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INTRODUCTION

Surface taiht is the name given by Marker (48) to a
defect in butter first observed and described by him in a lo¥b
of pasteurized Alberta éreémery butter sold on the Vancouver
market im;1919. The defect is‘characterized by a typlcal
odour described by Thbrnton (71) as that of "sweaty-feet"
which develops after eﬁposure to ﬁhe air on samples bf butter
contaminated by one or more of a group of bacteria known at
present as "Surface Taint Bacteria'. This group has been
shown by Campbell (10) to contain among others two species
of~bacteria originally isolated by Hammer (31) - Proteus
iohthyosmius found in a sgsample of evaporated milk having a
fishy odour‘and Pseudomonas putrefaciens from so-called
"pubrid® butter, Strains of which have more recently been
isolated from samples of typical surface‘taint butter by
Thornton et al.

The odour of éﬂrface taint has been shown, beyond
doubt, to be due_to bacterialyactivityo Little is known,
howeﬁer; about the chemical origf; and development of the
defect in butﬁer» ’Present evidence indicates that the "swéaty;
feet" odour of typical surfacé taint originatés in the protein
of butter. The mechanism of its elaboration 1s, as yet, un-
known; several hypotheses concerning 1lta formation, howevér,
“have been advanced. ’Outstanding among these are the indole
hypothesis of Campbell (9) and the decéfboxylétion and deamin-
ation hypotheses of Campbell (10). |

Neilson {(50) has shown that the failure to detect



-2 -

indole in the sera of éurface taint butters is practically
’ proofl positivé that indole elaboration'is not essential to the
production of surface taint in butter. |

The investigations‘of'Cémpbell (10) in which experi-
mental evidence could not be Obtained to support the hypothe-
~‘sis that%dmines are Tormed during the elabbration of surface
taihtg indicate that decarboxylative breakdown is probably
hob & factor to be considered in this study. |
- The hypothesis that the formation of hydroxy, keto
‘.and unsaturatea‘aoids from amino acids’by the deaminating
' aetioh of surface-taint producing bacteria was advanced by
Campbell (10) as a possible;explaﬁation of the mechanism
responsibie‘for the élaboration of the "sweaty—feet" odour
in surface taint bubter. 'The'object of the work reported
upon heréin‘has been to détermine the validity of this hypo-
thesis.

The early gtﬁdies recofded in the 1iteﬁature con-
cerning'thennaturé of’tﬁe microbial breakdown Ofkamino aclids
are -of little scientific value bgféuse ﬁhey were carried out
‘with miied cultures of putrefactive microorganiéms on mixtures
of proteins and'protein deoomp&sition products. These studies
were followéd by a period of invéstigations e;ploying‘the |
actlion of mixed cultures on pure amino aclds, but the relation
between the action of any one organism and the particular
type of product Eormed could not be established. The intro-
duction by Harden (1901) and by Ehrlich (19055 of procedures
forfthé study of the actioﬁ of pure cultures of a single micro-

organism on individual pure amino acids, initiated the modern
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method of epproach to investigations on amino acid catebolism.

The early theories of deamination of Neuberg and

‘Langstein and of Embden postulated that the formation of alpha-

hydroxy acids with the elaboration of ammonia resulted from
the hydrolytic deemination of emino acids. More recent evi-

dence, however, indicates that deamination of amino acids is

not 1imited to one typé of breskdown but may follow one of a

number of couvses dependent upon the structure of the amlno‘

. acid, the microorganism employed and the compositlon and ¢on-

-~ dition of the reacting mediuvm (61). The various paths of

amino acid breakd@Wn have been brought together by Anderson
(2)‘ahd his cbért of their aerobic decompOsition‘is presented
in figurekl; |

| The primary asfobic breakdown of amino acids may
follow one of two courses, decarboxylation or deaminationo

As stated earlier, Campbell (10) was unable to thain evidence

in supéort of the hypoﬁhesis that amines are formed during

the elaboration of Surface taint, indicating that decarboxyla-
tive breékdown is probably not a Tactor to be considered in
this study.

- Other studies by the same autbor have shown that
aerstion increases the development of surface btaint in butter,
théfeby suggesting that the mechanism for the breakdéwn‘of
amino acids by surface btaint bacteria may be oxidative in
nature. | |

 The findings of Neilson (50), frdmﬁexpériments in

which organic compounds that could result from the breakdown



| FIGRE 1.

Aerobic Bresldown of Amino Acids (Ahderson)
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of certain amino acids, were dissolved in autoclaved ﬁilk and
the respective odours emittéd by them determined by Thornton's
test (71) add further,evidence to the hypothesis fhat the sur-
face taint‘odour is intimaﬁely related to the decomposition
products of partlcular amino acids.

The flrst step 4in the deamlnation of amino aclds
’éppeérs to be desaturatlon at the alpha-bebta-linkage with the’
formation of unsaturated aclds ahd the liberation of ammonia.
From.this stage, the breakdbwn may proceed in one or more of
"three dlrections-

The first of these is hydrolysis giving alpha hydroxy
aclds. The odours emltted by the alpha~hydroxy.acids of cer-
tain amino acids are known to resemble closely those evelved
From putrefactivé ﬁatter and éuggest their possiblé relation-
ship to the.sﬁrface taint odour in butter.

The second and third courses of breakdown from the
unsaturated agid aré §xidatiVe in nature and resﬁlt in the
formation of the enol-forms of the alphaakétorand beta~-keto
acids respectively. Again there,is the possibility that the
keto aéids are in some way involved in the elaboration of the
‘surface taint odour. Decarboxylation of thesg keto acids
results in the formetion of aromatic aldehydes whereas hydro-
lysis causes the production of lower fatty acids. These'fatty
acids and aldehydes in combinsabion with hydroxy and keto acids
must also be conéidered ag possible sources of the character-
istic szeaty—féet" odour of surface taint buﬁter.

- Further evidence ih éupport‘of the deamination hypo-

thesis 1s contained in the reports of Dunkley and Wolchow.
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The findings of Dunkley (12) indicate that the compounds
| forﬁed in the d evelopment of surface taint are acidic in
nature. Wolchow (71) has suggested that the products of re-
ductive deamination may be concefned with the elaboration of
surface taint in butterok | |
Afhe structure of the amino acid is{one of the prin-

‘cipélkfactors~determining the nature of. the deaminative
“breakdown brought about by the actionkof microorganisms.
Anderson (2) ﬁoncludes that long chain eamino acids are more
fkeasily attacked than those containing ring structures, and
bhat the ease 'of;attagk increases with the length of the
chain. Tﬁe findings of»Neilsoh (50), however, show clearly -
that three species of surface-taint producihg bacteria are
able to open‘the iminazol ring of histidine and the pyrblli+«
diné ring of proline in coﬁtrast with their low ammonia-
forming ability from the straight chain amino acids -~ leucine,
lysine and methioninég_and attack the short chain amino acids
»‘glycine'and‘beta alanine - to a greater degree than the
above mentioned longer chain aminP acids.

. The position of the amino group may also play an
“important role not only in deﬁermining thé na?ure'of the bresk-
kdoﬁn but also the ease with which it occurs. The literaturé
'contains very little data on this polrit. In the same investi-
gation (50), thé above aubhor obbained evidence that the
further the aminbr group was from the alpha-position, the more
difficult 1t Was\to deaminate by the bacteriai species employed.

| - The presence of Carbohydrates in the racting medium

modifies'or changes the course of amino acid catsbolism. A



nuwber of theories have been advanced-to explain this obser-
vetion. Kendall and his sssociates (39, 40 and 41) state
that the presencekof carbohydratel"spares" protein from at-
tackkby substituting a more réadi1y assimilable form of food,
but, as St§phenson (61)‘pointé\out, this claim rests on a
false comparison betwéen the bacterial production of ammonia
and the mammalian production of urea. Urea is a waste pro-
duct which cahnoﬁ serve as a‘nitrogenous'food for the animal
giﬁ which it was produced, therefore its rise and fall 1s a
,frue measure/of ﬁrotein metabolism and when increased car-
\bohydrate causes‘aecreased production of urea, the carbohy-
drate is said to "spare" the protein. With bacteria, however,
while ammonia is the chief nitrogenoﬁs—product of the bactefialr
decomposition of prdtein, it is also’an exoellent nitrogen
séurce for many species of bacteria. Therefore its.disappear—
ance from the culture media may be éaused either by decreased
productioh, or, what iéamore_likelyg by lncreased utilization
as a nitrogen source for cell reproduction.

‘Reistrick (57) in an explanation of the effect of
‘the presehce‘of carbohydrates concludes with the belief that
carbohydrate, far from having a protein-sparing effect,
actually'enables the bacteria to utilize more protein or pro-
tein products than they Would‘in the absence of carbohydrate.

Wakszﬁan and Lomenitz (68) point out that a living
being derives its energy from the substanceﬁwhich is more
avallable tQ it and which may be specific for the particular

organisms
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Thé studies of a number of invesgtigators whose find-
ings are given in the historical section of this thésis show
clearly that the addition of a spscifio carbohydrate tc the
reacting medium will change the course‘of‘amino acid break-
down and give different producfs- A satigfactory explanabtion
of these}résults is not; as yet forthcoming.

| The first part of the experimental work of this
problem.Was devoted tc an inVestigatiOn of the conditions
affecting the gmmonia prbducing abilities of two species of
surface-taint producing bacteria from a specific group of
.amino acids- Theée:amino aclds - arginine, aspartic acid,
glutamlc acld, histidine and proline - were chosen for a
number of reasons, the more importanﬁ‘of\which are:

(1) Ammonia is readiiy liberated from them by

| species of surface taint bacteria. |

(2) The decomposition products of these five

amino acids are related to one another as
can be seen in figure 2. |

(3) Certain of‘these degomposition products have

been shown to emit odours that closely resemble
the characteristic surface taint odour (50).

From the point of view of stud&ing the deamination
of amino acids of different basic structure, the five chosen
répresent three structural groups . |

Arginine is a complex straight chain amino acid con-
taining four niﬁrogens,in three different grouﬁingsa The
guanido group atbtached to the delta carbon atom may be hydro-

lysed from the remaining alpha~amino valeric acid.. The
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CHART OF DEAMINATION.
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literature contains practically no evidence for this cleav-

age. ‘The usual method of decomposing arginihe is through the
enzyme, arginase, to give urea and ornithine (alpha;vdelta,
diamino valeric acid). The urea may bé subsequently hydro-
lysed by the enzyme, urease, iﬂto amnonia and carbondioxide
and the'o;ﬁﬁthine deaminized at either the alpha or the
dslta amino group or both to give wvaleric acid or one of 1%ts
derivatives.

The next two amino acids chosen for this study,

asPartic acid and glutamlc acid, are mono-amino, dicarboxylic
f ‘ ‘acids, the 1attericontaining one more methyl group 1ln the.
i chain between the carboxyl groups than the former, -

The,last two amino acids contain five-element ring -
structures - ‘Histidine or alpha«amino beta-iminazol propionic
acid has tw0 n1trogens in the ring énd one in the 9ide chain.
Proline, on the other hand, 1s not a true amino acid, as its
one nitrogen is preéent-in the ring as an imino group.

As the first part of this study developed, it soon
became evident that certain of ths, chosen amino acids were
broken’down into compounds giVihg odours suggestive of that

‘f’characteristic of surface taint. It was declded, therefore,
,té devote a part of the experimental study to the actual
isolation and, if possible, the identification of these odour-
forming‘COmpounds,. |

With the ultimabe objective of determining fthe naturé
of the compounds responsible for the elaboratiénxof the char-

acteristic "sweatwaeet" odour of surface taint butter, the

Tollowing approaches were made to the problem:
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(1) An investigation of the conditions affebting
ammonia formation from arginine, aspartic acid,
glutamlic acid, histldine, and proline ﬁy two
species of surface—tainﬁ'producing bacteria.

(2) A study of the production, isolation and

\ identification of compounds svolving odours
ldentical with or intimately related to the

characteristic surface taint odour-



PART I-

STUDIES ON THE DEAMINATION’OF AMINO ACIDS.

HISTORICAL:

A study of the decomposition of individual amino
aclds by,ppre cultures of éingle strains of,micrborganiamg
has brought out many interesting facts. The composition of
the medium, the conditions of growth and the type of organism
employed have been shown to exert a merked influence on the
_aétivity,of the enzymes formed and on the type of deamination
. ﬁhat takes place.~ | ;

Hydrolyﬁic deamination with the formation of The
hydrbiy acid may result from the action of bacteria on amino
acids in a medium GOﬂtaining’alternative carbon and niltrogen
sources and from the activity of yeast in a m@dium.containing
aﬁ invert sugar and no’alternative nitrogen source. Schmidb,
Peterson and Fréd (52) 1lsolated d-leuclc acid from l-leucine
employing Proteus vulgéris- Hiral (35) obbtained beta-iminazol

‘lactic acid from histidine using B. proteus- Saéaki andk
Ctsuka (60) isolated the hydrozy'ﬁcids of 1~phenylalahine,
1-trypto§han and 1~tyrosine‘employing Bs proteus,kBo subtilis
and B. coli. Hirai (35), using an alternative carbon source,
glycarolg and an alternative nitrogen source; ammonium car-
bonate, isolated p-hydroxy beta-phenyl lactic acild from
tyrosine employing Proteus vulgaris. Ehrlich and Jacobssn
(19), employing Oidium lactis, obtained thé hydroxy acids of
1—phsﬁylalanine, l-tryptophan and l-tyrosine. Woolf (77)

isolated the hydroxy acid of aspartic acid employing B. coli
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in a medium with no altermative carbon and nitrogen gource

and containing toluene as a bacterial growth inhibitor.

Hydrolytic deamination and decarboxylation may re-
sult invthe formation of an alcohol with one less carbon atom
than the corresponding amino acid. This type of breakdown 1is

caused principally by yeasts and molds. EFhrlich (13, 14, 15,

16, l?yand 18), in a study of the decomposition of amino acilds
| by yeasts, obtained the corresponding alcohols from l-valine,

l-leucine, dl-gserine, 1l-histidine, 1~phenylalanine, l-trypto-

phan and l-tyrosine. Pringscheim (53), employing a number of
cultures of molds!and_one of yeast, isolated the alcohol from
l;leucine. 7 |

Reductive deamination resulting in the produétion

of the saturated normal acld fromkthe corresponding amino
acid usuéllywoccurs in a medium containing no alternative
carbon énd nitfogen sources. Brasch (8), employing B. pﬁtri~
ficus in such a‘msdiﬁm,Jobtained’the corresponding acids from
glyéine; l-alanine, dl-serine, 1=aspartic‘acid and l-tyrosine,

while Nawiasky (49), using B. prqﬁeus,‘and Blanchetiere (7),
using B. -flourescens, fsolated the acid from aspartic acid.
"Koessler and Hanke (44) added glycerol to the medium of
Brasch and isolated beta~-iminazol propionic acid from histi-
dine empioying B. coli. Hopkins and Cole (56)‘obServed that
1ndole;propionicfacid was formed from tryptophan in a medium
containing inorgénic galts Wiﬁh Rochelle salts and‘ammonium
phosbhatefusing B. coli. Traetta-Mosca (66) has shown that
p—hydroxy beta-phenyl prbpionic acid is formed from tyrosine

in an inorganic medium containing ammonium nitrate by a
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bacillus resembling B. pyocyaneus. Kiyokava (42),obtained
beta-iminazol propionic acid frbm histidina employing Oidium
lactis in an ilnorganic salt medium plus one percent cane sugar.

' Reductive deamination and decarboxylation may result
in the formation of the normal acid céntaining one carbon atom
less than the corresponding amino acid. The literature con-
tainé only one record of this type of bresakdown brought about
by the action of pure cultures on amino acids. Brasch (8),
employing B. putrificus isolated propionic acid from l-glutamic
’écid’in avmedium of inorganic salts. |

Desaturaﬁipn at the alpha-beta linkage éauses the for-
mationkof the corresponding unsaturated écid with the libera-
tion of a molecule of ammonia. Raistrick's iSolation (55) of
uroéanic acid from l—histidine in 1917 is the first recorded
instance of the bacterial éonversion of an amino acid into an
unsaturated acid. He employed thé action of pure culbures of'
five apecies of intésginal bacteria on histidine in Ringer's
: solution. Hirai (35), iﬁ 1921, isolated the acrylic acid of
~tyrosine after twelve days inoubagion of B. proteus in an inor-
ganic salt medlum cdntaining no alternative carbon and nitrogen
‘sourpes. " Quastel and Wéolf (54) obtained fumaric‘acid from
asPartic'acid in a phosphate buffer me dium ¢ontaining tolusene
as a growth inhibitor.

The oxidgtive breakdown of amino acids may result in
the formation of é number of aclds containing a dédreasing
numbervof carbon atoms. The kebto acids formed'from the @rimary
oxidation of the amino acids have not been isolated excepbt in

rare cases, but the acids from the subsequent oxidation of the
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keto acids of certaln amino acids have been obtained and iden-
tifled. Nawiasky (49), employing B» proteus in an 1norganlc
salt medium containing no alternative carbon and nitrogen
sources, ‘igolated acetic acid from l-alanine, isobutyric,
acetic and formic acids from l-valine, acetic acid from
1=asparticzaoid‘and succinic acid from l-glutemic acid.
Braéch (8) isolated1formic/acid from dl-serine ﬁsing B. put-
pificus in an inorganic salt medium similar to that of Nawiag-
ky. Raistrick (56) has shown that organisms of the coli-
'typhosuskgroup»in a”mediﬁm of inorganic salts with no alter-
native -carbon and nitrogen gources, rupture’the'iminazol ring
of histidine. Hopkins and Cole (36) isolated indole acétic
acld and indole from the oxidative breakdown of tryptophan by
B. coli in an 1n0Wganlc salt medlum conuainlng Rochelle salts
and ammonium phosphate. Woods (72), Happold and Hoyle (32)
and Woods (73) isolated indole, employing. Washed cell suspen-
sions of Be coli on tryptophan in buffer solution. Raistrick
and Clayke (57) obtained evidence for the rupture of the |
indole ring of tryptophan-by Be. p?ocyaneus and Be. flourescens
~in an inbrganic salt mediuma' The oxidative breakdown of
l-tyrosine varies with the composition of the“mediumo Traetta-~
Mosca (66) isolated p-hydroxy benzolc acid‘ané p-cresdl from
tYrosine employing B. pyocyaneus in an inorganic salt medium
containing emmonium nitrate. Berthelot (6) and Rhein (58 and
59) obtained eviéence for;thé formation of phenol by B. pheno-
logeneg from tyrosine in an inorganic salt medium.containing
ammonium lactate and asparagin. Hirail (35) isolated p-hydroxy

‘betanpheny1~aoetic acid from tyrosine emplbying the same con-
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ditions as for the ilsolation of p-hydroxy beta~-phenyl acrylic
:acid, except using forty days' incubation in place of twelve
days. Raistrick and Clarke (57) found evidence for the rup-
ture of the ring or the removal of the'hydroxy group from the
ring of l-tyrosine in\a medium. of inorganic salts employing
B. pyocyanéus and B. flourescens, but they were unable to
identify the products forﬁede |

The nature of the bacterial breakdown of amino aclds
may be determined by methods other than the ‘actual isolation
of decompbsitioh‘pfoducts employed in the early investiga-
‘tions on this subject, |

Bernhelm, Bernheim and Webster (4) measured the oxygen
uptake and carbon-dioxide, output employing the Warburg res-
pilrometer. They determined the ammonia formed through the
accompanying deamination by distilling it from the.contents
of the Warburg vessel at the completion of the experiment
into a Nessler's solution. The ammonia present was then de-
termined 601orimétricaily; In a study of the oxidation of
certain amino acids by Proteus vulgaris, employing the washed
cell technique for the preparatioﬁ of thelr bacterial suspen-
sion, the& found that, at pH 7.6, glycine was the only amino
acid studied to be completely oxidized. Leucine, phenylala-
nine and methionine are dxidized fapidly and utilize one atom
of oxygen per molecule of amino acid while serine, alanine
and proline utilize three, four and seven atoms respectively.
The oxidation of tyrosine and btryptophan is slower usihg two
and three atoms of oxygen regpectively. ’Valine; isoleucine,

hydroxyproline and histidine are oxidized so slowly that no
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definite uptakes of oxygen were'obtained. Their work showed

that only the natural lsomers were oxildized except in the

case of alanine and serine, both isomers of which were oxX1-~

‘dized, and further that deemination corresponds with the

oxidation except for valine.

Tn a labter study (58) of the oxidation of thirteen
amino acids by washed cell suspensions of B. pyocyaneus, they
found that tryptophan and methionine were not attacked, and

that there was considerable variation in the oxidation rates

 and the extent'to which the attacked amino aclds were oxli~

dized. They showéd that this organism oxldized and deamina-

ted both isomers of alanine, serine, tyrosine and proline,

‘but only the natural isomers of leucine, isoleucine and

histidine,‘ They suggested that the variation in the rate of
oxidation of the amino acids may mean that there are separate
catalysts for each amino acld and that the amino aclds are
attacked differently'by the different bacteria, or, more
probably, that the ratéfof formation of the enzyme-substrate

complex is determined by the chemlcal structure of the amino

acid, d

[’Woods and Clifton (75), in the next year, employlng
the Warburg technigue and suspensions of clostridium tatano-
morphum, found that glutamate, aspartate, cysteine, cystine
tyrosine and methionine ylelded hydrogen and/or carbon-dioxide
and were almost»completély deaminated. They also observed
that histidine produced more than one moleculeg of ammonia per

amino”grOUp present and concluded that the iminazol ring had

been opened.
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In a study of the metabollsm of the amino acids by
:fClostrldlum welchii, Woods and Trim (76) observed that this
‘ organlsm attacks only five of the twenty-one amino aclds
vstudled; Serlne;gave,hydrogen,,cafbon dloxide and ammonia in
‘equimolGCular propbrtions and’required a ooenzyme for its
breékdowﬁ.*~0ystine, cysteine;énd threonine Wére attacked
 simi1ar1y“tb serine but the evldence for the need of a
‘coenzyme’factor was incomplete. Arginine'Was attadkedrﬁo;
give smmonia and carbon-dloxide, the final ylelds of Whlch
i var1ed wilth the age of the growth culture. “Hydrogen was not
?formed and & coenéyme was not requlred.
| A recent 1nvestigatlon by Neilson (50), employling
the Van Sly&e aeratlon procedure for the determinatlon of .
‘ammonla,'lndlcated that washed cell su5p6n31ons of Proteus
idhthyosmlus (Hammer) attadked beta alanine, d-arginine,
glyclne and l-proline v1gorous1y, dl aspartlc acld, l—cystlne,
d-gluuamlc acid, l-hlstldlne, dl-lsoleucine, 1—leu01ne,
V‘d—ly31ne and beta-amino butyrlo acid 1ess vigorously, and
: fmethlonine,,phﬁnylalanine,;tryptophan, tyrosine, urea, deltae
”amino valerié acid and epsilonvamﬁﬁo-cépfdic écidvonly
a s1ightly; Similarfsuspension3~of’PseudOmonas putrefaciens
'QHammer);éﬁtacked histidine and prolinekvigorbuslj; agpartic
 aeid'énd;g1utamic‘acid less vigorbusly; and béta-alanine,
arginine, oystiné, isoléubihe, leucine, lysine,‘méthioniné,
"Jphenylalénine, tryptophan, tyrosine,‘ufeé, beta-amino butyriec
 a¢id,‘de1ta'amino Valericfacidyand'epsilon amino‘caprdic~adid
only sllgbtly. ’ | | |

The mutual ox1dation and reductlon by pairs of aminok
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| acids has been studied by ‘Stickland and Woods. Stlckland |
" (63 and 64) observed that washed cell suspensions of CTOStri-
“dlum sporogenes activated certaln amino -acilds as hydrogen-
idonators - alanine, vallne and 1eu01ne, and actlvated others
- as hydrogen-acceptors —'glyclne, proline and hydroxyprollne. “
‘kIhe hydrogen—acceoting amlno aclids are subjected to reduction
by the hudrogen donatlng ‘amino acids whlch in turn are oxi-
;dized to compounds simllar to those resulting from oxidatlve
d deamlnatlong Woods (74) has observed that 1-cyste1ne may act
»:as hydrogen—donator in coupled reactions between amino acids
induced by Clostfidium sporogeneS'and that, in addition, it
:ois oartially deamimated in the absence of other amino acids.
"He also. has shown that d—arglnlne and d-ocnlthine are- actl—
vated as hydrogen aoceptors snd- are partlally deamlnated in
- the absenoe of hydrogen-donators. “When ornlthlne reacts,w1th'
the donator, alanine, 1t accepts two hydrogens and undergoes h
‘reduotlve deamination to delta~am1no n—valeric acid. |
Reoent investlgatlons employlng uhe restlng cell
thechnlque or enzymlc extracts have brought forth oon31derable
: data on deamlnatlon'and only the 1iterature ooncernlng the |
';flve amino acids studied in this problem with partlcular
reference to their bacterlal breakdown will be rev1ewed in
detail. | | R
| The sbudy of the deamination of aSpartio eoid by

: Washed‘oell suspensions of E; coli oarriel out by Quastal and
Woolf (54) revealed that‘the product in the absenoe of any.
ddiﬁhibitorfis sucoinic acid, whereas, 1f anyinhibitor such as

o‘toluene is present, the rate of deamination is not affected
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in the begihning but the process does not go to completion,
reaohing,‘instéad, an\equilibrium miXtﬂfe of aspartio'acid,
J fumaric a01d and ammonia.

In 2 study of the fermentation of glutamlc acid by
a strlotly anaeroblc, spore formlng bacterium, probably be-
‘longing to: the genus Peotoclostrldlum, Barker (3) demonstra-
ted.uhat this acid was decomposed practloally quantitatlvely
klnto ammonla, carbon- diox1de, hydrogen, acetlc a01d and
' butyrlcnac1d.
| © Adler (1) , employing a deaminase'enzymo‘extréoted
‘ frbﬁ Ef coll, found that glutamlc acid, in the presehoe of’~
coenzymes, is decomposed into ketoglutaric a01d and ammonia
[and suggested ‘that the breakdown was through Lminoglutarlc
*,a01d to ketoglutario acid W1th.the liberation of ammonia.

. The work of hlein (45) on the oxidation ofl-aspaxtio
and 1- glutamlo acids by HemOphllus paralnfluonzae showed that
 ‘oboth_acidsvwere~ox1dized to acetic acid, ammonia and carbon-
~dioxidé;‘bne molecuieoof éspartio aoid requiring,one molecule
of oxygen and producing,tWo of oarbon-dioXide, and one mole-
cule of'glutamic acld requiring tho and one-half moleoules
'_‘Of'oxygeﬁ;and;@roducing*three of cafbon-dioxide. By a study
of the metabolism of nossible intermediate'compounds;~Klein
has establlshed that the probable courge of oxidation of
'aspartlo acld by Dhls organism proceeds through oxalacetlo
7 a01d, pyruv1o acid and acetaWQ@hyde to aoetlc acid. |

; : Ammonla formatlon from proline or from hlstidlne in
amOunfs greater than that given by its amino group lnvolves

’fopening:of a five-element ring, the pyrollidine in the case
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Vof proline and the iminazol for histidine, a feat extremely
’difficult to'aooomplish inonon~biological chemigtry. Inves—
tigations”in biochemiStry, however, have shown that certain
'énzymes; particularly thosevof~baoterial origin, are capable
of opening these rings preparatory bo Temoving the nitrogen,
‘k‘by deamination of the amino group formed. . ;
| Eldbacher and others (20, 21 and 22), in studies of
~the intermediate me tabolism of histidine using the ensyme |
'fhistidase obtained from animal liver, found that one molecule
;of histidine gaVe two of ammonia, one of glubamic a01d and
7probably one of formic aoid, the primary action of the enzyme
being to open the 1mingzol nucleus to form an alpha, delta,
'diamino ohainr - ;

; ‘ The investigation of Raistrick (56) into the aerobio’
bacterial decomposition of histidine by B. paratyphosus A and
;B’ B. faecalis alcaligened, B. pyocyaneus and. B proteus wil-
garils revealed that the firsﬁ four of these organisms produced
ammonia from the nitrogen in both the side chain and  the
1minazol nucleus, prov1ng that they are able to open. the
piminazol rin@- whereas the fifth organism formed ammonia only
,pfrom the glde chain nitrogen, showing its probable 1nability
‘to split the ring. ’ , ,

Stickland (65), through his eXperiments on the
yfooupled oxldation and reduction by paips of amino aCids, ob-

served that washed cell suspensions of Glostridium,sporogenes

~ reduced l-proliné,lat the expense of the oxidation of

1—alan1ne, to delta amino n-valeric acid, but did not deami—,

_ nate this product, whereas the alanine was deaminated during
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its ox1datlon. A
: Weil- Malherbe and Krebs (69), empleying kidney,tis-
sue, stﬁdied the canver51on of prolineflnte glutamic acld and
vconeluded that proline in the kidhey is oxidized«to glutamic
dacid which in turn may be oXidized fufﬁherfto alpha-keto |
’glutaric*aéid With the libefation of ammonia, or may‘take on
'more ammonia to form glutamlne. |

Krebs (46), in his work on. the oxidatlon of d-pro—
line . by d-amlno acid oxidase, was able to 1solate the 2, 4,
’dlnitrophenylhydrazone of alpha4keto delta-amlno valeric acld,
~dthus demonstratlng the opening of the ring on the carboxyl ,
<51de of the nltrOGen in contrast With the formation.of ﬁlu—‘
tamic acid When~the oxidative openlng of the ring occurs on
the methyl growp side of the nltrogen.'

~The decomp031t10n of arglnlne, Wthh contalns one -
nitrogen as an aloha am1n0~group and three pitrogens in the.
guanido group on the delta carbon atom, may 1nv01ve a numbef
~of ensymes, AHunter and Dauphinee (68)k in-studies on the .
actioneef arginase extracted from 1ivef, have found that
k‘this ensyme, at pH 8.5 and room temperature, spllts arglnine
'glnto urea and ornlthlne to the extent of 99.1 percent. The
urea may;subsequently be decomposed by the ensyme urease at
- pH 6.8 and room temperature into emmonia:and carbon-dioxide.

7 Vchhenko'(GV) investigated the‘effeét of products

‘of arglnlne hydrolysis upon the- actlon of arglnase and found

that the presence of ornlthlne and/or uresa 1nh1bit “the action

',;of the enzyme, the inhibiting effect being smaller at pH

dk values lower than:the optlmal for the hydrolysis,\ka9.o, than
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at hlgher values.
 Tomota (65), from a determination of the activity of
‘larglnase extracted from e number of bacterial species, has
',shown that extracts from- Staph aureus, Staph. albus, Staph.
‘citreus and Bac. subt;lis posgess strong arginase actbivity;
while thekoneffrom Sarcina ieffairly actlve and those from
Streptococci, Mycobacterlum phlel, Salmonella enteritidls,
| B. proteus, B. pyocyaneus, Bo prodlglosus and MucosUs capcu—
"latus show Weak and varlable activity.
, The results of an 1nvest1gatlon into the decomp031-
'tion of arglnine by gram pos1t1ve coccl in which two molecules
) of ammonla and one of ornlthlne were produced from each mole-
'cule of arginlne have caused Hill (54) to conclude that the'
'ensyme 1nvolvediwas not,arginase but was another enzyme Whlch e
’he‘has named arginine dihydrolase,. The reasons forfhisvcon;
- clusion are: '(l)kthe~3trains of StreptOCOcci uSed were shown
not to posseSSVureaeeg (2) the,urease of a stock strain of k
‘Staphyloccus is 1nsuff1c1ently actlve to account for the rate
of breakdonw of arglnine, and (5) in a strain of Staphylo—

coceus trained to grow on an ammonla medium, the urease

';fact1v1ty can be varied at will between very wide limits,

while the arginine enzyme varies'in an inverseé manner. - This
reCiptOCal'relationship suggestS'that the enzymes may be’

E related though not. :Ldentﬁcalc

| Woods (74) has observed that through the action of
‘ Clostrldlum sporogenes one molecule of arglnlne yields three
[’molecules of anmonia elther alone or as a hydrogen=-acceptor

i coupled w1th alanlne and gimilarly that ornlthlne gives one
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molecule'of ammonla and onefof~de1ta-amino;va1eric acld.
The literature concerning the”factors influencing
lbaoterial deamination is extensive, only those factors perti—
nent to this study Will be reviewed, - the influence of the

’,age of culture, aerobiosis and’ anaerobiosis, pH of the growth |

and buffer ‘media and presenSe of carbohydrates in the growth

and bulfer media.

Stephenson and:Gale have investigatedithe,influence
“of these factors on the bacteria1~deaminati0n of a number of
Ltamino acidS‘byfwashed cell suspensions of Bacterium coli. kIn
'their first paper (62), us1ng glycine, dl- alanine and
f~1 glutamic a01d, they found that only sllght variation in the
i actiVity of the suspens1on occurred Wnen the growth culture
- was betweenfeignt and twenty hours,«that~anaeroblc«conditlons
| during ‘growth inhibit the production of the deaminase for-
»glyCine and alanine but favour it for glutamic acid, and that
the effect of gluoose of the oxldative deamination of the
~three amino acids is to inhibit the formation of the enzyme
[during growth to the extent of ninety-five percent ‘Their
fpaper (50) on dl-serine brought out that this amino acid 1sk
[deaminated both aerobically and anaerobically, that both
1somers are attacked tnough probably at different rates.‘ The:
act1v1ty of serine deaminase varies markedly with the age of
thetgrowth culture, attaining its height at eleven hours and
subSequently falllng off, is increased by anaerobic growth |
cOnditions~and 1ike the otner'deaminases;,isldecreaSed E
;ninety—five percent or more by the presence of two percent

J‘glucose in the growth medium. The optimum pH for this
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 deaminase was pH 8.0. The third paper by Gale (29) on aspar-
 tic acid reports that the activity of the deamihaéé of this
~acld varies w1th growth condltions - aeroblo conditions ‘show-

ing about two-thirds the acthlty of anaerobic conditions and

ftwo peroent glucose inhibiting the act1v1ty about elghty—five:

k,_percent, and with the age of the,growth culture being greaﬁest
from\fourtéen t0~eighteen hours. This 1attéf variation was
geXplainéd as being caused by an alteration in the chemicalk
constitution of the growth medium following the metabolic
 ‘activity of thé\cells."The activity Of this'deaminase‘ranged

’- from pH 6.0 to 8. O belng optmem at pH 7.5,

In a study of the 1- and the d- amino acid oxidases
'éxtracted‘from;kldney,tissue,,Krebs (45)Afound,that the opti~ -

| “mum'pH;curve,of the d—amino:aCid‘deaminase'shows“an 0ptimum =

“near pH 8.8 when used for the deaminatlon of dl-alanine and -
dl- aspartio acld. " The. deamlnatlon of 1—aspartlc a01d Shows
an optwmum at pH 7 4 but it still retalns 31xty percent of

f 1ts’act1vity‘atva'6.5.' Krebs also found.that a final con-
°‘centfation of M/200 aspartic acid gave the;max1mum*rate of |
; deaminat;on.:‘ | ‘

o Gale and Epps (30), in an 1nvest1gat10n of the ef-
 fect of the pH of the medium durlng growth on the enzymlc
Cactivibies of E.vcoli and Mc. lysodeikticus, was able to

‘div1de the enzymes produced into two groups.‘ The flrst group

 ~conta1ned urease; catalase, hydrovenlyase, etc. and the

i second,the aminoaacid enzymes, The decarboxylases were pro=

duced in an acid medium and the deaminases in en alkaline

medivm and seemed, therefore, to act as neutralization
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,‘mechanisms in an effort to bring the pH of the medium nearer
| neutrality; ‘ | ’
‘ The question of the effect of'the presence of fer-
Tmentable and non—fermentabie caroohydrates in the growth‘and
buffer medium has caused conSLderable conbroversy in the
,kllterature.‘ ; ;
| ~ Kendall and hls associates (59 40 and 41) in a
tfseries’of papers from~1912 to 1922'stud1ed the productlon of
wammonie’by several bacterial.speoies, including B;foroteus,
ogrowimg~ih profeiﬁ digestsvand‘showed that this oroducﬁion :
'~ is greatly checked and, in some cases, completely 1nhib1ted ;
'eby the presence of glucose in the growth medivm. They 1nter—
'preted this as due-to a sparing actlon exerted by the carbo-
hydrate on the deamlnation of proteins, bellev1ng that in the
presence of ‘a readlly avallable source of' carbon and energy
the organlsm decomposed 1ess nltrogenous material, |
Ralstrlok and Clark (57) poxnted out that ammonia
~is not only a product of tbe aecompositlon of pwotelns, but
kelso a source of nltrogen for growth, so that whlle,»ln,the'
 protein digest medium the ammoniafproduced is ﬁn excess of
,,thatfreqoired’for cell synthesis, 1t may be possible that; in
- the presence of . addltional carbohydrate, this  excess is used
'up 1n increased cell productwon. To further investlgate this
pownt they followed the growth of B. pyocyaneus and B. flourf
escens in synthetlo media ‘containing tryptophan or4tyrosxne, |
Wiﬁn oerithout‘glerrol. They foundlthat;in;the absence of
glycerol~there’wes,a large -amount of smmonia with very little

synthesized nitrogen, but that in the presence of glycerol the




“O5m
reverse was true and concluded with the belief that vCarboe
'#hydraté, far from having a'protéin-sparing effect,~aétually
. enables the bacﬁeria to utillze more probein‘or protein
.pronCts than they wou1d in'the;absende of carbohydrate."”

Waksmaniénd Lomanitz (68) carried oﬁt‘a detailed
Lg’investigétion~6f this_pbint using species of bacteria, actl~ "
”’nomﬁoes and molds and Qame to similar conclusions but pointed
'kout’thaﬁ ﬁakliving being derives its‘energnyrom a substance
WhiCh*is'ﬁost available to it and whioh méy be specific for a‘ 
 particu1ar organlsm._ T
' 1 Nisimura (51) studied the effect of verious carbo-
v hydrates on the formation of p—hydroxyphenyl lactlc acld (1)
by a strain of B proteus,‘of p-hydroxyphenyl prOplonic acid
(II) by another two stralns of Bo proteus and of tyramlne '
(ITI) by a strain of B. 1act1s aerogenes from tyrosine in a
,Sasaki proteln-free nutrient solutlon. When glucose was
added to the solutlon, no. II was formed, formatlon of T was
' dlstlnctly decreased but no effect was found on formatlon of
’III. Addltlon of levulose or sucrose to the solutlon lowered
;’the formation of‘I,;II‘and ITT. &he~add1t10n of 1actose ac=
_cele'rateudfthe formation of II by one strain of B. proteus, "
1nh1bited the formation of I by énOther strain of B.kproteﬁsf
and of IIT by B. lactis aerbgenes; Addition of starch had no
; effect of,the‘formation of I but‘regarded the formation of ’
III ks]’;ig;htly and-:of IT distinetly. In the oontrol. experiments
kand those in Whlch carbohydrates were added,‘the pH‘ofkthe;
o nutrlent solutlon was generelly shifted to the acld s1de.

kMannozz;—Torlki and Vendramlnl‘(47), in a study of
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thefoxidation of :amino acids by Brucella abortus in Ringer-
‘Phosphate solution,'found that this organism catalysed the
oxidative cleavage of alanine, asparagin, ‘glutamic acid end -
1icysteine and that the presence of glucose had no cleavage
kon this cleavage. |
; Epps and Gale (23) compared the influence of the

fpresence of glucose,during,growth on the enzymic actiyities
- of E;~coli with the effectdproduced by fermentation acids
. added to the medium. They observed that the presence of
l‘glucose in the medium during growth suppresses the formation
| ofﬁcertain enzymeey'the degree ofsinhibition being,greater

‘ thanfor‘bearing noerelation to'the effect produced by‘growth

,‘in a medium adjusted to the final pH of the glucose medium

by fermentation ac1ds' that the neutralization of fermentationf

.acid during growth in‘glucose‘does not alter the'degree of,
inhibition of deaminase'formation producedvby‘the‘glucose'
and that the reduction in the actlvity of certain enzymes as
a result of growth in glucose is not a permanent change in
v the enzyme constitution of the cell as 1t 1s removed -
'fimmediately after growth takes place in the absence of
/fermentable carbohydrate. _
As a part of the investigation of the mechanism for
the production of indole from tryptophan by Bacterium coli,
the primary step of which.may be deaminatlon, a number of
workers havesstudied the effect of»the presence of glucose
’in}the;grQWth andobuffer,medium; Heppold and Hoyle (33)

- added glucose to the growth medium and noticed that the
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,,inhibition of the production of the tryptophanase enzyme
ﬁ’system does net occur from the start but shows a short
latent reriod followed‘by a complete inhibitlon which lasts

'only until the fermentation of the sugar is completed., They

also showed that the products . of glucose fermentatlon have
no. inhibiting action.,

’ Happold and Hoyle (32) and Fildes (26) found that SRR
‘washed cell suspensions of B, coll grown in a tryptophan~ |
"containing medium are twenty-five times more active producers

lof indole from tryptophan-phosphate—buffer solutions than
‘esimilar suspensions grown in a medium,completely lacking in
| 'ntryptophanfand that/this ©xcess activity is entirelyeinhibited
lby thegpresence:of glucose in the tryptophan;buffer solution.
Evans, Handley and Happold (24) reported that the
ftryptophanase system for the production ‘of indole does not

~exist as such in cells of B‘ coli which have been grown in a =

~kmedium containing glucose, but that such cells when freed

’from glucose by washing will re- develop the enzyme system
kwhen left in contact with tryptophan. ' ,

-The findings of Neilson (50) in a study of the p
relation between indole production and surface taint in
rbutter employing washed cell suspensions of Proteus ichml
thyosmius confirm the observations of Evans and others. It
Was found that the presence of one percent glucose in the agar
growthfmedium had no influence‘of the quantity of indole |
‘formed by the suspens1on in & glucose—free tryptophan.buffer

solution whereas the presence . of one percent glucose in the
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’th§ptophan7buffer mixture exerted an inhlbiting‘effect‘whiCh
'vwas ohly partial When‘the~cells were‘groWn onka glucose—free
- agar but was complete when they were grown on a glucose-~
containing agar.k
Evans, Handley and Happold (25), in trying to work
'out a possible mechanism for the inhibition of indole pro-

duotion by glucose in cultures of B. coli studied the effect
~of other fermentable and non—fermentable sugars on this
~inhibition. Their experiments show that glycogen, starch
ltdextrin, suerose, dulcitol sallcin, inulin, potassium

'saccharate and - hexosediphosphate are not fermented in twenty~

'\rfour~oultures of the organism and do not affect the productiOn

iof indole when tryptophan is present 1n the medium. On the

' other hand, complete inhibition of indole production is ob=
,tained with arabinose, 1actose, glucose, fructose and

- mennitol, - sugars Which are fermented by'B. coll, The
lsugars Which showed acid productlon without marked 1nh1b1tion

'\of,indole production were rhamnose, xylose, sorbitol,

‘ galactose, d-ribose and mannose. |,
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EXPERIMENTAL

The results of earlier: studies (50) on the quanti-"
tative determination of ammonia formed from individual amino:
:‘acids~hy surface taint bacteriafgave~support to the theory :;
that deamination ‘may be intimately’concerned with the |
' elaboration of the characteristic surface taint odour’

' Therefore it weas decided that detailed experiments on the

’conditions required for ammonia formation from a number of

: amino acids might bring forth further evidence for the theory |
‘?‘as well as add to our present knowledge of the microbial
dcatabolism of amino acids. | | |
| The resultscreferred to ahoVe showed that there was
considerahle’ammonia formed by species of surface taint
'fbacteria from the amino acids arginine, aspartic acid
glutamic acid histidine and proline which are theoretically,

with considerable supporting evidence in the literature,

- related to one another through their decomposition products,

With the obJect of investigating in detail the
conditions of ammonia formation from the above five amino
‘aclds by'two species of surface taint producing bacteria -
Proteus ichthyosmius (Harmer) and Pseudomonas putrefaciens"
»(Hammer) - the following series of experiments were carried
' out:ip
| The,general'experimental procedure employed through-‘
,out the study was'as followS°k
’ l; The organisms were inoculated from tryptic

casein digest broth onto tryptlc casein digest



,Pseudomonas putrefaciens 250 C.

‘with M/30 phosphate buffer, pH 7.4, (Sorensen's M/15
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agar{in Kolle flasks and grown for a period of 16 to
18 hours. In the case of Proteus ichthyosmius, 30° C.
Was employed as the temperature'of inCubation, and for

The bacterial cells were then washed off the agar

phOSphate buffer diluted with an equal volume Of dis-

tilled watef)~andyeentrifuged for approximately one

‘hour in £fifty or one hundred cubic centimeter centri-

fuge tubes.

The supernatant was poured off‘aSepticallykand the

‘Cells taken up and'mixed thoroughly with about 30 cc - .

of M/SO phosphate buffer and then re- centrlfugede
. The supernatant was again poured off and the cells

taken up’and mixed_thoroughly with about 50 ce¢ of M/SO

~‘buffer,or disﬁi&led water,‘depending on ‘the nature Of‘

the’experiment, Tvide infra), per Kolle flask of

‘erganisms‘and an aliquot of 5.0 cc taken into a Hopkins

ovaocine ‘tube to determine the percentage by volume of .

cells present A one percent,suspension was used as_
an.inoculum.

k The cultures were then set up in test tubes con-
taining eight cubic centlmeters of M/l5 buffer, 1. O ce :
of M/QO aqueous amino. acid solution and 1.0 cc, of one

percent Washed cell suspension. In the-experiments on

the effect of the presence ofkcarbohydfate, 1.0 ccoof

a;5%,aQueous solution of the specific carbohydrate was
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addedrand~only V.O‘Cc‘Of‘buffer were employed in order
to malntain the final volume at ld cc., The. cultures
were incubated at - SOO C. for the required number of
daysw In order to overcome the difficulties resulting ’
from the sterilization of a mixed medium, the nitrogen
source, the carbon source and the buffer were each
tsterilized separately and mixed- just prior to inocu-k
lation. | | -

Sterile equipment and materials and aseptic

technique were employed throughout the above part of

- the procedure.

At the conclusion of the incubation period the pH
of the cultures was taken, when required with a ﬁ o L
Beckman potentiometer, industrial model, and then the: N
free ammonia determined by the Van Slyke aeration i
yprocedure using N/lOO sulphuric acid,
The results are expressed as percent of the total
‘nitrogen of amino acid in culture present as free
ammonia and are converted from cubic centimeters of p
N/lOO sulphuric acid to percent free ammonia by'the

following formula'

12 x co of N/lOO HpSO4 x 100 = % fres ammonia
“No. of N in amino acid x 7 \ S
in which*lh
= mg. of nitrcgen equivalent to l OO ce. of

.14
S N/lOO HoS04.
.

mg. of nitrogen in 1.0 cc of M/ZO ammonia or
'mono—nitrogen amino acid
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THE EFFECT OF pH ON AMMONIA FORMATION,

The literature has shown that the pH of the buffer
‘medium containing the amino acids affeotsythefamount of
xammonia\that_is liberated bykvarious species of micro-
k'organisms.' Employing the technique aesoribed above, the
influence of PH on ammonia formation from d~arginine,~
dl= asparatlo acid d=- glutamic acid, 1l-histidine and l- proline

by Proteus ichthyosmius and Pseudomonas putrefaciens was

tmanner of Glark (11) were employed‘
| phthalate buffer - pH 4.5, 5 0, 5.5, and 6,0,
5 phoSphate~buffer - pH 6~5 6 8 7 3, and 7.9,
boric acld-KCI buffer - pH 8. 5 9.0, 9 5, and 10.0.

In this particular experiment (I) the cell suspensions were,

of necessity, made up in distilled‘water rather than phosphate
buffer of pH 7. 4' The cultures were incubated at SCO C. for
five days after which the flnal pH was taken and the free'
ammonia determlned. The results are given in tables l and 2,

: ’and 1nterpreted on flgures 3 to 12 incluslve,

+ The results Ofgexperiment;I~showkthat there iska~'
ugeneral,optimum range in pH for ammonle formation for pH 6.0

“to pH 8'5 Within this general range, the different‘amino

- ’acids have an indlvidual range which is sometimes narrow and

r:at others relatively wide. Arginine under the action of
Proteus ichthyosmius has a range from pH 6.3 to 8.0 with a
"rather sharp optlmum at pH 7 4 whereas for Pseudomonas

,putrefaciens the range is from 6.0 to 8,8 with no definite‘
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h0ptimum. Asparticraoid liberates a'relatively constant
; amountfof ammonia from pH 6.0 toka 8.5 for both speoiesfof
nbaeteria employed., | ,
. The results for glutamic acid are similar to those ‘ i
for aspartic acld except that ‘the range 1ls narrower and
further to the alkaline side of the pH scale; pH 6.5 to pH.
8.3jheing“the’range for Pseudomonas putrefaciens and pH 6 .8
-to pH:8.5 for Proteus ichthyosmius; Histidine, on the other
' hand " has both a ‘narrow range and a sharp optimum within the
’range; “For Proteus ichthyosmius, histidine liberates
iammonia in quantity from pH 7.3 to pH 8,7 With an~0ptimum of
‘pH 8 O, while for Pseudomonas putrefacilens, the range 1s from
’pr 7 O to PH 8.9 with the optimum at pH 7. 6. The results

robtained for proline show two different graphs for the two

species of bacteria. Proteus ichthyosmius causes conslderable
ammonia formation from pH T 4 to pH 8.5 with a very sharp o
optimum at pH 8 O. Pseudomonas putrefaciens stimulates the | |
' formation of a relatively steady quantity of ammonia from o
PH 6.0 to pH 8.3 Without a definite optimum, |
These findings are in general agreement with those
’of previous workers in that the range for ammonia formation
~,is above pH 6,0 and below pH 9,0 with an optimum between pH
,7.0 and PH 8 O.‘ Within this relatively wide range, however,
the optimum pH varles markedly depending on the amlno acid
used and the species of microorganism employed
| From these results, it was decided to use the

'following buffers for the different amino acids, When
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Viemploying Proteus ichthyosmius the buffers were: arginine -
 pH 7.5, aspartic acid - pH 6,5, giutamio aeid - pH 8.0,
histidine - pH 8.0~and prolinet— pH‘B.O. When employing

‘ePseudomonas putrefaciens the buffers were: arginine - pH 7.0,

'aspartlc acid - pH 6. 5, 1utamlc acld - pH 7 o, histldlne -

i pH 7 5 and prollne - pH 7 0.

In order to determlne the constancy of the results
“recorded 1n tables 1 and 2, the experlment was repeated (I1)
,after an- eleven month interval employlng phthalate buffer at
ArpH 4, 6, Sorensen's phosphate buffer at pH's 5.6, 6,6, and 7. 6
~ana boric aold—KCl buffer at pH's 8.5 and 9.5. The experi—

"‘;ment wa.s set up in trlplicate and determlnations were carrled

out after seven, fourteen and twenty one. days inoubatlon '

respectlvely. The results are recorded in tables 5’and 4 end
shown graphically on flgures 3 to 12 inclusive.,

The findin@s of experiment II are in general agree~
ment with those of experlment I in that the general optlmum :

‘range in pH for ammonia formation from the amino a01ds

: studied varies from pH 6 0 to pH 8 5o There are, however, in

- some 1nstances dlfferences in the ind1V1dua1 ranges of pH.

*»The longer»lncubatlon times show that for some of the amino
o ecidskthefmaximum amount of ammonia is not formed after five

days' 1ncubation.k The pH range of from pH 5.6 to pH 7. 6 for

the ammonla formed from arglnlne by Proteus ichthyosmius shmm‘

;a shlft towards the acid s:.dee The comparatively large quan—
tlty of ammonla produced, however, increased the pH of these

cultures suggestlng that the true pH renge is probably highe-

Ler than the initial pH,of the cultures indicates. An acidltyek
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IABLE I.

_ Proteus ichthyosmius
Effect of pH

: initial pH of culture
amino eoid 4.65 5,06 5,57  6.06  6.34 6,86

Arginine 1. 0.5 5.5 42,0 53,5 88,5 68,5

s 2, - L - - . - -
Aspartic 1. 0,5 1,0 3,5 34,5 40,0 = 37,0
pcid 2e 4,40 4,92 5,38  5.89  6.34  6.86
Glutamic 1. 1.0 1.0 2,0 16,0 15,0 33,0
acid 2. 4,48 4,95  5.42  5.85 5,75 6462
Histidine 1. : , 146 19.6
2. 615 6,64

Proline . - 14,5 18,0
L2 6,26 6.65

initial pH of culture !
T o34 7,96 8,55 9,06 0,46 8,63 :

Arginine 1. 78.25 71,25 62.5 45,75 3725 13,0 i

: 2; : - — - - - - I

Aspartic 1. 35,0 36,0 36,0 29.0 25,0 17.5 )
acid - 20 7,38 7,96 8,35 8,95 9,34 9.b5 j

Glutamiec 1, 32,5 3245 3760 21.5 17.0 16,0

T acid e Told Te75 8,05 8,72 9,05 9,20

Histidine 1, 28.3 38,0 34,6 25,6  18.6  18.3 |
| 2. T.17  7.60 8,056 8,65 8,97 9,15

Proline 1, 21.0 370 17.5 8
: 2. T.18 7086 8,20 8

1., percent of total nitrogen of amino acid (in cﬁlture)
present.as free ammonia.

2. pH of culture at time of ammonia determination.



TABLE 2.

Effect Ofka Pseudomonas putrefaciens

amino acid

-

2.

initial pH of culture

4,65 © 5,05 5,57 6,06 6.54 7,05

1,75 6,75 10,25 10,75

Arginine 1. 0,0 0,0 ,
o 2. £.65 5,10 5,57 6,24 6,65 7,14
Aspertic 1., 0,0 1.5 9.0 . 36,0 40,0 34,5
scid 2. 4,50 4,95 5,45 5,98  6.46 6,98
CGlutamic 1. . 0.5 1.0 8.0 15,0  21.0  22.5
aoid 2.  4.55 4,95 5,44 5,80 6,45 6,95
. Histidine 1., 15,3 17.3 32,0
LS g T 8.5 6,53 7,06
‘Prolime 1. 0,00 0,5 11.5 26,0 29,0  29.0
- N 2. . 4:;65 5.10 5.64: 6‘20 6;60 7915
initial pH of culture
© 7.60 8,25 8,42 8,85  9.25 9,57
Arginine 1, 8,0 = 8.0 8,5 = 7.5 3.25 0.5
C 2. T.72 8,30  8.38 8,78 9,15  9.45
Aspartic .1, 35,0 35,5 87,5 32,5 28,5 6,5
acid 2. 7,54  7.85 8,06 8,65, 9.05  9.30
Glutemic ~ 1. 23,0 21,0  12.5  10.5 = 4,5 3.0
seid 2.  7.46  7,8¢  8.05  8.60 9,10 9.3
. Histidine 1. 40,5  32.6  25.3  31.6  24.0  13.6
: 2. 7.86 7.95 8,056  8.56  9.03  9.26
Proline © 1. 28.0  22.5 8.5 8.0 1.5 1.5
. 8.35  8.79  9.25  9.51

2o 7.65 8.11

. percent of Jcotal nlvrogen of amino acld in culture |
present as free ammonia
pH of eulture at b:.me of ammonla de l;ermlna'blon




TABLE 3.

Effect of pH’ ; ~ Proteus ichthyosmius
| S initial pH of cultures !
age of culture ' 4,8 5.6 6.6 7.6 8,5 9.3
Arginine K ‘ B ' ' ; '
7 &ys 1. BJb . TAJT5 . 67.5 68,5 45,75  4l.5
- h . 2. b = - - o -
14 days - 1. 10,0 84,0 = 84,75 70,25 45,0 - 31.25
L 2¢ 470 6,45 7,056 8,35 8.50 9,00
21 days 1. 14,0 . 82,75 82,0 60,75 43.0  17.0
e | 2. 4,75 6,55 7,05 8,30 8,55 9,00
Aspartic Acid : e : o ; ’
7 deys | 1o 0.0  48.0 44,0 45,0 48,0  29.0
Pl 2. R - e - - -
14 days R 0.0 - 40,0 40,0 25,0 10,0
e : o 3 20 : 4:055 ol : 64:65' ’7060 80'25 8095
21 days 1., 1,0 32,0 39.0 37,0 20,0 7.0 g
| 2o 4,60 - 5,95 6,70 7,70  8.40 9,05 i
;Gluténiic Acid S i T C , o : f
7 days 1. 0,0 20,0 18,0 19,0 21.0 19,0 ?
v 2° ‘ - o e = ) - - :
l4odaysc . 1. S 0.0 14,0 33,0 33,0 26,0 - 17,0 :
2. 4,55, 5,60  6.65 7,60 8,25 8,95 g
21 days 1, 1.0 23,0 52,0 55,0 40,0  21.0 |
, | 2. 4,65 B,T5 6,75 7,75 = 8,35 9,05 |
 mEistidine . . S ' V
7T &ys 1. 0,3 15,6 33,3 38,3 35,5  22.0
o ‘ 2. s - - S g
R ¢ :
14 days 1. 0,0 = 21,0 36,0 38,0 30,3 - 13,0 |
’ : 2. 4,70 B,80 6,70  T.65 8,35 8,90 o
21 days 1. 1.0 25,3 35,6 34,86  24.6 8.6
L -2 4,75 6,00 6,70 7,75 8,30 8,90
Proline , . . o \
7 days . 1. 0,0 15,0 18,0 35,0 . 32,0 15,0
o U B - - - - - -
14 dsys 1. 5.0 30,0 -~ 4.0 34,0  22.0
SR 2 4.75 6,00 = 6,70 7,80 = 8.45 9,00
2ldays 1. 2,0 49,0 59,0  56,0- . 30,0 18,0
! 20 4:.75 60’15 6080 7.90 8@50 9 05




TABLE 4. .
Effect of pH Pseudomonas putrefaciens

initial pH of culbures :
Age of culture ‘ 4,6 5.6 6.6 7.6 8.5 9.3

Arginine ’
7 days 1. 0,0 14.5  13.0 12,75 10.5 3,75 i
2. - . - - - - &
14 days 1. 0.0 35,0  36.0 32,75 17.5 1.5
o 2. 4,70 6.25  6.80 7,90 8,40 9,05
21 days 1. 1.0 64,76 59,0 48,25 21,75 2.5
2. 4.75 6,45 6,95 8,05  8.50  9.05

Aspaftic Aecld

7 days 1. 0,0  42.0 38,0 43,0 41,0  27.0
, 2. - - - - - -
14 days » 1. 0,0 35,0  37.0 34,0 29,0 16.0
2, 4,55  5.85  6.65 = 7.60 8,30 8,95 ;
21 days 1 1.0 36.0 - 31.0 23,0 8.0 ;
- 2. 4,55 5,90 - 7.55  8.35 9,00 i

Glutamic Acié

7 days l. 0.0 26,0 20,0 16,0 16,0 11,0
2. . - - - - -
14 days 1. 0,0 30,0 24,0 24,0 28,0 15,0 :
4 | 2. 4,60 5,95 6,65  7.60 8,20 8,95 :
21 days 1, 2,0 45, 57,0 35,0  27.0 10,0 g
24 4,60 6,15 6,75  7.65 8,35 9,05 '
Histidine i
7 days 1. 060 47.6 61.6 5743 48,3 23.3 .
20 - - - - - '
14 days 1. 0.3 73,0 72,5 64,3  42.6 16,6 %
‘ 2. 4,75 6430  6.85  T.85  8.25 8,90 j
21 days 1. 0.6 77,3 74,6 61.6 44,6 9.6 ?
2. 4.75 6,35  6.85 7,95 8,30 8,95 i
Proline ’ )
7 days 1. 0.0 45.0 39,0 32,0 15,0 3,0 :
2. - - - haed - - ‘\
14 days 1. 0.0  62.0 51,0 52,0 16,0 240 ?
2. 4,75 6.10 6,75 7,75 8,40  9.10 ;
21 days 1, 2.0 58,0 47,0 44,0  13.0 3.0 |
2o 4,75 6415 6,76 7,80 8,45 9,10 @
j
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Figure 6.

Pseudomonas putrefaclens Aspartic Acid
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Proteus ichthyosmius Glutemic Acid
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Proteus ichthyosmius Histidine
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 between pH 5.0 and pH 5.5 permits the formation of small
amouﬁts of’ammonia, as seen from the prevgous results. This
~_ammonia Wiil raise‘the pﬁ of the reacting’medium to a- more
favourable pH for xncreased ammonla productlon. The conoen-
tratlon of buffer used was apparently too weak to control and

3 absorb the 1ncrease in hydroxyl iong and thereby maintain the

pH at its initial level.

The results given in figure 4 for ammonia formation

from arginine by Pseudomonas putrefaciens show that the opti-

"mum;range in pH ig shifted slightly towards the acid side of
. thé scale ahd na?rows;as the time ofvincubatiOn‘of the cul-
tures increases, and that the guantity oanmmonia produoed
increases With the time of incubation.

[’ The résults for'ﬁherdeamination\Of aspartic acid
:areksimiiar'for the tWO SpeCi6S of,baoteria employed; The
\optlmum pH range shOWs a Wldenlng on the aoid end of the
range Wlth no change on the alkallne end. As the tlme of
yylncubation 1ncreases the quantlty of ffee ammonia decreases
sllghtly and the range in pH narrows on the alkaline end.
The organisms are probably using the ammonia as a‘nitfogeﬁ
’“~source along with. the acids from deamlnation as carbon
sources for eell multlpllcatlon. s

| Figures 7 and 8 for the breakdown of vlutamlc ac1d
4”~With~the liberation of ammonia are similar in gonme respects
but dlffevent in ‘others. For Proﬁeus ichthyosmius,‘the
"range 1n pH is ?rom pH Se 6 to pH 9.4 after gseven days! 1ncu-
batlon and narrows to a range from pH 6 6 to pH 7.6 after

fourteen~and twenty-one days'! incubation. The quantlty of
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-~ ammonia increéses regularly with increasedfiﬁcubationffimé.'
~For Pseudomonas putreféoiens, the range in pH after seven and.
fourteen days! incubation is from'prS;G to pH 8.5 with an
optimum at pH 5.6 after the 'seven'-da'y'finoubatyi‘on. After:
twenty -one days' 1ncubatlon, however, the'range has narrowed
dowr to a SLngle optjmum of pH 6. 6. The final‘quahtity of
ammonia formed by Pseudomonas 1s the same as for Proteus but
“thefrate Qf formation éeemé to“bejSlower!between seven'énd‘
'fourteenidajs than it is in the’first'seven and‘thenlésﬁ
| 'sevem‘dayskof incubation. : |
h - The curves given on figures 9 éndflo for ammonia
formation from histidine'by’the‘tWO‘baoterial spécies are
ehtirely different., Thoseffor;Proteus‘ichthybsmius from
';expérimeﬁt’II show a wider ranée in pH comparéd~with thatk
found in éXperiment,I.‘ The pptimum~range is from pHﬂ6.6; to
"pH 8;8'with~a slight dhange towards acidity as the time of
incubation increaseé,{whereas previouslydthe raﬁge;Was‘harrowé
er and deflnltely on the alkaline 51de of the pH scale° The
quantlty of ammonia remains constint as the time of 1ncubatum
inoreases;showing that the maximum amount has been formed~
‘after seven'days'fincubation. Thé'CurVes for Pseudombnas

pubrefa01ens show & more Dronounced shift to the a01d slde

of ﬁhe pH soale for optlmum anmonia formatlon from hlstidlne.

“While the optlmum from expeflment I was DH 7.6, that fromi
‘eyperlment IT is pH G 6 after seven days' 1ncubatlon and
between pH 5.6 and pﬂ 6 6. after fourteen days, brlnging the
pH nearer 0 the seven-day optlmum. The 1ncrease in ammonla,

; however, causes a;shlft 1n“pH from pH 5.6 to pHyG,B, The
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max lmum quantity’of ammonia is not formed after sevenAdays
but increases until féurteen days. The total gquantity for
Pseudonomas putrefaciens is about twice that for Proteus
ichthyosmius, ’

Ag in the case of hlstldlne, the optimum pH range
for the %ofmation of ammonia from proline by the two bac-
terial gspecies are on different sides of the neutral point of
the pH scale. Proteus ichthyosmius bresks down proline best
between pH 7.0 and pH 8.0 except after twenty-one days' incu=-
"bation when the optimum shifts to be%ween pH 6.6 and pH 7.6.
.Qn the other hand, Pseudomonas putrefaclens prefers a dig=-
tinctly acid hydrogen-ion concentration of from pH 5,6 to
pH 6.6. The final pH for both groups of proline cultures is
raised'ffom pH 5.6 to pH 6.1, |

" In general, where the ghift in the optimum pH range
is towards a more a01d pH, as the time of 1ncubatlon increa-
sesd, there hag been an increase in the initial pH of the
buffer, particularly at pH 5.6, caused by the relatively

large gquantities of ammonia formed during the early days of

incubation.

The Effect of the Age of Culture on Ammonis Formation.

With the object of determining the effect of the
age of the grthh culture upon the subsequent ammonia forma-
tion from the five amino acids in buffer cultures, an experi-

ment (ITI) employing Proteus ichthyosmius was carried out.

Six Kollé flaské were ihoculated at the same time., One flask

was removed from the incubator at the end of ten, twelve,




The Effect of the Age of the Growbh Culbure

on Subsaquent‘Ammonia Productia by Proteus

ichthyosmiuse.

. Experiment III.
“Teble 6.

Figure 13.
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Effect of Age of Culture

~ amino acid
Arginine

Aspartic acid

Glutamic acid

Histidine

Proline

TABLE 5.

Proteus ichthyosmius

age of culbure in hours

10 12 14 16 18 20
4,75 76,25 69,0  T4.0  69.75 67.0
50.0 52,0  50.5  50.5 50,5  51.0
25.0  22.0 21,0 21.5  21.0 22,0
62.6 58,5  53.5  50.0  34.6 = 36.0
49.5  42.0  40.0  39.5  B1.5 33,5
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r fourteen,'sixteen, eighteen end twenty hours incubation reg-
nectlvely, the contents Washed and centrifuged ag usual and
the buffer cultures, thus prepared, 1ncubated at 30° ¢, for
‘five days. The results are recorded in table 5 and inter-.

,preted in fl@ure 15

'lhese flndings 1ndicate thet the age of the growth B

culture, wﬁthin the limits employed, has little or no effect
“on the ammonla formation from arglnine, aspartlc ‘acid and
~‘glutam1c acid, but that 1norease in the age of the growth
A;culture, partlcularly,beyond;slxteenfhours deereases the
 ;aﬁmonia'formedrfromfhistiéine andepreline~by thisrmicrof

- organism. =

Effeet of Aeroblc and Anaeroblc Conditlons on. Ammonia :
Formatlon. ;

 Stephenson and Gale (28, 30 and 62) found that con-
ditions of oxygen sugp1y~affected markedly the deaﬁination of
eertaiﬂ'amino~ecidé;’ In erder tbrshow‘fhe effect of oxygen 1
supply in the growﬁh and buffer medium on ammonla formatlon
'from the flve amino 301ds by Proteus 1ohchyosmlus, two
experlments were underta&en. :

~In. the first experlment (IV), three condltlons of
growth medlum were emeloyed (1) the usual tryptle case1n 
‘r,dleesb agar in a Kolle flask, (2) tryetlc cagein digest -
kf broth in a Roux flask, and (3) tryptlc casein dlgest broth
in an Erlenmeyer flask with the alr replaced by nitrogen. :
ﬂAfter the 1ncubatlon period of elghteen hours, the growth
k\was centrlfuged, washed, and set up as usual in test tube

cultures, After five days' 1ncubatlon, the free ammonia of
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the buffer cultures was debermined. The results are given,in
: table 6 and flgure 14. | | |

: In general, the growth on agar in Kolle flasks gave
‘the‘greétest subSequent ammonia formation. For the amino;

a01ds,k~ arglnlne, aspartic acid and proline, - growth on

- agar gave hlghest ammonia formation, growth aeroblcally in

1 broth,lntermedlate results, and growth anaerobically:inothe

‘presence of nitrogen the'lowest ammonia formation. For glu-

- bamic acld, the aerobic broth procedure gavé SIightlykhigher
results than the‘agar;and the'anaerobic’broth method slightly

ﬂilOW@r than the;aggr._ For Eiétidine,fﬁhe agar grown culbure
~and the‘anaerobickbroth grown culturé‘Were practically ﬁhe
game and gave. sllghtly lower results than the aeroblo broth
The outstandlng finding of thls experlment is that, for pPro=
:1ine, thekagar procedure for groWing,the cells gives about
twice the ammonié forﬁation és the anaerobic brothiprocedurek

for grOWuh, sugg estlng that ox1datlon may be = factor in uhe

, Openlng of the pyrollldlne rlng prior to the liberation of

i

'ammonia.
| .}Eﬁ the seoond experiment (V), of this group, the
v“cells wefeogrown as'usual on agar 1n Kolle flask and set up

*in buffér cultures:ih two ways: (1) aerobica;ly in fifty
cubic centimeter oentrifuge tubes which were ghaken at dally
”fintefvéls'ahd (2)~anaerobioally in‘testktubes,with the air
replaced by nltrogen. Afterffivefdays‘ incubation the free
oammonia was measured and is shown in table 6 W1th graphio |

1nterpretat10n in figure 15. The cultures prOV1ded with the

‘inoreasedooxygen supply,in the buffer medium showed only




The Effect of Aerobic end Anaercbic Conditions
on Ammonis Production by Proteus ichthyosmius.
Experiment IV and V
Teble 6

Figure 14 (Experiment IV)
Agar = Aerobic - A
Broth = Aerobic = B

Brb‘o’h = - Anaerobic = (

Figure 15 (Experiment V)

Aerobic = A

Angerobic = B

Arginine - red

]

Aspartic Acid green
Glubemic Acid < Dblue

Histidine

violet 1

Proline . = orange ‘




TABLE 6.

Effect of Oxygen Supply in the Growth and Buffer Media.

Growth agar- broth~ = broth- .agar- agar-

Conditions aerobic aerobic anaerobic  aerobic  aerobic
' Buffer aerobic aerobiec aerobic aerobic = anaerobic
Conditions ‘
arginine ' 75,75 87.25 61.75 68,75 66,0
aspartic o 50,0 43,0 39,0 - 45,0 42,0 !
_acid ‘ .
glutemic 21.0 25,0 15.5 27,5 26.0 ;
acid ) i
o
histidine 37,6 40,8 38,3 34,0 33,5 s

proline 47,0 - 41,0 24,0 4.5 17.5
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slight increase in smmonia formation over the~aneerobic'buf—
’fer cultures except in the'case of proline which formed only
khalf the ammonia anaerobically that it dld aeroblcally, This
'fact is further ev1dence for the hypothe51s that the opening

of the pyrollidine ring ig an.oxidatlonreactlon°

»

The Rate of Ammonia Formation.

The gquestion of how ranldly the ammonia is liberan

wted from the various amino 301ds was partially enswered by an

‘experlment (VI) on the rate of -ammonia formation from the:ﬁﬂe 1

,léﬁino acids by*Proteus’ichthyosmlus. Six sets of buffer cul=-
| tures were. prepared and the ammonla determlned at the end of
'ftwo hours, one, two,«three, four and five days' 1ncubatlon
 respective1y;';The fesults are recorded’in'téb1e~7 and’are
shown. graphlcally in flgures 16 to 20 inclugive. -

ThlS experlment shows clearly that the deamlnatlon

of aspartlc acid takes place Wlthln twenty—four hours, where-e

as‘the ammonia formatlon‘from the other’ fogr amlno acids
increasee steédiiy over fhe five days of inoubation°

Later experiments oarrled out as controls in the
carbohydrate, series show that the maximum ammonia formatlon
’from glutemic acid, hlstidlnevand prollne by Eroteus 1chthyf
oemius is’nOt reedhed after only five‘days’Vineﬁbation,'but'

continues to rise for fourteen days in the case Of’histidine,

r‘and for tWenty—ene>days for glutamio acid and pfoline. These

,flndlngs have been complled and are presented in flguresnabove.

Afplcture of,the ammonia format;on‘from the five

amino acids by Pseudomonas putrefaciens is given in the same




The Rate of Ammonia Productim by Proteus

ichthyosmius and Pseudomonas putrefsciens.

Experiment VI

Table ’ 7
) Figures 16 to 20 inmclusive
- Proteus ichthyosmius = blue

(Experiment VI. - June 1942)

Proteus ichthyosmius - korange
(Experiment X. - October 1942)

Proteus ichthyosmius = green
(Experiment XII - June 1943)

. Pssudomones putrefaciens = wviolet
. (Bxperiment XI - Jamery 1943)

Pseudomonas pubtrefaciens = red .
(Experiment XIII - July 1943}

¢




Rate of Atmonie Production

amino acid

Arginine
Aspartic acid
Glutamic acid
Histidine

Proline -

‘age of buffer culture in days

. TABLE 7.

Proteus ichthyosmius

2 hrse. 1 2 3 4 5
1.5 55,75  56.0 620 72,0 83,0
3.0 49.5 50,5 48,0  49.5  50.0
2.0 40 9.5 18,0 26,0  26.0
0.6 43 12,0 27.6 39,3 43,0
3.0 4.0 8.5  14.5 29,0  52.0
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~ gerles of figures compiled for Proteus ichthyosmiusyabove.
| These figures will be discussed in the section
titled "Discussion.

Effect of the Presence of Carbohydrates in the
Medium on Ammonia Formetion.

Ugl. Fermentation of Carbohydrates in Shake-Agar

;Cultures by Two Surface Taint Producing

Bacterial Species,

'sPrior to undertaking an extenSive investigation of
’”the~effect of fermentable and non-fermentable carbohydrates
on the ammonis producing activities of the two bacterial
species from amino acids, it is necessary to know the sugar-
fermenting abilities of«Proteus~iohthyosmius and Pseudomonas
'putrefaciensa In order to obtain these data;, shake agar
cultures prepared from nutrient agar and using brom-cresol-
purple as the indicator were employed. In the first experi-
ment (VII) 8 one~percent concentration of each of the '
‘fOllOW1ng carbohydrates, added to the medium prior to steril-
ization, were used- glycerol xylose, arabinosegkmannitol,
rﬂlaevulose,,glucose, galactose, sucrose, maltose, lactoee,‘
fraffinose,finulin, dextrin, salicin,,and dulcitcl, The
cultures were observed for acidyand/orkgas production after

f Mforty-eight‘hours' incubation at SO°tC, end are recorded in
";:table‘S; : | | |

| 'The slight amount'of'acid producedifrom 1aCtose by

, these*microorganisms'whidh are not supposedfto ferﬁent lactose
at all, suggests that possibly sterilizing the carbon and

, nitrogen sourced together bresks down & small wnount of the



(Carboh‘and,NitrogeﬁkSoqrces Sﬁerilized Together)

kShakeﬁAgar Sugar Fermentations

Carbohydfage, Proteus,iéhthyosmius © * Pseudomonss pufrefaciens
N | acid alkéline':fgasf acid alkaline .gas
glycéribi =+ id s i 0 L
. 'xyloég | o 0 0 o 0 0
“;arabiﬁo§e* f 0 O 0 surface | 0
mB-IJIll'bOl | T *0 A 0 -+
o iaevul&se 4%%41' ‘Q ‘ 14; o 0 ++
glucose - i o A - 0 -t
gaiac'tos"e [y 0. +h it 0 ++
~ksucrésel - : 0 '+++ '+++ 0 e
m31%ose EEEES y 0 et FEE 0 %+
kiaétpseﬁ ; traéé :surface E L +F ‘surface 4
'_,raffinose frace surface -+ o ; | 0 +
inﬁlin 0 “surface', £r%pe 4+ surface tréce‘ |
~dextrin At 0  +  . surface  trace
'sa;.lioliiiri oM 0 - A 0 e
:,dulcitél 0 surface  trace +n oo surface ﬁrace‘
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lactose into its compohent sugarsk— glﬁeoSe~and galactose -
‘both of’WhiCh are readily fermentede In order to eliminate'
‘this possibility, the experiment (VIII) was: repeated
~ employing the technique of sterilizing the carbohydrate
ksouroe separately andiadding it to/thekmedium aseptically
\tjuetiprior to inoculation. vThe cultures were incubated
at'ﬁoooG;‘and,observed at~twehtyéfour; fOrty-eight and
‘ n‘inety-six hour intervals for aoidit;y, -alkalinity Gﬁlnd‘{gas
*%iproduetiOn; 'The findings'are giVen in tables 9 and 10.

This experiment shows that Proteus ichtbyosmius

i-produces acid and gas from glycerol, mannitol, glueose,
galactose, suorose, maltose,~dextrin and salicin and has -
no. immediate action but goes slowly alkaline in xylose,'
laotose, dulcitol and the water control' Whereas

' Pseudomonas putrefaciens produces scid and gas from xylose,
. mannitol, glucose, maltose and salicin, slowly produces
'aoid with no gas from glycerol, and has no Immediste |
resction but slowly goes alkaline in lactose, dextrin and
the Water control. The differentiating sugars for these
mictoorganismseare xylose ahdtdextrin: Proteus
~iehthyosmiustferments dextrinvbut not xylose while

- Peeudomonas putrefaciens ferments xylose but not dextrin.




»Carbohydrate

TABLE 9

- Shake-Agar Sugar Fermentations

(Carbon and Witrogen Sources Sterilized Séparately)

Acid

Proteus ichthyosmius

o Alkalines  Gas

k f g1ycer§1

- xglose
mannitol

‘glucqée

galactose

sucrose.

amltosé
lactose
dextrin

salicin

duleitol -

wter ()

24hr, 48hr, 96hr.:

24hr. 48hr, 96hr,  24hr, 48hr. 96hr,

e

A

felfeifiiges

-sur, - surface

i1

0 0 0
0
suf.

SUre . SUr.

i

o




TABLE 10,
Shake-Agar Sugar Fermentetions:

" (Carbon and Nitrogen Sources‘Sterilized Separately)k‘

>

-y ' S ' Psesudomonas putrefaciens

Carbohydvate  Acid Alkaline cas

24hr, 48hr, 96hr, \2'4;}11"-[ 4:8}11',1._96*}1_1',5. | 24;1?. 48hr, 96hr
’glycerol‘ / t;adé + ":44-“ .0 0 sﬁr,‘, -0 trace trace
fxylose Fh v +F e k, 0  sur. sur.  trace & ) k.+k
'ﬁami’wl A o+ 0 sur. swr. b b e
+++% =+ | sur; ~su£- s:r. i R
-++%+ ++%+ éur. sur, sz}. | S+t 4+t "++

glucose
galactosé
_.sucrose

+

bR bR SUr, sur. sur. 4 4k 4
T o o sur.: SUTe sur. R R Rk

maltose~ix

0 .0 o 0 + 0 0o o

A

lactose
| dextrin ’ : trace trace ) sur. sur. sur, = ‘trace trace trace
osalicin e b O 0 0 R =

duloitol 0. 0 0 sure b HH O 00

i
% ,

water‘(K)f 0 0] O sur.

sure = surface
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2. Effect of the Presence of Carbohydrates in the

Growth and Buffer Media on Ammonia Formation.

The literature contains conéiderable data and a
 number of theories on the effect of fermentable and non-

 fermentable carbohydrates in the growth and buffer media

‘,‘ on,the subsequent aetivity of ammonia'preducing enzymes

.from véribus speeies Of*microorgahiSms,‘ With thekobject‘
of investigating the effect of a number of carbohydrates
fon the ammonia formation;from arginine, aspartic acid,

~ glutamic acld, histidine and proline by Proteus 1chthy-

osmlus and Pseudomonas putrefaciens a sgerles of experimentse

was undertaken°

. "The objeet of the first experiment (IX) in this
;series was to determine the’effect of the preSenCe of
one pereent glucose in the growth medium on ammonia
~formation from arginine, aspartic acid and glutamic acid
’in buffer media containing gluo@se, sucrose, maltoseg |

1actoge, glycerol, mannitol or water (control) respec-

| 'tive1y~by;Proteuskichthyosmiusg The cultures,were‘pre—

pared as outlined in the generalkprocedurevand incubated
at 30° C. The ammonia from aspartic acid was determined
gafter”twentynfotr hours! incubatiOn,kfrom glutamic acid

after four days and from arginine after five days. The
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results are shown in table II and figures 21, 22 and 23. |

The gluoose growth agar flask wasg incubated for

- forty-two hours before harvesting the bacterial cells and
 the growth‘was still only about twenty five percent of that
kof the eighteen-hour non—glucose agar flaskf In general,
“the presence of glucose ln the growth medium only slightly n
decreases the quantlty of free ammonlsa in the tubes,‘ The
amount of,free ammonia from_the two sugars'fermented'most
_‘;rapidlykby‘Proteus’ichthyosmius‘is more than twice as

great empIOying the‘Cells grown on glucose free agar as
o

o that using the cells grown on glucose containing agar.

eThe volume of free ammenia from arginlne 1s greatest in the
water control and the lactose containlng cultures, less in
the maltose, glycerol and mannitol containlng cultures

and least in the glucose and sucrose contalning cultures.
The quantlty of emmonia from aspartic acid in the
yfculcures'contalning glucose,andfsucrose is the same for

the cells grown on the two types of agar Whereaé‘in the"
culture contalning lactose, it ié about twentyaflve percent
greater. employlng cells from glucose free agar than cells
_“from,glucose oontalnlngragar.7' In addition, -there is no
marked difference in the amount of ammonia\presenifinAthe‘
'cultures containing~the various carbohydrates; ThefCultures,
containlnv lactoge and the water control show g small gquan-
; tity of ammonia that is slightly greater from cells grown

'on glucose free agar than those from glucose conbaining agar,



The Effect of the Presemce of Cerbohydretes in the
Growth end Buffer Media am Ammonisa Production by

Proteus ichthyosmius.

Experimsnt - IX.
Table - 1.
,\ )&
Figures - - 21, 22 snd 23.

Grovth Medium:

Glucose-Free MNedium - straight line
Glucose-Containing Medium - broken line.

Buffer Medivm:

Water (control} = red

Glucose - violet
Suecrose . = green
Meltose = ‘brown
Lactose - orange
Glycerol = blue

Menni tol - black



Groﬁth

Effect of the Presence of Carbohydrates in

TABLE 11.

the Growth and Buffer Media

Buffer Aspartic Glutanic

Mediwmn Me dium Arginine Acid Acid
no glucose no suger 62.5 38,5 17.0
glucose no sugar 54,0 34,5 10.5
no glucose glucose 28,75 35.5 2,5
glucose glucose 10,5 36,0 0,0
no glucose sucrose 3265 39,5 2.0
- glucose sucrose 13,0 40.0 0,0
no glucose meltose 39.0 41,0 2.5
glucose me.ltose 34.0 33,0 0.0
no glucose lactose 59,25 43,5 9,0
glucose lactose 54,5 31.0 5.0
no glucose glycerol 46,0 44.5 5,0
glucose glycerol 40,5 39,0 0.0
no glucose mannitol 36,25 37,0 4,0
glucose mamitol 31,25 29,0 0.0
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h‘/while there is only a‘slight amount of~ammonia from cultures
)cOntaining the remaining fivefsugars when cells from ‘glucose
”‘free agar are employed and no ammonla when those from glucose
‘containing agar are used | |
With the object of determining the effect of the
- presence‘of fermentable and non-fermentable carbohydrates in
the buffer medium upon the rate of ammonia formation from the
"five amino acids by Proteus ichthyosmius and of determining
_the eXtent to.which the organism‘may utilize ammonia as a
\nitrOgen”source for cell reprOduction, the second experiment

‘;(i).was undertaken. The eleven carbohydrates employed may

- be divided into three groups based on their rapidity of acid

lproduction by Proteus ichthyosmius'

Groug l - composed of glucose and sucrose are rapid acid
formers, | : | '

Group 2 - cOntaining'glycerol mannitol galactose, maltose,
‘dextrin and salicin produce acid but not 80 rapidly as group

- one - acid production from glycerol being much slower than

i that from the other carbohydrates dn this group,

Group 3 -vincludes xylose, lactose and duleitol which fail

",‘to give acid when acted;upon by~Proteus'ichthyesmius;‘ Dis-

“tilled water wes. used as a control to determine the quantity
yof ammonia formed in the absence of a carbohydrate.~ The
,cultures were set up in seven. groups and 1lncubated at 30° C.
*for one, two, three, four, six, eight and ten ~days respect-

1;ively.\ The quantitykof free ammonia present 1in each of thec

cultures after each period of 1ncubatlon is recorded in -



The Effect of the Presemce of Carbohydrate

in the Buffer Medium on the Rabe of

Armonia Production by Proteus ichthyosmius.

Experiment Xo
Teables 12 ‘o ié inclusive
~Figures 4 24 %o 28kinclusive
Carbohydrates:
Water (contol} = red
Glycerol | = blue
Xylose | - .green
Mennitol = broken blue
Glucose = violet
Gel actose - brokeﬁ green
Sucrose . = broken violet
Maltose = broken orange
Lactose ; - orange
Dextrin © = brown
Salicin = broken brown

Dulcitol = broken red



TABLE 12.

Effect of the Presence of Carbohydrates

Proteus ichthyosmius Arginine

age of culbture in days

carbohydrate 1 2 3 4 B 8 10

. glyoerol 49,0 49,0 46,75  46.75  46.5 40,0 41,5
xylose 56,5 47.5 51,0 49,25 56,0 71,0 79,5

mannibol 36.9 38.75 38,75 36,75 34,5 - 36.75
glucose 5.25. 8.5 12,75 15,0 20,75 - 24,25
galactose 41,0 39,0  B5,75 39,5 3145 - 36,0
sucrose 12,0 18,0  22.5  24.5 24,0 - 25,75
meltose - 40,0  38.25 35,0  38.5  33.5 - 37,75
lactose 49,5 BLl.75 54,25 61.5 = 59,5 - 74,0
dextrin 56,0  35.25 35.5  55.5 32,25 - 36.25
salicin 42,0 42,25 40.75 41.5 59,5 - 43,25

duleitol 47,0 56,25 59,0 62,0 64,5 - 77,0

water . 45,5 58,0 57,0 56,5 58,25 - 78.5



Proteus ichthyosmius

carbohydrate

glycerol
xylose
mannitol
glucose
galactose
sucrose
maltose
lactose
dextrin
salicin
dulcitol

water:

TABLE 13..

Effect of the Presence of Carbohydrates

Aspartic Acid

age of ¢ulbure in days

% .2 3 4 6 8 10
45 45 '45 43 k42 43 39

, -

49 a7 a7 49 46 48 48

45 43 42 44 34 35 39

42 ’42 39 141 34 - 39
43 44 42 ‘41 31 33 '42

44 45 42 43 '33 33 ~42

40 38 32 37 27 28 '35

4 48 41 44 37 41 48

40 37 35 34 ‘30 32 39

44 46 - 47 46 44 44 '50

52 48 47 50 47 49 ‘51

51 50 47 48 46 42 49



TABLE 14.

BEffect of the Presence of Cérbohydrates

a

Proteus ichthyd smius Glutamic Acid

age of culbture in days

1 2 3 4 6 8 10

c.arbohydra'be’
| ‘glyc’efol 5 6 6 4 1 0 0
xylose g 8 " 9 13 17 21 33
mannitol 1 0 0 0 0 0 0
glucose 1 1 0 0 0 .0 0
ga.lactoske 0 0 0 0 0 0 0
sucrokse ‘2 0 0 0 ¢} 0 0
maltose ) 1 0 0 0 0 0 0
lactose - 8 10 10 12 - 17 18 21
dextrin 1 0 0 0 0 0 0
salicin 3 1 0 0 0 0 0
dulcitol“' 10 - 13 16 26 32 37
water 10 11 13 20 28 27 42
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TABLE 15,

IS .

Effect of the Presence of Carbohydrates
Proteus ichthyosmius Histidine

age of culture in days

1 2 5 4 6 8 10

carbohydrate |

-(glycerdl ‘ 3.6 8,0 13,3  21.3  21.3 20,6 22,0
xylose 3.5 9.5 29.3 Bl 52.6  53.0 55,0

 mennitol 06 1.6 ‘W 0.6 4.6 | 4,0 943 8.6
glucose o 0 0 0.3 0.3 0,3 0.6
galactose 1.3 1.6 2.0 2.3 246 3.3 3.6
sUCYOSS - 0 0 0 0;6 0.6 0.3 0.3
maltose 0.6 0.6 1.3 1.3 2.0 3.0 4,0
lactose 2.6 9.3 12,6 195 22.6  24.6 26,6
dextrin S0 0.3 0.6 1.5 1.3 2.0 2.6
selicin 2.5 4.6 5.0 6.0 1.0 5.0 5.3
duleitol 3.3 13.6 .21,527 31.0 35,0 36,0 40,6

water 2.6 12,0 20.6 27,3 32.3 35,6 3760



" TABIE 16.

Effect of the Presence of Carbohydrates

Proteus iohthyosmius

Proline

age of culture in days

1 2 3 4 6 8 10
carbohydrate
glycerol “' 1 2 3 0 0 0 0
‘xylose 2 6 9 11 19 25 31
 mannitol 0 0 =0 0 - 0 0
glucose 0 0 0 0 - 0 0
gelactose . O 0 0 0 - 0
sucrose 0 0 0 2 0 0 -0
meltose 0 0 0 0 - 0 0
lactose 2 4 8 9 1o 10 14
dexbrin o o 0 0 - 0 0
selicin 0 0 0 0 - 0 -
duleitol 2 7 12 21 28 2 -
weber - : 3 8 11 23 18 28 35
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Figure 24.
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Figure 25
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Figure 26

Proteus ichthyosmius Glutemic Acid
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Figure 28

Proteus ichthyosmius : Prolire
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il‘; tables 12 to 16 inclusive and interpreted on figures 24 to

28 inclusive. |

The results show clearly that for arginine,
'xdglutamic acid, histidine and proline, the quantity of free
| ammonia present in the cultures is dependent in most cases
on the rate of a01d production from the respective car-
| bohydrates. This observation can be seen most readily in

"~ the case of arginine, figure 24 Xylose, dulcitol'and

‘lactose do not show acid productlon after ten days 1ncubation

ei and the quantity of free ammonia for these carbohydrates is

‘fkequal to that from the water control Salicein, glycerol

maltose, mannitol dextrln and galactose exhiblt acid pro-

| 'duction in 48 hours and do not show any increase in free

ammonia after the first day. Glucose and sucrose are more
: rapid acid formers than the second group of carbohydrates and -.
’do not demonstrate 80, great a quantity of free ammonia from
u‘the beginning of the experiment aS~either group two or three,
‘No growth in the cultures containing the first group of -
ksugars ‘was observed but in those éontaining the second and
‘,third‘groups growth was presentl Thus it is seen that
4’Pr‘eteus '.ichthyosmius appears to have the ab1lity to use the
‘ products of carbohydrate breakdown &8s carbon sources and the

,ammonla as a nitrogen source for cell multiplication in the

'kcase of the latter groups of carbohydrates resulting in &

'rdecreased amount of free ammonia,
: When the flgures for glutamic acid, histidine and

uproline (figures 26 27 and 28) are considered the results
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feobtained are, on the whole, similar to those recorded in the,
,;:case of arginine, Inspection of these figures shows that
the total amount of ammonia formed is considerably less but
: that the influence of the specific carbohydrates on the -
| relative amount of ammonia formed is unchanged,’ practically
\/no ammonia being formed in the cultures containing the first
| and second groups of carbohydrateso | ,
A striking difference between arglnine on the

one hand and glutamic acid histidine and- proline on the
'other hand 1is to be seen when the amounts of ammonia formed
during the first twenty-four hours incubation are compared

~This dlfference is undoubtedly related to the chemical

. structure of the amino acids and to the mechanism of

breakdown possessedfby Proteus ichthyosmiuse This interestingA

relationship will be considered in the final discussion and
i’will be compared and contrasted with that of Pseudomonas
:putrefaciens. | }

In the -case of aspartic acid, a picture distinct

'pifrom that obtained for the other *four amino acids employed
,;is to be’ seen, figure 25, Tt will be noted that for this
f ,amino acid,‘ammonia production occurs rapidly, deamination of
kf;the natural isomer of dl- aspartic acid being complete within

ftwenty-four hours’ incubation, Whereas in- the case of the
other four amino ‘aclds, ammonia formation takes place at the
'same time as acid production, a postulate which has been
confirmed by later work, (vide experiment XIII) As the time’

o,dof incubation increases, in the case of aspartic acld;- the
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fﬂlevel of free ammonia in’the‘cultures‘containing the‘fer-
mented carbohydrates decreases only slightly, with a slight
increase in the number of bacterial cells, while that in the
cultures of the non-acild producing group remains practically
unchanged In the presence of ample quantitieS“of carbon and
nitrogen sources in the cultures, one would expect more

B active cell multiplication with a correspondingly greater ‘
decrease in the free ammonia present. This lack of activity
~fsuggests that possibly'the conditions were not optimum for
tthe growth of the organism.’ : | ,

' The experiment was repeated (XI), employing
Pseudomonas putrefacieis in place of Proteus ichthyosmius,
and, in order to - determine if pH was the limiting factor en-
countered above, brompcresolnpurple indicator was added to -
the set of cultures to be left for the longest period of in—
,cubation. A control set of cultures containing carbohydrate

without an amino acid was . set up to determine the changes in

~ pH of the cultures in the absence of cell growth The

“cultures were incubated at 500 C;{ After twenty- four hours'
fincubation, the cultures containing fermentable sugars showed
:kmarked acid production and 1t was decided to determine elec- |
Jtrometrically the final pH of the- cultures prior to the |
determination of the ammonia content, Because of unusual
"weather conditions, the University was eclosed for a number of
ddays preventing the carrying out of determinations at all
‘intervals employed in experiment X, one set of cultures of

1necessity was not completed until an interval of twenty four
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?days' incubation had elapsed It was not possible to‘complete
kbthe work using aspartic and glutamic acids, but the results |
for the early days of incubation indicate that in the presence
of certain carbohydrates there ig marked acid productlion and |
'the PH of these cultures is reduced below the level required
L for bacterial activity.‘ These results also show that aspartic
acid is deaminated more slowly by Pseudomonas putrefaciens
~than by Proteus ichthyosmius, while glutamic acid is deamin—

ated at about the same rate by both species of bacteria.

‘,fThe results obtained for- arginine, histidine, proline and

'ithe water control are given in tables 17 to 20 inclusive. and
_figures 29 to 35 inclusiveey : ‘

: The unaveidable delay until the last get of cultures
.was twenty—four days old when the ammonia content was deter-

‘mined shows that in the case of arginine and proline the

ammonia formation by Pseudomonas putrefaciens is not at its

k"maximum at ten days 1ncubation.

The carbohydrates are divided into three groups

;based on their acid production byg?seudomonas putrefaciens.

. 'The first ‘group 1ncluding lactose, dextrin and dulcitol does

inot produee acid in shake- agar cultures, the second contains
glyoerol which produces acld slowly, while the- third group
made up of xylose, glucose, mannitol, galactose, maltose,
sucrose and sallcin shows rapid acid production. ‘The pH
;determinations on the control gseries containing carbohydrates
uOnly, shown in‘figure 35, also'clearly divide the carbo;

hydrateS‘into the“same;three groups; “The pH recording for



The Effect of the Presence of Carbohydrate.

&

in the Buffer Medium on the Rate of

Ammonia Formation by Pseudomonas pubrefaciens.

Bxperiment XI.

Tebles - 17 o 20 inclusive

Figurgs 29 bto 35 inclugive
Carbohydrates

Water (confrol)
Glycerol
Xylese
- Mannitol
Glucose
Galactosef
Sucrose
Mel+tose
Lactose
Dextrin
Salicin

Duleitol

red

= blue

[

green

~broken blue

= violet

= broken green

= broken violet

- broken orange

= orage
- brown
= broken brown

= broken rad



TABLE 17. |
' Effect of the Presence of Carbohydrates
Pseudomonas putrefaciens o e , Arginine

: age of culture in days

&«

’ 2 2 B 4 8 8 24
CARBOHYDRATE ‘ |
glycerol 1. 0.5 0,56 0.5 . 1.0 0,25 1.0 44,25 :
. 2‘ ’ 6.90 6,'80 6065 6.55 ‘6530 6,25 . 705 f
* xylose E ~,i. 0,25 ‘~O“ 0 0+.25" 0:25 4,25 45,75 ‘i
o 2o 6.95 5,75 . 5,40 5,45 5,60 6,50 . 7,05 :

0.75 1.5  11.25 - 42.25

mamnitol 1. 0.25 0.5 0.75
- 2.°6.40. 5.55  5.45  5.30  6.05  6.45 . 7.05
glucose 1. 1.0  0.75  0.75 1.0 0.5 6425 54,25
S 2. B.75 5.05 5,10 5,00 5,10 5,85 7,15 :
Cgalactose 1. 0,75 1.0 1.0 0.25 0.5 1.0 48,5 - 4
2. 5.80 5,25 5.5 5,20  5.25 5,80 7,15 :
sucrose | 1o 1.5 1.5 - 1,25 075 0.5 3.0  40.5 ;
| 2. 5.80 5,45 5  B.50 5,75 5,50 7,05
maltose 1. 0.5 0.5 0,25 0.5 0O 5,75  45.5
| 2. 6.90 “6.00° 5,50 5,05 5,25 6,20 7,10
lactose 1. 1.0 3.0 2.75  6.35 6.5 15,25 42,75 |
., 2. 6,95 6,95 7,10 - 6,90 6,85 6,80 6,05 !
dextrin, le 1.256 3.0 . 5,0 6,75 9425 13,0 50,5 ok
2. 8495 6,95 6,95 6,90  7.05  6.95  7.15 :
salacin L. 0,25 0.75 0,75 1.25  1.25 0,75  2.25 f
o 2. 6.55 5.40 5,30 - 5,20  5.40 5,10  5.15 v
duleitol 1. 1.5  3.25 1,0 6. 6.5 11,0  84.5 ,
2. 7.00  7.00 7.06 6,95  7.05  7.06  7.55 :
water 1. 175 2,75 6.5 B.5 7.5 8.5 78,75 ;
R 2. 7.00 7,00 7,05 7,00 7,05 7,05  7.55 ;




TABLE 18.

Effect of the Presence of Carbohydrates
Pseudomonas putrefaciens ' ‘ ' Histidine

'S

age of culture in days

1 2 4 9 24
Ca.rbohydrate
glycerol 1. 340 4,3 10.6 20.6 373
2. 7,10 6,75 6.60 6,20 6455
xylose 1. 3.0 343 4.3 8.3 10.6 i
2. 7.10 6,05 5,45 5.25 5,30 :
mannitol 1. &0 3.6 4,3 6.6 16.6 :
26 6-50 5065 5060 5020 6 lO
glucose =~ 1, 0.3 1.0 1.6 3.3 16,0 :
2. 5,65 = 4,90 5,10 5.25 6,425 :
galactose 1, - 1.3 1.6 2.6 4,3 .
: 2 5,80 5,05 5,30 5,30 5,15
sucrose 1. - 2,0 4,0 8.6 20,3
2. 5,90 5,40 5,65 5.45 6,00 |
maltose 1. - 8,0 7.3 13,3 13,0 ?
2. 7,05 5,80 5,30 4,90 4490 _
lactose 1. 3,0 8.3 14,6 45,0 5446 .
2, 7.15 6,95 7,20 7,05 6605 \
dexbrin 1. 4,6 11,0 30,6 50,0 49,0
2. 7,15 6095 7,20 7,20 6695
salicin 1o 2,0 3.3 5,0 64,0 8.3
2. 6,75 5,85 5,50 5,55 5640
duleitol o 1. 5.6 12.0 37.3 51,0 55,6
2. 7025 7,10 740 7.55 7,90 .
water 1, 6.0 10.6 39,6 57,0 55,6 f
2. 7425 7405 745 7.70 7690 '



Effect of the Presendée of Carbohydrates

Pseudomonas putrefaciens

-

Carbohydrate

glycerol
xylose
mannitdl
glucose
galactose
sucrose
maltgse
lactose
dextrin
salicih
duleoitol

water

1.
2

1.,

2

1.
2s.

1.

2

1,.

2

e
2;“

TABLE 19.

Proline

age of eculbure in days

2 4 9 24
1 0 1 8 32
6.85 6,55 6455 6,05 6,50
- 0 0 1 2
6,80 5,95 5,55 5,05 5,00
-2 0o 0 2 5
6.65 6,05 5,65 5.35 5,05
- 0 o 1 5
6,05 5,25 5,20 5,20 5,00
- 0 o - s
6,05 5,35 540 5,20 6,25
- 0 0 - 5
6.15 5.65. 5,55 5,75 5,75
-f O O - 2
6.80 6,15 5,25 4,85 4,80
3 0., 11 21 40
6.95 6.65 6495 6.55 5,80
4 8 8 16 17
6,85 7.35 6.95 6.80 6,85
0 o 0 - 3
6,65 5.90 5.60 5.35 5,35
7 14 20 4 70
6,95 680 7,15 7 045 7,05
5 12 25 39 71
6,95 6,80 7.15 7,10 7,05
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 TABLE 20.

Fermentation of Carbohydrates in the Absence

of a Nitrogen Source,

Pseudomonas putrefaciens

Water (control)

age of culture in days

1 2 4 9
Carbohydrate

glycerol ; %:go 17.10 7.25 éo7O
xyiose/ 725 é.65 6,55 5,15
mannitol 7,20 6,80 6.85 5,60
glucose 5@60 '5095 5,65 ’5,30
galactose 6.60 5,90 5,85 5.05
sucrose 6.65 5.95 6.05 5,65
maltose. 7.55  6.85 6.85 5.95
lactose 7440 7,20 7045 7.20
dextriﬁ 7440 7.15 7.40 7.25
selicin %.10 6.55 6.45 5.50
duleitol 7,40 7,30 7.65 7,05
witer 7.35 7,60 7.45

7640

(figures express final pPH of cultures)



Figure 29

Arginine

Pseudomonas putrefaciens
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Figure 30

Pseudomones putrefaciens Histidire

70




Figure 31

Pseudomonas putrefaciens Arginine

FPigure 32

Pseudomonas putrefaciens Histidine
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Pseudomones putrefaciens

Figure 33

Proline




Figure 34

Pseudomonas putrefaciens Proline
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pH
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Figure 35

Pseudomonsas putrefaciens Water (control)
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| pH
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5.0 i




'_ 48 -
,for’the‘first nine days of‘incubation, as seen in fignre 31,
‘ﬁ52 kand 34 ehow that'the carbohydrates are fermented in a
similar manner for the three amino acids, indlcating that
‘the process of fermentatlon is independent of that of ammonia
formation, These filgures alsojshow tnatkacid'production from'
ilactose oceurs afterfnine daYs incubation,VSuggesting that
‘fthe.preakdown of this sugar isfcaused by an adaptive enzyme
'Whereasithe fermentatiOn of thebmore:rapidly attacked engars
'is.causedjb&yconstitutive*enZymes. |
Ammonia'formation from arginine by Pseudomonas
tpntrefaciene<increigee steadily antil atlleast twenty-four ;
“daysfiincubation,‘and as the ammonia content'inoreases’the pPH
"of the cultures increases except for salicino In this culture,t
'although the decline in pH 1ndicates bacterlal activity, no
ammonia,is formed as the incubation period proceeds nor is
,ffthere~a eubsequent increase*in‘pH It is possible~that'the
’d failure to form ammonia in the case of salicin 1s due to the
elaboration of toxic products of fermentation preventing
gfurther,bacterial activity. Sallcin, being a glucoside of
nglucose'and phenol Willf on hydrolysis to yield glucose as
a carbon source, give a hydrolytic residue which has phenolic
‘lproperties. Acidity alone could not be the reason for this
yceSSation of act1v1ty since the pH of*the culture containing
dglucoee reachedfa‘10wer level than tnat’of the one containing
salicin, - e '
5 The maximum quantity of amnonia produced from

,;histidine by this bacterial spe01es 1s reacnea;by nine days
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:,incubatiOn,in the'cultures‘ccntaining the non-acid producing'
’.~carbohydrates. In the cultures‘containing glycerol, sucrose,
mannitol and glucose, the ammonia content increases up to
' twentyufour days incubation with a correspondlng increase in
"pH, as may be seen in figure 32, | The culturesvcontaining
f maltose,fxylose, salicin and galactose, on the other hand,
ido not increase in pH or ammonia content after nine days ’

: incubation 1ndicat1ng that activity has ceased in these tubes’
k at nine days. |

The results obtained With proline show that when
; the pH reaches tooﬁlow a level, as in the cultures containing
 salicin, mannitol, glucose, Xylose, sucrose and maltose,

'activ1ty decrease markedly and the bacteria cannot produce
‘,ammonia to overcome the unfavourable acidity as they do in
the cultures containingfgalactose.; The culture containing
salicin did not reach as low a pH as that containing galactose,

~but it did not show an: increase in ammonia suggesting, again,

~that there is something among the breakdown products of

hsf salicin that is not present in those of galactose and that is

Vﬁcapable of preventing further bacterial activity.;

’ The question that arises from these results is that
ulf the pH could Dbe controlled by increa31ng the buffering

. power of the cultures, would ammonila be formed in the presence
of acid-forming carbohydrates9 In an attempt to obtain data
'_on this aspect 0f the problem, experiments employing five key
icarbohydrates in the presence of varying buffer concentrations

iwere undertaken employing Proteus ichthyosmius and Pseudomonas
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putrefaciens. The carbohydrates selected were glucose -
tfrom which both species of bacteria produce acid, glycerol ~--
"showing slow a01d formation by both species, lactose -- from'i
_which”no acid\is formed by-either‘speoies, xylose -~ from
which Pseudomonas putrefaciens produces acid but Proteus
7 ichthyosnius does not, and dextrin -- from‘which Proteus
iichthyosnius produces acidtbut Pseudomonas putrefaciens does
~not; A control of distilled water in place of the carbohydrate
kkwae used to determine the ammonia formation in the absence of
e;carbohydrate.‘ ’
i o In the first experiment the action of Proteus
ichthyosmius on arglnine in the presence of three buffer‘
‘concentrations was studied | The first set of cultures had a
final buffer concentratlon the same as that used in previous
1experiments, M/ZO the second had double the buffer concentra-
tion, M/lO, and the third had four times the buffer concentram
tion, M/S.‘ Bach set of cultures was prepared in six groups
‘and incubated for one, three, six, ten, fourteen, and twenty- .
- one days respectively at 500 C The final’ pH of the cultures‘
 and the free ammonia content are glven in table 21 and
figures 56 to 39 inclusive. 'For the sake of clarity in
kpresentation, the results obtained when M/lO buffer was em-
;iployed are not portrayed These results fell between those
'l;found for the lower and higher buffer concentrations.
k The results of this experiment show that an increase ;
of four times the buffer concentration controls the pH of the

emedium and prevents the fermentation aclds from lowering thef




,1_;51'§

i pH to a'level unfavourable to ammonla formation. This fact
is brought out most clearly in the.cultures containing
glucoSe; In‘the presence‘of'M/2O buffer concentration, the
pH of this culture dropS‘to pH 5.3 and does'not'rise to any
“cons1derable extent wlth the: result that the quantity of free
ammonia is small. When, however, the buffer concentration

k is increased the pH of the glucose cultures drops only to
pH 6 5 and the quantity of ammonia increases to the" same
,amount as that in the. cultures containing dextrin and glycerol
\the other carbohydrates from which this organism produces ,
'acid‘~ In the cultuges containing dextrin, in the presence’
~kof M/?O buffer, the  pH does not drop below pH 5.5 and because

of the greater ammonia formation and - the slower rate of acild

‘fiproduction during the first three days of incubation, as

’compared With the glucose containing ‘cultures, the bacteria
;‘remain active and continue to produce ammonia and as &a
,’result, raise the pH of the medium practically to its
‘original hydrogenion concentration - pH 7. 6 Whether the pH

.is raised directly by the increased ammonia, or indirectly

by the bacteria using the fermentation aclds as carbon sources

',‘With the ammonia as a nitrogen source for cell multiplication,“f't

~iis a question Which cannot be. answered at present

| Another interesting observation from figures 58 '
rand 39 depicting the pH changes by Proteus ichthyosmius is
‘,that in the presence of arginine, lactose is broken down
with considerable acld production after ten days! incubation.

The specific influence of arginine on acid production from
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‘lactose 1s apparent when the action of this organism.on
lactose in the presenCeTOfVOther~amino‘acids,is-considered,
‘,(Vide infra) | | | | |
In order to obtaln more data on the influence of
‘buffer concentration on ammonia formation, experiment XII
wag extended to include the action of Proteus. ichthyosmius
~ on aspartic acid, glutamic acid histidine and proline,‘and
of Pseudomonas putrefaciens on the same five amino acids in
the presence of M/QO and. M/5 buffer concentrations employing
~y each of the five carbohydrates used above.‘ The results of
‘this experiment (XI%I) are recorded in tables 22 to 30 in-
“Ac‘clusive~and interpreted in figures 40 to 75 inclusive,
| ‘ In general, the findings of this experiment show.
that increasing the concentration of the buffer prevents the~’
'lowering of the pH of the cultures by the fermentation acids
'to a level that is unfavourable and, in some cases, fatal to
kfurther bacterial activity. This control of the pH of the
kculture medium permits ‘the bacteria to continue to elaborate
”ammonia'and in the presence of awallable carbohydrate,_to}i
iuse the ammonia for cell'multiplication,’ |
A more ‘detailed examinatlon of the results bringscr
dforth 8 number of 1nteresting observations, for some of which
dno adequate explanation can be’ advanced
| Increasing the buffer concentration markedly de-
“creases the quantity of ammonisa formed by Pseudomonas putre- -
'ffaciens from arginine in the presence of the non-acid producing

,carbohydrates - lactose and dextrin -- and of the water L



. The Effect of Incressing the Buffer Conceunbtrabion
in the Presence of Cerbolydrates on Ammonisa

Formation by Proteus iohthyosmiusland Pseud anonas

putrefaciens.
Expsriment XIT and.XIIi
. .
Tebles 21 to 30 implusive
Figures ©. 36 to 75 inclusive
" Carbohydrabes

Weter (control) = red

" Glycerol - blue
X&lose - green -

i G;gcpse = violet
Lactoée_\' ‘. orange

Dextrin brown



| TABLE 21.
Proteus ichthyosmius = AR Arginine

Buffer Concentration M/zo

‘age of culture in days

carbohydrate 1 3 6 10 14 21
glycerol 1. 24,5 40,75 40.75 33,7 34,00 32,0
Sl 2. T.6B 7445 7,50 6,90 7.5 7,25
 zylose 1. 22,5  47.25 49,5  B3.75 77.25  47.0
Rt 2. 7.65 7,90  7.95 - 8,00  8.10 8.00
glucose. 1. 1.5  11.5  16.5 20,0  20.5 1645
| oz 5.85 5,40 5,30 5,40 5,65 5,40
lactose 1. 32.5 49,0 54,75 59,75 54,25 39,75
o 2. 7.5 T.90 .75 765 7.5 - 6,15
dextrin 1. 29,5 30,75 25,5  50.0  32.5 41,0
2. 5.90 5.5  6.25  6.70  7.05 7.30
water - 1. 28,5 50,25 51,25 74,00 69.75 60,25
, 2, 7,75 T.85 7,90 8,15 8,20 - 8,20
Buffer ,COncezi‘tratiozrl /5
; . age ‘of~eulture in dﬁysv ‘ ‘
. e i3 6 10 14 21
*..Carbohydrate o ST ~ o _ ‘
© glycerol 1,  Bl.0 . 38,0 36,25 30,5 27,5 40,75
S 2. TJB5  TWBE T35 7,20 7,5 7.25
xylose 1.  Bl.5 /42,75 48,75 54,25 T4.,25 = 64,25
T 2. 7,55 7,65 TT5 7,75 7,85 7.75
. glucose. 1.,  27.0 28,0 39,5 30,75 41,5 43,75
. 2. 8,50 6,75 T.05 TJ5 7,25 7.25
' lactose 1. 37.5 - 46,25 55,25 61,5 60,0 53,0
: | 2. 7.65 7,65 7,65  7.65 7,50 6,85
dextrin 1. 19.0  31.25 28,75 27.75 32,0 36,5
2.0 6,70 6,75 7,05 T.25 7,10 7,30
weter . 1. 22,75 51,75 59,0 - 56,5  80.5 80.0
o ) 2

. T65 T.70 775 TJTB T.T5 7.90

1. peroen‘c of total nitrogen of amino acid in oulture present
as free amnonia. '
2+ pH of culture at tlme of ammonla determlnatlon.



- o - IABLE 22.
Proteus *iéhthyosmius : : N Aspartic Acid

Buffer Concentration M/Zb ’

a,g’je of ‘culture in days -

carbohydrate 1 53 6 - 10 14 21
glyoerol , 1. 88 35 31 25 23 21
= ' 2. 7B 7,00 6,90  6.65  6.50 6.35
xylose 1, 40 37 57 35 38 39.
. 2o 0 Te25 7025  7.35 7,45  7.55 7460
glucose 1, 24 28 24 18 24 23
L2 5.90 5,45  5.45 = 5,40 5,40 5.50
lactose 1. 40~ 36 36 31 54 - 29.
(8. Te20 725 T35 7,35 T.40 7.55
doxtrin 1, © 9% 19 16 g 15 22
S, 5.90 5,60 5,45 5,55 530 = 5.50
water 1, 87 a4 41 24 34 44.

2. 7.25  TeB5 . 7435 7,50 7,60 7,60

" Buffer Concentration M/5

age of cul ture in d’ayé

~carbohydrate . 1 . 3 6 10 14 21
glycerol 1. 31° 38 31 12 14~ 26
, 2o 7400 7.85  7.35 7,25 7.5 7,20
xylose 1. 210 4 a0’ g2 s g9
o 2. . T.4B 7,45 . 7,50 7.50  7.55  7.55
- glucose 1. 1 9 8 8 6 8"
| \ 2. 6,95 6,75 6,70 - 6,65 6,70 6075
 1act¢sek 1. 30 34 33 24 20" 21
| - 2. 7.5 7,45 7, 45 T.45 7,45 7,40
dexbrin 1¢ B 5 2 3° 5 1
Ra v 6495 6,75 - 6,85 6,80  6.95 695
weter 1. 31 50 34 33 25 52
L2 T4 T4 Tes T, 50 7.55 7.55

1. percent of total nl‘crogen of 811111’10 acid in culture presen't .
as free ammonia, : ‘
i 2 pH.of culture at 'blme of ammonia determination,



TABLE 234

‘Probteus ichthyosmius

carbohydrate

glycero% 
= ‘xjlose
giucose
1actose
:deXtrin

water

carbohydrate

e
k;#ylbsé"f
clusons
“lladﬁOSé
‘,déxtrin'

wateyr

percent of total nltrogen.of amlno acid in oulture present

l o
2o

1ls
20" :

1
2

L

24

1.
2%

~ Buffer Goncentration M/?O

- ‘age of oulture in days

Glutemic Acid

-as free ammonia.
2 pH of culture at tlme of ammonis determlnatlon.

. T.85

1 4 6 10
3 4 4 1 0 1
7,25  7.15 . T,15  6.90 6,75 6,55
4 11 15 26 25 41
7,25 7425 7.30 7,45 7,50 7,60
2 2 2 1 o0 1
5.90 5,40 5,40 5,40 5,40 5445
4 - 10 10 11 9 11
7.30° 7430  T.30  7.26 7,20 7.25
Ceowo1 g1 0 0
6,60  B.75 5,80 5,95 5,95 5,85
5 15 14 21 27 42
7425 0 7,30 7,35 7.40  7.45 7.65
Buffer Céncentra%ion’M/%
age of culture 1n.daysk
1, 4 8 10 1t 21
2 .5 5 1 o0 o
7445  T,40  T,40 7,40 7,35 7430
4 8. s 12w o7 26
; 7045 7‘045\ 7045 704:5 / 7055 7055
11 2 0 0 1
7.05 6,70 = 6.75 6,65 6,75 6,75
4 5 6 2 1 1
7.4:.5 : 7.45 7e'4:5 754;5 79'4:0 7035
1 1 11 o 2
TeB35 6485 6,75 = 6,95 = 6,95 7.05
4 10 11 16 22 57
' 7.50 7;45 7,50 7.60



- TABLE 24,

Proteus 1oh¢hyosm1us ‘ o ‘ - Histidine

Buffer Concentration M/20

C R - age of dulture‘in days
.carbohydrate 1 4 6 10 0 14 21

glycerol 1, 2,0 12,0 ~ 21.6 17,0 20,0 14.6
* 3 2o Te30 0 T,10 7.0 6,75  6.55 6,25 :
xylose 1. 2.3 10,3 29,3 29,6 41,0 37,0
‘ 20 7.55 7035" 7055 7045 7.60 ) 7.55 :
glucose le W6 .3 1.3 6 1.0 6.6
. 2. 6,15 5,55 5,45 5,40  5.55 5.45
lectose 1. 2.3 7.6  19.6  26.6  32.0 25.3
2. T.30 7.35  7.55 7,30  7.35 7.35
dextrin 1. 0 0,0% 1.0 = 3.8 1.3 2.0 4.6
= 2. 6.35  5.60  6.05 5.65  5.80 5.85
water 1. 2.6 26,6  82.0 38,0  42.0 43.6
| 2. 7.30  7.40  7.35  7.45°  7.60 7.65
Buffer Concentratlon M/%
: o , ‘, . age of culture in days ‘

- carbohydrate ol 4 6 10 14 - o921
glycerol 1., © 2,0 © 21.0  26.0  23.6  20.0 16,3
o 2. T.45 7,40 7,40 - 7,25  7.15 7.05

xylose 1. 2.00 2198  51.6  35.0 - 37.0  58.3
S 2. 7,45 7,45 Té50 7.50 © 7.55 7,55
glucose 1. .3 3.3 (5.6 10.6 8.6 9.0
A e T.06  8.75 6,76 6,75 6,85 6,80
lectose 1. 3.6  18.5  14.5  20.3  28.0 = 22.0

| 2. T.85 7,45 7,45 7,45 7.45 7..35

dextrin 1, 3 7.3 12,0 12,0  17.6 18.6

2 6.95  6.80 6,90 6,80 6,95 7.05

water - 1, 3.6 25.6  27.6 30,0 38.3 37.6

2 7.45 7,50 7,50  7.45 7,55 7.55

k 11 "percent of tot.al nltrogen of amino a01d in oulture
. present as free ammonia..
2 pH of" culture at time of ammonia determlnatlon




Proteus ichthyosmius

carbohydrate

glycerol ;
- xylose

‘glucose i

lactoSe

dextrin

water

carbohydraue

glycerol
kylose -
'glucoé§" 
‘1actose‘)
'deitrih

water

1.
s

1o

2.

1.
2,

1.

24

1.

2

1.

2.

a1,

2o

1.
2.
P A
2.

.Buffer‘Cohcentration“M/éo

TABLE 25..

age of culture in days
210

" l4

Proline

: ,Buffer Cbncéntration'M/%

[e> W=
e
i

11

7,55

4

14

. 7)65 ~

g

7.65

age of cul'bure in days -

10.

7.10

6,90

34

7470

7,75

19” .

e 45
A

14
7.55

7.45

16

Te 50

40

T 7.565

760

'1,‘ percent of total nltrogen of amino acid in culture
present @S free ammonia
2+ pH of culture at time of ammonla determlnatlon.




TABIE 26.

Pseudomonss putrefaciens - ‘ Arginine

Buffer Concentrgtiontmyéo‘

: . age of culture in days
Carbohydrate B R 1 3

6 11 S 15 . 21

glycerol ' 1. 0,25 1.5 2.75 3.5 . 1.25 8.5
o 2 T.B0  6.95 - 6,65 6,95 6,95 7,00
‘xylose 1. 0.5 0.25 0,0 2.25 1,75 5.25
o 2.  T.40  B.35 5,85 6,60 6,65 6.60
‘glucose 1. 1.0 1,6 2.25  1.25 4.5 8.25
: 2s . 6,05 5410 5,10 6.55 670 6,70
lactose 1. 1.0 2,0 6.5 = 18,75 30,5 30,75
A 2o U TeBO, 7,45 T.45  7.15 6,75 5.90

Cdextrin 1. © 1.26 2.0 4,5 7.75  32.5 34,5
24 Tedb 7,50 7.25 7,30 7.60 740
water 1. 1.0 5.5 12,5 19.5 = 30.5 32,75
~ 2. T.55  7.60  T7.65  7.65  .7.85 7,90

‘Buffer Concentration M/%

age of culture in days

Carbohydrate 1 T : 6 “1r 15 21
glycerol 1, 0,0 0.5 1,0 0,75 2.5 3.25 |
2. T.50( 7.40 0 T.25  TM15 .05 7,15
myloss 1, 0,25 0.0 "0.25 1,00 1.0 2,0
~ 2.0 7.50  7.00 6,90 7.05 7,15  7.25
glucose 1. 0.0 1,25 2.0 4,75 4,5 4.5
| 2. 7.15  6.80 7,00  7.10  T7.15 7.15
Clactose 1., 0,5 1.5 1.6 4.25 9,5 14,75
LTI 2. 750 7450 740 7,45 7.30 7,15
dextrin 1. 0,6 1.0  1.256 3,75  6.25 6.25
| 2. - 7.45  7.50  7.45  7.45  T7.50 7.50
water 1. 0.25 3.0  3.25 4.0 4,25  11.5
' e 2. 7.50  7.55 7.55  7.55  7.60  T7.60

kl‘fpércent of total nitrogeﬁ of amino acid in culture present
as free ammonis., S , R
2. pH of culture at time of ammonia determination




TABLE 27,
Pseudomonas putrefacienS" R AsParﬁic Acid

Buffer Concentratlon M/EO , ;

~ e o _ ~rage of culture in days
. carbohydrate SRR 3 6 10 14 21

 glycerol 1. 87T . 83 51 55 38 28
| Sy 2. 7.20 . 6.90  6.55 = 6,45  6.45 6,25 k
xylose 1. 26 30 26 34 38 23
e 2. 7.20. 6,00 5.5 5,10 5,06 5,55
glucose l. 29 26 24 34 38 24
Rt 6.45 . 5.35  B5.50  5.25 4,95 = 5,20

lactose 1, 4 35 31 33 38 27 - B
e 2. 7425 7,20 7,15 7,15 6.85  6.80 |
Cdextrin . 1. 35 % 33 18 14 15 10 SREEI
~, 2. 7.25  7.20 7,30  7.30 7,20 7,20 S

 water 1, 3 38 33 38 35 - 29
i 2¢  7.35 7,80 7,50  7.55  7.55.  7.65

Buffer Concentratlon M/%

C L agp of culture in days
~carbohydrate L B 6 10 14 21

glycerol 1. 36 - 32 25 - 1 1a
e 2. . 7.50 7.35 7,15 . 7,05  6.90  7.05

Xylose 1. 18 - 22" 14 = 7 1a
| 2. 7.50 © 7.05 . 6475 6.70  6.70 6.85

glucose:‘~ 1.0 21 15 fl! 18 23 - 15
o e 7.06 6,70 6,75 6.85 6.80 6.95

- lactose 1. 38 38 18 29 29 20 .
; oz 7.50  7.45  7.45 7.35  7.25 7,25

dextrin 1. 24 30 12 10 - 9 8
; 2. 7.45 . T.45  7.45  7.40 7,40 7.35

water 1. 1 28 o4 38 35 40 , :
" 2. 7.50  7.45  7.50  7.55 7.5 7.55

percent of total nltrogen of amino acid in culture present
‘as free ammonia : o :

2« PH of culture at time of anmonia de%ermlnatlon ' Co ‘ ﬂ




TABLE 28.
Pseudomonas putrefaciens ' k Glutemic Acid
Buffer Concentration }/20

age of culture in days

. Carbohydrate 1 3 6 - 1000 14 21

glycerol 1, 1 3 3 6 9 13
C2. 7.25  T7.00 6,55 6.30 6.25 6,15

xylose 1, 12 1 2 0 3
2. 7425 5.55 5,25 5,25 5,15 5,05

glucose 1. 1 4; 4 4 6 24
2. 6,30 5,10 5,25 5425 5,15 6,10

lactose 1. 3 8 g - 15 - 27 37
2. 7s25 7,20 7.20 6.90 6,80 6,55

‘ \ \ , °

 dextrin 1. 2 5 3 11 19 24
2. 7.25 7,20 7,10 7.15  7.10 7.15

water 1. 4 11 17 26 41 62
2. 7930 T30 . 7,40 7.55  7.50 785

Buffér Concentration M/B

o age of culture in days
carbohydrate L

3 6 10 14 21

glycerol 1. 1 3 0 1 o2 0
25 7.50 7,4:5 7025 7oOO 6095 : 6995

xylose 1. 2 2 1 4 7 20
L2, 7,45 6,95 6,75 6,75 6,70 6.85

glucose 1. 1 3 2 14 19 27
. 2. TeJl5  6.,70 6,70 6.75  6.85 6690

lactose 1, 3 8 5 14 18 39
2, T.50  To40  Ta45 7e35 7,20 7015

dextrin 1, 2 5 5 10 18 32
2, Te45 T 45 7,45 T.40 7,35 745

water - 1, 4 11 12 31 37 62
2, 7.50 Ted5 7,50 7,55 7,50 7.65

1. percent of total nitrogen of amino acid in culture present
as free ammonie.
2+ pH of culture at time of ammonia determination.



TABLD 29.

Pseudomonas putrefaciens _ - : , Histidine

Buffer Concentration 1/20

age of culture in days

carbohydrate ' I 1 3 6 S 10 14 20 ,
glycerol, 1, 6.6 | 25,6 29,6 36,0  41.3 46,6 ’
2. 7.80 6,95 6,40 6.35 6,30 6,70
xylose 1. 6.6.° 646 5.6 7.6 8,3 8,0
o 24 7.25  5i30 5,40 5:56 5.25 5,25 ,
glucose 1. © 846 k, 4.6 3.3 - 743 4.6 5.6i ' f
R 25 5.95 5.15 5:15 5,50 5,20 5.35
lactose 1. 8.5 29,0 42.3  57.6 B5.0 65.5
o 2. 735 7.30  7.25 7.20 695 6.65 :
L S e R - |
dextrin 1. 7,5 36.6 49.3 54,5 57.3 58,3
. ¥ 7,35 7.35 7,15 7425 7,20 7.05
water 1., 10,0 47,3 61,3 68.6 + 69.6 62.6
, B T40 .45 7,65 780  7.90 8.10

Buffer‘ConcentratiOn 1/5 ‘ 5 ' S

age of ‘culture in days

carbohydrate B 2 5 6. 10 1a ' 21 5
glyserol  1¥ . 6,0 26,6 40,6 45.6 46,3 41,0 ;
R 7.50  7.35 7,05 6.90 6,85 7500 |
cxylose 1, 7,0 6.3 19.6  31.5  39.3  40.6 A
' O 26 745 6,65 6470 6.80 6,85 6,95
cglucose 1. 1,6 5,0 11.0  25.6 32,0  40.6
: ’ 20 60’95k 61365 ’ 60‘75 685 6._85 705 !
 lactose le 7.5 23,0 36.6 56.6 54,6 5043
. 2. CTe50  TedB - T.45 745 7,25 720 ‘
dextrin 1. 6.6 31.6 39,6  53.0 50.6 44,0
) 20 70 O 7050 7045 7.40 7 SO 7;55
wter 1. 9.6 50,0 48,0 65.0  67.3 54,3 f |
5. 7.50 7,50  7.55 7,60  7.65 7,78 , .

1. percent of total nitrogen of amino acid in culture o
_ present as free emmonia. \ : D o
2. pH of culture at tlme of emmonia deuermlnatlon. ‘




TABLE 30,
Pseudomonas putrefacisns ; - ‘ Proline

Buffer Concentration /20

, , ' k age of oulture 1n.days ‘ ; - :
carbohydrate e 3 6 - 10 - 14 21 . !

glycerol 1. 21 a1 11 8.
Sl 785 7.10 6.50 6,35  6.35 6,95

‘xylose 1. 11 o0
glucose 1. o 1 0o 2 2 0. RE .

lactose 1. 6 1 1a 85 30 37

o 2. 755 7.45 7,30 7,06 6.80 . 6.55

dextrin 1. &' g 11 . 34 25 35
. B« 7.5 7.0 T30 7,30 7.05  7.15

wter 1, 6 15 25 48 53 54 i
: g 2. T7.65 7,60 7,65 © T.65 7,70 795 o }
Buffer Canentration /5

B - age of culture in days o : R C k ;
carbohydrate ol 3 6 10 14 21

glycerOl S 1.  2f'

‘xylose 1. 1
glucose .. 0 1 0 2 4 9

Clactose 1. 4 9 19 20 21 29 o
T 2. T.55  7.50 T7.45  7.30  7.20  7.05 :

dextrin 1, 3 10 12 24 20 18 :

2. Te55 7,50 T T.45 7,45 7,35 7440

Cwater - 1. 4 10 20 52 35 43
‘ PR 2. T.85 7,55 ;7~55 - 7.55 . 7,55 7
l percent of total nltrogen of anlno acid in culture present

-as free ammonia .
2. PH of "culture at tlme of ammonla determ;naﬁlon
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Proteus ichthyosmius
M/20 Buffer Concentration

Arginine

0 ;
- | \ﬂﬁﬂﬁwﬁg&ﬁw
L
yirH /
8.0
& ' L T T T
| : . . deys 10 14 21
Figure 39
M/5 Buffer Conmcentration
8.0 -

760

d a-y-s

2L



Figure 40

Pseudomonas putrafaciens Arginine
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Figure 42

Pseudomonas putrefaciens Apginirve
M/%O Buffer Concentration
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Figure 45
Proteus ichthyosmius Aspartic Acid
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Figure 46

Proteus ichthyosmius Aspartic Acid
M/ZO Buffer Comcentration
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Figure 48

Pseudomonas putrefaciens Aspartic Acid
M/20 Buf fer Concentration
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Pseudomonas putrefaciens Aspartic Acid
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Figure 53

Proteus ichthyosmiuvs Glutemic Acid
' M/5 Buffer Coreentration




Figure 54

Proteus ichthyosmius Glutemic Acid
M/20 Buffer Cor entration.
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Figure 56

Pseudomonas putrefaciens Glutamic Acid
1/20 Buffer Concentration.




Figure 57

Pseudomonas putrefaciens Glubtemic Acid

M/5 Buffer Comentration




Figure 58

Pseudomonas putrafaciens Glub emic Acid
1/20 Buf fer Corcentration
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Figure 60
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Figure 62

Proteus ichthyosmius Histidine
M/20 Buffer Corcentration
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Figure 64

Pseudomonas putrefaciens
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Pigure 65
Pseudomonas putrefaciens Histidine
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Pssudomonas putrefaciens Histidine
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Figure 68

Proteus ichthyosmius Proline

M/20 Buffer Concentration




Figure 69

Proteus ichthyosmius Proline

M/5 Buffer Concentration




Figure 70

Proteus ichthyosmius Proline
M/20 Buf fer Comcentration.
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Figure 72

Pseudomonas putrefaciens Prolims

M/20 Buffer Concentration
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Pseudomonas putrefaciens Proline

M/5 Buffer Cormentration




Figure 74
Pseudomonas putrefaciens Proline
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control, figures 40 and 41, There _appears to be no adeguate
expiana‘t'ién of this finding. The cultures of this species
'containing arginine show good growth in the presence of both:‘
the" acid—producing and the non-acid-producing carbohydrates.”'

This suggests that this microorganism is capable of u31ng

~o'the non-acid-nroducing carbohydrates as carbon sources

ﬂ‘without resulting in acids as by-products of the fermentation.
L: In the case of lactose, acid production is indicated after

~ eleven days incubation, figures 42 and 43, In the presence
of M/?O buffer concentration (figure 42), the PH of the
k.cultures containing glucose and xylose rises from about pH

5 2 to pH 6. 6. after three days incubation Without showing
"an increase in the free ammonia:content indicating that the
'psbacteria'are possibly using the ammonia as rapidly as 1t is

formed)as a nitrogen .source and the fermentation acids as -

’lcarbon sources thereby removing thesefacids from the reacting
i?medium and permitting the pH to rise, An alternative 6x-
kplanation is that the bacteria have some mechanism for the
production of alkaline compounds ‘other than'ammonia to
neutralize part of the acidity,\ 5 | :

.In the cultures of Proteus ichthyosmius in aspartic
acid increase in the buffer concentration decreases the free
_ammonia in those cultures containing glucose and dextrin but
"t has practically no effect on those containing xylose,»lactose
iand glycerol The decrease in the acideproduclng carbohydrate
cultures is probably due to. the utilization of the ammonisa for

b cell multiplication0 Lactose is not broken down with acid
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‘ production by Proteus ichthyosmius in the presence of aspartic
acid (vide supra arglnine) while glycerol 1s seen to exhibit
slow acid production. oo

E Figures 48 to 51 inclusive graphlng the results of
~ the action of Pseudomonas putrefaciens on aspartic acid
,ireveal two outstanding points. The first is that 1ncrease in
~dthe buffer concentration increases the range in ammonia con-
tent of the cultures in the bPregence of the two groups of
”v>carbohydrates, acid-producing and non- a01d~producing. The
f'low concentration of buffer, M/20, is insufficient to maintain
4the pH of the cultures containing xylose and glucose with the
“result that the acidity 1s too great to permit bacterial
act1v1ty and the ammonia 1s not utilized for cell reproduction,
‘,The increased buffer content malntains the pH level and the :
famount of,ammonia decreases in those cultures with fermentable'
carbchydrates. The second observation is that the quantity
‘of ammonia in the cultures with dextrin in the presence of
both buffer concentrations decreases without any chenge in
pH This suggests, again, that Pseudomonas putrefaciens~is
,dcapable of uti1121ng dextrin as a carbon source without
,forming acids, i L e S
| Ammonia formation from glutamic acid by Proteus
:,’ichthyosmlus takes place slowly over the three weeks of
cincubatlon. Consequently, ‘as the results showing only. small
quantities of free ammonia in the. cultures containing the
acid oroducing carbohydrates 1ndicate, the bacteria are

probably using the ammonia as rapidly as 1t is formed as a
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nitrogen sourCe’for cell multiplication;f In the cultures
containing acid—forming'carbohydrates, increase in the buffer
concentration slightly decreases the ammonia content probably
because the more favourable hydroven ion concentration of the
higher buffer permits more active bacterial reproduction.
‘ ' The rate of ammonia formation from glutamlc acid
| by.Pseudomonas putrefaciens for the first ten days of in—

,',cubation is about the same as that for Proteus ichthyosmius,c

~ but increases after the ten day interval to such an extent

"that ammonia formation is more . rapid than its utilization as

a nitrogen source by. the bacteria and as a result free.
- ammonia accumulates in the cultures, The. other point of
note from figures 56 and 58 is the sudden increase in activity
rin the culture containing glucose in the presence of the low
- buffer‘concentration after fourteen days incubation as shown,
l'by tbe increase in ammonia content and in pH, |

| ”; In studies on the activity of Proteus ichthyosmius
on histidine, the only effect of the increase buffer -con-
xcentration in addition to maintaining the pH of the cultures
iis to increase the quantity of ammonia in the cultures con-
taining dextrin and glucose, This increase 1s, in all
| probability, the result of controlling the acidity thereby
preVentlng the decrease in bacterial activity that takes
“place When the pH drops tco low.

Similar results were obtained for Pseudomonas

putrefaciens in histidine except that xylose and not dextrin

‘is the carbohydrate Which With glucose shows inoreased
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ammonia content in their respective cultures When the buffer
‘concentration is increased fourfold It is to be recalled
| that acid production from xylose and non- acid production
from dextrin distinguish Pseudomonas putrefaciens from
, Proteus ichthyosmius. : |
’ The cultures of Proteus ichthyosmius containing

proline show practlcally no response in the form of increased
or decreased ammonia formation to the increase in buffer
‘;‘concentrationg The pH of the M/?O buffer cultures containing
~ the other four amino acids, suggesting that the bacterial

¥ activity does not decrease in %he case of proline to the extent
- that it did w1th the other amino acids and that cell multi-
plication takes place equally well in the presence of both -
’buffer ccncentrations°

1A similar picture was obtained for ‘the action of

Pseudomonas putrefaciens on proline except that the increase
An buffer concentration caused a marked decrease in the rate
of ammonia accumulaticn after six days incubation.‘

‘, The Breekdown of Arginine by Proteus ichthyosmius

and Pseudomonas putrefaCiens. ‘

‘ The decomposition of arginine with the conversion
iof seventy to eighty percent of its total nitrogen intok |

: ammonia by Proteus ichthyosmius and about thirty percent by
;Pseudomonas putrefaciens, suggested that the pathway of the
1breakdown by investigated In order to carry out this sugges»i
tion, the above two species of bacteria were inoculated |

| individually into buffer culturesfof arginine, ornithine



TABLE 31,

Ammonia Formation from Arginine and its

Compound

Arginine

Ornithine

Delta=-Amino

Valerie Acid-

Urea

‘%ij
Arginine
Ornithine
Delta-Amino

Valeric Acid

Urea

Decomposition Products.

Proteus ichthysomius

ce. N/100 Hps0,

12.85
13695

% T

No into I\\EIB

64:025‘
69,75

70,0
70.0

10.0
11,0

10,0
10,0
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(prepared as outlined by Hunter'(BV)), delta-amino
n-valericiacidkand‘urea respectively in duplicate and in-
h cubated’at 300 ¢. for twentj—one/days.r The result of this :
‘texperimentf(XIV),are recorded in table 31. |
\ It Was found in the case of Proteus ichthyosmius,d
‘rthat the ammonia formed from.arginine wasg greater than the
total of that formed from ornithine and urea, and that that
formed from ornithine was seven times greater than that from
‘deltauamino valeric acid. On the other hand the ammonia
l:formed by Pseudomonas putrefaciens from arginine was only
"slightly more than ‘that from orhithine and urea while that
formed from ornithine was more than seven times greater than
/‘that from delta amino valeric acid fhe results also show
\fclearly that both species of bacteria employed have equal
kability to deeminate both the alpha and the delta animo
ggroupsiof/the ornithine used in this experiment while neither |

;species can form significant quantities of ammonia from -

‘]ydelta amino valeric acid and urea. A discussion of the

"significance of these results in nelation to - the probable
course of breakdown of arginine will be given later in the

thesis.

Ammonia Formatlon from Non- Amino Acid Nitrogenous Compounds.,
| : During the course of this study, the question arose
as to whether amino or imino groups of nitrogenous compounds
other than amino acids could be converted into ~amminia by
the surface taint producing bacteria. In order to obtain

‘some data‘on‘this aspect of the problem, an eXperimenﬁ'(XV)



TABIE 32.

Ammonia Formation fTom.Amino«Grbup Containing
Compounds other than Amino Acids.

-

- Compound Prot; ichthyosmius Pseudo. putrefaciens

5 days 22 days 5 days 22 days
Asparegin 6480 4,95 6.80 5,45
glutamine o 4,0 4,35 4,1 5,9
(control 2,3 - not subtracted) '
adenine " 4,05 4,70 1,15 3.55
guanine 3,90 8,20 4.5 2.80
uracil | o35 8 25 .75
uric aéid | ,65 1.25 55 85
‘n;cdtyinic acid 4 .95 2w 3.6
betaine W45 .65 .45 W75
uréa ' - 3o 8 025 8

A
§

Results expressed as cubic centimeters &%
N/100 sulphuric acid equivalent to 4he
ammonia formed in the culture Pfrom one ..
cubic centimeter of 1/20 solution of the
nitrogenous compound, Application of +the
formula at the beginning of the Experimental
section will convert results to per cent
ammonia formed of the total nitrogen.

(see discussion) :

<
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employing the action of Proteus ichthyosmius and Pseudomonas
putrefaciens on the following compounds was carried out:
adeninse, asparagin, betaine, glutamine,~guanine, nicotinic
acid, uracil urea and uric acid The experiment was set up
as outlined at the beginning of this section of the thesis. |
with the above nitrogenous compounds replacing the amino |
1‘aclds, Controls containing the nitrogenous compounds without
: inoculation with one of the bacterial species were employed
to determine the breakdown ir any, of the compounds by the
'palkaline aeration of the Van Slyke procedure , The cultures
- Were set up in duplicate, one et being removed after incu-
‘bation at 30° ¢. for five and twenty two days respectlvely,
The results are given in table 32 e '

The first point of interest from these resultsp

is that\glutamine is the only one of the compounds tested

in the control series that shows a significant liberation of

: ammonia during the alkaline aeration. The quantity liberated

is equivalent to about fifty percent of one nitrogen,; The
’?nitrogen group affected is probably the amide group which
decomposes readily under strongly alkaline conditions, Because

“of this decomposition, it is difficult to determine if the f

,fpdecomposition of the amide group in the glutamine cultures

’ containing the bacteria is caused by the bacteria prior to.
aeration or takes place chemically during the actual ammonia
' determination.' The amide group eof asparagin did not decompose

jsignificantly during the alkaline aeration. This striking
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difference between the amides of aspartic acid and glutamic
i;acid respectively will be discussed more fully later.

: The quantity of ammonia formed from asparagin by

'\'Proteus ichthosmiue and PseudOmonas putrefaciens is equlvalent

to between fifty and seventy percent of the total nitroge:no

| ‘This findihg shOWs clearly that these species are capable of

splitting eff both the emino and the amide groups of -

ulmasperagins ~ The reeults obtained for glutamine’ on the

;other hand, do not necessarily 1ndicate that both groups are

\;attacked by these bacterial speciles, | The difficulties in«

“herent in the method for the determination of ammonis from

e glutamine by the Van Slyke procedure to which referenee has
,previously been made, renders imp0331b1e 8 clearncut interabe

‘ﬁpretation of the figures obtained for the actlon of these

tmicroforganismS’on thiS‘compound - No definite eoncluslon

: reached as to thelr actien on the amide group of
/'glutamine. There is, however, s ome wnmonia fenmed in excess
~of the control but whether it comes from the amino or the
~amide group cannot be determinedo,
. The obJect of studying the breekdewn of adenine,
, guanineg urie acid and uracil wasg to determine of Proteus
1chthyosmius and Pseudemonas putrefaciene had the ability to
epen the purine and pyrimidine rings with subsequent deamina-
tion and fermation of a;mmonia° ; Uracil (2, 6, dioxy
pyrimidine) contains two imino groups., Urle acid (2, 6; 8,
 'trioxy purine) has four nitregen groups, two in the iminazol :
‘ ring and two in the pyrimidine ring., Adenine (6 amino

purine) has a free amino greup in additien to the four
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. nitrogens,inkthe~purine ring, while guanine (2 amino;ie oxj~

ﬁipurine) hasg infaddition to a freeiamino group, an oxy group.

. Whereas the amino group in adenine is in position 6 thet in

3quanine is in position 2 The findinvs of the experiments
employing these feur compounds show clearly that the
_pyrimidine»ring ef uracil and the;purine ring of urie acid
are both Opened to a slight extent with the formation of
small quantities of emmonia and that the free emino group of
both adenine and guanine is deaminated.

When the results for the twenty-two day period of
'*incubation are consideredg it i@ seen that in the case of
anroteus ichthyosmius rupture of one of the rings in guanine
”with the resultant fermation of ammonia hag also occurreda_
It would appear most likely that ‘the formation of ammonia has

‘resulted from cleavage of the iminazol nucleus and has arisen

E from ;,ther or both of the imino groups present in this ring.

©,  The results obtained When nicotinic acld was
jemploﬁed7afe of iinterest° ; The findings show clearly that the
~pyr1dine ring is opened.by each of the organisms studied,
Pseudomcnas putrefaciens possessing the more marked ability =
to elaborate ammOnia‘from»this’ring,structures The openingi;
of five distince,nitrogen containingfring structures with
lsubsequent deamination resulting in the formation’of;ammonia
has ﬁhus been demonstnaﬁed for these species of micro- |
ovganisms;, These bacterial species have previously been
shown to aftack the iminazolg pyrollidine, pyrimidine and
purine ringsa" ‘

; The two other eompounds studied9 betaine (from
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glycine) and urea gave small quantitied of emmonia under the
influence of the two bacterial species employed, Thege
results, however, were not suf flclently significant to caﬁse
speculation. The failuﬁe to hydrolySe urea to any extent by
two orgenisms that have been shown to decompose arginine |

readily is dilscussed elsewhere.



 Pagr Ty ke DISCUSSTON

| | i The experiments reported.upon herein constitute the
‘flrst study of the eonditions governing deamination by‘the L
”two species- of bacteria - Proteus ichthyosmius and Pseudo~l
monas putrefaciens - that has been neported. Similar studies
‘employing ﬁifferent techniques and more rapidly acting

Tbacteria such as Bacterium eoli have been recorded@ The

‘technlque followed in previous studies, that using the Warburg .

fapparatus, however, could not be followed in this study
xlbecause the two species of surface taint bacteria employed
“are relatively slow to attack tpe amino acids, sometimes
'requiring a number of days Whereas Baeterium coll has the
‘~ability to deaminate in the matter of a few hours or lessevt~'
'iThe method of emmonia determination also differed in this
study -, from most of the previous studies. Since the
1keolorinetrio determination of emmonis. employing Nessler’
’freagent is inhibited by the presence of cehrtain nitrogeneous
: compounds, outstanding among Whlch are histidine and
‘tryptophan (50)9 this procedure, commonly used by other work»
ers, could not be employed dlrectly in this study. " Distil-
lation of the ammonisa from the culture followed by Nessleri~
: zation Would have ‘overcome this difficnlty but such a proce=
dufe is too slow to permit completing the large nunber of
l determinegions re?nired in the experiments described above,
; Thijalte;n;tive/5;oo:dure that was chosen %as thefven Slyke
lae"ation proeedure. This procedure, although'possibly not
| yielding as aeeurate ‘results as<nay be obtained employing\

Nessler“s reagentg was found to aerate ninety»six to ninetyn
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“elght percent of the ammonis added in a test series and had i
| the(required\advantage of permitting the carrying out of the
,large number of determinations required in this study.
The deconposition of arginine by Proteus ichthyoa«
“mius has been shown to yield seventymfive to eighty percent of
its. nitrogen as ammonia. Thls means that at least three, and
in all probability four, of the nitrogens of arginine are
_converted partially or completely into ammonia by this speoies;
kIf the enzyme arginase is produced by Proteus ichthyosmius9
.'the products of hydrolysis by this enzyme would be ornithine
and wrea. The results of experiment XIV have shown ‘thet
';‘Proteus ichthyosmius converts seVenty percent of the nitrcgenk
! of ornithine into ammonia but only ten percent of that of urea.
7These findings suggest that uhe elabor&tion of bacterial
',urease for. the splitting of ureea may depend upon the prior
| elaboration of arginaseo., The failure to split urea to a
s1gnificant extent shows that this species is. unable to fonn
~urease in the presence of urea alone, The results reported
, upon herein support the findings described by Hill in work on
. the splitting of the arginine molecule and. may 1end credence
to the theory put forth by him with resPect to the activ1ty
of arginine dihydrolasee' '
’ The rate ‘and quantity of ammonisa formed from'
'~arginine by Pseudomonas putrefaciens is not so great as that
‘,kformed by Proteus- ichthyosmiuse - Is would appear that the
alaboration of the enzymes necessary for the breakdown of
arginine is much slower and not so complete in the case . ef

: Pseudomonas putrefaciens as compared with Proteus
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‘ichtnyosmius. - The total quantity of ‘ammonia formed by
Pseudomonas putrefaciens from arglnine is, however, in exzcess
~of that formed by the same species from ornithlne and . urea,z
‘suggesting again that there is an associative action present
in the alaboratien of the different enzymes required for the
complete degradation of .arginine.
| ; The breakdown of ornithine has been found to be
1sim11ar for both bacterial species - seventy percent of its
'bnitrogen being converted into ammonia.  This finding showsk ﬂ
i,clearly that these bacterial species bave the ability to att-
'fadk both the. alpha and the delgg amino groups of ornithing to
Va considerable extent° When, however, the results showlng al-
most 1n51gnificant quantities of ammonia formed from the deamip;d'
v*nation of delta amino valeric acid {the compound formed by the

‘deamlnation of the alpha amino group of ornithine) are con=

r,‘, it can readily be seen that the elaboration of the
ggdeamlnase for attacking the delta amino group ig dependent
;:upon the prior elaboration of the alpha amino . deaminase - &
dsequence of events gimilar te that found fer the elaberatien
‘of ammonla from arginine., '

L l Aspartie and glumatic acids are both dicarboxylie
'mono»amine acids differing in struoture cnly by the preserce
of an. additional CHg group in the case of glutamic acld. A
d:comparison of the rates of ammonia formation from these two
amino acids, ‘however, reveals gtriking differenoese The
'd1~aspartic acid employed was deaminated to the extent of
flfty percent of its nitrogen Within twenty-four hourc by

eadh of the twe bacterlal speciesa A 1onger period of
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,1incubationfdid not'result~ in further formation of ammonia. i

JkPrevious studies (50) have shown that the 1-isomer of thig

amino acid is deamlnated very: rapidly suggesting that one
k‘hundred percent of the 1~compound in the dl-mixture 1ig

| attacked while the d=compound is not attackedc When dmglutamlc
aoid 1is considered, it is found that deamination tekes place

\ s1ole over the complete period of incubation = forty percent

‘cf ﬁhe total nitrogen being converted into ammonia after

twenty-one days 1ncubation. One reagon for this slcwer rate

‘-fof deamlnation When compared with that found in the case of -

‘\laspartic acid may be that the dfisomer is not readily attacked.

It Would be necessary to employ the 1= or the dl-isomer in

order to make a direct comparison of the rates of deamination i
 ‘of these two amino acidsu ; |

 :7;‘ - The conversion by Pseudomonas putrefaciens of about
sevency percent of the nitrogen of histldine into ammonia
‘~shows clearly that this bacterial species has ‘the ability to :
‘1open the imlnazol ring and to deaminate ﬁhe compcund thus
fonmed°  Cleavage of the ring w1th the liberatlon -of one ;
' molecule of ammonia followed by oxidation, oxidatlve decarboxy- -
elation and deaminaticn respectively may result in the formation
oP glutamlc«acid,(see~figure 2)e In the experiments reported
upon herein, lnhistidine was employed@ If the degradation of
‘hlstldine takes place as suggested, leglutamic acid should ‘be
formed° Providing the first two ammonia molecules - in the
~degradation are released to the extent of approximately one

lhnndred percent, sbout ten percent of the thirgd molecule

,present in the suggested glutamic acid~are convertedfinto
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‘:ammonie showing a- slower rate of breakdown ‘than takes place
when d-glutamic acid is employed by itselfof
The cleavage of the iminazol ring by Proteus ichthy«
' osmius 1s not so rapid nor so complete as that found for
,Pseudomonas putrefaciens - about forty percent of the total
nitrogen being converted ‘into ammonia° The ring is definita
ely Openedp however, by Proteus ichthyosmiue since a maximum
“of thirty-three percent ammonia would be formed by deamination
~of the s:Lde chain amino group aloneo
| The decomposition of proline w1th +the 1iberation of i‘
ikbetween forty and fifty percent of its nitrogen as. ammonia
;takes place equally well under ‘the influence of the two bac-°
| terial species employedo ; Proline 1s not a true amino acld
fijbut contains its nitrogen ‘as an Imino group in the pyroliidine
:nring structure.\ Opening of this ring is a prerequisite of
ammonla formation from this compound at all times° The pyrollif
dine- ring may be broken on. either side of the imino group.
'kHydrolytic cleavage on the side next to the carboxyl group

yields alpha hydroxy delta amino valeric acid If the
{'

‘~:deamination of this compound is similar to that of delta

g;amino vaieric acid, it is possible that this me thod of opening :
the ring does not take placee Oxidative opening of the ring i
on tho side of- the imino group away from the carboxyl group
'would give glutamic aclide Weil-Maiherbe and Krebs have
f,ooncluded that proline is oxidized by kidney tlssue to
'glutamic acid whiCh in. turn may be further onidized to alpha '

o keto glutaric acid With the "liberation of one: molecule of

| ammoniae Further ev1dence in support of cleavage of the
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dpyrollidine ring in this manner may be obtained when the
figures from the different experiments for glutamic acid and
proline arecompared6 For example, figures 52 and 53 and
‘;figures 68" and 69 depicting the ammonia formation by Proteus
”ichthyosmius from glutamic acid and proline respectively show

clearly that the rate of formation and the final quantities .

'~,produced‘are highly comparab1e°<

i The results obtained in: ‘the experiments outlined
'above add further evidence to the hypothesis shown in figure
’_2 that the six amino acids studied are interrelated° The |
'~a1pha keto and alpha hydroxy agids of delta amino valeric
:facid and alpha keto glutaric acld are probably the 1inks
joining arginine, ornithine and proline to histidine, aspartio
"acid and glvtamic acide The quantities of ammonia formed

“during the deeomposition of these six amino acids by the two~"

E bacterial species are sufficient to suggest that their break-

down proceeds through the number of oxidations and deaminat-
ions outlined° Arginine, under the influence of Proteus
iichthyosmius shows the liberation of four nitrogens in the
.form of ammonia indicating the formation of alpha keto
glutario a01d or one of its decomposition products. = The
action of Pseudomonas putrefaCiens on arginine does not
.fliberate 50 much ammonia as Proteus ichthyosmius but the
"deerease is probably due to the. fallure to hydrolyse ures
~since it has been shown that this species is capable of

, liberating seventy percent of the nitrogen of - ornithing in
Jthe form of ammoniae;, |

The breakdown of proline by both bacterial species
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also points to the formation of alpha keto glutarie aoid or

one of its: productsg, While the possibility of the course of

breakdown from alpha keto deltwamino valerlc acid. proceeding

“ by reduotive deamination to the simpler compounds of valeric
~acid must be _considered, the evidence obtained in the expire-

;ments of the effect of oxygen supply on ammonia formation,

particularly in the case of proline,‘strongly suggests that

koxidative deamination rather than reductive deamination takes

The experimental ev1dence obtained for the dec om=-

‘position of histidine by Pseud@monas putrefaciens shows
R clearly that the three nitrogens are liberated in the form
kof ammonia adding further support to the hypothesis that this
bi;amino acild ilg degraded to alpha kete glutaric acid or lower.
" ‘The findings in the experimentv employing Proteus ichthyos~

miuskonuhistidine suggest that only two nitrogens are convers

",ted into ammonie or that e smaller percentage of the histidine
o is attacked with the formation of ammonia equivalent to the
‘three nitrogens.f The evidence is stronger for the second
[alternative when it 1s recalled that inerease in age of the
~,growth culture of‘this bacterial specles markedly decreases
\the:quantity of emmonia\formed from histidine; 'The younger

igrowth cultures produced sufficlient ammonila to indioate that

deamination of the three nitrogen groups occurso

The direct oxidative deamination of glutmnic acid

gives alpha keto gluteric acid or one of its related compounds.

Aspartic aecid when subgected to aimilar oxidative deamination :

~yiel&s oxalacetie aoid whioh 1s also formed from alpha keto
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' glutaric aecid by oxidative decarboxylation° The ammonis

kfermed from these two amino aclds by the bacterial species

. sbudied indicates that they are deaminated completely in the

case of the 1 isomer of dl—aspartic acid and partially in the
case of dnglutamic acid. ‘ ‘

i The experimental eV1dence obtained for the influ-
ence of" carbohydrate on ammonie fermation and its subsequent
'utilization as a nitregen source for cell multiplication is |

considerableo In examining this evidence it must be remem-

”‘f;beredlthat the figures represent the free ammonia content of

,the,culturesfwhich is ap expression’ofkthe'reSultant,of amino

acld degradation and Subsequent-cell syntheSis; Thus 1% can
"readily be understood that a decrease in ammonia content does
'fnot necessarily mean that less ammonia is being formed but

i ratheb“ in the case of those cultures showing considerable

ybacberial growth, that the ammenia has been used for cell
synthesis.* \

The findings of experiment IX in which the effect
of the presence of glucose in the growth medium on subsequenti
ammonia formatien is studied, show clearly that the orean=
'eisms grewn‘of theuglucose«containing agar are not 30 active
'“esjthOSe‘grOWn‘Onfthe gluGOSeefree‘agaro' Thie decrease in
“aectbivity may be due to the general decrease in activity of
this organism - Proteus ichthyosmlus - ag exhibited by the
‘ marked retardation in the rate of growth on the glucese—
,containing agar as compared to the glucoseufree agar. Epps
"and Gale (25) in an investigation to find an explanation for,k

similar findings dbtained employing Escherichia coll, ebservei
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that the degree of inhibition of deamination by the presence
of glucose bore no relation to the effect produced by the

: additidn,of fermentation acids to the growth medium in place

~of the~g1ucose; They also showed that neutrallzation of the

;,fermentatlon acids of glucose during growth doeés not alter
Yhe degree of inhibition of subsequent deamination. Further
‘ investlgation similar to that outlined by BEpps and Gale is

' neeessary before an adequate eXplanatlon of these flndlngs
can be advanced.k |

‘In experiments of the effect of the presence of

kbo‘aoldnproducing and non- acid-producing carbohydrates in the'

‘buffer medium upon ammonia formation, the findlngs have been
clearly shown to be dependent upon both the carbohydrate and
 the amino acid employed. The fermentation of the carbon

‘;hydrate With acid production and the breakdown of the amino

kacid with ammonia formatlon appear to be 1ndependent proces—
ses° The rate at Whieh these two processes take place,
khowever,‘has’been,shOWn-to‘meterially affect the final out-
come in ‘80 far a8 the quantlty of free ammonia is ooncernedo
‘When the results for the deaminatlon rates of aspartic and

- glutamic, acids are considered, this finding is seen to be
~:clearly demonstrated. While in the absence of carbohydrate,
b‘the final quantities of ammonia formed from these amino acids
“are approximately fifty and forty peroent respeotlvely, in
the presence of ‘an aolduproducing carbohydratey considerable
";free ammonia results from aspartic acld and praotically no

‘ammonia formation is indicated in the case of glutamic acld.

The considerable quantltles of free ammonia formed from
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: espartic:acid in the presence of fermentable carbohydrate is

largely dependent upon the fact'ﬁhat the rate of ammoniakf0r~

mation from this amino acid proceeds as rapidly as does the

' fevmentatlon of the carbohydrate.' In the case of glutamic
i acid, the final result of praetieally no ammonla present in

S a culture containing an acidaproducing cafbohydrate may de-

pend upon the speed of acid production outdistancing the

:v‘uformation of ammonia, resulting in the lowering of the pH of
'1an inadequately buffered culture to a level inhibitivekto-

. further bacterial actiﬁity,f On the other hend, with an
~kadequate buffer supply, the ayailable carbohydrate may be

’!\used for purposes of cell mult plioation utilizing the

© ammonia produeed by desmination as rapidly as it‘is,formed'asd

a’souree Of‘uitr/Ogen° Whateﬁef the explanation in the case

of glutamic acid, practleally no free ammonia is to be found

E in the cultures contalning acidmforming carbohydrates,

" The flndings observed in these experiments add

'further evidence to the hypothesie of Raistrick and Clark
~ that carbohydrate, far from having a protein»sparing effect,
_k.actually enables the bacteria to utllize more protein or
;fprotein products than they Would in the absence of carbo-
'“hydrateo. The idea of ammonia utilization as a nvtrogen
'souree is a faotor that is not encountered in studies emoloy-

| ’ing Baeterlum coli or other rapid deaminating species of

bacteria, The slowness of the process in the case of the

r surface talnt producing bacteria and the consequent influence

of the possible utilizetion of ammonia makes more difficult

the 1nterpretation of data obtained for the slower deaminat-
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ingfspecies.~ ‘ ;

- One’ of the important problems theat arises from |
,these observations 1s the question as to the relative suit-
ability of the methods of studying deanination - the simple
,method using such bacterial species as Bacterium coli and the
Warburg apparatus or the more complicated procedure employing
’the slower acting bacteria such as those used in this study.
_The enswer to this question is dependent upon the object of
the studyvc whether the investigation is primarily concerned
‘.with the breakdown of the amino acld or with the activity of‘
,the particular bacterial species,, In this investigation,
the more. important factor was the study of the action of two
species of bacteria known to be. among those responsible for

lsurface taint in butter on compounds that might be the pre-

cursors of the substance or substances formed in the elaboraol[
: tion of the sweaty feet odour of typical surface taint, |
' oy Previous investigations of the effect of the
'presencelof carbohydrate on deamination have ‘been - principally
'concerned with the one carbohydrate - glucose., Nisimura (51)
ﬂ used a number of carbohydratesg but limited the amino acid )
kstudied to tyrosine. - The experiments reported upon herein
'ywere carried out employing eleven distinct carbohydrates,<
[subsequently reduced to five key carbOhydrates in the experi-
kiments demonstrating the influence of variation in buffer
;"concentration. u The findings show clearly that the nature ’
sof the carbohydrate has a marked effect upon the rate end the‘y
final ammonia formation.‘ In the absence of adequate buffer,

;_in the mediumg the pH of the cultures contating the rapid
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acid-producing carbohydrates is readily lowered to . a level
'kunfavorable to further bacteriﬂ_ activity. Increasing thek
buffer capacity of the culture overcame this difficulty and
the anmonia formation showed itself to be positive or negative
depending upon the relative rapidity of fermentation and

: deamination¢ The rate of acid,production from the various

- carbohydrates has been shown to very conslderably - glucose

and sucrose- appearing to be the most rapidly fermented while
wglycerol is one of the slowest acid-form.ers° As previously
| noted the acid production from lactose after a fourteen day
h 1period ‘of incubatien particularly in the presence of arginine
‘is &n example of & carbohydrate that provides available carbon
'sources~after the‘nitrogen source has been formed in large
quantities and permits bacteria.multiplication to proceed in

e theylatter days of the three week period of incubationo

Thus as can readily be seen from the findings of

. these experiments considerable data has been added to our

knowledge of amino acid breakdown. : The study of the effect

of the presence of various carbohydrates has increased our
,information concerning this 1ittle explored aspect of amino'
acid decomposition. ~ The provision of en available carbo»
‘whydrate ‘adds the complication of bacterial growth to the~

- dlready involved study of the enzymes responsible for amino

bacid catabolism ad subsequent ammonia formationa
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"APART‘II° Studies on the Isolation and Identification of
| Odouriferous Compounds.

HISTORICAL

- The problem of the nature of the compound or com-
pounds formed during the development of surface taint in
nbutter has confronted Investigators gince studieg of the
’defect,were begun a number of years ago. Campbell(9) found
’,that when indole, a- derivative of tryptoPhan was added to
milk, an odour strongly resembling that of surface talnt was
emitted° As already mentioned, however Neilson (50) has
shown that indole s not foung in the sere of surface taint
"butters ‘and therefore cannot be the cause of the odour of
-the defect

In the ‘same study (50), a number of organio com~

pounds related to the emino acids were added to milk and the

~l odoure emitted recordede It was found that betaineg delta

: amino valeric acid (a derivative of both arginine and
: ornithine) and beta amino butyric aoid gave odours reminis-
cent of surPace ta1nt°, The following combinations of chem-
iioals also emltted odours closely regsembling the characteris-"
tie ! sweaty feet" odourv betaine and delta amino valerio
7nacid' betaine and beta amino butyrio aoid‘ betaine and iso~
'valeric acld; betaine and para hydroxy phenylacetic aoid* and
'”betaine, is~valeric acid and para hydroxy phenylaoetvc acid.,
‘The odour emitted from betaine itself Was enhanced when the
"other compounds were also added to the milko' These findings
suggest that the bacterial synthesis of betaine may be con=-

oerned in the development of surfaoe taint in butuer
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, Wolochow, ‘Thornton and Hood (71) of Alberta, in

A studies on odour production by Pseudomonas putrefaciens, onse
of the causative agents of surface taint in butter, have

found - that the "sweaty-feet" odour that is absent in. skim
‘milk cultures at pH 7.6 bem)mes apparent when the milk cultun%~
“of the organism were, aerated in sulphuric acid solution but

| were not present when aerated in sodium hydroxide solution.

| This evidence suggests that the compound responsible for thelr
odour. is a volatile acid which 1s present as a salt in
i,alkaline solutlons .and is freed as an acid at lower pH's..k

: ; In a later study, Qpnkley, Hunter, Thornton and
slood (12) obtalned evidence indicating that there is a

- definite connection between isovaleric acld and the "sweaty=
feet" odour. Under certain unknOwn conditions, the "sweatys

V'feet" ‘odour seems to arlse p0531bly chemically from 1s0-

'valerithacid but is distinctly different in odour from this
‘a01d Wolochow, etc, have expressed the opinion that
Pseudomonas putrefaoiens may produce in milk a substance
,Which is in the reduced state and ir odourous, is present
kffin insufficient concentration to be detected by the sense of.
kS smell, f Exposure to alr oxidizes this substance to a detec-
tably odourous'state. - More strongly oxidizing 1evels will
’reversibly change the compound to a non«odourous state,

) Further support’for thls Opinion comes fromtthe findings
~obtained from conmercial and experimentally produced surfacev
‘taint butter in the 1aboratories of the Department of Dairym
ing at the University of British Golumbia. ' The odour of

surface taint may~be‘absent fromva sample of defective butter
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| when the bottle ‘containing it is first opened but if the
ibottle be closed and re- examined about ten minutes later, the
odour is -often present~ : Continued exposure has been found
to decrease the concentration of the odour until it is no
longer detectable.‘ = ’
"' Fosdick and Rapp {27), in the course of an investia
‘ gation on the degredation of glucose by Staphlococcus albus

- under aerobic conditions produced a reaction.mixture of a

'ffparticularly foul odour which was not dharacteristic of eny
ufknown product of fermentation.' |
Subsequent extraction and purification left a
1solution containing two organic compounds, one acidic in
u/nature ad the other neutral. ; Neither cempound could be
£ isolated in pure form Without decomposition but - identification‘

,tests indicated ‘that the acidic compound was alpha«keto~gama-

-valeric acid while the neutral one was. the correspon-
ding aldehyde.~‘ These compounds are closely related to the
- amino acids arginine, ornithine, histidine, proline and .
glutanic acid emd may possibly be related to the characteris» :

ktic surface taint odour.

‘ EXPERIMENTAL

In order to determine if the surface taint produc~'
ing bacteria are capable of forming odouriferous compounds
from sodium pyruvate 8imilar to those obtained by Fosdick and
Rapp the following experiment (XVI) wasg undertakeno ~Three

J,‘50 ce. flasks ‘Were set up in duplicate and contained in

'addition to the 8 cc.,of phosphate buffer M/lS at pH 6.8)
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(l) 1.0 ce. of M/20 sodium pyruvate plus 1.0 cc. of ten
percent washed cell suspensiono '

(2) O .1 co.'of M/20 sodium pyruvate plus O, o cc. of water
: plus 1.0 cces of ten percent washed cell
suspension. :

(3) 190 cc. of M/?O sodium pyruvate plus l.O cc. Of one
: : percent washed cell suspension -

i respectively.

One of the duplicates wag: inoculated with a cell

sisuspension of Proteus ichthyosmius and the other with that of
:Pseudomonas putrefaciens. A control containing 9 cc° of
o buffer plus 1 Ces of ten percent cell suspension was set up

: for each of the two bacterialsspecies,f The flasks were

incubated at SOO C. and the odours formed observed at daily
intervals. - The flasks were observed to emit odours sugges—

tive of surface taint ) The odours from the flasks contain-

'd,'ing sodium pyruvate were more pronounced than the controls

cont;/nlng bacterial cells only5 although these also gave off
putrid odours., |

With these results in mind an experiment was set up..to

‘kfind out 1t the compounds caueing the odours produced by the
ftwo bacterial species from sodium pyruvate could be isolated
’and identified Two 250 ce. flasks containing 80 cc. M/ls
yfphosphate buffer (pH 6. 8), 10 cco M/20 sodium pyruvate and

10~cc, of a ten percent washed cell suspension of P.

‘putrafaciens Were prepared.and incubated at 23 C. for 48"
“rhours. The flasks were removed from the incubator and one

of the flasks treated as follows-"p

. First the contents of the flask were centrifuged

toiremovetthe bacterialkcells;aid the'supernatant poured off



into a 1iquid—ether~extraction flask where 1t was extracted
dfor l6khna The ether extract (1) waS'taken up in water and
:gaVeralputrid odour. The residual liquid from the extraction
ywas taken down to pH 4.0 with 20% phosphoric acid; filtered
and the filtrate extracted with ether for amother 16 hours,

";This extract (2) also gave a putrid odour when taken up in-

/water.
‘ - The second flask was taken down to pH 4.0 directly
wlth phosphoric acid filtered and the filtrate extracted

D with ether for 16 hours, This extract (3) ‘when mixed with

'Water also. gave a putrid odour An attempt was made to
obtain a .2, 4 dinitro phenylhydrazone Precipitate from these
;,extracts but: the quantities of material were too smdl 1l to-
k’give anything more than a slight precipitate. T

" In the procedure of Dunkley, etc. the odouriferous -

L

- ! \ :\; } 2
;compounds were separated from the remainder of the mllk cul»

: ture by steam dlstillation of the acidified culture.y. This
procedure would further hydrolyze to a considerable degree,
ltthe products of the bacterial protein decomposition and it
"would not be possible to determine which portion of the dis-
tillate was from bacterial hydrolysis and Whieh:was from
chemical hydrolysis. The hydroxy and keto acids of the
lower fatty acids are usually ether soluble and therefore
'should be removed by ether extraction from a culturegccntainn
k_ing them.k‘ In order to obtaln data on this hypothesis a flask
'containing 100 - ce. of skim milk and 10 ec. of a ten percent . |

= washed cell suspension of” Pseudomonas putrafaciens was preA

l~pared md incubated at 23° ¢. for twenty days. The protein
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of the milk was then largely converted to soluble decomposit-

ion products and emitted a foul, putrid odour., The contents’

‘of the flask were centrifuged and the pH of the supernatant

teken., It was pH 5,9, ~The supernatant which was a bright

.yellow oolour suggesting the. presence of g flavine, was then

extracted in a liquid ether extractor for 12 hours. The

| extract thus formed (l) was soluble in water and gave off a
‘pungent fruity odour. : The residual fluid from'this extracn
‘ urtion was . taken down to pH 4,0 with phosphoric acid and re-

extracted with ether for a further 12 hours. This extract

(2) was only sparingly solublw in cold water and emltted a
wmixture of odours resembling those from well ripened Oka

‘cheese, The extract (2) was treated further as follows-

lt Was tested for solubility in a number of soln
vents and found to be slightly soluble in cold ether and hot

twater, soluble in hot ether,,and very soluble in 957 d cohol.

The extract was finally dissolved in alcohol and filtered

The filtrate was evaporated to dryness giving a yellowish

" white residue to which‘was added a small quantity of hot

‘:water, The . residue clumped together in the water end oiled -

off into solution when the water was raised to boiling point

. The solution was evaporated to dryness glving a yellow~brown

Hoily residue whioh when dissolved in hot ether crystallized

out from the ether as white needles with & melting point of

- 175- 177 C. - The quantity of crystals was insufficient to
permit further identification. - |

-With the object of obtaining information ‘on the

"ether solubility of the decomposition products of certain
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amino aclds whose chemical structure suggested that odouru
‘,iferous compounds might result from their breakdown a further
- experiment (XVII) was undertaken. The amino acids employed

,‘Were arginine, histidine and proline and the bacteria used

were Proteus ichthyosmius ad Pseudomas putrefaciens. Six

; flasks containing 160 cc, of M/lS phosphate buffer (pH 7 4),

20 cc.. of M/ZO Amino ‘acid and 20 cc. of one percent washed

5cell suspension were: prepared and ingubated at 30° ¢ Each

',flask was treated individually as follows°

Flask (1) containing Proteus ichthyosmius in

k‘jarginine was ramoved from the-incubator after 7 days and the

pH taken electrometrically. It was pH 8 O. ‘The contents

-of the . flask were taken down to pH 4900 With phosphoric acid“

and extracted with ether for four hours. The small smount- of

'~u,extract obtained failed to give off a putrid odour and did

1fSolve readily in water.,

. Flask (2) containing Proteus ichthyosmius in

1histidine was treated the seme as flask (1.). 'The pH follow-k

ing incubation was pH 7. .15, Th° extract did not emit 8
putrid.odour. In an attempt to 1solate the ether insoluble'

decompos1tion products of histidine, the residual fluid

,%following ether extraction Was filtered, raised to pH l0,0 i
1with sodium hydroxide and evaporated to dryness in vacuo.

~The residue was taken up in 95% alcohol and refluxed for dbout

one half hour. 'i The alcohol mixture was then filtered and the

filtrate evaporated to dryness° The residue wes taken up in

'a small quantity of distilled water and a few cc, of 19%
‘phosphotungstic acid in 5% sulphuric aclid were added. The
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heavy white precipitate formed was filtered off,,washed‘end
dried carefully° k |

‘Flask (3) containing PseudOmonas ‘putrefaciens in
histidine was removed from the incubator after 14 days and
'treated after the same menner as flask (2). The pH after
' incubation was pH 7 55, A gimilar phosphotungstic preéipia
tate was obtainedé As a control check the phOsphotungstic
precipitate of histidine was prepared and found to resemble
,.closely the precipitates obtained from flask (2) and (3).
The Compounds precipitated were basic in nature‘otherWisek
”fthey Would not have combinedewiﬁh phosphotungstic acid.
‘ Flask (4) containing Pseudomonas putrefaciens in

" the presence of proline was taken from the incubator after

N 14 days’ incubation and treated the same asg flask (1), : The

pH following incubation was pH 7. 45, No putridtodours were
observed in the ether extract. | |

| ‘ Flask (5) containing Pseudomonas putrefaciens and
arginine was nermitted to incubate for 20 days, following |
‘Which it was treated the same ag flask (1). After incubation
the pH was 7 75. The extraot,obtained‘emitted no tutrid
"‘odoursa /
b Flask (6) containing Proteus ichthyosmiua in pro-
koline had ‘a pH of 7. 45 after 20 days' incubation and when

“treated in & similar manner to flask (1) gave an extract free,k

~ from putrid odourso

DISCUSSION

- The findings obtained from the experiments deSa

'cribed in the above seetion serve to discourage eertain lines;,
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of thought from the 1nvest1gat¢on into the cause of surface
taint rather than to give positive evidence in any one
direction. The inability to 1s01ate odouriferous compounds
from the decomposition products of arginine, histidine and
proline - three smino acids whose hydrolytic products suggest
odour formation - indlcates that poeslbly these acids are not
dlrectly responsible for the elaboratlon of the sweaty-feet

odour of typical surface taint. It must be remembered, how-

-~ ever, that the techniques employed in this investigation may

not have provided the correct conditions of potential for the

Vemlttance of the odours, AI%O the odours from the compounds

may have been masked by other cactors. or substances, or the

- compounds themselves may not have been ether soluble. This

branch of the investigation into the cause of surface taint

g cannot ‘be dispensed with as yet becausge of insuffielent evi-

dence to prove or disorove the hypothesls that the acildic

decomposition products of certain amino acids may be respon-

 sible for the sweaty feet odoure The much sought after odour

 has been shown to be present at different times during the

course of the experlmental section of Part I in cultures con-
tainlng the amino acids used above = arvlnine, higstidine and
proline°

, The elaboration of the typical odour of surface
taint appears- to be dependent upen a number of physical,

chemical and biologlcal factorse Khe first of these which

may be physical or chemical 1s that the odour is not formed

1n butter made from raw cream nor in raw milk inoculated with

surface taint producihg bacteria, but 1s formed when the milk
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or cream employed is pasteurized. It would appear that the
elaboratlon of gurface taint ig dependent upon a subtle change
induced by the heat on the protein complex of the milk or
cream° A second factor is that the compound or compounds are
not always present in the odourlferous state, but reguire a

certaln oxidatlon reduction potential before they emit the

.odour, Evidence for this polnt comes, as previously meutione%

from the appearsance and disappearance of the surface taint

- odour in;butter exposed to the air. The outstanding bilolog-

icel factor is that all species of putrefactive bacteria do

not cause surface taint in batter. The number of gpecies of

kbacteria capable of elaboratrng the defect has been shown %o

be very 1imited - Pseudomonas putrefaciens belng the ma jor
causative agent and Proteus iohthyosmlus also producing the

defect but not 80 regularlyo

o ‘;/ /:

The source of the compound responsible for surface

taint may not - necessarily be one of the amino acids studied

_ nor an amino acid at all., The precursor of the odouriferous

substance mey be a larger molecule such as a simple peptide.
Evidencefo this idea comes from the ability to isolate odour-

formina compounds from milk combined with the inability to show

~ the nresence of such compounds among the decomposition prod-
' ucts of certain amino acids. The difficulties encountered
‘regardlng the stability of the odour or the substance respon=

sible for the odour further eomplicate the problem of deter-

mlning the cause of surface taint, COnsiderable investigation
is still required before more definite eoncluslons regarding ‘

the source of the sweaty«feet odour can. be reached.
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SUMMARY AND CONCLUSIONS

The problem under investigation has been outlined
and the following two approaches to 1its solution have been
made:

1,>‘ An investigation of the éonditions affecting
ammonia formation from arginine, aspartic acld,
glutamic écid, histidine and proline by tﬁo
specles of surface haint producing baeteria _'

Proteus ichthyosmius and Pseudomonas putrefaciens.

2. A study of the production, isolation and
idenéification of/ZOmpounds evolving odours
identical with or intimately related to the
characteristic surface taint odour.

The literature concerning the conditions govern-
ing de%min%@igg<of'amino acids has been reveiwed in detail.

Tﬁe géneralfmethods and procedures employed have
‘been outlined, |

It has been shown that the general optimum range
in pH for the formation of ammonia from esmino aclds is from

pPH 6,0 to pH 8.5 and that the individual amino acids vary

within this range.

Increase in the age of the growth culture has been
found to decrease the subsequent ammonia formation from
histidine and proline but to have no effect on the amount
elaboraﬁed-frbm argininez aspartic acid and glutamic‘acido

The'conditions of oxygen’supply during growth

and subsequent deamination did not materially affect the
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ammonia formation from arginine, aspartic acid, glutamie

‘ ac1d and histidine but did affect that from proline.
Anaerobic conditions of growth and deamination gave only :

: one—half the quantity of ammonia formed under serobic

conditions.k, i
Graphs are presented comparing the ammonia

fOrmation from the filve amineo acids by Proteus ichthyosmius

‘:and Pseudomonas putrefaciens at intervals over g period of

. one yeara

Proteus 1chthyosmins has been shown to produce

“, aCid and gasg from glycerol,,pannitol, glucoseg galactose,
'sucrose, maltose, dextrin and salicin and to have no

.immediate action but slcwly to. become alkaline in xylose,

lactose, dulcitol and the control 1acking & carbohydrate,

['Pseudomonas putrefaCiens, on the other hand, produces acid
iband gasffrom xylose, mannitol, glucose, sucrose, maltose ‘
k“:jand saliCin, slowly produces acid w1th no gas from’ glycerol
k,and has no immediate action but slowly becomes alkaline in
"lactose, dextrin, dulcitol and.the control without a carbo~,
khydrate, The differentiating carbohydrates for these
.lmicroorganisms are xylose and dextrin - Protens ichthyosmius
»fferments dextrin but not xylose while Pseudomonas putrefaciens

‘ferments xyloge but not dextrin.

The presence of glucose in tryptic casein digest

‘, growth agar decreases the general rate of growth and sub=-
~sequent activity of the bacterial cells of " Prcteus
vrichthyosmius,

The effect of the presence of carbohydrates in the
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buffer. medium hag been shown to be dependent 1argely upon

the rate of fermentation and subsequent acid productlon

that takes place, The carbohydrates themgelves do not -
';materially affect the ammonia formation from the various
amino acids but the fermentation a01ds lower the pH of the
cultures to level unfavourable to further bacterial activity°

It was found that the addition of adequate buffer

~to theé cultures controlled the hydrogen«ion concentration

thereby permitting bacterial activity to contlnuee This
‘activity included not only further deamination but also
 the utilization of the avalgable carbon sources from the
‘vsfermented carbohydrates along With the ammonia as a nitrogen
L source for cell multiplication. | ' ’
k‘ A study has been made of ammonia fbrmation from
a number of nonmamino acid nitrogenous compounds. It has
; kbeen shown that in addition to the 1minazol cand. pyrollidine
. rings, the bacterial species employed herein have the
’ ability to Open the pyrimidine, purine and pyridine rings
- with subsequent formation of ammonia0
A detailed discusSion of -the breakdown of the six
amlno aclds - arginine, ornithine, aspartic aoid, glutamic
T,acid histidine and proline = by? the two species of |
ktbacteria - Proteus ichthyosmius_and Pseudomonas putrefaciens S
e been given. AT N ’ | |
i A comparison of the approach made to the problem .

-~ or deamination in this investigation with that made by other

o workers and the factors involved is outlined,a

With the obgectcof isolating‘and identifying the
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compound or c¢ompounds Tresponsible for the sweaty=-feet od.our
of surface taint, a series of experiments wag undertaken,
(Part II).

While the findings of this part of the investi-
gation did not yield positive results, they have provided
data on the nature of the decomposition products of the
‘ amino acids employed and have suggested further studies

that may be undertaken,

ke
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