - + . . . . . • • • Xl2 n - + + + .- - - - + - + . •· ... .. ·• . Xl3 " + + - - - - - + - t - ••••••• .... n4 " - + + + - - - - + - ........ + ••• ll5 " + A + - - + - + - .. •·. ·• ... .... 

Xl6 " + + -+ - - - .. - t - •·• •· ... ••• Xll1 " + + - - - - - + - + - • • • • • • ••• na " + + + + - .. - - - - - ....... · ..... 
Xl9 " + + - + - + - + - - - . •· ..... ••• X20 " + + - - - - - + - + - •·•· ..... . ... 
X21 n + + + - t + - - - - - . ·• ..... • • • X2.2 " + + + .. + - - - - - - - . . . . •·. ••• X23 " - + + - + - - - + - .. •••• •· ··•· ... X24 fl + + + + + + - - - - -· •·••• •·•·• .... 
X25 fl + + + + + - - - - - - . . . . . .. •· ... X26 " - + + - + - - - + ·- ...... ·• + . •·• X28 n + + + + + - - - - - - . . . •·•. .... 
X29 " + + + + + - - - - - - . •· .... .. , . X3<l " + + + + + - - - - - - .... •· .. ··•··•· X.';1 " + + + + + + - - - - - ...... .... 
X32 " + + + + + + - - - - - . •·· .. •· • • • X33 " + + + + + - - - - - - . . . . . •· . . . 
X34 If + + + + + + - - - - - . . . •· .. ••• X35 " + + + + + + - - - - - . . . ... . • • • X36 " + + + - .. + - - -·· - - . . . . . . • • • X37 n + + + + .. - .. - - - - • e • a I • ••• 



TABLE 2 - continued 
_..,, 

Gl ,&;,JI} ttj 

CZ> 
m )g-Jf;one CZ) ,.. rd 
0 rl ri Cl "" S::CZ> 

~k Source CD m .... 0 0 Jela- 0 (I) 
a;) +> +> r-f <II .,_, e 8 0 .c: '" ...-4 tine .... a.= 

I= +> +> 0. 0 .Cl c:m Cl ,.. 0 f-4 A4 
i; a f? M 0 C) ri 0 l7l O' ll10 .... .,_, rd ri::IM 

CD a, en ::: rt, d .... CD o,-. .... Q ~:::I 
0~ c:.'J A 0) A ,c;; 0 M ,, . 0 H i::=01 o-4 

l!'eoes 
B la Series ll - + + - + - - - + - - - + -j3 3 If + + + + + + - - - - - - - -· 
B 3a n - + + - - - - - + - - - + -
B 4a ff + + + + - - - - - - - - - -
D 4 n - ·+ + + + + - - - - - - - -l,D 5a • - + + - - + + - - =-- - - - -ll Sa " + + + + - - - - - - - - - -
B 7a " •+ + + + - - -- - -: - - - - -
B 'lb "·• + + + + - - - - - - - - - -
B a Jr + ... A + + - ·\•·• ... - - .- - - -

Series C 
F 1 !nioyden - + + - - - - - + - - - + -
F 3 Long - ... + + - - + - - + + + - -
F 4 tf - +. + - - - - - + - ·- - + -
F 5 Vielle - + + - - - - - + - - - + -
F 6 Faircbi lds - + + ·- - + - - + + + - -
F _8 Prewi_tt - + + + - - - + - + + + - -
Flo Davis - + + + - - - - + .;. - - - + 
Fll VermillioIJ - + + + + + - - + + + - -
F 12 h - + + - + - ... - + - - - + -
Fl3 h + + - + - - - + -- - - - -F14 " + + + - ·- - - - + - - - ++ -
F15 Treece - ... + + - - .. - - + .. + - -
Fl7 Hosp .#167 - + + - + - - - + - - - + . -
F18 Wyatt - + + - - - - - + - - + + -
Fl9 Giffin - + + + + - + - - + + + - -
F21 " + + ·- + - - - - - - - + -
F22 Holcomb - + + - + - - - + - - - + -
F23 Giffin - + + -t ·- - + - - + + -+ -- -
F24 Dyclre - + + + + + - - ... + + + -
F25 Luke - t .t t t t 7 - - t + + + -
F26 " + + + + + - + - + + + -+ ... -F28 Ket tleoorni: - + + - - - - - + - - - + -
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ffABU 2 ·- continued 

G) 2i od 
Ill G) t Id Source G) 0 i-1 rt Peptnne """ ID CD k 0 0 Gels- ti 0 G) 

CD as +> < ..., lli,-I 
p C) 0 ,Q .... '" tine mM ca M o.c: _µ,O ! +> +> 0 s:: .c Cl)O'J C> k 0 J,tp_ 
ri a ti C> C> 0 m 0' .µ w:> """ Id p p GS as s:I od ca .... G> OJ-i .... s:l 
0~ 0 A ..:a (fJ A < 0 t4 l>P-; 0 H 

~•~9 l!'m.r.ch1ld - + + ... - - - - + - - - + .. 
F30 " - + + + + + + - -· + + + + -F31 If - + + + + + - - + - + + + .;. 
F32 Brennen - + + + - + + - .. + + + - .:. 
F33 n - + + ... + - -- - + ·- + - + -F34 " - + + + - + + - + - + + + + 
F35 Hollingswth .... + + - + ... - .. + - + .. + .:. -F36 :Prewitt - + + + + - - - + - + - + -F37 ff - + + A + - ... - + - - - ... .. 
F38 Loudon .. + + + - + + - - + + + + ... 
F39 If - + + .. + + + + + .;. .:. - - -F4.0 " - + + + .... + ... + -- - - -F41 Stegrrsn ... + + ... ... - - - + .;. - - + -F42 " .... + • A + - - - .. - .. - + -F43 Giffin - .. + - - - - - + - - -· + -F44 " - + + - - - - .. + - - - + -F45 Lo.ngwood - + + - + .. ... - + - - ..:. + ... 
F47 Treece - + + + - -·· + - - + + + .:. -F (6 Jr.onlrey ... + + - - + - - + - + ... + -F49 " + + + ... - + .. + .;. + -- - -FOO :tlillett - + + A + - - - + .. - .:. + -F52 Hayden .... + + ... + ... + ... + - + - + -F53 Vlestla r.d - ... + - + .. + .. + ... - .;. + -F54 ,, .... + + + ... .. - ... + - + + + -F55 Hanil.in - t + - + - - ... + - - .:. + -F56 n - + + ..; - - - - + - + + + -F57 Hair.es ... + + - - ... - - + ... - - - -F58 Wells - .. + - - ... .. - + - - - + .. 
F59 " .. + + A -t ... + - + - - -· + -FOO Gaston - + + A + - - - + - - - + -F61 " - + + - + - - - + - - - + .;. 
F62 " - + + - + - .. - - ... + --F63 Bailey - + + + - + - - + - - - + '"'! 

F64 Vermillion - + .... + - - - + - - - + -F65 Keltlecamp ... + + - + ... + - + - - - + .;. 
F66 Long - + + - - - ... - .. - + - + -F68 Anderson • + + - - - - - + - - - + -
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TABLE 2 -· continued 

2;h 
Cl) eepmne td Source m Gels- G) k td 

Cl) r4 r4 tine p:; G) .... ea, 
Cl) m • 8 0 ,g 0 Cl) 
f.fk 0 ca 'i'! ..., 
~! k .s:: ¥4 .... O:li: ,-1 o,,g al ..µ ..µ 0 0 :B CDCQ 0 0 ~Pr ·s I< 0 0 l"'I 0 m pt .... ..., 1! ~::, k G) Cl5 m l: td a3 .... CD Of,t ..-1 J:,:,S:, oz t!J A t.::t D'l 0 ..:a :al t> t-t Jf.10:, -

F69 Steichen - + + - + - - - + - - - + -F'10 n + + + + + + + + - - - - - -li'72 Hosp .22'1 - + + 4 - - + + - + + + - -F73 Hosp .238 - + ... A + - - - + - - - + ... 
Surface 
tlater 

Vl Series A - + + + - - + - - + •• II•• -· • •• V 2 ft - + + A - - + .. - - - ••• lo, •• • •• V5 " - .. + + - + + + ... - - ••• lo • • • •• V 4: n t 't .,. + + - - - - - - ••• lo •• • •• V 5 " + • + + + - - - - - - •• • • • • •• V 6 " -- + + - + + + - - - - •• • • • • •• V 7 tf - + + - - .. - - + - .;. •• . . .. • •• va tf - + + - - -· - - + - + ••• • • . ... ve " - + + - + - - - + - -••• • • • •• no " - + + + - + + - + - • • • • • • , .. • •• Vll tr - + ,i, A - - t -.. - - • • ••• V12 IY - + + - + - - + --- - •• I> •• • •• n3 n + + + + - - - - - - •• • • • - • •• 
\'l 1 : eries D - + + - + - - - + - - - + -w 2 " - ·+ + - + - - - + - - - + -w 3 " - + + - - + - - + - + - + -w 4 " - + + + - - - - + - - - - -w 5 " -· + + - - - - + - - - + -••• \Y 6 n - ·+ + + - - - + - - + + -•• V{ 7 Jf -- + + + + - - - + - + - - -w 8 n - + .,. A t - - - - + - + -Vl 9 " - + + - + - - - + - - - + -WlO " - + + - - - - - + - - - + -WD. tr - + + + + - + - + - + - -V/12 If + + + - + + - + -- - - - -fll3 tt - + + - + - - - + - + - + -V/14 " - + + + A - - - + - + - + -\'{15 rt - + + A - - - + - - - + -... 
Wl6 ff - + + + - - .. - - + + + - -Wl'l It + + .. - + - + - + -- - -Wl8 " - + + A + - - - + - + - .. -Wl9 " - + + + + - - - + - - - + -
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T.ABm 2 - con tinned 

I 2% I 

I 
Cl) Peptoni id m Gaa- CD t td 

Source ci, 2 r-4 r-4 tine p:; or-4 ai~ 0 m G> 0 0 
' ,::l 

0 Q) 
0 m ex, r-4 ..., 

r-1 .... ~t f-4 0 ,t: ...c ...c :~ 0 0,.C: +' ,0 .µ .µ 0 C) :a C) re Iii s:: 
r-1 E: H C) C) 0 m c,4 b(b 41"4 .µ re:~ ... f.t a, IX! II) rd a, ... Cl) H I>, ... p!;Z r::) A f4 C1l A ell 0 f4 :at 0 tr:1C/l -·-

W20 Series B - + + - ··•·· - - - + - + - + -W21 fl - + + + + + + - - + + + + -W22 11 + + A - - + -- ..... - - - - -W23 " - + + - + - - - + - - - .. -\'124 tf + + A - + + + - ••• - - - - -
D 1 Foods - + + - + - - - + - - . 
D 2 If + + + + + - - - - - -D 3 " - + + + + - + - - + + 
D4 " - + + + ... + + - - + + 
D 5 " + + + + - + ·,• + - -- -D 6 It - + + + + + + - - + + 
D 7 ff - .. + - - - - - + - ... 
D 8 " - + + + - - - - + - -D 9 " - + .. .. - + + - - + -DlO " - + + - + - - - + - -Dll " + + + - - + + - - + -D12 " - ·+ + + - - - - + ... + 
D13 " + + - - - - - + - --Dl4 n + + + + - - - - - - -Dl5 " + + + + + - + -- - -Dl6 TI - + + + - + + - + --D17 " - + + + - + + - - + -D18 " - + .. .. - + - + - + -Dl9 It + - + + - - - - + - -D20 " + + + + - - - - - - -'D21 fl + + + - - + + - - + -D22 n - + + + - A + - - + -D23 ff - + + + - + + - - + -D24 JI + + + + - + -- - - -D25 " + + - - + - + - - - -D26 " + + - - - - + - + - -D27 " + + + - + + - - + --D28 n - + + + - - + + - + -D29 n + + + + + - -~- + -- -D!".O n + + + - + + - - + --D31 " - + + ... - - + - + - -D32 tf - + + - - - - + - + -
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TABTE 2 - continued 

2% 
Cl) llmt.one rd m Gala- a> Jot ,ct 

(I) 0 r-f r-f tine CD .... s::t Cl) 

(D f-1 Source co C!) f.t 0 0 s:I 0 Cl) &h~ 0 m Oj .µ .µ Jim Cl) F-1 0 .c: .... .... a) r-f ei .µ .0 +:> +:' C) () s::: :S om C> f.t ,g 
rl~ >< 0 0 rl 0 m c:,f {;~ .... .µ ~g f.t Cl.) a, co ::I rd ex, '" (I) .... A 5~ C, A H '1J A <1 C, H 0 H ~Cl) 

D33 Foods - + + - - - - - + - -
D34 n - + + - - - - + - + -
D35 " - .. + - - - - - + - -
D36 ff + + + + + - + - - - -
D37 " - + + + - - .. + - - !'-

D38 " - + + + - + + - - + -
D39 If - + + + - - - - + - + 
D40 n - + + + - - - - + - + 
D41 ff - + + + - - - - + - + 
D42 " - + + + - + + ·- + - -D43 tf - + + + - + + ... + - -
D44 " - + + - + - - - + - -
D45 " + + + + - - - + - + -
D4:6 It + + + - + - -- - - -D4'/ " - + + + - - - - + - + 
D48 " + + + + + + - + - + -
D49 " + + + - + + + + - - -D50 " - + + + + + + - - + + 
D51 " - + + + + - + - + - + 
D52 ft + + + + + + - - + + -
D53 " + + + + + - - - - - -
D54 " + + + + - - - - - - -D55 " - + + + - - - + - + -
D56 " + + ·- - - - • - + - ·-D57 " - + + ·- - - - - -t - + 
])58 " - + + + ·- + -t - - + -
D59 n - + + + - + .. - - + -
H 1 Flour~ - + .. + .. + - - + -
l! 2 " - + + - - - - - + - + 
n 3 " - + + + - - .. - + .. + 
R4 tr - + + + + + .. - ·- + -
H 5 It - + + + - ·- .. - - + -
H 6 rr + + + - + ... + - - + + 

s 1 Soil - + + + - ·- + - ·+ 
s 2 " -- + + -- - - + - ... -
s 3 If - + + -- , .. - + - + 
s 4 " -- + + - - - + - -s 5 " - + + - .. - .. - + 
S 6 " - + + .. .... - + - -
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Discussion. 

The separation of the above strains into the type 

species; B. coli; B. aerogenes; and B. cloacae on the 

\resis of the methyl red teat. the Voges and Proakauer re-

action and gelatine liquefaction, gives the following. 

percentage incidence of these species from the various 

sources studied. (See Table 3). 

Any comparative study of the percentage inoidenoe 

of species of bacteria isolated from various sou.roes is 

of limited value. for the reason thnt the conditions of 

collection o:f material and the methods of isolation are 

seldom duplicated. Also the personal equation as to 

the choice of the colonies to be picked are all faotors 
which enter very largely into the reauita. 

In regard to the strains tabu1ated above, the 

fecal strains were aoomnu1ated by picking representative 

colonies on the plate that had the appearance of being a 

lactose :fermenting organism. Sometimes two or three 

different colony types would be :found. The :food.and 

water strains. however, were colleoted under more routine 

conditions. One typical colony being selected from a 

plate in the confirmation of a positive presumptive test, 

The percentage of B. ooli (u.n. r, V.P. -) 
:found in surface water is 83.8%. This is in the main 

so. 



TABLE 3 

SHO:'IING PERCE!TTAG~ IllCIDENCE CF B. COLI, B. AEROGENES., 
anl B. CLOACAE, FROl! DIFFERENT SO URC~S • UPON TFffi EA SIS OF 
?,:ETHYL RED AND VOG~S PROSKAUF..R Ti-:STS A1ID G~A.Tnrn LIQUE-
FACTION--

Source Number B. coli 13.eerop-enes B.cloacae 
of Il.R. + U.R.- V.P.+ T::R._-V.P.+ 

Strains V.P~- Gel - .· . Gel+ 
Ge1 - percent percent 
nercent 

Feces 
Series 46 100 0 0 
A & B 

Feces 
Series C 63 '74.6 22,2 5.2 

-
Surface 
\'inter 37 83.8 16-~2 0 
Seri es 

A & B 

Ground 
Ueat 24 '70 •. a 26 •. 0 4.2 

Oysters 21 33._3 4'7 •. 6 19.0 

?lilk & 
Cream 14 64.3 35.7 0 

Flour 
Sacks 6 50 50 0 

Soil 6 100 0 0 
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higher than that reported by other investigators using 

direct plating methods. 

The results reported have vnried from 7ofo to 

ao.4% as reported by Greenfield (1916), Koser {1924) and 
Winslow and Cohen (1918). 

The summary shown in Table 4 wqs copied from the 
published report of the last named authors. 

A study of this table shows that :a. aerogenes-

like organisms have been very seldom found in feoes. 

This is eapeoially true when the isolations are made by 
direct plating. No aerogenea tY!)es were found in the 
46 feces strains isolated by direct plating. However, 

when special means of isolation were employed a relative-
ly large porcent of the organisms isolated are of the 13. 

aerogenes tYI>e• 

\Then brilliant green broth was used for J.)re-

liminary enriohment, 22.2% of the organisms isolated were 
of the B. aerogenes type, as shown by the methyl red and 

Voges-Proskauer tests. These results are shown in Table 
3. These strains were isolated from ll individuals, 

from 3 of which M.R. -. V.P. -f organisms were isolatea 

each time the feoes were examined. Three of the 16 

strains were isolated from stools following cathartics. 

The remainder were from normal stools. Two other isola-
tions from stools following a oathartio produced 13. coli 
Only. 



TABLE 4 

SHOWING COLON-AEROGENES AS RELATED '1'0 SOURCE 
{Copied from table at Winslow & Cohen) 

Number 
Autlx>rs Source of 

Strains 
Ferriera. norton 
& Paredes 1908 Feces Hunan 117 
{<ecUonkey l.90o au.man 36 ,. 1909 " 178 -- " i.-.,u9 Horse 67 

" l.9U9 Uther am.ma ls 8'7 
Clemesha 1912 Hurne.n 1207 

" l.9l.2 cow 10~9 
1<ogers, w.1.ar.1e & 
Evens 1914 Cow 150 
Rogers. u1.ark & 
Lube 1916 lfumin 113 
~noger s. tHa rk & 
Lubs (1918) llmmn 177 
Levine J.9J.6 Sewage -----
Le-vine J.916 l!'ece s 187 

*Uhen & Rettger 
(1920) Feces 173 

'I< II " 1920 Soil 46'1 
I.'.act;olllrey J.9U~ CereaJ.s, 

water eto. 121 
Han st on. A. u 

1911 Raw water 243 
" l.9.LJ. l:>to red water 133 
II 1911 Stored & 

filtered H20 166 
vreenr1eld J.916 Water 40b 
Ho.9:ers J.9 l.6 Water 13'1 
¥11nslow & 
Cohen 1918 Polluted HsiO 94 

" Unpolluted 
H20 80 

=t-Koser , l.~i:::4 J Pol.lU -ood l:hiO l.70 ,,. " l.924 Unpolluted 
Ill?O 90 

Roe,ers.uiarK: & 
Evans (1915) Grains 166 
Jo.nnoon I .L9l6J ~o l..L 363 

* Added to list by sutb>r. 
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Percentage 
V.P.+ 6r 
l(_.R_. -

6.8 
0~ 
6.2 

.Ll.9 o. 
6 .• 1 

10.7 

0.7 

6.6 

26.0 
_.::~.u 

o.o 
o.o 

9.3 .6 

66.2 

12.9 
o.3 
3.2 

30.c 
33.3 

23.0 

24.0 
J.9.6 

26. "l 

91.0 ·,~.u 



The soil strains shown.in Table 3 merit some 

discussion. The strains were isolated from soil obtained 
£rem the Agronomy D.epartment of the Kansas state Agri-

culture College and had been sealed in glass fruit jars 

for a.bout 8 years. As no water had been added in the 

meantime, the soil was very dry. These results are of 

interest ainoe it is generally assumed that. the B. coli 

type is able to survive in the soil. only a relatively 

short time. Skinner and Murray (1926) report 197 days 

and Young and Greenfield (1923) almost 5 years as the 

period of storage which they will survive. 

The present series is too small to allow any 

general conclusions to be drawn, but they would at least 

indicate that B-. coli was able to .exist lUlder the condi-

tions of storage found in this experiment. 

If it is t~ue that B. ooli oan adapt itself to 
tmrVive in the soil for long periods of time, then the 
finding of this organism in surface water which oontaina 

so11 washings ahou1d not have the sanitary eign1f1oanee 

which is now attached to it. 

:a. Aerogenes Isolated From Feces 
(M.R. -, V.P. f Group.) 

These strains have been colleoted together and 

their principle characteristics tabu1ated in order to 
~aoilitate their stlldy. 
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TADLE 5 

CULTURAL CHARACTERISTICS OF THE Ii'STHYL RED-
VOGES PROSKAUMRfGROIP ISOLA. TED FRO?! FECES 

u. I 270 
Difeo Adon- Urio 

Strain V.P. Pep tone itol Acid 
Gels tine 
tias .1.,1a 

F 3 - + + - - + 

F 6 - + + - -
F 8 - + - + ... + 

Fll - + + - + + 

F15 - + + - - + 

Fl9 - + + - - + 

F23 - + + - - .. 
F24 - + .. - + + 

F25 - + + - + + 

1!'26 + + + - + + 

:!?30 - + + - + + 

li'32 -· + + - + + 

F38 - + + - + + 

P39 - + + - + + 

F47 - + + - - + 

F72 - + + + - + 

55. 

Citrate In-
dol 

+ -
+ -
+ -
+ -
+ -
+ -
+ -
+ + 

+ + 

+ + 

+ + 

+ -
+ + 

+ -
+ ... 
+ - ·. 



These organisms shown in Table 5 are typical 

strains of n. aerogenes-. with a £aw exceptions. F 8 and 

F 12 are slow 11quefyers of gelatine but ine.smuoh as 

the sanitary sign):fioance of these cloacae-like organisms 

ia usually considered to be the same as B., aerogenes, 

they have been inoluded here. F 26 is 1ike B. aerogenes 

in every respect except that it 1s methyl red positive. 

This chnracteristic has persisted through many transfers 
and a:fter many attempts at purifioation. 

Cultural Study of Gas Produo~ion 
:from 

Difeo Peptone. Gelatine·. 

A study of the fecal aerogenes strains in Table 

5 1 and of B •. aerogenes from other sou.roes shown in Table 

2, shows that gas production is uniformly positive for 

members of this group. This gas may be demonstrated in 

a number of ways which will be found described in Part II. 
When 1nnoou1ated into 25t peptone gelatine*, and inoubated 

at 20°0 the gas appears usually within 24 hours but the 

bubbles seem to reach their maxi.mum size after about 48 

hours. The bubble may appear along the line o:f innoou-

la.tion or out along the sides of the tube with no apparent 

connection with the line of growth. They-usually appear 

*The 2% peptona gelatine medium was retained throughout 
the cu1tural study beoause it cou1d also be used for 
observation of gelatine liquefaction, thus serving two 
purposes. 



first near the bottom of the tube but may later extend to 

within¼ inoh of the top. The bubbles vary in number 
from one or two small bubbles in the case of oertain atypica.1 

B. coli strains to seven or eight in typical B. aerog,enes. 
B. aerogenes strains which had been isolated 

for more than a year still retained their ability- to pro-

duce gas from peptone. This wou1d indicate that the 
characteristic was a permanent one. 

B. oloaoae-llke organisms have been found variable 

in gna production. some strains showed gas produotion 

comparable in amount to that produced by- B. aerogenes, 
while other strains produced no visible gas. This sug-

gests the possibility that a more thorough study of this 

group of baoterie. in regard to gas production from peptone 

might reveal important relationships between this group 
and others and within the group itself• as this study has 

shom1 for tb.e gelatine non-liquefying members of the group. 

Adonitol Fermentation. 
Of the sixte-en strains listed in Table s. eight 

fermented adonitol While eight were negative. The faot 
that adonitol negative strains of B. aerogenes may- be 
found in feces is of considerable interest, sinoe the ~er-

montation of this alcohol has been used as a criterion to 
differentiate fecal strains of B. aerogenes from non-fecal 

strains. (Standard Methods of Water Analysis,1923.) 



The adoption o:f this standard was baaed largely 
upon the results o:f Rogers, Clark and Lubs (1918) who 
found all of their strains o:f feoal aerogenes to be 

adonitol fermenters • while the strains iao1ated from other 

sources were variable. Levine and Linton (1924) also 

report similar results. 
The value of the test has been questioned. how-

ever. by Chen and Rettger {1920) • Winslow and Cohen (1918), 

Perry and. L!ontfort (1921) and others, who were unable to 
successfully apply the test to organisms obtained from 

vmter. Since the aotual sou.re$ of their organisms were 

unknown,. their results were based on the- supposed distri-

bution of B. coli and ::s. aerogenes 1n water a.s determined 

by statistical methods. 

indirect. 

Su.ah evidence is, therefore. 

The isolation o:f adonitol negative strains of 
aerogenes from £eaes would, on the other hand, be direct 

proof that such organisms existed. 

~he fermentation of adonito1 as a criterion of 

the fecal source of n. aerogenea has been omitted from 
the last edition of the Standard Methods of Water Analysis 

(1925), awaiting additiona1 evidence as to its value. 

llla.smuch as Rivas (1912) had reported a loss of 

fermentative power in a strain of B. coli after repeated 

transfers into brilliant green broth; the possibility of 

the brilliant green, used in the isolation of these 
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aerogenes strains. effecting the fermentation o:f adonitol 

could not be ignored. The fact that the organisms were 

normal in al1 the other fermentation reactions argued 
against such a probability. Nevertheless, several strains 

of B. aerogenes which had been isolated by direct plating 

were innocu1ated into brilliant green dextrose broth using 

the same tecbnic a.a had been employed in the enrichment 

met.hod. These were incubated for 24 hours and streaked 
out on Eosin-methylene blue agar plates. A number of 

colonies were picked from each plate and planted into ado-

n1 tol broth. Without exception these organisms fermented 

the adonitol with acid and gas production within 24 hours. 

Thia eliminated the probability that such an attenuation 
had occurred in the fecal Berogenos strains. 

Thia observation is also of interest in connec-

tion with the discussion of atypical B. ooli strains. 
which follows. 

Definition of Typical B. coli. 

The direct plating of suspensions o:f feoee 

usually yield a 1arge proportion of typical B., coli. 

These may be described as short gram negative rode, fer-
menting dextrose and lactose with acid and gas production, 

positive or negative fermentation o:f sa.cohe.rose a.nd dul-

cite, non-11quefact1on o:e gelatine, positive methyl red, 



negative Voges-Proskauer, indol positive, and as has been 

recently shown by Koser, fail to grow in uric acid and 

in citrate media. Such organisms ore seen to predominate 
in t.he £eoes series A and B. { See Table 2) These 

organisms are the most numerous of the oolon-aerogenes 

forms £olllld in feces and are the :forms usua1ly picked from 
direct plating. 

Atypical Strains Isolated From Feces .• 

However, when some method• such as enrichment 

in brilliant green broth, is used which inhibits this 
type, allowing the 1ess nmnerous forms to develop, there 

is :found an increased number of organisms which t"s.11 in 

one or more oharaotoristica to con:form to the description 

given above. llany of these colonies on Eosin-methylene 
blue plates a.re atypj,cal in appoarence, being larger, 

sliBhtly :raised, with a dark center, ond showing little 

or no meta.lie luster., 

While only 2 atypical strains, 1 in Series A, 

number X 10, and 1 in Series B, number B 4, were isolated 

from feaes by direct plating. These irregular strains 
amount to 40% of the mothyl red t, Voges-Proskauor 

organisms picked when preliminary enrichment in brilliant 

green dextrose broth was used. A comparison of the 

characteristics of these organisms is found in the following 
Table. 
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stmin 

F12 

Fl8 

F31 

F~!l> 

F34 

r35 

F36 

11'42 

F48 

F49 

F52 

P53 

F54 

F56 

F59 

F62 

F65 I 
F66 

F70 

TABLE 6 

CULTURAL CRARACTERISTICS OF ATYPICAL 
.B. COLI STRAINS FROri FECES 

21' Dileo 
!l.R V.P, reptom Acbn, In- Uric Cit• 

0elatine ito: cfol Acid ratE 
Gas LiQ 

+ - + - - + - -
+ - - - - + - + 

+ - - - + + + + 

+ - - - + + .. -
·1- - + - + + ... + 

+ - - - - + + -
+ - - - - + + -
+ - - - - + + -
+ - - - + + + -
i· - - - - + + -
+ - + - - + + -
+ - + - .. + - -
+ - - - + + + + 

+ - - - - + + + 

+ - + - - + - -
+ - + - - + - -
+ - + - - + - -
+ - - - - + + -
+ - + - - + ... + 

61. 

Colonies on Eo-
sin !i..etnylene 
blue ogar 

?ledium rai sea. 
dark center 

1ledi nm. flat 
li~ht colored 

Col 1-li lro 
~all, :'llil'OSt 
clear 
~nn 11 ,dnrk b'b. 
center .no sheen 

I 
I Coli-1 il:e 

Coli-like 

Coli-like 

Lsrg-e, soft, 
rl3dn ish center 

Coli-lika 

Coli-likB 

Coll-like 
Aerogenas-
like 
N.:edi um, de 1k , 
slit:-htJ..v :re.:18ad 
Largo ,dark, cm; 
ter .. no sheen 
La1·ge ,dark~cen-
ter,.no 
Large ,dark cm-
ter.no sheen 

tars:i:e. dnrk 
?led i um, ra i eed • 
e.lroo st clear 



All of the organisms in feces "Series 0" were 

isolated by the use of brilliant green broth which b.a.d 

been titrated so that the amount of brilliant green used 
won1d just inhibit 13. coli and allow 13. nerogenes to 

develop. However. this bal.ance is easily tipped one way 
or the other by a slight variation in tho nmount of feces 

used for the innocuJ.ation. It is ooncaivable that in 

oertain oases conditions wouJ.d exist when the concentra-

tion of the '4re would inhibit B. ooli strains which were 
more sensitive and would permit more resistant ones to 

develop. while in other oases the ooncentration would be 

such as would aomplotely inhibit all coli foTms, then 

only B. aerogenes wolild be found. Upon inspection of 

Table 1 this is often found to be the case. F 32, F 33 

and F 34 were a11 picked from one plate. F 32 is a 

typical B. coli while F .33 and F 34 are atypical and differ 

from each other in their oharacteristios. Another 

interesting case is ahovm in F 53 and F 54. The 1nnoou-
lated brilliant green broth was inoubated 24 hours as 

usual, and p1ated out on Eosin•methylene blue plates. 
The colonies after 24 hours were all o:f the 0011 type. 

F 53 was picked. Thia cu1 ture is a.typical only in 1 ts 

positive gas production from peptone gelatine. Several 

loops fu.11 of the brilliant green broth cu1ture, which 

was now 48 hours old, were plunted into anothor dextrose 

brilliant green tube and inouba. tad 24 hour.a. It was then 

62. 



plated out as usual and the colonies were now found.to be 

all o.erogenea-like. Strain F 54 was pic.ked.. It does 

not produce gas but grows on uric acid and oi trete media. 

Cultures number F 55 and F66 were obtained under the 
same circumstances. F 55. obtained from the :first plant-

ing, g~ve typioe.1 ooli-1ike colonies and is typioa1 coli 

in every way, while F SG, from the replant, gave dark, 

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 F 55) is oAl..-..-like in its oharacteristios 
an£ fails to grow in eitherurio acid or citrate media. 

The organisms picked from tlle replants, F 54 and F 66, 

are ftypice.l ooli which rate.in their methyl red and Voges-
Proslce.uer che.raoteristioa but also have the ability to 

utilize urio acid and citrate, whioh are attributes of 
B. aerogenes. In each case the dye concentration was 

greater in the replant tube- since no feces was ueed1 whioh 
probnbly accounts for the appearance of the strains which 

were more like B. e.erogenes. 

A study of the above table shows that these 

strains have several charaoteristios common to a11. namely. 

M.R. f, V .P. -, failure to liquefy gelatine and indol 
production. These oharacteristies would ordinarily be 
su£fic1entto identify the organism with the B. coli group. 
However, it is seen that they also have one or more of 



the oharacteristios suoh as gas production in J>eptone 

gelatine, uric acid utilization or citrate utilization 
which are typical of the :a. aerogenes section. These 
characteristics together with the :fact that they are 

:found only after preliminary enrichment in brilliant 

green broth, of a conaentrationwhioh inhibits B. coli 
and does not affect B. aerogenes would cause these straills 

to be considered rather close physiologioally to B. 

aero genes. 
The ability of these M.R. f, V .P. - strains to 

produce gaa from paptone gelatine is not well developed. 
The amount is small as compared to that produced by tho 

In every case the visible go.a 
consisted of one or two small bubbles, while B. aerogenee 

produces 4 to 8 medium to 1nrge bubbles. 

That suoh organisms may be found in surface 

water is sho\vn by the following group of strains selected 

from water Series B. 

Atypical strains Isolated Ffom Water 
The similarity of these organisms shown in 

Table 7 and those of the atypioa.1 fecal strains :ts ap-

parent. With the exoopt1.on of one, they are indol pro-

ducers and. all but one failed to ferment adonitol. None 

of the group produced gas in peptone gelatine. The 



Strs:in. 

W22 

\V25 

W27 

l w2e 

W::53 

'f/34 

W35 

W39 

W'41 

W44 

W50 

TABLE '1 

CUI,TURAI, c·l!ARAC'mRISTICS m' ATYPICAL 
B. COLI STR..UNS FROlf. SURFACE WATER 

2% Peptom 
W..R. V.P. Gelatine Adon- In- Uric Cit-

Gas Liq itol dol Acid rate 

+ - - - + + + -
+ - - - - + - + 

+ - - - - - + -
+ - - - - + + -
+ - - - - + + -
+ - - - - + + -
+ - - - - + -
+ - - - - + + -
+ - - - - + + -
.. -· - - - + + -
+ - - - - + + -
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Colonies on 
Eosin-1!.eth-
Jlene blue 
llRar 

Snnll ,,red-
dish, no 
sheen 
l:jrra 11,, dark 
center,, no 
amen 
.:illll ll da rk 
con ter ,,11€}:lt 
l)eri -ph er:y 
Smell ,red-
dish,. no 
sheon 
SmHIL.rea:=--
dish, some 
ebeen 
Small, dark 
center ,li{jlt 
nerlphor:v 

Coli-like 

Srm 11. Ted -
dish ,.some 
sheen 
Stroll ,,da nc -
cent~r,, 
light 
ner:I 'Ph'c!T:V 
Srral 1, red-
dish,, no 
sheen 
~TT"all. red-
dish., some 
sheen 



results of growth in m .. io acid and citrate media show 

that but one strain developed in citrate media and that 

this· -strain vvas the only one whioh failed to grow in uric 

acid media. These atypical strains have become especially 
interesting in view of Xoser's (1924) interpretation of 

citrate utilization by members of this group. He found 

that 90.7% of 118 fecal organisms failed to utilize citrate. 
while 97~2~ o:f 72 soil strains utilized it.. !fue sqll 

was oolleoted £rom apparently '.lllpollutea soureea. He, there-

fore~ correlates lack of ut-'.l:1zation with the feoo.l sou.roe 

o:f the organism., 
These atypiooJ. strains have also been re~orted 

by others. Among their soil strains. Chen and Rettger 

{1920) :found 20 that were M.R. t,- V.P. - of whiah lOuti-

lized uric acid. They- considered them as possible inter-

mediate strains between n. aoli ond B .. norogenes. Perry 

and llont:fort (1921) :found these- same types to be prevalent 

in water and call attention to the diffioulty of the inter-

pretation of their sanitary significance. 
That organisms of the colon type which utilize 

citrate are found in the feces is shown by the above 

Table 7. Their number in the feces must be small as 

oompared to the t~ical B. coll which fails to utilize 

Nevertheless~ feoes cannot be disregarded as 

a possible sou.roe of these organisms in soil and water. 



The relative importance of :feces as a source 

of such atypical colon-aertbgenes :fol"ms found in soil and 

water can be determined onl~ by more extensive work on 
this group. using some method for their isolation. suoh 

as preliminary enrichment in brilliant green broth. 

Summary of Strains. 

The :following Table. namber a. has been e.rranged 

to compare the prinoipa1 cha.ractaristios of a.11 a trains 

in relation to their source, 
This work vm.s regun in 1918 and the atruine 

indicated as Fee-ea A. Water A,. Foods, Flour sacks and 

soil were isolatea nt that time. These cultures ware 

lost after completing the work then contemplated. Urio 
acid and citrate utilization was u.nfortune.tely not run 

on these strains •. 

A consideration of Table 8 will again emphasize 

the fact that gas produotion in peptone gelatine is a 

constant characteristio of B~ aeroganes. Of the 52 

cul.tu.res of the M.R. ,}, V.P. - group only 6 fail to pro-

duce gas and of these 6 stra.ins, 5 are gelatine lique-

fiers and would. therefore, not be considered as aerogenes. 

Treeoe (1920) in a preliminary report called 

attention to the close correlation of gas production in 

peptono gelatine to fermentation of adonitol in the food 
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TA.1L~ 8 

SROV.'ING CORRELA'ITON 0°F' CUT.'MJRAL 
CHJRACTERISTIOS WITH SOtROE 

Source lfetbyl Reo Uric Ci trntE 2;4 Pep1. 
No. of md Acid No.of' Gel.gru · 
Strs.ins V .,.,_ _.,._ No of StrainE Strain~ ogeS-:;.1.oa 

St •ainf 
+ - + - t -

Feces A IDl+ VP-
36 56 • • •• •· (I . . . . ••••• 1 35 

Feces .E !CR+ VP-
10 10 0 10 1 9 0 10 

Feces C lffi+ VP-
63 4"/ 13 34 6 41 8 39 

UR- Vi+ 
16 16 0 lE 0 15 1 

Water A Im+ VP-
13 10 • • •.• • 1 •••• ••••• 1 9 

l'l'R- VP+ 
3 •• •··• • 41 •••• ••••• 3 0 

\Vntar B 1£Rt VP-
24 21 10 11 :i 20 0 21 

llR- VP+ 
3 3 0 0 3 0 

Foods t':R+ VP-
58 32 .. •.• ··•4 •••• •••• :.t 8 24 

'flR- VP+ 
26 .. . ... •••• .. •·• ·• 21 5 

Flour UR+ VP-
Sacks 2 . ·• ••••• .. •-• . ... ·• 1 1 

6 
llR- VP+ 

4 ... ... .... , ...... •• -. ·• t 4 0 

Soil _UR+ VP-
6 ·•. ••• 4 . ·• .. . •·•-'• 0 6 

Totals D+ VP-
116 164 23 55 E '10 19 145 

fl..t'(• Y.k'+ 
52 19 0 19 0 4:6 6 

42 65 27 '10 65 151 

68. 

Aaont- Indol 
tel. 
Ifo. of No. of 
St· ntns Strc im 

+ - + -
0 36: 36 0 

l 9 10 0 

9 38 4:6 2 

8 8 5 11 

2 8 9 1 

2 1 1 2 

1 20 18 3 

1 2 1 2 

5 2'7 lY/ 1$ 

21 fj 4 22 

0 2 2 0 

5 1 l s 

0 6 3 3 

18 146 140 24 

35 l'I 12 40 
53 162 152 64 



strains, Feoes A and Water A series studied. Thia oor-

relation is probably a ooincidenoe sinoe a study of a 
greater number of strains has shown fermentation of adonito1 

to be a more variable factor than production of gas £rom 

peptone gelatine. ThiaJ;artioularily evident in Feces 
o 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 oharaoter1at1o is 

very uncommon among the organisms of the B. coli group, 

(19 out o'f 164 strains) ·and maey of these were found to 

be atypical in other respeots. (See Table G) 
It should be emphasized that the expression "gas 

production" as used in the above discussion has the same 
signlficanoe that it has in the usual tests for gas pro-

duction in £ermentation of carbohydrates, i.e., that it 

refers to visible gas as evidenced by bubbles in the 
peptone gelatine, or in the case of the usual 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 wel1 

known that small amounts of gaseous products are produced 

by the respiration of bacteria. These gases are ordi-

narily in such small quantities that the med1l2lll does not 

become saturated. Special methods must be employed for 

their demonstration and collection for analysis. Tests 

for visible gas then becomes e quantitative rather than 

n9 .. 



a qua1itative test* 

Hydrogen Sulphide Production .. 

A review of the 1iterature given in a later 

section shows that statements regarding hydrogen sulphide 

production by members of the intest1na1 group, especially 

of the colon-aarogenes section, do not agree. It was, 
therefore, thought adVisable to include this test with 

others made upon this group. 

As shown by Table 2 only two strains in the 

entire series produced blackening in the 48 hour inouba-

tion period. Th.ismort incubution period was selected. 

for the readings as this is the usual period used in 

differential tests Sf the intestinal organisms for hydro-

gen sulphide prodnction.. A number of the orfsanisms were 

incubated for a longer period, however, and the results 

are shown in Table 9. 

It ia seen that the reau1ts a.re somG\vhat vari-

able after aevera1 days incubation. In no case was 

there any considerable amount of hydrogen sulphide pro-

duoed. It was dif£iou.1t to diatingtrl.sh small amounts of 

blackening in the lead acetate agar due to tho fact that 
a-fter several. days tho media. becomes al1ghtly brown due 

perhaps to the production of a brown lead oxide*. - ........ ,_ 

*Attention has been previously called to this, as wel~a 
other objections to the use of lead acetate agar. 

'10. 
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The Ferrous sulphate agar. on the other hand, is clearer 

and, except for the brown ring which forms near the sur-

face, the media. retains its norma1 oolor.. The brown ring 
is probab1y caused by the precipitation of ferrio hydroxide. 

The reau1ts ·from this series would indicate that 

B .. coli, which produces more than traces of hydrogen sul-

phide from Difeo peptone in 48 hours, is compare.tive1y 

rare in feoes. But the faot that certain strains are 

:found which produce abundant hydrogen sulphide in 24 hours 

might exp1a1n the disagreement of the resu1 ta of different 

investigators. 

An exp1anation of this delayed hydrogen sul-

phide production b;r the B. 0011 and :B. e.erogenes strains 

will be found in Part II of this thesis under the heading 

nlletabolic study o£~S production". 



PART II 

METABOLIC STUDIES 

GAS PRODUCTION FROM PEPTONE •. 

The produe:tion of gases from carbohydrates• by 

baoteria, was earl.y recognized, and aoonrate ana1yses of 

the gases 11roduced, have been made by a number of inves-
tigators as shown in the review of the literature previous-

1y given. 

The fact that baoteria may produoe a consider-
able amount of gas.from protein sources is often over-

looked, due, no doubt. to the :faot that the gases are 

not in sufficient amount or of a character such as to 

be demonstrated by the usua1 methods of determi~ gas 

production. 
Grimpart end Legros (1900) noted bubbles of 

gea which formed 1n nutrient gelatine with ou1tures of 
B. eerogenes. They nttributed this to the native sugar 

present in the meat bull.ion •. Van Slyke ~nd Hart (1903) 
observed continuous CO2 production in Cheddar cheese 

from the beginning of the ripening !)rooees until the 

end of the experiment 32 weeks later. They believed 
that the gas was produced from such compounds as tyro• 

sine and arginine by mioro-orga.nisms. Eldridge and 

Rogers (1904) found a large percentage of ou1turea of 

bacteria isolated from Emmenthaler cheese woduoed gas 

in a whey medium rendered sugar free by B. bulgarious. 



Using a special device they determined that the gas 

consisted entirely of 002• 
In a. pre1iminary report the author (1920) 

called attention to the production of visible gas in 
a 2% Difao peptone gelatine medium by B. aerogenes. 

Ayers. Rupp and lludge (1921) demonstrated 002 
production by certain streptoooooi :from Difeo peptone. 

They believed the source of the gas was other than the 
carbohydrate radicles in the peptone. Nichols (1921) 
showed that B. typhoaus produced measurable amounts of 
gas :from dextrose broth .. 

The ge.seousmetabolism of certain anaerobes 

bas been carefully worked out by several investigators. 

Smith et. a.1 •• (1905) observed gas produotion by a.nnero-
bio bacteria in sugar free media. More recently Wolf 

and Harris (1917) • Bushnell (1922) and Anderson (1924) 

have reported anaJ.yses of the gases produced by anaerobes 

under various conditions. Anderson considers the me.in 

gases produoed from peptone to be 002 , H2• lf2 and a sme.11 

amount of H2S. 

Early in the :present investigation it was noted 

that bubbles of gas were formed in the depths of certain 
nutrient gelatine cuJ.tures. Upon investigation it wa.s 
found that the amount o:f the gas could be increased by 

increasing the amount of peptone and that increasing 
the percentage of gelatine ha.d very little effect. 



Tabla l.O shows the relative amounts of gas pro-

duced. by B. aerogenes in a medium containing .5% meat 

extra.ct and varying amounts of peptone and gelatine incu-

bated at 20°c for 72 holll"s. 

When such a. medium ia placed in Smith fermenta-

tion tu.bes and incubated at 37°0 there 1a usually a fai1ure 

to produce visible gas., al though at times as much as 10% 

of gas in the closed arm has been observed. This has 

al.so been observed in the inverted vial t~e of fermenta-
tion tubes filled with a carbohydrate broth containing 

1% Difc:o peptone • and innocul~ ted ,vi th a strain of :a. 
aerogenes v1hioh does not ferment the carbobya:rate. This 

might become a source of error where gas production alone 

is bhken as a.n indication of fermentation of the oarbohy-

dra.to., Vllien tested with phenol red or other suitable 

indicator. however• such broth is found to ba alkaline .• 

In order to determine whether the peptono alone 

was the souroe of the gas., a number 0£ tests wore made 
eliminating one by one the other ingredients in tho media.. 
~hesa have been summarized in Table 11. It is to be 

noted that in each case where the peptone was present 

there was gas production. Whe1~.e it was absent there 

was no gas production~ even though other proteins substan-

ces. such as meat extract and gelatine ware present. Thia 

proved beyond doubt thai- t.-he ,iD~ue of the gas was the 
peptone. Where the :peptone solution was used alone the 



TABL~ 10 

>JIOWING R8LATIVE All..vUN~S CE' GAS PRODUCED BY B'! AER0GEIIES Ilf 
l lfEDIUJl CONTAINING .5~ JLEAT EXTR4.CT AND VARYING AUOUNTS OF 
?:EPTOifi<! AND GELATINE. !liCUHATisD AT roo c. '12 l}ours 

Difeo peptone Percen:t Gsla tine 
-percent ti 10 12 

2 7-10 medium 6-10 medium 3-6 medium 
Si%e bubbles size bubbles si:i:e bubbles 

3 '1-14 medium 6-28 medium 4-7 medium 
Si28 bubbles to· small sine 

bubbles bubblr-,s 

5 14-16 medium &.-8 large 11-14 large 
e1 ze bubbles bubbleB bubbles 

t 

TABLE ll 

SE0:'7ING PRODUCTION OF GAS DY B. A'RROGEN-mS IN lY.EDIA UONTAUl-
nm VARIO us I NGW.DIEUTS OF NUTRiimT AGAR AND NUTR!"f!'!UT 
G-EI,ATI l'IE. 

I Difeo Difeo Difoo s~·' •· rJ .5% 2% 
pep tone pep're pep tone extract extract Difeo 
•I- • 5% + 10 + l-1/2% -t 1-1/2% + peptone 
extmct gelatine agar agar gelatine solution 
+ lOi& 
gelatine 

Gas Gas Gas No gas No gas Gas 

76 .. 



medium was placed in ordinary cul.ture tubes to which 

was added a layer 0£ sterile vaseline. Gas forms be-

neath th1s plug :forcing it up. the gas being collected 

above the medium~ It was noticed that gas production 

was slightly increased when a small amount of KB1IP04 
was added, due perhaps to its buffer effeot. 

A Comparative Study of Gas Production 
from Differen·t :eeptones 

A number of experiments were made upon differ-

ent commercial peptones to determine whether this pro• 
perty was peculiar to Difo~ p£~tone or was common to 

all. 

The media contained 45b of the peptone to be 

testea.,. with the exoeptiOn of Difeo, whioh :was uead 

in tho usual 2% solution. Five-tenths percent x~o4 
was added and this solution heated in the Arnold steam 

sterilizer £or sevei-a.1 minutes. This was thon filtered 

and adjusted to Ph 7.2 to 7.4. One and five-tenths 
pe:reent agar was added a:nd the media was sterilized 1n 

the autoclave.- .Amlrades' indicator was added to tho 

sterilized media, adjustment to neutrality to this 

indicator being made when necessary. The media was 

then poured into sterile tubes and allowed to solidify. 

~ocm.laj;ion was also made into p1ain nutrient agar, 
~ontaining o.5% meat extract,. 1% Difeo 'Peptone and 

77. 



1~5% agar prepared 1n the usual way and adjusted to 

Andrades·' indicator. Innocul.ations wera ma.de by deep 

stabs. The results of the experiment are shown in Table 

12. 

The readings were made at short intervals to 

follow the acid production. Where gas was produced the 

surrounding medium was invariably aoid. Tho sur£aoe of 

the medium never became aoid. It was neutral for the 

:first 24 hours then beqamo s1kaline. This olcalini ty 

gradually extended toward the butt of the tube. The 

appearance of B. aerogenes growing th the Di:foo medium 

described above, ls strikingly like that o:f B. pa.ra.ty-

phosus iri ]Jew Russell' a medium and where acid but no 

visible gas 1a produced as in Ga the appearance is lika 
that of B. typhosua •. 

The apl)ea.rsnce of the tube may be ex.plained by 

assuming tba.t the ga.a. produeed, is a mixture of 002 and 

H2• The 002 produced vrould first neutralize the slight 

amount of alkali in the media and would then be absorbed 

as such,. This woul.d cause the media to react acid. The 

co2 being quite soluble would be :found dissolved in the 

medium whi1e Hg being almost insoluble would tend to 

force the media apart and would collect in bubbles. 

The reversion to an a.J.ka.line reaction of the 

surface of the agar. may be explained by the diffusion 

of the 002 :from the agar into the air and the increase 

of alkalinity due to production of NH3 • This interpre-

78. 
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tation is similar to that given by Hichols (1921} to 

explain the reversion follll.d in Russell's medium by B. 

typhosus. 

The acid reaotionmight 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 aoidity produced .. however. ia evidence against 

the presenoe of any- great amount of fatty acids. 

11.s may be seen from Ta.l)le 12 B. aorogenes pro-

duced a.oid and gaa :from Di:fco :peptone and :from Park-Do.via 

peptone. The production was always much leas in the 

Park-Davis peptone although the concentration ueed wa.s 

double that used for Difeo. No acid or gas could be 

demonstrated in either WL;tes' peptono or Armour's 

peptol'.!e. Thia would indicate that the subatanoe respon-

sible for the acid and gas was tJither not present in 

these peptones, or was not available for use by the or-
ganisms used.. It is aiso noted that stamina of B .. coli 

F 50 and Sa are able to produce amall amounts of acid and 

in some cases gas :from Difeo peJ.)tone. When gas is pro-

duced the amount is very small aa comparod to that pro-

duoed by B .• aerogenes. As has been stated before, it is 

believed that the difference in the reaction o-f these two 

organistis in peptone is a quantitative rather than a 
qualitative one. 

so. 



That the sourea of acid aflJl gas is the same for 

both B. ooli and B. aerogenes ia indicated by tho i'aot 

!;hat this reaction 1s produced in the same peptones by 

both organisms. 

Additional evidence to this fact is shown by 

the following experiment. 

A flask of 41-, Difeo pe:ptone and 0.5% K2BPo4 
was innocu1ated with B. aerogenes F 11 and incubated 

24 hours. The cu1ture was then boiled a.nd filtered. 
The renotionvae :£om1d to "be Ph 7 .2. One and ono-hnlf 

:per oent wa.s added and t11e mea:ta. was sterilized, adjusted 

to Andracle's indicator and tubed. This media was inno-

cu.la.ted with several stra:ins o-f B. aerogenes and B. coli. 

In no case was tnera a perceptible production 
of acid or gas. Growth of' all the strains wa.s less in 

this media· than :tnnorma1 y.,eptone solutlon agar. 

This would 1.ndlcate (1) tha.t the substa.noe in 

the :peptone that is the source of the acid and gas pro-

duced is present in sma11 quantitiea and (2) that inou-

·bation with one strain of B. aerogenes will romove the 
souroe of acid gas pToduotion :tor other strains of n. 
aerogenes and for strains of B. coli as well. 

Analyses of the Gas produced from Difoo 
Peptone,. by :B. nerogenes and :B. 0011. 

Methods Used in Gas Analysis. 

In selecting a method for an analysis o:t the 

81. 



gases produced :from peptone, a number of factors had to 

be considered. fl) Whether sufficiently aoourate results 

11on1d be obtained. (2) Whether the method would lend it-
self to this partiou1ar problem. (3) Whether or not the 

necessary apparatus was available. 

A aurve3' of the 11 tere.ture · showed that e.nnumber 

of methods had been used in the analyses of gas produoed 

by haateria. 
Xez,s (1909), Fisher (1913} ,. Rogers et al (1914), 

Bushnell {1922 l , Anderson {1924 J used the method of o olleot-

ing the gas in a vacuum and then transfering it to a 

train o:f appropriate absorbents, where each gas oould be 

detern:uhned.. This method glves accurate reBUlts, when a 

comparatively large sample of gas is taken. Anderson 

believed that in order to get consistent results, satn-
ples of at least 100 c.o. should be used and that there 

should be suffio.ient. gas for duplicate nne.lyaos. This 

method was rejeo.ted beoab.se of the very small amounts 

of gas produced under the conditions of the experiment 
and becauee the apparatus was at the time not available •. 

Eldridge and Rogers (1904) used a special culture tube 

for the determination of co2 by bacteria. Thia consists 
of two eompartments,, connected with a "U" shaped tuba, 

eaah compartment having an exterior opening. The ou1-
tu.?-e is placed in one -0ompartment and in the other is 

placed a quantity- of 11/10 Ba( OH) 2• The CO2 produced by 

82. 



the bao'jieria passes over and is absorbed by the alkaline 

solution, !'he amount neutra1ized is determined b;y tJtra-
t.1-on. Thi"s method has been used by Ayers et al (1921), 

Nichols (l.921) a~ others. This method waa not suitable, 

because: {1) , there, is no means of measuring the voiume 

of gs.a produced;- (2). there is no means of determining 

other gases than 002.. The method used by Smith (1895) 

for the rough approximations of ga.s peroentsgea was not 

seriously considered because of the inacouraoies of the 

method mentioned earlier in this paper• 

METHOD USED IN THIS WERIMENT. 

The method introduced by Brown (1922) was se-

lected and used with a few modifications. It is given 

here in some detail. 
The method consists 1n oollaoting the gas under 

vs.saline, from a known amount of media, the gas pushing 

the plug o:f vaseline up as the gas colleota. This may 

then be measured in C'..c. in terms of the amount of medie. 

used. The 002 1a the 0:ollected gas 1s analysed by 

aspirating out a measured quant1 ty of the gas by means 

of a short pi eoe o:f capillary rubber tubing with a long 

noodle.; The syringe and needle are £irat ririaed with 

dilute a.oid then the needle is :passed through the vaseline 

plug at the sill of the tube. and as the gas is withdrawn 

the plug moves down. Oare must be taken to s eal the 

opening left by the need1e as it is withdrawn. This is 



a·one by 8.J)plying e. hot spa.tuia or forceps to the side 

of the tuba until the vaseltne softens and closes the 

The syringe is then used as an absorption pipette. 

When the needle is withdrawn it is quiok'.cy transferred to 

a dish of dilute acid ( 2 -5%). Holding the syringe up-

right, the acid ls d:l".awn up until it reaches the gradua.-

ti ona on the syringe., The amount of gas ( and air) in the 

syringe is :read. Tha pl11.Il8er is then pushed down until 

only a small amount of the acid mmna1na 1n the needle. 

The needle 1-s then plunged into a solution of alkali 
( 4% lfQOlt .l and this is drawn into the syringe. Keeping 

the end -of the needle :ln the alkali the syringe is rooked 

baok and forth to aid the absorption. It is than held 

upright as before and the amount of remaining gas and 

t:t.r read. The differenoe in tlus amount and that of the 

previous reading repras.ents the amount of 002 absorbed 

by the alkali. Knowing the amount of gas samp1e originally 

taiten the :peroentage of 002 is readily obtained.. The fact 

that tha system is filled with air at the beginning and 

therefore a mixture of the gas and sir is really analysed 

is not believed to introduce an appreciable error einoe 

the percentage of ao2 1n the air (.06%) is well within 

the limit of experimental error. 
The 06 in the medium as carbonates and diasolv-

2 
ed 002 is detennined ~1th the .same apparatus. The syringe 

84. 



and neetlle are t.h.oroughly rinsed. with water and with the 

plunger p1aced at one of the .lower graduations the needle 1 

is lowered through the va.seline plug into the medium. 

One-tenth c.c... of the medium is aspirated into the needle. 

It is then removed, using the same preoautions as before 

to seal the hole 1n the vaseline.. A small bubble of air 
is allowed to enter the needle. then a small amount of 

Oaprylic alcoh-01. is arawn up. followed by another bubble 

of air. The end of the naed1e is then placed in a 6% 

solution o-f' R2so4 containing methyl red indicator. The 

plunger is. raised until the 0.1 "'! 0.2 o.o. ·of the a.aid 

is seen to enter the barrel o:f the syringe. With the 

end of the neei[l.e remaining in the acid. the syrit:}ge .is 

inverted. The needle end. of the syringe is olosed by 
pressing a finger over the rubber tubing. The plunger 

is then drawn down creating a partial vaoumn. As this 

ia increased the air leaks by the plunger and bubbles up 

through the media, aerating .it. The plunger is held 

a-0wn until the pressure is equalized. The syringe is 

then held upright and the amount of the contained gas 

and air determined. The co2 is then absorbed and deter-

mined as in the preceding operation. Since the amount o~ 
the media in the cllltttre tube is known,. the amount of CO2 
in the: culture may be ca1oula.ted. 

It is necessary to conduot the entire experiment 

under uniform terperature oonditions, and where handling 

of the syringe is necessary during the manipulation. the 



contents a11owed to return to room telDJ)erature before 

making the reading. 

Oxygen may be determined in a sJmilar way to 

002 except that t.he system 1s filled with dilute acid 

instead of a.tr, and that sodium, pyrogallate is used as 

an absorbent instead of Naon. 
It is evident that no provision is ma.de :for the 

analysis of other gases than C~ and o2 which might be found 

above the medium. Of these H2 has been found in the greatest 

quantity by •other investigators making complete gas ana1y-
ais under other conditions -such as carbohydrate fermenta-

tion. Roger, et al, using a dextrose medium. found that 
all. except a mere traee1 of the gas not absorbed by NaOH 

was H2 • Other gases which have been reported as being pro-

duced b~ bacteria areN2, co. cn4, NH~ and H2s. 
Jme mr3 would be found combined a.a ammoni'Wll salts 

in the media when the reaotionve.s neutral or acid. There 
was no evidence found in the literature to show that 

either 00 or methane ooour in more than traces. N2 may 

·under cei,tain conditions be produced in oonsiderabl.e quan-

tities by certain anaerobes as shown by Anderson. It 

was therefare believed that while.working with the oolon-

aerogenes group no considerable error would be introduced 

by assuming the collmcted gas which was u.nabsorbed by 

NaOR to consist largely of n2• 



The· ,accuracy of the method and apparatus was 

determined in the foll.owing way. 

Cl) Tu.bes oontaining 10 o.-o.. of 1.0% dextrose broth were 

prepared and innooul.ated with -cill.t~es of 13. aerogenes and 

B. coii and 2 c •. .o. of' sterile vaseline added. After in-

cubation at ... 37°0 :for 48 hours the tubes were removed to 

the laborat,oey,,. allowed to cool to room temperatm~e~ and 
the ,t.olume o.f gas -measured. ~e 002 in the ooilected 
gas and .in the media was determined. These resillts are 

found in table #13 •. 
(2) A number o:r s.na1yses of the collected gas :from carbo-

hydrate "fermentation was made upon the same oul ture to· 
determine how close duplicate analyses. wou:td oheck. These 

resu1 ts are shown in table :/114. 
The oo2/R2 Tatio ca.1cu1a tea :from the above re-

sults was found to be charaoteristio o:f the organisms 

used. Rogers, et al. with their more elaborate methods 

of gas analysis found the average oo2/R2 ratio of ma.tl1' 

strains of 13., coli to be apprOX!mately 1 .• 0 vo.rying from 

0.95 to ·1 .• 4 while. the average oo2/H2 ratio of aerogenes 

was approximately 2. varying from l. 7 to 2. a., 
~1i.S the method applied to ·gases produced by 

oa:rbohydrate :fermentionis seen to give consistent results 

in the hands of the author and to give resu1 ta which 
are comparab1e to those obtained by more elaborate methods 

usea by- others •. Having thus determined that the method 
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was reasonably accurate for 002 and o2, the application 

of this method to the analysis of gases produced from a 

peptone medium to which no carbohydrate was added, seemed 

warranted. Tha assumption that the remaining gas was 

largely Hz was proven oor:rcct by more elaborate methods, 

as se.en by the :footnote to tab1e #15. 
It was therefore adopted with tµe fo1lowing 

modifications. Brown used a long metal needle which hi 
had made. '8spec1a11y :for the purpose.. There was aubsti tuted 

for this a glass needle .. me.de :flom a piece of glass tubing 

0£ the proper diameter and arawn out to the proper capil-

lary size. This ia ine~enaive and in addition allows 

the progress of bubble of gas, vrhich is being drawn up, 

to be followed. !l.1his ia es:peoially he1pful. in the case 

-Of determination of the earbona.tes and 002 in the medium 

where bubb1es of air precede and follow the ama11 amount 

o:f oaprylio alcohb:l. It also allows obstructions in the 

need1e to be: more easily detected. 
The media used was a 47', Difeo :peptone solution 

to which was added o •. s1i K2HPo4 • Thia gave a Ph of about 

7 .4 without adjustment. This was sterilized in flasks 

and 50 o.c. measured. into sterile "9· gm." Baboook bottles. 

These were selected so that 50 o.c. of the media filled 

up the· bottle into the graduations. Since the neck 

between. the graduations (from O to 5%) has 5 o.o. volume, 

the amount of .gas may be directly determined after it 
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has oolleotea. The media was 1nnoqulated and 1 c .c. of 

sterile vase1ina added. The bottles were lnouba.ted a.t 

37°0 :for 48 hours<. Thay were then removed to the labora-

tory for at 1ea.st 30 minutes, before the volume of gas 

was -read and.analysis-ma.a.a. 

USULTS. 

A sufficient number of analyses of the gas from 

cul.tures of typical. B.- aerogene~ and B. 0011 were made to 

determine the proportion of fhe gases produced. A number 

of innooulations of B. coli stran.a were- made and in no 

-case was t'here more, than a small bubble of gas o olleoted. 

Whis was to<> small. to be measured -or to be analysed. 

Therefore. for these cnl.tures the determination of the co2 
as carbon.a.tea and dissolved 002 1n the medium was all that 
could be made. 'The B •. 0011 strain 6a was seleotad because 

it had been isolated from directly innooulated plates and 

concerning which there collld be no question of its 'being 
! 

a typical strain. The results of a series of .determina-

tions e.ra found in tabie #15. 

It ls to b,hoted that the B. aerogenes strains 
were quite consisterit in the manner by which the :peptone 

was broken down with. the production of gas .• as indicated 

by the- co2/R2 ratio .• , While there is some variation. thore 

is no more than might be •expected among different strains. 

Vfhile the oo2/R2 ratio of the B. 0011 type oou1d 

not be determined because of the small a.mount of H2 pro-
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auoed. it is readily seen that the proportion of co2 to 

H2 would be mttoh greater than that found with B. aerogenes. 

The total amount o£ 002 produced by B. coli 1a as great 

as that produced by B. aerogenes. Thia di:fference in the 

gas ratio 1s then due to the difference in the amonnt of 

R2 produced by the two organisms. Since it has beon shown 

that the source of the acid and gas is the same for both 

B.ooli and B. ae:rogenes, this difference 1n the gas ratio 

might be ta.ken to indicate a funda.menta1 differenoe 1n 

the manner of attack of this substance in peptonas. 

Thia evidence of the difference 1n the protooly-

tio nature of the two organisms, is 1n 11na with the lmown 

differences in the prodt1.ots formed in a protein medium 

in which B. o-oli is known to produce indol, indol a.oetio 

adid, skatol. mer-o-aptan, etc., in considerable qua.nti ties 
while in cul. tu.res o:f ll. aerogenes., they a.re found in voey 

small amounts or not at all,.. 

A oompa:rison of the co2/H2 rntioa of these or-

ga11iama in peptone media and in one od>ntaining dextrose 

shows that the rela.t:t.on is just reversed. The poae:1b111ty 

of the coincident produ.otion of gas from the peptono and 
from the dextrose in the usual dextrose broth, v1oulll raise 

a question as to tho socursoy of the 1nterpretat1ons plaoed 
upon analyses of gas produced from peptone sugar broths. 

The rae.otion of' the medium dertmines to a large 
extent whether the 002 will remain in the medium or will 
collect above it. I£ the medium becomes aoid as in the 



dextrose fermentation a large part of the co2 is :found 

above the medium. Vlhen the medium is neutra1 or slightly 

alkal.ine the 002 is found 1argely in the medium as dis-

solved 002 and aa carbonates. 

The d~onstration of a oonsi darable co2 ppo-

duotion ». co1i as wel1 as B., aerogenes would seem t.o 

explain the produetion of the slight amount of acidity, 

noted :tn the Difc9 peptone agar. 

Although the two media are not entirely com~ 

parable due to the :fa~t that tha agar media was open to 

the air ana no doubt diffusion of the gases through the 

media to the air wotild slov,ly ooour •. 

This b.igh J?ercentage of 002 might be explained 

by consider.mg the amino acids as a. source. When no 

other source of carbon is present,, these are broken down 

to au.vpJ::i· the ener,gy- requirements of the organisms. The 

carbon is obtained by an attack upon the COOR radiole. 

This is brolcen down With the production of 002• The de-

oarboxylization may preoede the utilization of the amino 

nitrogen radicle., prpduoing;1an allline, or the dea.m1nat1on 

may take plaoe ~irst produoing a fatty acid• which in tu:rn 

may be broken down with the produo~ion ofC002 and H2• 

It :ts thus seen that the relative amount of co2 and H2 
produced depends upon the type of reaction by whioh the 

amino acid is broken down •. 
That the cha.ra.oteristio o:f visibl.e gas produotion 

in. so::tid media,. which. is due to the presence of the mo-nil 
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1nsolub~e H2, oorre1ates with other established charaoter-

ist-ica of the organisms has been shown in the preceding 

seation. 

m The fact that the sou.roe of the gas was found, 

only in tWl1 of the four peptonea would indicate a selec-

tive utilization of the amino aoids by the bacteria. Fur-

ther evidence that suchseleative utilization may ooour is 
given in the :following seotion under the study of H2s pro-
auot:ton,. 

All of the peptones used by the author s1ve 
a strong Mo1isoh test. This is a general test :for carbo-

hydrates_; a positive reaction being due to the proa.uotion 
of :fu:rfural :from the carbohydrate radiole. by concentrated 

sul.phu-ric aoid and the reaction o:f this with a-naphthol 

to produoe a. purple oclor. Thia test was still stronglY' 

positive in a Dlioo peptone cu1tura of B. aerogenes after 

set>eral days inoubation. 
If a oarbonydrata is present in all of the 

:peptones. the :fa.at that B. aerogenes could produoo aoid 

gas :from only two of the four would indicate if it was 

the source 0£ the gas that either the same carbohydrate was 
not present in the four peptones or that it was bound up 

in such a wuy that it was not available for the organisms. 
Whether the souroe of the gas ia a. carbohydrate_ or an 

amino acid it must be present in quite small amounts as shown 
by the :fact that it can be quantitatively removed by a 24 

hour -0ulture of an appropriate organism. 



Evidence presented in this study, that would 

indicate a protein source of the gas, ms.y be summarized 
as :fo11ows •. 

{1) Visible gas production from 2% Difeo peptone gelatine, 

with no added carbohydrate. 
(2) Amount of gas :produced is increased by increasing per-

centage of peptone. 

(3) While all ~eptones gave a positive Molieoh teat, gas 

was produced :from two only. 
(4) The substanoe responsible :for tho gas, 1a present in 
small amounts., as evidenced by the fact that it ban be 

readily removed by a 24 hour culture of B. aerogenes. 
(5) The Mo1iseh test :for carbohydrates shows a strong 

reaction, after the substance responsible for the gas 
has been removed. And ls.st:ty but probably the moat signi-

ficant, ( 6} )A gas ratio is produced which is unlike that 

produced by carbohydrate ·fermentation. 
The gas ratio of these organisms ia praotioally 

the same for all carbohydrates. In a carbohydrate medium 
this OOz/Hz value is consistently found to be from 1. to 2, 

11'he cop/R2 ratio 1n a peptone medium is found 
:0..2 0 to be :from 6.0-/ for a.erogenes, and very muoh higher for B. 

0011. 
One of the outstanding factors in the claasi-

fiaation of bacteria, ha.a been their action on carbohy-
drates., alcohols,. and gluooaidea. Aside from the lique-

faction of gelatine and the production of indol and n2s, 
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ver7 little attention has been given to the use of pro-

tein decomposition products in classifioo.tion. 

The specificity shown by B. aerogenea in 

gas prod.notion from peptona gelatine and the work which 

is here reported on amino acids e.nd sulphur metabolism, 
would suggest that amino acids and simple olee.vage pro-

ducts might be found of great value in the field of 

Bacteriological taxonomy. 



R!D.ROGEN SULPF..ll)E PRODUCTIOIJ FROl! PEPTOllE. 

proanction. 0£ l:IaS tr-om sulphur o-ompounda 

b7 baoter-Ul ha.a been observed end l"GPorted by, !nlUJ3' 1n-

vest1getQrs.. !L'h1s o~ctoriatio ts not peculiar to 
an.v one ap.ect·os ot baoter.ta. but f!Jll7 be demonstrn ted b~ 

a varlet7 of speo!,.$s when proper methods ere used for 
:tta proan.ot1on.-

-~ -~ tbo- 1no011sistOI1coo. shown 1n thg lltor-
a.ture rns.y be explained b7 the uifforenoe 1n sulphur 

compounds presont ht the- media used nnd 1n tho timo of 
.1nauba.t1mi. 

l!wter (19M) atntaa. that. l3. nerogonae, B. 

0011. 11. d.yaente:r1n& and n.- typhosus produced sbunfinnt 

hyai-ogf;)n aul.phtde when grown in bullion oontn1n1ng 

oyrat:tno. Saaoki and otauJ:"">iA f 1912) reported eyd.rogon 

sulphide production bJ' man;v baotoria 1nolud1ns B. 0011, 

.B.. tJ'phoaus. Jl .. psra.typhosna A nna B •. n. dysenterla., 



from cyatine 1 elemental sulphur and acdl.um thisul»hate. 

A few organisms including B. coli produced hydrogen 

sulphide from sodium sulphite while more produced it 

from sodium sulphate or taurine. Lederer (1913) noted 

hydrogen sulphide production by the different members 

of the intestinal group when 10% peptone was used and 

when incubation was prolonged but noted considerable 

differences in the quantity produced by the different 

organisms. Digler {1917) found 6'1, of his coli strains 

produced hydrogen sulphide in meat infusion. dextrose 

agar with lead acetate added as indicator. Jordan and 

Victorson (1917) used a meat infusion 3% Vi'itte 's peptone 

agar with lead acetate added, and found it of differen-

tial value in the paratyphoid enteritidie group. Myers 

{1920 compared the hydrogen sulphide production of a 

number of bacteria on several peptones and found that 

a greater number of sp3ciee of bacteria produced hydro-

gen sulphide from Witte's peptone than from Difeo or 

Fairchild's. He found that B •. aerogenea and B. coli 

both produced a2s from Witte's peptone while B. aero-

genes was negative in Difeo, and B. oo 11 only slightly 

positive after 48 hours. Thompson (1921) used anerobio 

plate cultures made from Difeo peptone agar with lead 

sub-acetate as indicator and found that .B. typbosus B, 

paratyphosus B, B. enteritides, B. proteue vulgaria and 

9'1. 



B. prodigiosua gave black colonies while B. coli B • • 
paratyphosu.s A. B. alcaligenes and B. dyeenteriae had 

little or no color. Paola (1922) reported fermentation 

and blackening of dextrose and lactose broth by B. co 11. 

Tilley (1923 a) found hydrogen Blllphide 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 "oxidized" sulphur 

content of a number of peptones and determined the 

a~ailab111ty of these for R2s production by bacteria. 

He found that the "partly oxidized" and "unoxidized" 

portions were available while the oxidized was not. 

He recomnended plain agar with the aduition of sodium 

thiosu.lphate as a medium for H2S production in differen-

tial tests. Wilson (1923) using plain agar with sodium 

sulphite .. glucose and ferric ciioride added, reported 

blackening by B. typhosus., B. enteritidis, B. para-

typhosus B, but no reaction with B. para.typhosue A .. B. 

dysenteria. B. aerogenes, B. coli. B. vulgaris and others. 

He suggests that the H2S production in peptonea is due 

tosulphite impurities. Fellers et al (1924) found that 

B .. coli produced abundant R2S from Difeo peptone, B. 

pa.ratyphosus B, B. enteritidis and B. typhosua produced 
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moderate amounts~ while B. aerogenes, B. paratyphouas A, 

and B. dysenteriae produced none in one hundred forty-

fiour hours ineubation. 

Attention has been ealled to the :fact that of 

the oolon-a-erogenes strains reported in this paper, only 

two produced H2S in 48 hours. This is apparently a de-

l~ed reaction, however, :for when incubation is carried 

out over a more extended period, H2S is produced. 

Expar !mental w Clr'k :for the purpose of explain-

ing this delayed reaction was undertaken. The experi-

ments were designed to answer the following questions. 

(l) Row does the incubation period necessary 

for :a2s production from peptone of B. aerogenee and B. 

coli o.if:fer from that of other organisms of the intesti-

nal. group? 

{2l How would these incubation periods compare, 

when aul.phu:r compounds of known chemical composition 

were used? 

(3) What effect would other amino acide bf).ve 

upon :a2s production .from oyatine, when used in a synthe-

tic medium? 

METHODS. 

In making such a study it was necessary to 

have e. method which would give qualitative and at 

least roughly quantita.ti ve results, and which w0t1ld 
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allows readings to be made upon a l.arge number of 

cultures at short intervals of time. An investigation 

was made o:f the methods which might be used for quanti-

tative llzS determinations such as those used by Keo-
klenberg and Rosenkr!nzer (1914). Meyers (1920), Morri-

son and Tanner (19221 • .Anderson (1924), Fellers et a.J.. 

(1924) a.no. qualitative tests such a.a those of Xligler 

(191'7), Jordan and V1otorson. {J.917). It was found that 
these could not be applied to this pa.rtioular problem. 

The following method was aooordingly devised. 

A 1,5% agar medium, containing the peptone 

or sulphur compound required, was prepared. with f erroua 

sulphate added as an 1nd1oator of lI2S produation. 
A system of recording comparative de.grees of 

blackening of the medium was used as follows: - indi-

cates no· reaction, SJ. f indicates a slight poroeptible 

blackening along the line of innooulation, 1 t indi• 

oates a plai:nl.y visible blackening along the line of 
innooulation., 2 f indioates some difftlsion of color 

from the growth along the stab; 3 t indicates blackening 
considerably diffused; 4 ,J. indicates a complete blaok-

ening of the tu.be. 

Duplloate tests were made on a number of cul-

tures and it was found possible to check the readings on 

the duplicate tubes consistently. 
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RESUL2S. 

In order to determine the incubation period 

necessary for n2s production from peptone • the following 

experiment was made. 

A medium containing 1.5% agar, 0.5% meat ex-
tract and '3% Witte's peptone and ator111zad as for 

ordinary agar. One c.c. of a 2.0--jb Heso1 solution was 

added to eaob 100 c.c. of media. .This was tubed in 

sterile tubes, innoculated from 24 hour agar cultures 

and incubated at 3700. 

Innoculationa were also ma.de into a plain 

agar oontainiug 5 o.c. 0£ N/50 sodium thiosulphate per 

100 c.o. o:f media and containing Faso4 as eta.tad above. 

The results are shown in Table #16. 

A consideration of the above table shows 

that the time of incubation moe aeary for H2s production 

for the organisms studied varies greatly. 

In the case of B. paratyphoaus B. and B. 

vulgaris., there is evident R2S production in 12 to 24 

hours, w bile in the case of B. coli, B. aerogenee, B. 

cloacae, B. dysenteriae, Shiga, staphylococous au.reus, 

and microspira comma.,. visible blackening was not ap;1ar-

ent until after 3 to 10 days incubation. 13. typhosue 

and B. aviseptious appeared to be in termadiate be tween 

the two extremes. The delayed reactiqni,,as not due to 
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lack of growth, as the growth was luxuriant within 12 to 

24 hours in every case. !I:uat is wae not due to any selec-

ti va germicidal aa-tion of the Feso4 is shown later by the 

:fact that B.eoli~ B. aerogenes and B. cloacae all produce 

H2S within 12 hours in the oystine medium, containing 

the ssme amount of Feso4• 

Tb.e sulphur :found in proteins is usually consider-

ed to be in :the form of cystine according to Plimmer (1912). 

That this does not accoun~ for all the sulphur present, 

and the possibility of the presence of other sulphlll' com-

pounds, bas been shown by Johnson (1911). Thie organic 

sulphur may exist in the pro ta ins in different sta'tee of 

oxidation. This is often referred to as "unoxidized" or 

loosely combined sulphur and as oxidized sulphur. Cystine 

with the linkii:g -i-8- is considered as an example of the 

unoxidized sulphur. and Taurins with the grouping CH2• so3H, 

analagous to the inorganic sulphates. is considered as 

an example of the oxidized sulphur. Mathews (1920) believes 

that there is a possibility of a oysteine linkage also. 

The sulphur occurs here as an SH group and ie in the 

reduced state. 

Tilly (1923) has recently determined the "oxi-

dized''. "partly oxidized" and "unoxidized" sulphur in a 

number of comnercial peptones and correlated these with 

H2s production by bacteria. he found that H2s production 

103:. 



was dependent upon the presence of the unoxidized and 

partcy oxidized sulphur. 

Cystina was. therefore, selected for study as 

the probable state of the BUlphur in peptone. 

Hydrogen sulphide production was studied with 

cystine as the only source of nitrogen and with cystine 

together with other nitrogen compounds. 

A medium was prepared. similar to tba.t used by 

Clark and Luba {1917) except that aspa.rtic acid we.a 

omitted. This has a composition as follows: 

Disodium hydrogen phosphate 7. gme. 

Potasaiuni acid phthalatev 

Dextrose 
Water 

2. gma. 

4. gme. 

1000 c.o. 
Tbis .medium was used as a base to which was 

added the various nitrogen compollilds. 

The amino acids used were aspartio acid, 

glycine, alanine, leucine, phenylalanine and tyrosine. 

Breatinine was included in the list~ becanse of its 

presence in meat extracts and meat infusions and there-

fore in standard oultura media. The nitrogen compounds 

other than oystine ware all used in 0.1% amounts. 

The cystine was used in 0105% concentration* 

owing to its relative insolubility in water, special 

*lixcept in the study with aspa.rtic acid v,here cyatine 

in a concentration of o.1i used as shown by table 117. 
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means had to be used to get it in solution in the medium. 

Tnis was accomplished by dissolving l gm. of 

the cystine in 12 o.o. N/1 HOl in a sterile tube. Six-

tenths c.c. of this solution added to 100 c. o. media .• 

gave a 0,.05% concentration of cyetine. The media was 

so adjusted. that the addition of this amount of acid 

gave t·he desired Ph,. This also avoided the neoeesi ty of 

heating the eyetine,. eliminating that possibility of 

altering its sulpbur linkage. The other amino acids 

were added to the base med!um before sterilizing. All 

Lihe media was adjusted to Pb 6.6. This slight acidity 

was found sufficient to keep the oystine in solution. 

One and one-half percent agar was used to produce a solid 

medium. One o.c. of 2% sterile Feso4 was added toeaoh 

100 c.c. of medium Just before tubing. The medium as 

finally prepared had the following composition. 

Base medium 100.0 c.c. 

Amino acid) 
or ) 

Cystine ) 

Agar 

Feso4 21& 

0.1 gm. 

0.05 gm. 

1.6 gm. 

1.0 o.o. 
Innocu.latione were from 24 hour agar cultures 

and were made by stabbing with a straight needle. 

'l'he resul ta of this experiment are givon 1n the 

following Tables 17 to 23 and plates 1 to 11. 
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TABLE 18 
SHOWING COKPARISO?T OF ?iaS l'ROIUOTIOM FRO?l CYSTI'NE ALONE AND WT E 

um I · um f .Base rne 
Organisms +0.05 cystine +.0£?,°'~ oystine +.1% glycine 

., y ....... e:-- ...... e 
B •. cloaoa.e 
I.coli 1 SO 
:a~·aero eenes F 23 
B-,e.visepticus 
J. pa.ratyphC) SUS ]l •. 

:li 3+ 
3+ 
2+ 3 3 
2+ 2 2 
3+ 3 3 

s sg sg 
1+ 3-t 4+ 4+ 

4+ .. - 2+ 3,. 3-t 3+ 
3+ ... 2+ 2+ 3-t- 31' 
3+ ... l+ 2+ Z+ 3+ 
3+ ag sg al+ 1-+ 3+ 
3+ ... 2+ 3+ 3+ 3+ 

TABLE 19 

t1g ... ... - -- ... - - -- - ... - ... - ... .. - -0 eg ... -· _, 
• I -

snownrn COlr.PARISON OF 1128 PRODUCTION FIW]f OYSTINE ALONE AND WITH LEUCIIlE 

I ase/e um f um aee med um 
Organisms -t0.05 · cystine +O.O~<> cystine +0.1% leuoine 

om-a :1n cu ba 24 35:4 192 
,.tj. yp 08128 ... - -B.vuJ.garte 3+ 4-t 4+ 4+ ·- - -:B •. cloaoae 2+ 3+ 3+ 4+ - - - - -B.aoll FOO 2+ 2+ 2+ 2+ - - - - -B ._aero gene s F23 2+ 3+ 3+ 3+ sg - - -· -B. avis epticus l+ 2+ 2+ 2+ - - - - -:a .para typho sn s B. 



TA m, 'F. 20 

SHOWING CO!f.PARISON OF R2S PRODUCTI0?1 FROY: CYSTIJJE ALONE 
sae med1 um I ..tlaS~Jlled1um 

Organisms .I .. 0_.0556 eye tlne +o.o~ cystina 

e,¥Y,PJlOSUS 
.B .,vul ga ri e l+ 3 4 4+ 4+ l+ OT &J::T "J:·T "z"F t,g sg - ... .. 
:e • .-cloaoae 2+ 3 3 3 4+ 1+ 2+ 3+ 3+ 3+ ,.. - .... - -:B.coli FSO 2+ 3 3 3 3+ l+ 2+ 2+ 2+ 2+ - - - - -».serogenes F 23 2+ 2+ 3 3 3+ l+ 2+ 3+ 3+ 4+ - - - - -· B.avi septioue sl.+ 2 2 ·2 3+ sg sl+ l+ 2+ 2+ Bg - - ·- -a.parat;rphoeus B. 241- 3 3 3 3+ l+ 3+ 3+ 3+ 3+ - - - - -

1-l 'l'AJLE 21 
0 SlIOWmG COX:PARISON OF LS PRODW TIOU FROltL: CYSTINE ALONE AUD WITH CD . PJ!EN'YLALANilTE 

Organisms 
asa medium 1 73ase lIB'dlum 

+o.o5% cystine _ +9.,,o§i' c~s~n~ 
.Base medium 
+O .11, phenyl-
8 anine 

ours Incu6ation r2 241 3 9 6 
ll.typbo StlB sg sl+ S1 sg sg sg, 
B. Vll.1@11ri s l+ 3+ 4 2+ 3+ I - -· B.cloacae 2+ 3+ 3 - - l+ 1+ l+ - - - .. 
B.coli 11' BJ 2+ 3+ 3 • Bl+ 1+ l+ 1+ - - - -
B~aero genes F 23 2i 2+ 3 .. - - - sl+ - - - -
B •. avi septicus lil.+ 2+ 2 sg - - sJ:t 1+ 0 - - -
B.paratyphoms B. 2+ 3+ 3 - 2+ 2+ 2+ 2+ - - -
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;!'ABLE 22 

SU:OVJING COUPARISOif 0F H2S Pl-WDUCTION FRCT'f. CYSTI!IB ALONE nm 'WITH TYRONHiE 

Organt sm 

ours 1ncu 
.uypliosus 

B.vul@lris 
.i,.oloaoa.e 
B.co li li' 50 

· B.e.aro genes F 23 
':.a.a.vis epticus 

. i3.para 1Upho SUS i. 

Base Uedium f .Base ?£edium I Mase Itedi um 
•.0.05% eya ii m . +O.O~~i oys ti m +0,1% tyronine 

sg st+ Sl+ ].;+ 
l+ 3+ 4+ 4+ 
2+ 3+ 3+ 3+ 
2+ 3+ 3+ 3+ 
2+ 2+ 3+ 3+ 
Bl+ 2+ 2-t 2+ 
2+ 3+ 5+ 3+ 

+ 
4.., 
4+. 
3+ 
3+ 
3+ 
3+ 

TABLE 23 

sg 
2+ 
l+, 
l+ 
1+ 
sg 
2+ 

sl+ Sl:t Sl+ 
3+ 3+ 3+ 
2+ 2-t• 3+ 
2+ 2+ 8t 
2+ 3+ 3+ 
sl.+ sl+ l+ 
ij-t 3+ 3+ 

s1+ 
4t eg sg sg sg .... 
3+ ,.. - • ... -2-,. - - ... ... ... 
3+ - • ... .... ... 
l+ sg - ... ... .. 
3+ - - - - -

SHOWING COM:PARISCll OF HeS PRODUCTION FBOll CYST'UlE ALO.NE. AND WITH CREATININE 1- Base , edi um . Base Ued um f ase ~edium 
Or~nisn +0.~05% cyetin +0.06% cystine +o_.1% oreatinine 

+O. 1% orestinine ·· 
ours 1noubation 2 36 9 192 
.vyp osua sg - -B.:vulgs:ris sl+ 2+ 2+ 3+ 4+ - .,. .... 

B .. cloaoae 2+ 3+ 3+ el+ 1+ 2r• 3+ ... - ... - -, ·B:ooli F 50 2+ 3-t 3+ - 1+ l+ 1+ 1+ - - - - • 
B.aerogenes F 23 2+ ,2-t.- 3+ 3+ al+ 1+ l+ l+ 2+ - - - -' B. sv:I. e ep ti t.'11 a sl+ 2+ 2+ 2+ B 1+ 1+ 2+ 2+ eg - ... ... 
'B.:pa!atypho BUS B. 2+ 3+ 3+ 3+ s1+ 1+ 3 3+ 3+ - - - _, -
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Attention has been called. previously. to the 

fact that B. paratyphosus B. and B. vulgaris produced a 

visible blackening of Feso4 in a paptone m&dium in -12 to 

24 hours indicating an early attack upon the sulphur com-

pounds in the medium. B. coli and B. aerogenee. however. 
J,ater · 

showed no reaction until much/. which would indicate a de-

layed a.ation on the sulphur aompounds. 

A consideration of tabla #1'1 shows that wmn 

cystine is praaen·t as the only source of nitrogen, H2s 
is produced by these organisms within 12 hours, and. com-

pares with B. pare.typbosus 13 in this respect. This is 

shown in plates 1, 2, end 3. Tilis would aeam to indicate 

that some other substances in the peptona wore responsibb 

for the deleyad R2s production. Thia action might take 

the form of an interference with the reduction of the sulphur 

to H2S or it might be •EPJ. interference with tha utilization 

or J}reaking down of the oystine. 

Any attempt a. t a solution oi' these questions 

must include a consideration of the manner by which bacteria 

may break down cystine with the production of n2s.,. 
~he 'formula oi' cystine show a the sulphur to 

oocur in a partially oxidized state: 

.NH - C - H 2 I 

H 
I 

-S-C-H 
I 

H - C - !P.il 
I 2 

0 !:. C - OR 0 0 - OH 



For bacteria. to release H2s from such a compound, 

two reactions would seem to be necessary; Cl) A reudation 

of the sulphur and {2). a. splitting off of the sulphur 

radicle; The reduction of cystine would produce two mole-

cules of cysteine. 

H 
I 

H - C - SH 
I 

MH2 - C - H 
I 

0>: 0 - OH 

In which the sulphur is reduced and H2s would result upon 

its being split off. Cysteine is quite unstable, oxidiz-

ing spontaneously to cystiiie as shown by Ma.thews and Walker 

(1909) and probably would not occur ae such in culture 

media. 

That compounds similar to cysteine mq be broken 

down without the release of H2s is shown by the presence of 

mercaptans in bacterial culture media and in the feces. 

Rey-Pailha.ide (1888.) demonstrated a reductaae 

from yeast juice which would reduce elementary sulphur to 

H2s. Petri and Maassen (1893) attributed a2s production 

by bacteria, to the reduction of aulphur compoundeby the 

nascent hydrogen formed. '..!.1hat organisms may produoe con-

siderable hydrogen in a peptone medium without H2s being 

formed would tend to rule out this possibility. 

111. 



It is well know~. however,, that the production 

of redutases is quite common among bacteria. 

~at the presence of a reductase is not alone 

responsible for H2s production by bacteria is mown by tb3 

following experiment. 

Media was prepared as indicated in Table 1/84 .. 

B. coli and :B. paratyphoeus B. wae cultured in plain broth 

and after 24 hours inoubation l 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 bacterial growth, but will 

allow enzyme action. Another set containing no phenol 

was used as a control. Uninnoculated controls were incu-

bated also. 

Table #24 shows the results of the 72 hour broth 

innoculations. It is evident that the reduotase which is 

sufficient to deoolorize methylene blue, will not produce 

H2s from peptone or Na2s2o3• B. coli which will completely 

decolorize methylene blue agar in 30 minutes f41ls to pro-

duce R2s after 16 hours incubation. That the preformed 

enzyme has some effect is suggested by the shortened incu-

bation period in the case of B. paratyphosus B, without 

phenol. Other chemicals euoh as Toluol and sodium fluoride 

were ~d which allow enzyme action but inhibit bacterial 

~orwth. The reSlll ts were the same. This experiment would 

'.!.l2 .. 



TABLE 24 

RESULTS SiIOWING EFFECT OF REDUCTASE UPON lreS PRODUCTION 
FROW:: PEPTONE AND NAaS20a 

With 0.5% nhenol Without -phenol 

B.coli Para B. B.coli Pera 13 

llethylene Complete 1.Y cornpihetely complete lj completely 
blue agar reduced reduced reduced reduced 
30'at 450 C 

-
3% Witte•s 
peptone agar not not not 2+ 
& Faso,. blackened blackened blackened blackened 
6 hrs at 45°0 

16 hl"B at 'll/OC not not not black 
blackened blackened blackened 

NacS20a Agar 
+ FeSO-c. not not not 3+ 
6 hrs at 45°c · blackened blackmed blackened blackened 

16 hrs at 31'/oO not not not 4+ 
blackened blackened blackened black 



then show that H2S is not produced by reduotase unless 

active guowth accompanies it. Although euch growth will 

not cause H2s production unless the sulphur compounds are 

attacked. 

It was thought possible that other amino ao14s 

might exert a retarding effect upon H2s production from 

cystina, either by exerting so7.lS inhibiting action on 

growth, or by being used by tha organism in pref arena e 

to the oystine. !'hat such a retarding efftot, occurs 

when other amino acids are present 1s shown in plates 1-6. 

The acids which seemed .to have the greatest effect were 

aspartic acid, glycine and phenylalanine. Creatinine also 

showed some effect. The appea· ance of H2s wae delayed 

from 12 to 24 hours in each case. This is particularly 

noticeable 1n the case of B. coli with aepartio acid and 

cyotine • als<b, in the case of B. aerogenes w 1th phenyla-

lanine and cystine. In the case of phenyla:&.ani:ae the 

growth was not luxuriant in any of the tubes although. 

it was evident. 

The amino acids alanine• leucine and tyrosine 

seem to have much less effect than the o there, although 

in practically every instanoe the production is somewhat 

delayed over that from cystine alone. 

That amino acids may be inhibitive to bacterial 

growth when used in sufficient oonoentration was shown 

by Wyon and McLeod (1923) who gave the following per-

centages showing the inhibitory threshold, as determined 

11~. 



in a 1% to • 2% peptone medium. 

Histidine 0.111, tyrosine o. 21%, phenylalanine 

0.5%, tryptophane 0.51%, leuoine 0,.86%, glycine 0.96%, 

alanine 1.0%, glutamic acid 1.9%, asparagine 2.21>%, as-

partio aeid in concentration of 1.73% was inhibitive. 

Burrows and Neyman {191'1) have called 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 1n a peptone solution, and 

that the concentration used in the smaller amo~nts of 

peptone were more toxic might indicate a protective 

action toward the bacteria by the pep tone. They also 

failed to consider the amino acids normally present in 

the peptone. 

GRij,'i'i TH RA TES • 

In order to determine whether t:ie delayed 

H2s production we.a caused by inhibition of growth or 

by selective preference for one or the other of the 

amino acids in solution• a nmnber of growth rates were 

run. 

Media was preps.rad using the same formula 

ahd methods as that used. for the study of H2S produation, 

except for the 1½% agar v.hich was om.1 tted. The cystine 
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was used in 0.065' concentration. The other amino acids 

in O.1'% concentration. Tbe ma dia was sterilized in 100 

c.c .. amounts 1n 260 c.c. fiaslts. The reaction was ad-

justed to Ph 6.8. Innocnlatione were made by emulei-

fJ'ing a 24 hour agar slant culture of the orge.nism and 

diluted to 1-100.000. One c.c. of this dilution was 

innoculated into the flask. Thie dilution permitted 

the use of a small number of organisms for innoaul e.-

t1on and also elim1bated the possibility of any oonsider-

f!.ble amount o:f food substance being carried ovor from 

the old culture. 

1ncubstion was carried out et 57°c. Tne cul-

tures were plated out at regular intervals using appro-

priate dilutions and all plates were made with standard 

agar and were counted with a lens after 48 hours incuba-

tion. 
lIBSULT s. 

The plate counts shown in the following tables 

are expressed in loge of the actual numbor of colonies 

counted per c.c. of culture. 
A study of tho tables 26-30 reveals a mp,rked 

VDTi&. ti on in some co.,ses bet\'!c::en the p•o,:,th rrccte of c~•Dtino 
used alone. and when another amino acid is present. These 

differ6nces ma_v aleo be seen in plates '1-11. 

The oaae of B. aerogenea in the glycim • 
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TABLE 25 

RESULTS SJ!OWING RATE OF GROWTH WITH CYSTINE ALONE Am 
TOGETB:ER WITH ASPARTIC ACID 

Time B.coli:, F50 D.se es F23 B. -pa.ra llB B 
C stfn I 

ystine ine Cyst ne 1TB 
Y e, & & & 

Asoortic cA 
3.0792 

l 2,.)1'182 2~8451 2fl6990 2 .. 3010 2.3010 
2 2.6990 2.6990 2.,6990 2i"9542 2.6990 

3 2.845 2.9540 2,.7782 2.~8451 3.1'761 
4 2 .. 8451 2~6990 2.9542 2.6021. 

5 3 .. 0'19 3 .. 2304 3.3802 2.84:51 3.0'192 

6 3.3979 4,0453 2.8451 3.1139 

'I 3.716 3 .. 924.~ 4.5563 3.1461 3~6232 

4:15P 8 4.0'119 4,.6021 6.3010 3.2788 3. 9685 

5:15P 9 4.4502 5.0414 5.'1559 3. '1709 4.2601 

6:15P 10 5.0000 5.2'788 6 .. 21'15 3_.9395 4.5250 

'7-!15 ·11 5.3222 5 .. 5185 6.8062 
' . 4_.2430 4 .. 9031 

8:15 12 5.'10'16 5.'1853 '1.2'188 4.3927 5.3222 

8:15 24 6.544 8.2923 B.0414! 7.4914 

JS:15 ... 36 7 .. 0000 '1.9294 '1 .• 5798 6.0000 

8:15A 48 6.4771 7.4472 5.954 6. '1782 

* In this and the following tables the numbers are logs of 
the actual colony co mit • 



Time 

11:00 

2:00P 

5:00l? 

8:00 

1:00 · 

l:OOA 

l:OOP 

1:00 

TA'BLE 26 

RESULTS SH07H1fG RATE OF GROTITR WITE TYROSINE ALOl8 
.AND WITH CYSTilfE AND TYROSINE 

..... rs 
in- Ii coll F 50 
co.- ine 
ba- & Tyro sin Tyrosi 
tion T 

0 2.-3222 2,.431.4 2.4'172 2.4772 2.8129 2.7634 

3 2.'1782 2.4771 3.6021 2.9031 3.3979 2.9031 

6 2 .. 6021. 2.6021 5.1614 3.1139 3.0792 2.6990 

9 lost lost 8.0170 6.4579 lost 16st 

12 2 .• 6990 · 2,.9031 8.0000 3.4472 3.0792 

24 n.1761 n.0000 6.3979 4.9138 
Lees tb:n 

36 7;.6021 4.0000 n.7226 lJ .• 2672 .0000 9.311)10 
Jess tlnn 

48 9.5416 4.0000 ll.0'192 n .. 6990 9031 9.6990 
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TABLE PJ1 

RESULTS SHONIN"G RATE OF GROWTH WITH GLYCINE ALONE 
AND WITH GLYCINE AND CYSTINE 

Time Hrs 

0:40A 

1~40P 

4~40P 

7:40? 

0:40P 

0:40A 

0:40P 

in-,. 
OU~ 
ba ... 

tm' 

0 

3 

6 

9 

12 

24 

36 

cine 
Cya~ 
tine 

4'!5682 

4.9085 

lost 

7 .247JO 

9.4'171 

11.1761 

11.,7/782 

cine 

4.653 

4.886 

lOst 

7 .39 79 

9.397 

47 

ll.903 

cine y-, Y-elm cine 
C~'S-
tine , 

4.544 4.6532 4.5185 4.6441 

4. 7634 4.8324 4.5315 4.3979 

lost lost 4.6532 4.5441 

7. 7782 

8.9542 6.2355 4.3010 

11.6990 G.3979 6.4771 

11.47 11.9642 6 .• 6902 6.6990 



Time 

11:ZOA 

2:30:e 

5:30P 

8:30P 

11:30'? 

11:30A 

11:roP 

11:00A 

'l'A:BLB 28 

RESULTS SEOWING RATE OF GROWT'ff WITII :PH:JNYI:iALArTHl'F! 
ALOIIB Alm WITH rREMYLAL./\UINE A!m CYSTIUE 

11:rs JJ.coli F 50 :l3.aerogenes l!'U B~pira.typhosu.s J:S 
In~ 
cu- .l:'nenyl:- .t'henyl- .i..'henyJ.- l.'nenyl- l'henyl- .Phe;p.yl-
ba- alanine alanine ru.aninE alaninE alanine alanine 

tion & Cys- & Cys- & Cys-
tine tine tine 

0 2.4314 2.47712 2.4314 2.3979 2.8062 2.8195 

3 2.8451 2.6021 3 .. 0000 3.2041 2. 9031 3.1139 

6 2,.6021 3.0414 4.4771 4.3979 3.7669 3.1139 

9 lost 4, .. 6021 lost 6 .04-U2 4.0000 3.7782 

12 3.1139 4.6128 8 .• 1761 8.0000 6.1206 4 .. 6990 

24 2.7782 5.3010 9_.7634 10.8633 loRt 6.6990 

36 4.9542 "l .. 6990 9.6990 10.9031 9 .. 47'71 9.5441 
less ihm 

48 4.0000 9.2400 ID.1. '761 11.3010 lost 8.2900 
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Time 

10:00A 

1:00i 

4:00P 

7:00P 

10:00J? 

10:00A 

10:00P 

TABLE 29 

RESULTS SHOWING RATE OF GROWTH WITH ALAJHNE 
ALONE AND WITH AL.ftlrnm AND CYS'rIIIB 

E:m 
in- !I.coli F ro B. aerop:enes mr.1 B.-pnr&tiT-phoeus B 
cu- Alanine .tu.anine ru.an1n1 Alamne Alanine Alamne 
ba- & & 
tion CystinE C~t1nE C:vatine 

0 4.5441 4.6021 4.5441 4.6990 4.5181 4.5441 

3 4.7482 4.6812 4.6335 4.'1993 4.6435 4.4771 

6 5_r;424 5.0000 5,.2041 5.1761 4 .. 5682 4.6232 

9 6.7404 6.7321 7 *2041 6.9031 5.7482 

12 7,.4771 7,.3622 9-2601 8.2122 6 .47'!1 

24 11.6021 11.4771 11.3010 11.4771 6.3979 6,.3444 

36 11.7782 11.9542 11.6990 11.8461 8.2068 8.2672 
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TABLE 30 

SROWillG GROWTH IN BASE 1£EDIU'J. WE'HOUT 
.ADDI TI ON OF AU:Il~ 0 ACIDS 

Time Hours .B. coli FfO B.aerogenee 
Incub. F 23 

10:00A 0 4.5441 4.6552 

1:00? 3 4.7782 4.8325 

4:00P 6 4.ZOlO 4.6021 

"l:OOP 9 5.5185 6.8751 

10:00P 12 5.9912 8.1'161 

10:00A 24 ·6.3979 9.0000 

10:00:P 36 5.'7782 8.'1482 

l.O:UUA 48 

B'!para-
typhosu.s B. 

4.4150 

4.6628 

4.0212 

3.4914 

3.1461 

2.8451 

Less than 
2.0 



oystine medium may be considered to be an example of 

one type of reection {P1ate 7). The growth in the media 

containing glycine is much more luxuriant. and the 

growth curve much steeper than in the medium containing 

eystine alone. It is evident that B. aerogenea finds 

glycine more available thalll it does oyatine. That the 

cyatine is aparen when glycine ia present is shown by 

the H2s proa.UQ;tion curves on the same plate. ,,hen 

glyoine is present. no a2s is released from the oyatlne 

until after 12 hours and only a 2 f reaction after 35 

hours while with cystine alone in the medium R2s pro-

duction ~s very evident (2f) in 12 hours. 

Plates 8/10 show much the same reaction. Thie 

iw paTticularly evident in plate a. in the case of 

aoroganee and phenylalanine. This amino acid was found 

to give a much steeper growth curve with B. aerogenes 

than cystine while no H2s production was ovident until 

after 5 days. 

This reaction is not mearly so marked in the 

case of B. pa.ratyphosu.s B, shown in Plate 9. The delay 

in n2s production here is probably due to the faot that 

the organism grows pooriy in most of the amino acid 

media and the small amount of H2s pro due ed is the result 

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

crimination against cystine. The .growth c:a.nves show 
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that the rate and extent of multiplication varies but 

little with phenylalanine or cystine in the ma:B:am. It 

will be remembered tha. t B. paratyphosus B. was one of the 

organisms that usually produced n2s abundantly from pep-

tone in 24 hours. 

T'ae reaction of B. coli with tyrosine sliown 

in plate 11 was evidently of s. different type. As shown 

by the growth curves practically no multiplioation too~ 

place when tyrosine was alone as 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 1n a aompe.rison 

of the cystine curve with that of the cystine f tyrosine. 

The slight decrease in a2s production wnen tyrosine was 

.present was p;robably ca~ad by this intarferenoe with 

growth. This 1nterferenoa might be due to phenol groups 

split off from the tyrosine. I:f this is true. then B. 

aerogenee must break down the tyrosine molecule in a 

different u~nner since this organism is not apparently 

inhibited. This possibility mtght be 1nv~st1ga.ted by 

quantitatively determining the phenol groups eplit off. 

Koser {1919) using visible turbidity in tho oultu.ra 
tube as an index of utilization. founa no development 

by D. coli in tyrosine media. 

!rbe results given above would eeem to show a 



marked variation in the availability of amino aoids for 

bacterial use. Also that this variationmey be demon-

strated by comparing the amino acid in question to cy-

stine. and using HS production as an index of the utili-2 
zation of the cystine. 

Explaining the ael~od a2s produotionffrom 

peptone on this basis. it is seen that the delay is 

ca.used by the organisms finding, in the paptone, amino 

acids moro readily utilized than cystine. Toe oystine 

is therefore spared, at the expense· of these amino acids, 

125. 



NITROGEN DETERMINATIONS 

Early in the course o:f the present work it 

was thought that determination of the nitrogen con-

tained in the different :fractions of cultures grown 

1n the 2~ Difao peptone medilllil. might throw some light 

upon the type of reaction produced by B. coli and B. 

aeroganes. 

These fradtions as euggGsted by Kendall (1922) 

consist of (1), the total nitrogen, (2) non-protein 

nitrogen. (3) protein nitrogen, (6) polypeptide nitrogen. 

(5) amino acid nitrogen, (6) smmonia nitrogen. 

llE T""J::!O D S 

Tpe methods ueed for these determinations were 

largely those used by Kendall in his many studies. 

Total nitrogen was determined by the Folin 

and Farmer micro methodl. (1912) exoept that the digestion 

mixture was similar to that used for tho non-protoin 

nitrogen. It consisted of equal parts of the phosphoric 

sulphuric acid mixture and of concentrated sulphuric 

acid. Direct nesslerization was used, employing the 
) 

Nessler's solution as modified by Folin and Wu (1919). 

The non-protein nitrogen was determined by 

the Folin and Vlu me tho a. 
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 
11 

Formol tritration method of Henriques and Sorensen (1910). 
correction being made for amnonia. 

The "polypeptid"hnitrogen,so-oalled by Kendall, 

was considered to be the non-probin nitrogen not aaoount-

fd for by tbe amino nitrogen and ammonia. It was dete:min-

ed by calculation. 

The amnonia nitrogen was determined by the 

Fol in and McOallum (1912) modification of the FoliD 

aeration method. 

RESULTS. 
A number of each determinations were made 

using '1 day cultures of the organisms, 13. aarogenoe and 

B. coli. 

A protocol of one of such aeries of detormina-

tions is given in Table #31. 

The results show a slight reduction of the 

protein nitrogen. Thie seems to have been broken down 

to non-protein nitrogen of the "polypeptid" typo, einoe 

this showed some increase. The snino N2 is decreased by 

both organisms, end the coincident inoreaee in anmonia 

N2 would indicate that eome of the amino acids he.cl been 

deamidized, with the production of ammonia. These re-

sults are similar to those produced by other member~ of 

the intestinal. group of bacteria as shown by Kendall 
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TA13IE 31 

RESULTS 01!1 FRACTIONAL NITROGEN DETEIDlINATIONS 
UPON 21' DIFCO PEPTONE 10fa m:LATINE CULTURE_. 
Ill CUBA.TIO N •. 7 DAYS AT 37°c. EXPRESSED IN 
lULLIYETERS IITTilOGEN PER lOJcc JlEDIUl! 

Control 3. aero E?"ene s B. coli 
'fo ;o 

fl{g' Ile Tota. llgr Ng Tots· Egr N, 
Ne Ne 

Total U2 1!77.77 1797.75 1739.13 

Protain 1fo 1519.71 85 .• 48 1471-.22 81.8~ 1412.60 

!fon Pro te in 
ifo 258.06 14:.52 326.53 18.l~ 326.53 

Polypeptid 
N2 172·.96 9_.72 240.82 13.4( 246.97 

Amino II£ 78.03 4.38 63.81 3.5f 70.39 

Amrronia 112 7.07 0.39 11.90 1.22 9.17 

128 .. 

,~ 
Totl!l 

ire 

81.22 

18.78 

14.20 

4.04 

0.54 



{1922). While there were some quantitative differences 

in nitrogen :fractions produced by growth of the two organ-
isms, it was be11eved they were too small to be significant. 

Thia line of investigation. ther6fore, was not pursued 

further. 
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_DISCUSSION 

A rather thorough discussion has already' 

been given immecJ,iately :following the results obtained 
in each phase of the problem. 

It. therefore. seemed desirable 1n this 

General Discussion to oal1 attention only to the cor-

relations which may be drawn from the results obt11ined 

in the various studies, 

Evidence has been presented in the forego-
ing pa.per to sliow that there is a fundamental difference 

in the protein metabolism of 13. coli and B, a.erogenas. 

This evidence 1s based on the :following points; (1) D1:f• 
ferenoes 1n the COp/Rz ratio of the ga.a produced :trom 

Di:foo peptone; (2) Differences in the utilization of 
certain amino aoids; and (3) D1:fferenoes in the dlgree of 
resistance to brilliant green. 

These differences wou1d seem to be :funds• 

mental in nature sinoe they are based. (l) upon the end 
products obtained from the deoomposition of what ~ppeare 
to be the same substanoe in the peptone and wou1d indi-

cate a difference in the manner of breaking down that 
substance. and (2) upon the faot that these'.i:·organisms 
cannot utilize the same, simple nitrogen compounds. 
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This lack of utilization would indicate a difference 1n 

the enzymes produced b7 the two organisms. (3) The 
difference in the resistenoe of these organisms to a dye 

such as brilliant green, might be taken to indicate a 

difference in the oharaoter of the protoplasm of the cell, 
since it is believed that the selective action of such 

dyes depends to a great extent upon difference in the 
penetration of the dye and its chemical reaction with 

the proteins of the cell. 
Suoh observations upon the differenoe in the 

,proteolytiQ properties.of the two organisms are of sig-
nificance einoe olassifioation within this group in the 
:past has been based almost entirely upon dliferenoee 1n 

carbohydrate metabolism. 
A consideration of the normal habitat of 

t_hese organisms would be of interest sinoe it is upon 

snoh a basis that the interpretation of their presence 

in water and soil, eta.• .is made. B. coli is found 
in greater numbers in the intestinal tract, where it 

has been able to adapt 1 taelf and has become to a certain 
extent parasitio. ~• aerogenas, on the other hand, is 
found in greater numbers in the soil and on grains, and 

is more saprophytio in character. 
Aooording to n1g1er (1917) , and Winslow• 

D.igler and Rothberg (1919 in their studies on the 



re1ationship of bacteria. B. aerogenes is considered to 

be a rather primitl:ve type in the evolutionary develop-

ment of the bacterial s:peoies. From which type there 
has deve1-oped the various members of the colon-typhoid 

group of baeteria. If this is true, then :a. coli might 

be considered to be a tYI)e of B, aerogenes which has 

adapted itself to a more or less parasitic existence 

in the intestinal tract and whose ohara.oteristica have 
according1y been changed to suit this envoirment. 

It has been seen that the normal envtra.a.-
ment of the two organisms is considerably different. 

It is of interest to consider what the fate of one type 

wou1d be if placed in the environment of the other. 
Certainly, B. a.erogenea must have ample o:pportuni ty to 

enter the intestinal traot. The fact that this orgaru.em 

is found in very small numbers in the f eoes would in-

dicate that it does not find suitable conditions in the 

lower intestine for its development. These organisms 
then, must either be destroyed in their passage through 

the intestines or their cbaraoteristics be so changed 

that they no 'longer resemble the typ1oa1 B. aerogenee 
If this evolution toward the 13. coli type ooours, there 

would be :found in the :feces, organisms with oharaoter-

istios varying :from the typical B. a.erogenes through 
many steps to the typical 13. 0011. 
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These intermediate types have been demon-

_strated from feoes by the use of brilliant green dextrose 

broth as an enrichment medium as shown by reauJ.ts given 

in Part I. ffiey comprised a oonsidera.ble percent of 

the organisms isolated :from normal. stools by this means. 
Organisms showing identical oharaoteristios 

are found quite commonly in water. These are usually 

referred to as "sou coli" and are interpreted as indi-
cating remote pollution. That euah organisms 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 

a more comprehensive study of these atypical strains. 

The methods of studJ' used in this work,, namely, the gas 

:production from peptone, and the relative resietenoe 

to brilliant green has been shown to be partioularily 

adapted for S"a.oh a study. 

The above disoussion serves to emphasize the 

fa.ct that although the oolon-aer-ogenes group ha.a been 

one of the most thoroughly studied. of all the groups 

of bacteria.., our knowledge is still very incomplete. 



SUMMARY __ ....., __ .._ .......... 

Pa.rt I 

Two hundred and sixteen strains of the 
oolon-aerogenes group were isolated from the following 
aouroes: fecea., 109 strains; soil {stored), 6 strains; 

flour s,mka, 6 strains; milk and cream, 14 strains; 

oysters and meat, 45 strains,; and surface water, 37 
strains. 

Preliminary enriobment in brilliant green 

broth was applied sucoassfully to the separation and 

isolation of the various oolon-aerogenes types found 

in feoes. 
These organisms were studied as to their 

ou1tu.ral oha.raoteristics. The following tests were 
used: the fermentation of dextrose, lactose, saooharoae, 
4u1o1tol and adonitol; the methyl red test; the Voges 

and Proskauer reaction; production of indol; production 
of R2S; utilization of sodium citrate and uric acid; 
the liquefaction of gelatine and the production of gas 
:from a 2% Difeo peptone gelatine medium. Correlations 

were made between the different cultural oharaoteristios 

and between these and the source of the organisms. 



Part ll 

The meta.bo11e studies consisted of a study 
of the oonditicons under which gas was produoed from 

Di£oo peptone, with a comparative study of a number o:£ 
other oommoroia1 peptones au.oh as V/itte' s, Park-Davis, 

and Arm.our' a.. 
Analyses of the gaa produced from Difeo 

paptonaby B., aerogenaa ana. B. coli were made and the 
C02/H2 rutio determined. The micro method of Brown was 

aucoesafu.1ly applied to the study of this problem. 

A comparative study of the R2S produotion 
by a number of organisms was made upon Witte•a peptone, 

Di:f'oo p.optone, oystine, and sodium thiosul.phate. 
A method using FeS04 in a solid medium was 

deVised as a qualitative teat and for roughly measuring 
the R2s produced. 

l3y the 1188 of the FeS04 agar method, the 
effect of various amino acids upon H2B production from 

cyatine was studied for a number of organisms. 

The cause of the delayed production of H2S 
when certain other amino acids were present, was found 
by- a stuccy- of oomparative growth rates upon these amino 

acids in a synthetic medium. 
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The selective utilization of amino acids by 

bacteria was demonstrated by means of growth rates. and 
'by using B2S p:roduction from oyatina as an indicator. 

In this way the following amino aoida were 

studied: gly.oine,. alanine. leuoina. ty.tosine aapartio 
acid. phenylalanine and the extractive oreatinine. 

A study of the nitrogen metabolism of B. 

coli and B. aerogenes was made in Difeo peptone gelatine, 
and the nitrogen changes occurring in the various fractions 

were considered. The methods used were largely those 
applied byXendall. 

The :results obtained from the studies in-

dicated in the above Summary would seem to justify the 
following ooncluaiona. 
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OONCLUSlO!fS ... --- - ._. --- - ... - -- - .... 

1. Two peroent peptone gelatine medium may be used as 

a means of demonstrating ga.s production from 
peptone. This medium serves a doubl.e purpose 

in that it also can be used 'for noting gala.tine 
liquefaction. 

2 .. The gas ratio. 0O2fi12,. as obtained from Difeo pep-
tone by the- action of B. 0011 and n. aerogenes 

is characteristic for each type of organism. 

Thia may be uaod as a criterion in differentia• 
ting these organisms. 

3. The gas produced from Difeo peptone by B. aerogonea 

and B. ooli has its origin from the amino acids 

present and is not produced from a carbohydrate 

ra.diole. 
-4. 13. aerogenes prod.noes visible gas f-.eom Difeo and from 

:eark-Davis pep tones but not :from Wi-tte' s or 
from Armour' a peptones. 

5. The vaseline tube and syringe method for micro gas 
analysis may be euooessfully uaacl in the routine 
study of gas produotion from peptones. 

6. B. coli and B. a.erogenes both produce H2S ~rom pept· 

Thia reaction 1s a delayed one, on1y 2 strair 
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B. coli out of 109 studied. and none of the B. 
aerogenea produced H2S within 48 hours. ill 

of th& strains tried were positive after 5 to 
7 days. 

7. l3. coli and B. aerogenes produoe H2S :from oystine 

in 12 to 24 hours, when cystine ls alone as a 

source o:f nitrogen. None of the strains studied 

produced H2S from sodium thiosu1phate. 
a. The production of H2S from cyatine by bacteria is 

dependent upon its utilization by the organi.sms. 

This is shown by the correlation of growth rates 

and lizS production and by the faot that the 

reductases produced by, the· organisms studied are 

not in themsel-ves sufficient to release H2S from 

oystine, 

9. Hydrogen aul.phide production as shown by the blacken-
ing of FeS04 agar may be used to measure oystine 

utilization. 
10. Ferrous sulphate agarr as prepared by the author, is 

superior to lead acetate agar. as an indicator 

of H2s production. 
n. Bacteria show a selective preference for certain 

a.mino acids. This was shown by a comparison of 

growth rates upon amiino acids in a synthetio 

medium, and by, a comparison of their utilization 
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to that of cystine, using Ir2s production as an 

index of oystine util.1,zation. 

12. Certain amino a.aids may sel.ectivel.y inhibit the 

the growth of bacteria, as shown in the present 

study' of the inhibiting effect of tyrosine on 

the growth of B. coli, while it has prootically 
no e£feot on that of B. aerogenes and B. para-
typhosus B. 

13. B. coli may exist in the soi1 :fo~ a period of 8 
yea"X"a, under the conditions found ~-n a sealed 

mason fruit jar. 

14. Brilliant green dextrose broth is of great value 

in the isolation and study of B. aarogenes and 
of certain atypical. B. coli strains found in 

:feces. 

15. B. aerogenes strains which fail to ferment ndonitol 

are found in the feoes. Six of the .fourteen 

strains isolated from feces by brilliant green 

broth were of this ty:pe. The possibility of 

the effect of the brilliant green upon adonitol 

:fermentation wa.s ruled out. 

16. Atypiaa.l B. coli strains may be isolated from feces 
in comparatively large numbers, by the use of 

bri11iant green enrichment. These etra.ins are 
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s1milor 1n eVfir'3 way to thoso :fotma 1n water. 

17. Atypios.1 B. colt strnins found 1n feces may bo oon-
aiderea to bo orgnn1amswh1oh nro in the process 
of' an evolutiona.1 ehange from the primitive B" 

aerogenoa tl1l)e• to the more parnsi t!a B. coli 
"typa., 

18. Direct f'eca.l pollution must bo oons1dorod nae. poa-

.s1b1e source of' the nt7.P1cnl n. ooli types 

found in we.tor. 
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