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THE UTILIZATION OF CALCIUW GLUCOEKATE ¥OR THE

DIFFERENTIATION OF MEMBERS OF THE COLON-AEROGENES GROUP

A perusal of the literature relating to the‘utilization of
organic acids by bacteria gave no evidence that the glucose
derlvative, gluconic acid or its calcium salt had ever been
used in a medium for the diffcrentiation of the colon-aerogencs
group, In fact, its use in the fleld of bacteriology is limit-
ed to three investigators, Routroux (1898) reported that the
action of a bacterium on cslcium gluconate was one of oxida-

ticn, The gluconic acid which has a structural formula:

HHHNHUBE
HO-C~C-C~-C-C~COOH 18 oxlidized to an hydroxy acid having the
HOIGIGIA!
H H OCHH
structure of H0-C-C~-C~C~C~CO0H, In the same year Bertrsasnd
H OOHEHGI

worliing along the same line found the same result as Beubroux,
Recently Negal (1924) has found that the action of Bacterium
coli on caleium gluconate in presence of FagS0sz produced
acetaldehyde,

There was a possibllity that by the addition of this
gluconatc molecule to a culturc medium, 1t might be useful for
the diffcrentiation of the colon-aerogenes group, It was sur-

mlised that the gluconic zcid or its calcium salt would be

avallable for the growth of micrc8rganisms because it so

P Ry Y= ~71
closely ressmbles gluccse in structure

showed this surmise to be true for the acld is readily avail-

sble as a source of carvon for the members of the colon-asrogenes
g

group investlgated, The medium chosen for this lnvestigatidn
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was Koser's (1922) synthetic medium with the substitution of

calcium gluconate for anyone of his 1llst of organic acids, The

following constituents were used:

Distilled water ,
BaCl , . . . ..
MZS0..7HoO . .
(NHy)oHPOy . .

EoHPO4 . . . . .
Caleium glueonate

L

Andrades indicator was used for

ham tubes were used in order to

[ ] -

L -

-> -~

-

1000.0 ec
5.0 gr.
0.2 gr.
1.0 gr.
1.0 gr.,
2.0 gr.

the detection of acidity,

Duyr-

detect the formation of gas in

the culture. The medium was tubed, sterilized, inoculated with

19 different strsins of the colon-aerogenes group kindly fur-

nished by Dr. J. €. Weldin of the Bacteriology Department, lowa

State College. The temperature was maintained at 37-1/2°,

Ob~-

servations were made at the snd of 2 days snd again after 4

days. In all cases the organisms grew as 1s indicated In the

table which follows:
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TABLE A

The fermentative action of some members
of the Colon-serogenes group on calcium gluconate

: a :
Organisms Aerobvacter sub group, acgié?zgas s ac?dd? Z&S
Bact, aerogenes (1solated from soil) ¢+ + : + : = 1 +
" " ( " manure): + ¢ + 1 - 1 4+
» " #730 : + o+ - 4+
" N #731 : + 1 4+ - 3+
" " #117 o+ o k1 o= 1+
" ¢loacae 233 S N R
" oxytocum 499 s + o+ 0 = 4+
" ; #423 : 0+ o+ 1 = 4
n " #369 : o+ o+ = o+
" " #139 S S T A T T S
" " #3505 I A A T
Organisms Escherichia sub group . : : :

Bact. coll variety para-qrunthali #13 : + 4+ - 0 o+
communior F 41 H + 3 4+ 3 - : +

" coscoroba © #100 : + ¢ = + 3 -
" neapolitanum #602 : + : o+ - 3 *
" A #113 : + o+ - 3 4+
" schafferd #131 I T T T B
n " #152 : + 1 4+ - 3 4+
" verkanda #a27 I S T TR

23

A study of the above table shows that the medium contain-

ing calcium gluconate has no value in the differentiation of
the Escherichla from the aerobacter subgroups. On the other

hand it clearly differentiates Bacterium coscoroba #100 from

the other nmembers of the colon-asrogenss group studie

as much as this organism produces a permanent acidity and no

gas while the other related organisms produce both acid and gas,

this test proves to be specific for this particular organism,
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Moreover it 1is noteworthy that the permanent acidity produced

by Bacterium coscorobe is in direct contrast to the temporary

acldity produced by the other organisms tried, In this series
of tests no attempt was made to isolste and identify any of the

fermentatlion products,

In conclusion 1t may be sald that this series of tests has
been the means of finding a specific differential character for

Bacterium coscoroba #100, However, the use of celcium glucon-

ate in a medium for the differentiation of the members of the

colon-gerogenes group would be of no value,

Summary
1, Calcium gluconate has been foumd to be & satlsfactory source
of carbon for nll) organisms studled,
2, Calcium gluconate canrot be used to differentiatc the
Escherlichia from the aerobacter subgroup,

3¢ It has been found that calcium gluccnate may be used to dif-

ferentiate Bacterilum coscoroba #100 from all other members

of the coloh-asrogenes groﬁp studied since it produces no
gas and a permanent acidity; all others tried generate gas

and show temporary acidity,
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UTILIZATION OF THE FORMATE ION
BY BACTERIUM COSCOROBA

Certain detailed studies of the products of metabolism

of Bacterium coscoroba, grown in a medium containing calcium

gluconate, showed a marked increase followed by a decrease in
concentration of formate lon, It was deemed desirable to de=-
termine the extent to which this organism would utilize the
formate ion when this was present as the only source of carbon,
An examinatlion of the literature showed that no studies

had been made of the ability of Bacterium coscoroba to metabo-

1ize formate; however, several workers have reported concern-
ing the ability of certain other organisms, more or less close-
ly related, to utilize the formate ion,

Loew (1892) reported thet Bacillus methylicus assimilated

formic acid and could change 1t into formaldehyde and COp ac-

cording to the reaction: HCOOH CHO
HCOOH — coon & 20

HO
ooy — 02 + CHgO

Harden (1901) stated that a culture of Bacterium coll cormmne

produced comparatively little change in a 2% sodium formate
solution in a 1% peptone medium, However, Pakes and Jollyman

(1901) who studied some 80 strains of Bacterium coli commune

and related intestinal bacteria, found that the organism when
rown under anaerctlic condltions were able to utilize sodium
formate., They found Hy and COp, to be produced in equi-

molecular proportions and concluded that formic acid was decom-

posed according to the reaction: HCOOH —> Hy + COg or inasmch




as the sodium salt was used, the reaction might be written:
NaOOCH + HpO —> RaHCOz + HBQ. Omeliansky (1903) isolated
Bacterium formicum from horse manure and found thét it decom-

posed considerable gquantitlies of calcium formate under aseprobie
conditions. Franzen and Braun (1908) investigated the fermen-

tation of formic acid by Proteus vulgaris and steted that the

same amount of acid 1s utilized within a given time amd at a
given concentration whether the acid is present as a potasgium
or a sodium salt. They found that the reaction increased in

veloclty as the concentration of the formate was increased,

Grey (1914) published an account of the decomposition of formates

by Bacterium coli commune . He reported that the power of this

organism to utilize formic acid varies considerably after the
organispy has been kept for some time on artificisl media, Fur-
thermore he stated that the decomposition of formates 1s in-
hibited by a very small excess of elther acid or alkall.
Dhiterature references found, failed to solve the problem

without further experiment. A medium was prepared in which the
following constituents were used:

Ho0 (distilled) . . . . . 500.0 ec

(NH4)oHPO4 . o ¢ . . . . 0.5 gr.

NaCl .. . . . . .. . . . 1l.8%7r,

EHPOy o o o o v o o o . 0.5 gr.
0.1 gr.

L]

*

L]
-
.
L]
.

MgsSo, .
HCOOH . - . . [ 3 . - . [ - 5. o gr .
aCOz . . . « . « .« . . . 15.0 gr.
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This is a modified Koser wmedium: only three-fourtha as
mich sodium ehloride was used as Koser's formula calls for; for-
mic acid and calcium carbonate were also added, neither of
which Koser employed.

The medium was placed in a 1-1/2 liter Erlenmeyer flask,
sterilized In a steam autoclave for 20 mimites at 15 pounds
pressure, cooled and inoculated with 2,0 ¢c¢ of & broth culture

of Bacterlum coscoroba 24 hours old. The oculture was incubat-

ed for seven days at 37-1/2° and was shaken twice each day so
as to introduce air into the substrate., After 18 hours of in-
cubation a strong fermentation was indicated by the amount of
gas evolqu from the culture flask, This strong evolution of
gas continued for about four days, then it decreased sharply
and at the end of 3lix days it had entirely neased,

In order to discover whether there was a simple decomposi-
tion of the formate or whethor there was a synthetic action oc-
curing, the culture was treated according to the following
method: the contents of the culture flask were filtered after
first reserving 2.0 ¢c for an aldehyde test with Fehling's
solution which proved negative. The residue contalning CaCOg
and possibly other insoluble calcium salts was trecated with a
8light excess of sulphuric acid; the whole was warmed, filtered,
washed and the regidue digecarded, This was done tc reccver
any calcium oxalate that might be present for oxalle acid could
be synthesized by removal of one hydrogen atom from each of two

molecules of formic acid: OOH __ COOH Ho
00H COCH
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The filtrate of 250 cc was added to the original filtrste,
the whole made acid with HpSO, until a blue coloration was ob-
tained with congo red paper, It was then steam distilled from
& 500 cc Kjeldahl flask, Dilstillation was continued until 10 cc
of distillate would give a distinct pink eoloration with phenol-~
phthalein when one~half drop of O,1 N KaOH was added, This
stage was not reached until about 10 liters of distillate had
been collected, The entire distillate was titrsted in a 12
llter balloon flask, using phenolphthalein as ap indicator, It
was evaporasted to small volume then made up to 500 cec, an ali-
quot part of 25 cc taken and titrated for formlc acld with
K¥MnO4 according to the method of Klein (1906), The method in
brief is to add an excess of KMnO4 to the hot sodium salt;
then add oxalic acid in exceas, then sufficlient dliute HgSOy
and the mixture back titrated with KMnO4, In thls way 1t was
found that the formic acild present checked well with the total
volatile aclds present in the distillate, Thnis eliminates the
presence of sll other volatile acids which might have been
produced by the fermentation of the formate ion by Bacteriunm
coscoroba, The formate found by K¥nO,4 titration is that
which was not utilized by the growing culture and amounted to
about one-half of the b grams originally added, The formic
ecid used for this work was Merck's 90%, the impurities being
traces of other volatlle acids and water,

The non volatile residue from the distillation flask, which

nowv had s volume of about 125 cc was poured into a continuous
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1 extractor (Laquer 1921 ) and extracted for 60 hours with ether,

the ether evaporated, 100 cc of water added and the extract
titrated with .lqua(OH)z phenolphthalein being used as an in-
dicator. Only sbout 4 ce of 0.1 N Ba(OH)s was necessary for
neutralization and the small amount of acild In the extract
proved to be sulphuric which had gone over 1n small amount

with the ether during extraction. It was now proven that during

the fermentation of calcium formate by Bacterium coscoroba, no

volatlle or nonvolatile organic acids were formed.
No attempt was made to measure or identify the gas or
gases which were evolved during the growth of the organism in

the formate medium,

T™ese results stow that when calcium formate is fermented

by Bacterium coscoroba, the action 1s one of simple decompositlon

in whieh the formate radicle is converted into simpler com-

pounds, However, a small part of the carbon from the formate

1s used 1n syntheslizing the compounds for new bacterial cells,
From the results obtained, it may be concluded that the

formate ion 1s readily available for Bacterium coscoroba, when

partial aeration 1s obtained and when grown in the presence of

an excess of CGalcium carbonate.
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Sumary

1, It was found that the formate icn was utilized by Bacterlum

coscoroba,

2. The orgenisms did not%t synthesize aldehydes or higher or-

ganic acids,

3. The action of the organism on the lormate lorn is & destruc-

tive one with the exception of the synthetic action occuring

within the cella,
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THE UTILIZATION OF THE ACETATE IONW
BY BACTERIUM COSCOROBA

Previous and more extensive work done, along the same gen-
eral line of this investigation, gave rise to the necessity of

determining the power of Bacterium coscoroba to utilize cal-

clum acetate, In determining the action of this organism on
the acetate ion, some specific data has been collected and the
chain of evidence bearing on a larger problem has been con-
siderably strengthened,

Literature references concerning the action of micro-
organlisms on the acetate ion are not numerous and there are
none bearing directly on the utilizatlon of the acetate ion by

Bacterium coscoroba, Certain investigators have secured data

which are related to the problem under discussion. Pasteur

(1864), reported that a culture of Bacterium aceti completely

oxidized acetic acid to carbon dioxide and water, Ills work
was later conflrmed by Brown (1886), Hoppe=Seyler (1887) in-
oculated a flask containling a solution of calcium acetate with
river mud., The mixture stood exposed to the atmosphere for
seven months and occasionally the gases were analyzed. During
the first few weeks nitrogen was evolved with other gases then
only carbon dioxide and methane according to the equation
CeCHzC00)o + HOH — (CaClz + COgp + CH4a, If acetic acld were
decomposed instead of the calcium salt the reaction would be
CHzCOOH —— CHg + COg.

Kruse (1910) stated that acetic acid maede a poor source

of carbon for most microdbrganisms. Since literature references
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contribute nothing directly towards the solution of the problem,
a medlum was prepared using the following consgtituents:
Distilled water . . . . . 500.0 ec
(NH4)oHPO4 . . . . . . . 0.5 gr.
NaCl . . . « . « .+ ¢ . . 1.25gr.
EoHPO4 .« v« ¢« o o o« o o & 0.5 gr.
Acetic acid . . . . . . . 5.0 gr.
Cacoz . . . . . « . <. « 15,0 gr.
The glacial acetic acid used was specially purified according

to the method of Blousefield and Lowry (1911). The treatment
removes the small quantitlies of formic and other volatile acids

which are readily found present; some weter is also removed,

thus leaving a high purity.

The 500 c¢c¢ of medium was placed in a 500 c¢c Erlenmeyer

- flask, inoculated with 2 cc of & broth culture 24 hours old.

. The culture was grown for 7 days under the same conditions

; and analyzed as has alrecady been described (see page 10). No

gas was being evolved from the culture after 6 days so 1t was

- assumed that growth had ceased.

Results of the analysis show:
(1) No aldehydes were present.
{(2) No formic had been produced by bacterial growth,
(3) The bacteria had utilized 1,23 grams of acetiec acid
out of the 5 grams used.
(4) A para toluidine derivative made with the volatile
acids melted at 1482 thus showing that no other vol-

atile acids werc present along with acetic.
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(5) Ether extract of liguid residue remaining after vol-
atile acids had been distilled contained no acids or
any other organic compound in sufficient quantity to
identify.

During the first two or three days of growth there was a
considerable evolution of gas from the culture flask but the
gas was not determined,

.The results obtalned from this experiment confirm earlier
" observations that the acetate ion is readily available for

Bacterium coscoroba but that toxic products resulting from

bacterial growth soon prevent the further destruction of the

acetate dradicle.

Sumary

1. The acetate ion is readlly available for Bacterium coscoroba.

1.23 grams of a total 5 grams used were decomposed in 7
days.
2. Toxlc products resulting from growth of organism stop

bacterial action before much of the scetic acld 1s used,
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THE UTILIZATION OF THE LACTATE ION
BY BACTERIUM COSCOROBA

The specific problem concerning the utillization of lactic

acld by Bacterium coscoroba arose durling the progress of some

further work which was being carried out at this laboratory,

The action of various kinds of bacteria on lactic acid and
its salts has long been known, Varilous lnvestigators have con-
tributed date bearing on the decomposition of this acid by
bacteria grown under widely varying condltlons and consequent-
ly differsnt results have been obtained,

Fitz (1878, 1880, 1882) was one of the earlier workers who
used the lactate ion as a source of carbon, He found that the
butyl bacillus, 1sclated from cow dung utilized calcium lac-
tate rapidly and easily, No doubt the greater part of the bi-
product was butyric acid with some caproic and acetic aclds,

In another fermentation test with ealcium lactate he discover-
ed a small amount of alcohol, proplonic acid and a minute
quantity of succinlc acld;

3CzHg0z —> 2CHzCHoCO0H + CoHgO0H + COg + Ho
Again he used the Baclllus butylicum on a medium containing the

calcium salt of lactic acid and an excess of calcium carbon-
ate; as a result of thils experiment he found the lactate

utilized by the bacteria, Hoppe-Seyler (1887) reported that
when calcium lactate was inoculated with river mud, the fer-
mentation products were calcium acetate, carbon dloxide and

methane, However, not all kinds of organlsms are able to
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utilize lactic acid as a source of carbon for Harden (1901) in

working with Bacterium coll commune stated that the lactate

ion was practlcally unchanged when used as an ammonium, sodium,
or calcium salt, Most of the propionie acid in FEmmenthsasler
cheese 1s produced from lactates by specific proplonic bacteria;
acetic acid and carbon dioxide are also produced, There 1s
also a pure acsetic acid fermentation of calcium lactate in-
duced by proplonic and lactic acid bacterla, Such a fermenta-
tion has been reported by Freudenwch and Jensen (1906),

MAze (1918) selected six species of bacteria and grew them in

& medium containing calcium lactate, Pyruvlic acid and ketone
compounds were formed; the rate of fermation and destruction
of pyruvie acid varied according to the species concerned,

The amount of lactic acid destroyed also varied with the par-
ticular bacteria used, No formic acld was encountered as a
biproduct and the acetic ecid formed was varilable, Lemoigne»
(1923) found that lactic acid like sugar was decomposed by
Bacillus subtilis with formatlon of butylene glycol and acetyl

methyl carbinol, Owing to the great stability of lactic acid,
these products are formed slowly and are detectable only in
old cultures, So far as could be determined no one had ever

used lactic acld as a source of carbon for Bacterium coscorocba,

For this work the following medium was selected:
BoO s v ¢ s o s s o« o 500,0 cc
(NHg)oHPOy4 o+ o o o » 0.5 gr, /
FaCl . . . ¢ o & & & 1.87gr.
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KcHPOg o ¢ ¢ » o« « o 0.5 gr.

MgS04 o ¢« ¢ s « o » o« 0,0lgr,

Lactic acld . . . . . 5.0 gr.

CaCOz . » » &+ o 2 o « 15,0 gr,
This was placed in a 1-1/2 liter Erlenwser flask, sterilized
at 15 pounds for 15 minutes, cooled and inoculated with 2 cc

of a 24 hour broth culturc of Becterium cosacoroba, The flask

was shaken twice each day and kept at 5'7—1/2o for sseven days,
Judging from the amount of gas evolved, vigorous growth be-
gan after sbout 18 hours and contlimued until about the fifth
day when it ceased to be evolved, At the end of the seventh
day the culture was treated according to a method already
given (page 10). A totel of 62 cc NaOH N = 0,1036 were neces=-
sary to titrate all the volatlile acids which come over with
steam distillation, No formic acld was present as was shown
by adding KMnO4., Upon evaporation of the sodlum salt of the
volatile acld or aclids, a2 derivative was made using pure
toluidine and this acid-para-—toluidine compound melted
sharply at 147° which indicated that only acetic acid was
present as a volatlle acid, There weré no non-volatile acids
present except a small amount of unused lactic acid, In this
work the interest lay only with the acid biproducts formed
from the lactate ion so there was no attempt to identify any
alcohols or ketones that might have been present in small

quantities, Neither were the gases evolved from the culture

examlned,
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The results secured from the experiment clearly indicate

that the lactate lon is readily avellable as a source of car-

bon when Bacterlum coscoroba is grown in a medium containing

calcium lactéte.

1.
2.

Se

4.

Summary

Calcilum lactate is readily utllized by Bacterium coscorcba,

Aceiic acld i3 the only volatile organic metabolic acid

prodiced,
There are no more voletile acids formed by the action of

B&cﬁerium coscéroba on calclium lactate,

,No attempt was made to 1dentify any metabollic products

. other than the acids mentioned,

The gases evolved were not examined,
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THE UTILIZATION OF THE SUCCINATE ION
BY BACTELITUM COSCOROBA

The problem of whether or not calcium succinate was

utilized by Bacterium coscorobea, arcse In comnsction with the

metabolic studies of this same organlsm grown in another med-
ium which contained ecalcium pgluconate, Succinic acid was found
to be one of the several decomposition products, Did the
anount of succinic acid found in the culture represent only a
small portion of that produced and later used by the organism
or was the acild molecule completely or relstively unavailable

to Bacterium coscorcba?

It was soon discovered that no Investigator had determined

the extent to which Bacterium coscoroba can utilize the suc-

cinate ion, What little experimental work has been done along
this line 1s widely scattered in the matter of yesrs; moreover,
it does not relate directly to the problem discussed in this
papervbecause the organism used and conditions of growth do not
in any case correspond to these of earller investigators,
Béchamp (1870) observed that a ferment transformed calcium suc-
cinate into butyric scid, carbon dioxide and bydrogen but he
does not state how much of the succinate ion was so used, Aubel

(1921) working with Bacterium pyocyasneus and its action on am-

monium succinate, obtained propionic acld and formic acid or
fermentation products, Koser (1922) obtajyned growth of some
members of the colon-aerogenes group when he used a sodium salt

of succinic acid as a source of carbon, He was not interested
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In the decomposition products so made no attempt to identify
them, A fermentation of interest 1s that reported by Grey
(1924). He studied the actions of Bacterium coli commune on

succinic acid in presence of calcium formete, The calcium salt
of formic acid presumably accelerates the decomposition of suc-
cinic acid becsuse the formic salt i1s itself broken down leav-
ing the metallic ion free to combine with any biproduct aeid
formed so the acidity is partially controlled. Grey reports
that about 50% of the §,3g.o succinic used per 1000 cc of

medium was used by Bgceterium coll commune in 72 hours, The

succinic acid is decomposed chiefly into hydrogen, formic and

acetic acids:
O0H
Hg + 2Ho0 —> CHzCOOH + 2HCOOH + Ho
00H

These references indicate that the extremely stable suc-
¢cinlc aclid molecule can be broken down by enzymatic action un-
der the specific conditlons prevailing for each individual ex-
periment cited,

The medium used for this work was made as follows:

HO. .. .. ... . 500.,0 cc

(NH4)sHRy 0.5 gr.
NaCl . . . . . . . . 1.87gr,

KoHPO4 & + o « « . o« 0.5 gr,
MgS0g4 . . - . . . . . 0.1 gr,
Syeccinic acid . . . . 5.0 gr.
CacOz . « . . . . . . 15,0 gr.
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After sterilization in 1,5 liter flask for 20 minutes at
15 pounds live steam the medium was cooled, inoculated with

2.0 cc broth cultures of Bacterium coscoroba and incubated at

37°%c. within 24 hours growth was indicated by the evolution of
a moderate amount of gas which continzed for about two days.

In order to admit aiy into the culture the flask was agltated
twice each day for seven days and the contents of the flask
were analyzed according to the procedure already discussed
{pagel0 ). All volatile acids had passed over when only about

four liters of distillate were collected,

Results

Total volatile aclds required only 1.84 cc of NaOH, the
normality of which was 00,9916, Potassium permanganate titra-
tion showed onlyatrace of formic acld amounting to less than
0.01 gram., The small amount of acid not oxidized by perman-~
ganate was assumed to be acetic since the sodlum salt when
evaporated to small volume gave the characteristiec ethyl
acetate odor when an excess of HoSO4 then some ethyl alcohol
were added and the contents of the test tube warmed. Approx-

imately only 0.1 gram of acetic acid was precsent and 1t was

-~

not convenient to prepare a derivative with such a small amount,

The exact identlty of such a minute quantity of acid was not

consldered essentially important,

The ether extract of the non volatile residue was made up
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to a volume of 250 cc, an aliquot of 25 cc taken and titrated
with standard NaOH. This aliquot gave a wvalue of 0,46 gram
wiien calculated as succinic acid. The ethsr from another
aliguot was evaporated, the residue recrystallized twlice; a
mixed nmelting point was taken by adding some known succinic
acid to the unknown residue widch proved to be succinic acid
as the melting point of the mixture was 184°, It 1s now es-
tablished that the total amount of succinic acid utilized by

Bacterium coscoroba was 0,40 gram out of a total of 5.0 grams

added to the medium,

Thus under the conditions succinic acid is not évailable

to a great extent, It was found to support the growth of

Bacterium coscoroba only about two days while under similar con-

ditions formic, acetic and lactic acids sustained the growth

of the organism for six days,

Summary

1., Calcium succinate will support the growth of Bacterium cos-

coroba only for about two days during whicin time only about
8% of the succinic acid is used.

2. The total volatile acids present amount to a little more
than 0.1 gram. Formic¢ was found only in traces (less than
0.01 gram), The remainder was qualitatively identifled as

acetic wiich amounted to about 0.10 gram.

3. The non volatile acid was identifled as succinic and only a

small portion of it had been used,.
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THE METABOLISM OF DBACTERIUM COSCORODA GROWN IN AN
AFRATED MEDIUM CONTAINING CALCIUM GLUCONATE

The calciuwm salt of gluconic acld was one of a number of
rure hexose derivatives used in a culture medium as the sole
source of carbon for microBirganisms. The avallability of the
gluconate molecule and the unusual fermentative reaction

caused by Bacterium coscoroba have been referred to (page 6 ).

These observations led to the selection of the gluconate mole-~

cule and this particular organism for more extended study. In

thet gluconic acid and the glucose molecule are closely related

in structure it was thought that the study of the metabolice
products of this aclid might be of value in interpreting the
action of microfrganisms on glucose, a problem which is by no
means completely solved.

At the cutset 1t was declded to study the bacterisl de-
composition products of calcium gluconate, at the period of
maxlmum growth and at certain periods thereafter; the maximum
growth has been found to occur at about 24 hours after inocu-
lation., Various time intervals in additlion to the 24 hour
period such as 36 hours and seven days were chosen and the

metabollic products determined In each case,

Historical Survew

Although gluconle acid has been known for half a century

(Hlaslwetz and Habermann, 1870) and during all these years few
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investigators have determined the aetion of organisms on the
molecule.

The action of the animel organisms on gluconlc acid was
observed by Maver (1901), He injected rabblts with a salt of
gluconic acid and reported saccharic acid occuring in the
urine as an oxidstion product. Later when Schott (1911) car-
ried out the same experiment he observed mainly gluconic acid
in the urine together with a small amount of saccharic acid.
Liver infusion decomposes gluconic acid only partially; the
oxidation products sueh as saccharic, oxalic and glycollic
acids were not found. Paderi (1915) who carried out this liver
infusion work reports that gluconic acid is normally nat found
in the animsal even after a diet rich in carbohydrates. The in-
veatigations made by these men seem to Indleate that, in the
animal organism, gluconic acid is a stable molecule. Refer-~
ences already alluded to (page 6 ) make it quite clear that
when the same acid 1s attacked by mierobrganisms it becomes
readlly avalilable as a source of carbon,

No investigator has published results of any metabolic

work which in any way 1s closely related to this present nroblem.

Numerous metabolic experiments have been run by growing or-

ganisms related to Bacterium coscoroba on monosaccharides and

disaccharides and even polysaccharides but not under the same
conditions as this work was done. Earlier problems solved by
Harden (1901 and 1905), Harden snd Penfield (1912) are of the
same general type and scope as the one at hand. Such refer-

ences wore helpful since they outlined certain methods which



- o7 -

could be modified and used in thils work.

Experimental Vork

The calelum gluconate used in all this work could not be
purchased as it was not listed by any of the standard chemical
suoply houses. The same applied to the acld as well as to any
of its salts, Host of the calcium salt used was made accord-
ing to the method of Kiliani and Kleeomonn (1884). This method
consists in the oxidation of glucose with bromine water which
gives the free acid together with some HBr; this HBr is re-
moved by treatment with lead carbonabe; the last truces of
lead are removed by HoS; the solution is then boiled and the
calcium salt precipltated; this salt is easlily purlfied as it
can be recrystallized from hot water, The addition of ethyl
alcohol to the mother llguor assists in the crystallization of
the compound. This method gives a yield which is about 70%
of the theoretical. Brown (1886) found that Bacterium acéti

grown on glucose in presence of calcium carbonate would pro-
duce considerable quantitles of calcium gluconate., Somewhat

later Seifert (1897) in growlng Bacterium acetil on zlucose con=-

firmed the work of Brown, An attempt was made in this labora-

P mena

tory to produce calcium ;sluconate by seeding a gilucose medlium

with Bacterium acetli but the culture was not viabkle ard all at-~

tempts to revive it failed., The most successful attempt to

produce calcium gluconate by blo-chemlcal means was reported by
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Alsberg (1911)., He succeeded in getting nearly theoretical

yields by growing Bacterium savastanol in a medium containing

glucose and calclum carbonate. The most convenieht chemical
method of preparation and the one representing theoretiocal
yields is that of Ling and Nanji (1922), In this method as
woll as all others, glucose 1is oxidized. Bromine is the oxidiz-
ing agent and the source 1s the calcium salt of hydrobromic
acid.

As might be supposed the calcium gluconate molecule is
much more stable toward chemical reagents and heat than glucose,
It shows no signs of caramalizatlon when sterilized in live
steam at 15 pounds pressure for 20 minutes., In this connection
it shows a decided advantage over glucose as well as other sugars.
One hundred parts of water at room temperature will dissolve
about four and one-half parts of calcium salt; it is easily
soluble in hot water and insoluble in alcohol., Since the salt
13 cnly slightly soluble in water at room teriperature one
could never use a medium containing more than 4% of calcium
gluconate in solution. As a matter of arbltrary choice it was
decided to work with a 1% solution and all subsequent determina-

tions were made by growing Bacterium coscoroba in a medium con-

taining 1% calcium gluconate. KXoser's inorganic medlum (page 5 )
with some modification and edditions was used feor this work,

The amount of NaCl was decreased from 5 parts per 1000 to 3.75
parts per 1000. This was the least soluble of the inorganic.
gsalts used and it was found that it interfered with certain

later operations in the analysis of the culture. Perhaps the
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NaCl could have been reduced to a much smaller quantity without
imparing the growth of the organism. The complete formula for
the medium is as follows: |
HpO, distilled . . . . . 2000,0 cc
(NHg)oHPO, o & 0 @ W & 2.0 gr.
NaCl . . . « v ¢« & « & 7.5 gr.

KgHPO, . .
Mg304 - . - - . . - - . 0.3 gro

2.0 gr.

.
L}
.
L]
*
L]

Calclum gluconate . . . 20,0 gr.

Calcium carbonate . . . 30,0 gr.
The calcium carbonate used is an addition to the ilnorganic
constituents of Koser's medium. It was known that a consider-
able quantity of acids was produced by the fermentation of the
gluconate molecule and the calcium carbonate was added in
excess in order to neutralize the acids formed and thus prevent
thelir accumulation which would Inhibit the growth of the or-
ganisms,

By preliminary experiment 1t was found that 20 grams of
calcium gluconate would furnish metabollc products in auch
quantity sufficient to admit of identification and quantitative
estimation. It was also learned that when the medium was in-

oculated with Bacterium coscoroba there was an inhibition of

growth for the Tirst two or thres days judglng from the fact
that no carbon dioxide was evolved; these culture flaslks were
not acrated as in later work, The assumption was recached that

sterilization might leave the contents of the flasks deficient

in carbon dioxide or in other words that the medium night be too
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alkaline for the lmmediate growth of the organism., Acting on
this assumption it was decided to add 1.0 cc of 85% HzPO4 which
would be correct for this condition, if it existed, ILater
observations showed that it did not exlst. The acid would re-
act on the excess CaClOz with the evolution of carbon dioxide
and thus the medium would be saturated with this gas and any
alkalinity would be corrected before inoculation which immed-
iately followed the addition of HzPO4., Since it was desired to
estimate the carbon dioxide evol&ed‘from the growing culture,
the total quantity of this gas collected must be corrected for
the amount of carbon dloxide produced by the action of 1 cc¢c of
HzPO, on the calcium carbonate in the medium.

A brief description of the acration -~ carbon dioxide ab-
sorption apparatus follows. TFor a schematic view of the ap-
paratus see Plate I. Flask C in operation contesing 2 liters
of medium; flask B is pcrmanently secured to the large one by
means of a wire support about the necks of the two containers,
Flask B contains about 150 cc water, GCotton plugs are fitted
into the necks of B and C; & short plece of bent tublng leading
from A to B, the tublng from B to C and fram C towards D and
a larger plece of straight tubing inserted through the cotton
plug in C are fixed in place and stcrilized along wlth the two
flasks; the exterior terminals of the tube from A to B and from
C toward D are protected by cotton plugs which are flamed and
burned when it 1s desired to connect to the remainder of the

set-up. %Yhe bent tubing leading from B to the bottom of C may
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be relsed above the surface of the medium in C to prevent
syphon action, If so, its exposed end above the stopper in B

is protected by a cotton plug; it is convenient to insure its

insertion through the plug in B by previously fitting in position

a short section of a glass tube about 12 mm in dliameter which
may be flamed and removed after sterilization when it is
desired to insert the flamed end of the bent tube through the
plug In B With such an arrangement no contamination has ever
occurred, Flask A with its contents of 50% KOH does not need
to be sterilized for the sterile water in B acts as a safe-
guard against contamination of G, The stopcock D iz employed
as a matter of convenlience in directing the continuous current
of gases alternately through the absorption towers E and F.
These carbon dioxlde towers are a slight modification of those
designed and described by Truog (1915), Before use they are

agssembled and by a separate operation they are swept out by

carbon dioxide-free air and the standard Ba(OH)2 measured from a

bgrett directly into the top of the tower; 1f necessary, car-
bon dloxide-free water may be added to make up to the proper
volume,

The mercury trap G is inserted in order to maintain or
regulate a steady stream of gases pulled through the apparatus
by means of a water suction pump attached to H, The trap per-
mits the pump to draw an amount of air In excess of that
desired through the sapparatus, the extra asmount of air being'

drawn through the glass tubing which extends thrcugh the rub-
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ber stopper and dowvmn into G, It may be mentioned that G 1s a
side arm test tube 30 ecm x 2,5 cm, mercury being added to a

determined height, This regulator will take care of any var-

istion in the water pressure,

The flask H is a two liter suction filter which is lnsert-
ed to guard against any possible back flow of water from the
pamp,

Preparatory to operation the sterillzed flasks B end G
together with thelr contents are placed in a water bath at 37°
and Immersed almost to the neck of the larger, All necessary
connectiorsmade with sections of pressure tubing, the joints
protected with beeswax to prevent leskage, The cotton plugs
are depressed slightly into the neck of each flask and melted
sealing wax poured over the plugs to a depth of one quarter
inch, If any doubt exists about these built-up stoppers being
air tight, they may be coated over with a layer of melted bees-
wax, The third and larger glass tube opening into C is for the
purpose of inoculation end also serves as a mode of entrance
when it 1s necessary to withdraw samples of the culture from
time to time, During aeration this opening has its cotton plug
pushed far enough within to allow a rubber stopper to be in=-
gserted and 1f necessary sealed with wax, The apparatus should
always be tested for any possible leaks by closing of the inlet
tube of A while the pump 1s running; if the apparatus is air
tight throughout, bubbles will soon cease to rise in the par-

ticular absorption tower connected,
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By means of screw clamps, one of which may be 1n position
between G and the top of the sbsorption tower E or ¥, the other
between A end B, it 1s an easy matter to maintain a constant
flow of air through the apparatus; 1in most of this work the ap-
parstus was adjusted so that one bubble of alir per second
would enter through the KOH solution in container A, The 50%
solution of alkali was used to remove all carbon dioxide from
air entering the system,

A brief description of a typical ecarbon dioxide deter-
mination followsﬁ In this particular instance the medium was
storilized, the flasks B and C then attached to the aeration
system as has been described above; 1,0 cc HzP0, added by means
of a sterile pipette but no inoculation was made since these
carbon dioxlde date were to be used to Corréct the values ob-
tained in later work where both the HzPO4 and the inoculum
were added, In this correction it may be recalled that in-
terest lays only in the carbon dioxide produced by the growing
organisms, The carbon dioxide evolved as a result of chemical
action of HéPoé on CaC0z was collected continueusly for a
period of 24 hours with the exception of the first one and one=-
half hour and this can easily and rather accurately be inter-
polated from the curve plotted from the data collected, The
carbon dioxlde was swept over into the absorption towers by
air entering at the constant rate of one bubble per second,

The gas absorbed in standard Ba(OH)o was determined by direct

titration with standard HC1l, phenolphthalein being the indlcator
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1l cc H3P04; no inoculation.
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no HzPO4; inoculation.




. . - : : LURHS U SUE SRR SUEEY
. f} H . i 1 M
) : : T '
A ' i
. H P S
s _ i i
:
i b
i i
! | d
1 o T
] Ll
f I
; i RN
H . - .
: : i :
1 1 ' ..
_u m N
JOUEN S + -
i ! L
. -
)
I

huwiL

! i 5 SN EE :
BESER SRR S S B - ™ % N8
; : ! , o s o
$ W e " o : w pi - -
R o : :
= : RS d BEmanies eats. -
4.. w 1 t - 1 | . H .
T t * 3 t H
4 b - M i , - '
K ' ; ;. A
” 3y !

[ RSN QUG S

N
“t.

[ GRANIU (R UM S

PRSI (DI SUIDIY SPDSS S,

s
i
i
!

|
I

.

K )

S Gt 10]

Ske |Tabld 2

Plate 2.

-8

o JOUULASE O EECI KRN WES! FRUUN TN SO S SO O O
SN |

5

~t
300 suBaZ T[T

[@
(@]
~t

t

(@]

“.— :—._..'-—

Time in Hours




- 34 =

used. The rate curve for the evolution of carbon dioxide has
been constructed from the data obtained and will be found by
referring to Plate é. Each small circle on the curve indicates
a point actually determined by data. The part of the curve in-
dicated by the broken line represents the first one and one-
half hours during which no gas was collected. For actual and
estimated carbon dioxide data see Table I. Hourly estimates
were taken from curve in order to complete the data, It is
true thet determinations could have been easily made each hour
but experience has shown that estimutes can be made which are
wlthin the limits of error allowable in such biological deter-

minations,.
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Teble I,

COo rate curve.

Determinstions mede on sterile medium,
1 cc HzPOy added to medium at 6:30 A,X.
Collection of COs began at 8:00 A,HM,

: Milligrams COg :Mllligrans COo, collected
Time interval : collected per hour : and estimsted per hour
6:30~ 8:00 A M,: : 36,0
8:00~ 2:00 : 64,4 : 64,4
9:00-10:00 : : 67.5
10:00-~11:00 : 68,0 : 68,0
11:00-12:00 : : 68,4
12:00~ 1:00 BN : s 64,0
1:00~ 2:00 : : 55,0
2:00~ 3:00 : H 47,5
3:00~ 4:00 : : 40,0
4:00~ 5:00 : 3340 : 3360
5:00~ 6:00 : : 30,0
6:00-~ 7:00 : : 26,0
7:00~ 8:00 : H 24,0
3:00~ 2:00 : s 21,5
9:00~10:00 : 18.8 - 18.8
10:00~11:00 : : 16,5
11:00-12:00 : : 15,0
12:00~ 1:00A K : H 14,0
1:00- 2:00 : 13,7 : 3.7
2:00~ 3:00 - : 12,0
3:00~ 4:00 : : 11.8
4:00~ 5:00 : : 11,6
5:00~- 6:30 : 11,5 : 11,5

Total milligrams COo, 770,.8



It will be of interest to examine the accompanying table
of Py valucs determined with the LaMotte standard cell at
various times within the 24 hour perilod during which carbon

dioxide data were being collected,

Time at which

Py was determined Eﬂ_values
6:30 A.M, 6.8
6:45 5.8
7:30 6.0

10:00 6.0
1:00 P.H, 6,2
6:00 5.8

11:00 5.8
3:00 A, M, 5,8
6:30 5.8

At the time of adding HzPO,, the Pg of the medium was 6,8,
Fifteen minutes after the HzPOy was added, the Py value was
5.,8. Just why the values should rise to 6,0 then to 6,2 and
then #4111 and remain st 5,8 is not quite clear, More than
casual interest lay in these Pg values for, as has already
been mentloned, the orgaenism, when not serated, was inhibited
in its growth for two or three days and it was thought that the
Py might be the cause but the initial value of 6,8 would in-
dicate that the reaction of the medium was well within the
range for most organisms, Later work showed that growth was

not inhibited under aeraticn which was emploved in order to
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permit the microbrganisms to grow under a constant oxygen tension

at the bottom as well as at the upper surface of the culture,

Experiment 1,
A carbon dioxide determination was made under the follow-

ing corditions: after sterilization, cooling and attachment to

the aerating system, 1 c¢cc HzP0y was added and at same time in-

ogulation wes made with 2 cc broth culture of Bacterium coscor-
oba, 24 hours old; aeration was immediately started and the
collection of carbon dloxide begun at once, A chart of the
carbon dloxlide deta may be found by refercnce to Plate 2,

During the first seven hours most of the carbon dloxide
evolved is not from growing bacteria but from the action of
HzP0s on GaC0z, After that time the cafbon dioxide from chem-
ical sction begins to appear in measurable quantity, The
amount continues to increase gradually until the 18th hour
when the quantity evolved mounts rapidly until a maximum is
reached at the 24th hour after which it decreases rather rapid-
ly. In measuring the rapidity of growth by the carbon dioxide
evolved it is fcund that the microbrgenism reaches its maxi-
mum at about the 24th hour, A few later determinations of
carbon dioxide are made in order to be sure that the maximum
hes been reached, This 24 hour maximum agrees well with later
determinations,

By comparing the carbon dloxlde curves whose points afe

marked by O and @ {(Plate 2), it is evident that they do not
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coincide as completely as they should during the first three
or four hours of the detormination, While 1t 1s probable that
the experimental errors sccount for part of the discrepancy
between them, yet the points on each of the curves agree with-
in themselves, that 1s no one point is out of place in refer-
ence to.others near it. It is scarcely probable that in curve
@, the 2 cc of broth culture of organisms added to the medium
would be so stimulated by the HzPO4q that their early growth
would account for the higher values of carbon dloxide repre-
sented by this curve when compared to curve O,

The following table contains the carbon dicxida data de-

termined from this particular culture;
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Pable II,

rate curve,

Determinations made a?ter adding 1 cc HaFPO

2 ¢c broth culture of Bacterium coscoroba ad

3 at 8:00 A.M.
-]

d at 8:00 AM,

Time interval

8: 00~

9:00-10:00
10:00~11:00
11:00-12:00

12:00-
1:00=~
2:00~
3: 00~
4:00~
S:00-
6:00~
7:00~
8:00~

9:00-10:00
10:00~11:00
11:00-12:00

12: 00~
1:00~
2:00=
3:00=
4:00~
5:00~
6:00-
7:00~
8:00~

9:00-10:00
10:00-11:00
11:00-12:00

%9 a8 jer oa

9:00 A, X

1:00 B M
2:00
3:00
4:00
5:00
6:00
7:00
8:00
9:00

1:00 A M
2:00

Rpxoore

8888888

26 96 60 45 90 o5 o9 00 30 v o9 0o Bo a9 40 02 40 ae 6n ¢ 8¢ o2 4e ¢s as e« v ed

Hilllgrams COp  :Milllgrams GOp collected
collected per hour : and'eatimateg per hour

88,50 : 88,5
96,00 : 96,0
105,50 : 105,5
: 102,0

94, 90 s 94,9
: 85,0

78,70 : 78,7
: 78,7

78,70 : 78.%7
H 82,5

86,40 : 86,4
: 90,0

96,90 : 96,9
H 97.2

97,70 : 7.7
: 102,0

: 103,5

: 107,5

: 112,5

116,90 : 116,9
: 126,0

: 132,0

: 150,0

176,90 : 176.9
: 168.6

162,70 : 162,.7
132,10 : 132,1
106, 30 : 106.3

Total milligrams
1t i

Totel milligrams COg, 3

COo collected . . . ., . 3055,7
correction. . . . . 770.8

n
1"

prToGu

uced by organigmPRB4T

0565.%7

(Tacie I)
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Now 1t will be convenient to make an arbitrary standard
of reference: 1t can be stated that one gram molecule of car-
bon dioxide would be produced from one gram molecule of cal-

cium gluconate by the action of Bacterium coscoroba, On this

basls the 20 grams of Ca(CgHy,0y)o.2H0 used would yleld 1,888
grams of carbon dioxide; but the actual production was 2,2849
grams, so 1 x 2,2848 = 1,210 mole fractlons carbon dioxide
produced by‘the organism from calcium gluconate, This rela-
tionghip 1s stated merely as furnishing e beasis of comparison
for all carbon dioxide values discussed hersafter,

The following 1s & tabulated set of Py values determined

from the culture at various intervals during the growth of the

organism,
Time at which Pgy
was determined Py values
8:00 A,M. 6.8 (Before adding lcc HzPO4)
8:01 4,2 (After adding lec EHzP0,)
9:00 5.8
11:00 5.8
1:00 P.M, 6.2
5:00 6,2
9:00 6.2

3]
~3

8:00 A4,li,

10:00

(2 T+

.7
12:00 8

It will be noted that the Py goes gradually from a low
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value of 4,2 to the initial value of the medium which is 6,8,
This gradusl adjustment of the Py values to the 1lnitial reading
of 6,8 13 in contrast to the corresponding determinations made
on the sterile mediums where the Py did not rise higher than
5,8 during the 24 hour pericd, However, 1t would be expected
that the growing organisms would adjust the Py value of the
medium to near their own optimmum (Cluzet, Rochaix and Kofman,
1924),

This culture at the end of the 28 hour pericd was further
examined in & quantitative way for metabollc products, It may
be emphasized here that previous qualitative analysls had
established the fact that carbon dioxide, formic acid, acetic
acid, lactic acid and éuccinic acid were the metabolic products
present and that they were the only ones formed when Bacterium
coscorobs. ferments calclium gluconate,

The culture was filtered and the residue treated after the
manner already glven (see page 10); the filtrate from the
residue was then added to the original filtrate, the whole of
which was made slightly alkaline with KOH and evaporated at
55°C under s reduced pressure of 20 mm,

The distillate was recovered and preserved for further
treatment, Low pressure evaporation was thought best in order
to avoid as much as possible, the decomposition of any unstable
compounds Whidh might be present, The distillate was color-
less and odorless and slightly alkaline due to the presence of

NHz which passed over from the filtered culture. The distil-
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late, which represented a volume of 3000 cc, was made neutral
and fractionally distilled, under atmospheric pressure, by use
of a seven bulb condensing head but the first fractinn gave no
reaction with Fehling's solution nor witih acid or alkaline
permanganate showing absence of carbon compounds, The distil-
late under fractionation was made acid and distilled with same

results just mentioned, “hen made alkaline and then fraction-

ated, considerable NH3 ceme over with first 250 cc of distillate,

The residue from the vacuum distillstion flask was trans-
ferred to a steam distillation apparatus described by Dyer
(1917) end scidified with Eo5SO4 until a drop would produce a
blue coloration with a congo red paper, In order to drive
cut any carbon dloxide that might be present in the residue to
be dlstilled, an upright reflux condensér was fitted to the
500 cc Kjeldahl serving es a distillation flask and the con-
tents of 250 cc were bolled for 20 minutes, cooled, then fit=-
ted onto the steam distillation.apparatus. Distillation was
continued until 10 cc of distillate would give a permanent

pink coloration when one-half drop of N/10 NaOH was added,

paenolphthalein being used as an indicator, The distillate was

collected in a two liter distilling flask protected from the

air by a soda-lime tube, A total of about 10 llters was dis-
tilled and this was neutralized with NaOH and evaporated to a
small volume, This was made up to 500 cc and aliquot of 10 cc
taken for titration with KMnOy (see page 11), This method 6f

titration for formic acid gives very good concordant results;
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the errors are within the limits of error allowable for good
quantitative values, A 50 cc aliquot was now taken, the formic
destroyed by KMnO4, a 500 cc Kjeldahl used as a container,
This was fitted to an upright condenser, heated, aclidifiled with
HoS04, an excess of oxalic aclid added to reduce the manganese
compounds present, refluxed for 20 minutes, cooled, steam dis-
tilled and titrated for other volatile acids (page 19) not
oxidized by X#nO,, Duplicates were run as checks and the cal-
culated total acid checked in the first place beyond the
decimal, This acid was now shown to be acetic and none other
by making the para toluidine derivative which melts sharply

at 147°, That the scid destroyed by KMnO4 was formic and not
some other such as pyruvic was shown by the following method:
a conslderable quantity of the sodium salts of formic and
acetic acids from the culture wers amssged and evaporated to
small volume, acidified with HoS04, extracted for 72 hours in
a continuous ether extracter, the ether cautiously evaporated,
25 cc HpO added, an excess of calcined magnesis placed in con-
tact with the acids (Allen, 1911), the excess water evaporated
to small volume, alcohol added and the magnesium acetate is
soluble, the formate insoluble and they may be separated by

filtration; the formate again extracted with ether, the ether

carefully evaporsted and the resulting acid gives the character-

istic tests for formlc such as the reduction of mercuric ox-
ide and the evolution of carbon dioxide by adding concentrated

HoSO4 to a few drors of the strong acid,
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The non volatile resldue was made up to a volume of 500 cc
and an aliquot of 150 cc taken for extraction, The extracted
portion was titrated with standsrd Ba(OH)g as has been mentioned
{pege 12), Another aliguot was cxamined quantitatively an
gave the test for lactic acid (Fletcher and Hopkins, 1907),
Suceinlc acid was also present as was shown by mixed melting
point, Oxalic acid was also tested for by the calciun pre-
cipltate test bul none was found; its absence was also con=-
firmed by the mixed melting point test for succinic acid, The
mixed barium salts of the lactic and succinic were evaporated
to dryness on a steam bath, 5 c¢c warm water added, then 25 cec
absolute alcohol and let stand for two hours with occasional
shaking, The barium succinate is insoluble snd the barium
lactate 1s soluble; they are separated by filtration, an excess
of HoSO4 added to the lactate and the BasSO, filtered, ignited
and welghed and from the welght of the barium the amount of
lactic present meoy be calculated, (Muller, 1896), The succinic
acid was calculated by differcnce,

A tabulated swmary including these and other results
will be given later and discussion will be reserved and given

at that time,

Experiment 2,

The carbon dicxide curve designated by & and shown on
Plate 2 1s deserving of comrent, The carbon dlioxide values were

obtained under the following conditions: the medium, inocula-
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tion and all conditions were the same in this run as in the one
just discussed with the exception that no HzPO, was added, The
evolution of COs indicates that the organisms began to attain
considerable growth after abur or five hour period and con-
tinued at a rapid rate until the 18th or 19th hour when the max-
immm rate of carbon dioxide production was reached, It will be
noted that after the maximum is attained, the decline in the
evolution of carbon dioxide 1= much less marked than in the
curve which 1t crosses in itgs decline; its maxirmm rise 1s
reached sbout six hours earlier than when HzPOy is added to the
medium, Even though the presence of the HzPO4 may possibly stim-
ulate the early growth of Bacterlum coscoroba it ssems that the

low Pg resulting from the presence of the acid, delays the max-
imum cerbon dioxide but the maximum slthough slower in being
reached i1s considerably greater, The accompanying tablc gives
the determlned and estimated carbon dioxide values for the

full 26 hours that the culture was incubated.



TABLE III.

CULTURE INOCULATED AT 1:00 P.M.

2 cc broth culture 24 hours old.

No H3P04 was sdded.

: Milligrams GOp :Milligrams COg collected
Time interval : collected per hour : and estimategAper hour
1:00~ 2:00 PM, : 2.5
2:00~ 3:00 : : 5.0
3:00~ 4:00 : : 3.0
4:00~ 5:00 s 25,02 : 12,5
5:00~ 6:00 s : 16,0
6:00~ 7:00 : : 19.0
7:00~ 8:00 : 23,71 : 23,7
8:00~ 9:00 : : 32,0
9:00~10:00 : : 40,Q
10:00-~11:00 : 57.6 : 57,6
11:00-12:00 s : 70.0
12:00- 1:00 AN 3 82,5
1:00~ 2:00 : : 93,0
2:00~ 3:00 : : 102,0
3:00~ 4:00 : 122,3 : 122,.3
4:00~ 5:00 : : 126,0
5:00~ 6:00 - - 133,0
6:00~ 7:00 : : 140,0
7:00~ 8:00 : 143,6 : 143,6
8:00~ 9:00 : : 140,0
9:00~10:00 : 136,0 : 136,0
10:00-11:00 : 132, 5 : 132,5
11:00-12:00 : 127.4 2 127.4
12:00~ 1:00 P, M : 123.,5
1:00- 2:00 : : 120,0
2:00- 3:00 : 118,11 : 118,1

Total milligrams COp, 2127,2
Mole fraction COg, 1.1270



- 47 -

The Py values obtained at various times duringy the growth

pericd are constant as might be expected.

Time of determination Py wvalue
1:00 P,M, 6.8
11:00 6.8
-10:00 A M. 6.8
5:00 P.M, 6.8

It has long been known that all of the coli-aerégenes
group have optimum hydrogen lon concentration which is not far
removed from Py 6.8; they grow well at this Py value, It
can be said that Pg is not the cause of the two or three day
inhibition perlod that this organism undergoes when the med-
ium is not aerated, This experience in having aeration
stimulate the growth of microdrganisms confimms the work of
earlier investigators in this connection (Hausen, 1880; Hoppe-
Seylor, 1883; Buchner, 1884; Brown, 1892; Kayser and Demolon,

1909).
The metabolic organic aclds determined in this culture

are given in Table VI,

The microdrganisms growing under the influence cf aera-
tion and HzPOg4 2dded to the medium produce carbon dioxide.
The carbon dioxide chartins 1ts own characteristics up to the

28th hour, In order to follow the curve beyond this period a

plan was evolved wnich would allow for the continuous collection
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of carbon dicxide for seven days (Plate 3),

Bxperiment 3.

The amount of calcium gluconate used was 5§ grams instead
of 20 grams and the other components of the medium reduced
accordingly, Instead of 1 cc H3PO4 added, only 0,25 cc was
used in order to have coumperative conditions, The amount of
calcium gluconate was reduced in order to collect carbon
dioxlde over longer periods of time wilthout charging the ab-
sorption apparatus, The maximum caerbon dioxide production

occurs about the 27th hour and from this time there 1s a

rapid decline in carbon dioxide evolved until the third day 1s

reached when the rate decreases very slowly and continues so

to the seventh day,

Table IV contains the carbon dioxide data for thls curve,
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TABLE IV.

Seven day culture

5 gram sample of calcium gluconate

0.25 cc HzPO4 added

Hours of : Milli- : Milli-
continuous : grams COp : grams CO,
collection : collecte : per hour

10 hours : 161,.3 : 16.1

11 : 345,9 : 31.4

6 : 219.7 : 36.6
8 : 198.1 : 24.8

12 : 131,%7 : 19.8
12 H 131.6 : 19.7

12 : 130.4 : 10.9

12 H 115.7 : 9.6

12 : 103.2 : 8.6

i2 3 92,9 : 7.7

12 H 87.4 H 7.2

12 : 78.3 : 6.5

12 H 73.8 : 6.2

12 : 65,0 : 5.4

12 : 55,2 : 4.7

Total COg for 7 days = 1990.2
Total CO5 for 20 gram culture = 7960.8 milligrams for 7 days

Total COg for first 27 hours = 726,9 milligrams (values from

table)

Total COp for first 27 hours for 20 gram culture = 2907,6 mil-

/ligrams.
770.8 milligrams correction factor for COs when 1 cc HzPO4 used.
2’70 8 1 " n 14 " b.zs ce A\ n

4

2907.6 milligrams total COs evolved
-192.,%7 " correction
2714.9 " COp produced by organisms.
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TABLE V.

Thirty-one day culture _

40 grams calclum gluconate, 1 cc H3zPO4 added,
1 hour later flask 1noculated with

4 cc broth culture of Bacterium coscoroba

“Time interval
between COl~

Hours of QMilligrams;M11ligrams; Total COo

-

lections of COo:collection: COg :  COg : evolved
Hours : Min, : of (0o :collected : per hour :{calculated)

13 0 : 1l : 179.5 : 178.5 2333,.5
12 ¢ 0 1/2 : 159.4 : 318.,8 : 3825.6
5 : 0 1/2 ¢ 735.7 : 147.1 : 735.7
8 o : 1 : 604.3 : 60.4 : 483.4
13 : 30 : 4 : 179.5 : 44,9 605.8
g : 35 : 3 : 95.7 : 31.9 : 305,6
14 : 45 : 4 s 108.7 : 23.2 ¢ 400,8
8 : 43 : 2 : 56,3 : 25.2 ¢ 273.6
16 0 H S s 147 .4 : 29.5 4%72.7
23 : 15 : 5 + 117.2 : 23.4 545.0
24 : 5 5-1/2: 122,7 : 22.3 536,9
20 : 30 3-1/2: 94.1 26,8 551.0
26 : 5 : 3 : 51,7 : 17.3 449,9
27 7 : 6 s 121.9 : 20.3 550.9
23 5 : 6 : 121.9 : 20.3 469.0
25 : 48 : 5 : 110.2 : 22,0 568.6
21 : 565 : 6 : 118.0 : 19,7 432,0
23 : 556 : 6 : 97 .7 : 16.3 : 389.%
24 0 : 6 : 80,9 : 13.5 : 323.1
24 : 2 : 6 : 7.5 : 12.9 310.7
25 : 48 s 6 : 93,4 : 15,6 375.9
24 : 15 : (5] : 72.3 : 12,1 292.4
26 : 33 : 6 : 55,7 : 9,3 : 246.5
21 8 : 6 s 55.8 s 9,3 197 .8
24 3 : 6 : 96.8 s 15.9 384.1
24 0 : 6 : 67.7 : 11,3 270.7
24 : 15 : 6 : 88.4 : 24.2 357.5
25 : &0 : 6 : 53.4 : 23.8 212.1
23 : 27 : 6 : 65.8 s 10.9 258.,9
26 : 30 : 6 3 88.4 : 14,7 381,5
25 : 30 : 7-1/2: a7.1 : 12.9 380.2
22 : 30 : 6 : 65.1 : 15.2 : 236.6
24 0 : 6 : 83,9 : i4.0 : 335.7
22 0 : 4 : 42,9 : 10.7 : 2356.2
25 0 : 5 : 62.2 : 12.4 : 308.9

-

Mole fraction COg

for 30

Milligrams CO2, 19038.5
day period 1is 4.8378
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Experiment 4.

Carbon dioxide wvalues over a stlll longer period have been
taken at irregular times each dey for 31 days. (Table V). In
this work 40 grams of calcium gluconate were used and the other
components of the medium were increased proportionately. In-

oculation was made with 4 cc broth culture of Bacterium coscor-

oba 24 hours 0ld; only 1 cc HxPQ4 was added. By reference to
Plate 4 1t wlll be evident that the maxXimum evolution of car=-
bon dioxlde iz twice that when only 20 grams of calcium glu~
conate is needed; the slope on each side of the maximum appear
muach steeper than in the curves of Plate 2 and even Plate 3
for the time unit must be condensed in order to find sufficient
horizontal space on one shect. The chart for carbon dioxide
in the 31 day culture shows thai after the 1Oth day there is
practically no change in the rate of carbon dioxide evolution.
This may indlcate the slow Termentation of some of the meta-
bollc products formed earlier in the growth period.

The quantitative data determined in Experiments 1, 2, 3
and 4 Just discussed have been supplemented by values secured
from other runs, A table summarizing all such quantitative

data follows. (Table VI).



TABLE VI.

Designatlon :Duration of :Grams :Grams :Grams :Grams :Grams
of experiment: experiment: COo :formic:acetic:lactic:succinic

[ . . -
. - L]

7 : 24hrs, : == : 2,83 i 5.485: == 3 ==
10 PR i -~ :3.095: 6.257: 2.08 : 0.941
2 . 26 12.12721 2.275: 3.30 : 1.422: 0.523
1 ;28 12.2845: 2,13 : 5.212: 1.78 : 0.834
5 . 36 e 11.86 i 5.67 i == 1 ==
3 i 7 days 11.9902: -= i == i == i o
8 - i == :0.7912: 5.32 : 0.570: 0.960
4 i T4.8378: == i == i em i am
9 " P e- 10.2772: 5.468: ~= & ==

*Phis culture was aerated with 1-1/2 bubbles of air per second;
all other culturecs aerated with 1 bubble per second., This may
account for the increased production of acids both volatile

and non volatile.

Discussion of Results

Examination of the above table will show that the values
listed in the vertical columns, for instence the one contain-
ing formic acid data, exhibit considerable variation even when
the duration of growth is nearly the same and all other con-
ditions are identical. No series of cultures grown under
identical conditions will always produce the same quantitj of

individual metabollic products. The causative factor here



concerned may be dus to lnabllity to control conditions, Also
certa in small errors enter during the preliminary preparation
of the culture for analysis and during analysis4as well,
Another point will be noticed: the longer the culture is
allowed to grow, the less formle acld remainsg. Under the con-

ditions obtaining, formic acid is available for Bacterium cos-

coroba. This is not surprising since the formate ion as the
only source of carbon has been found to be avallable (page 8).
It will be noted that the quantity of formlc acid found in
Emperiment 2 1s low, and the same applies for acetic, 1acﬁic
and succinate acids, It may be recalled that in this particular
culture no H3zPO4 was added and consequently there was no stimu-
lation of growth due to HzPO4 or the high carbon dloxide ton-
sion resulting.

& study of the datz conbained in the acetlc acid column
will convince one that, due to the conditions within the grow-

ing culture, the acotate ion is not avallable to Bacterium cos-

coroba, at least beyond a certain stage, The amount of acetic
acid,present at the end of 7 days is approximately the same as
at the end of only 24 hours. It would be pcrtinent to deter-
mine the acetic acid present at the end of 6, 8, 10, 15 or 18
hours after innculation of the medium. It is quite possible
that the amounts of this acid remaining at the end of 24 hours
or at any other pcriod thereafter does not represent the totul
amount produced, The results of earlier experiments (page 15)
would indicate that some of the aeid originally formed would

be later used by the'growing microBrganisms.
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The amounts of lactic and succinic acids present in any
case are small when compared with the quantities of formic and
acetic acids, The results of previous experimeﬁts (pages 17
and 21) point out the strong probability that the amounts of

these two acids found at the 24 hour period and thereafter rep-

resent only a portion of sach formed before the end of 24 hours,

Lactic acid has been found to be a good source of carbon for

Bacterium coscoroba, Grey (1924) has reported that succinic

acid, in presence of calcium formate, 1s readily available for

Bacterium colli commune, Now calcium formate is present in all

the cultures under discussion and 1t is not at all lmprobable
that the amount of succinlc found represents the difference
between that produced and that used before the end of the 24
hour period, ZKunz {(1906) has found that the succinlc azcid
present in alcocholie formentatlon is probably due to a diges-
tive process set up in the cells of microdrganisms but if this
were the case here the amount of the succlnate should incrcase
as the culture grows older.,

The question arose as to how much unchanged calcium giu-~
conate might remain unchanged in the culture at the period of
maximum carbon dloxide production or at some time thereafter,
Gluconic acid is non volatile, insoluble in ether so it would
remain in the acid residue after lactic and suceinic acids
werc reroved, This residue was evaporzted over a wviater bath
and dried for several days thereafter, and the residue ground

in a mortar with hot alcochol, Prolonged heating changes the
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acid into a lactone which 1is easily soluble in hot alcohol
(Fischer, 1890)., It was found that under the conditions this
method of determining gluconic acid was by no méans quantita-~
tive for too much of the inorganlc residue present was soluble
in the hot alcohol, However, it was determined that nearly all
the gluconic acid molecule had been split into simpler acid
compounds, In no case more than 2 grams were left undecomposed
out of the 20 grams used and this was in the comparatively

slow growing culture marked aa experiment 2. (See Table VI.)

The carbon dioxide values are all corrected to represent
that gas produced only by bacterial actions and excludes that
formed by HzPOg on CaClgz.

The carbon dioxide evolved by the growing microbrganisms
has two sources: (1) that produced as a result of the sction
of the acids formed on calcium carbonate; (2) that produced by
the complete oxidation of these acids, The amount of carbon
dioxide from the first source could not be accurately deter-
mined for some of it would react with the calcium carbonate
and remaln as bicarbonate which would be in unstable equilib-
rium with the carbon dioxide constantly evolved by the growing

Bacterium coscoroba, If seration were continued for a suffic-

lently long periocd after growth stopped this carbon dloxide so
held in unstable equilibrium could all be removed but thls was
not attempted, The carben dioxide from the second source is
likewise impossible to determine because it is not known how

ruch of each acid has been converted to carbon dioxide by Bac-
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terium coscoroba within a specified length of time, Conse-

gquently, the carbon dioxide actually determined cannot be re-
lated to the metabolism of the organism in any definite quan-
titative way. However, the relative vigor of growth of two or
more cultures over a definite period can be determined by com-
paring the total carbon dloxlde evolved,
A further comparison of the data contained in Table VI

mey be had by converting the grams of carbon dioxide, formiec,
acetic, lactic and succinlic acids into mole fractions, This

conversicn will be found in Table VII which follows,
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TABLE VII.
Designa- 3 : Mole : HMole : Mole : Mole : Mole
tion of :Durstlion:fraction:fraction:fraction:fraction:fraction
ezperiment: of run : COn : formic : acetic : lactic :succinlc
7 ; 24 hrsj - : 1,431 : 2,118 : - ; -
10 : 24 : - ; 1,565 ; 2,429 : 0.5627 : 0,1840
1 : 28 : 1,10 ; 1,077 : 2,022 ; 0.45058 : 0.l618
2 : 26 ; 1.13 : 1,150 : 1,281 i 0,3821 § 0.1006
5 : 36 ; - ; 0,9416 : 2.204 : - : -
6 § Vgéys: 1.13 : - : - :. - : -
8 : 7 : - i 0, 3999 : 2.064 i 0,1476:§ 0.1871
o i 7 i - 1004 219 i -- i -
4+ B i s.0821 - P - P -

*The mole fraction of COg given 1s on basis of 20 grams calcium
gluconate for duration of 24 /hours,

As a matter for comparison, the mole fractirns are com-
puted on the arbltrary standard of reference that one gram
molecule of calcium gluconate would produce one gram molecule
of carbon dloxide, one of formic, acetic, lactic and succinic

hi

n is t

acids, The 466 grams whic e molecular weight of the cal-
cium gluconate 1s reduced to the 20 grams of the calcium salt
used and calculations are made accordingly, On ti'is basis of

calculation 20 grams of calcium gluconate will produce theoret-
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ically 1,974 grams of formic acid and corresponding amounts of
ecetic, lactic and succinic acids, The actual amount of such
aclds produced 1is divided by the theoretical quantity and will
give in each case the mole fractinmn of that particular product.
In order that the above values may be further visualized

they have been charted to scale and designated as plate 5 which

follows,
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Surmary

The gluconic acid molecule exhibits a much more stable
structure when subjected to sterilization than the glucose
molecule, It has no tendancy to caramalize during steril-
ization as does glucose,

The addition of 1 cc HzPO, to the medium stimulates the

growth of Bacterium coscoroba elther directly or indirectly

through the consequent production of COo which is a growth
stimalant, However, the resulting Py may be a stimulant,

By selecting different periods of growth for Bacterium cos-

coroba it has been shown that formic acid 1s readily avalle

able for the orgaenism,
Acetlc acid under the conditions 1s not readlly available

a8 food for Bacterium coscoroba, Considerable quantities

of the acid remain constant in the culture for seven days.
It 1s quite probable that lactic and succinic acids are
also availeble as food for the organism but at present suf-
ficient data have not heen collected to prove this con-
clusively.,

In ﬁresence of CaCOz, the carbon dioxide evolved and de~
termined from a growing culture cemmot be linked up in a
guantitative way with the other metabelic products, The
carbon dioxide ao determined serves as a comparative indi-

cation of growth during the log phase,
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Theoretical Discussion

An earlier experiment (page 4 ) of growing Bacterium cos=-

coroba in a medium containing calcium gluconate gave results as
follows: the gluconate was fermented with the formstion of
acid and no gas, In later work under different conditions the
metabolic products were determined as carbon dioxide, formic,
acetic, lactic and suecclnic acids, There are seversal differ-
ent ways in which these products may be split off from the
gluconate chain which contains six carbon atoms, Thus it is
that the total carbon atoms of any combination of metabolic
products 80 split off must be neither greater nor less than
six,.

The possibilities are:

(1) 2 lactic acid molecules.

(2) 1 " " , 1 formic and 1 acetic acid,
(3) 1 " " and 3 formic acids,

(¢) 1 " " and 2 " ", and 1 CO,,
(5) 1 " ", 1 formic and 2 C0o,

(6) 1 N ", 1 acetic and 1 CO,,

(7) 1 " " and 3 CO,.

(8) 1 succinic acid and 1 acetic acid,

{(¢) 1 " " " 2 formic acids,

(0) 1 °® I " and 1 COg.
(1) 1 " "t 2o,

Obviously the results of the experiment (page 4 ) would

rule out six of the above possibilitles of splitting because
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they contaln at least one molscule of carbon dloxide.

It is Impossible to have one succinic and one lactic acld
molecule from the same gluconate molecule, Since these two
acids are present as metabolic products it 1s essential tc con-
sider that at least two of the above listed splitting actions
occcur simultaneously,

Does this work on gluccnic acid cast any light on the
problem of the decomposition of sugar by microbrganisms? The
questions may be answered ln the affirmative when one considers
the following points, The point of attack by microbrganisms
on the glucose molecule is not the aldehyde group, Gluconic
acid has a carboxyl group in place of an aldehyde group and
the molecule is readily available as a source of carbon for

"bacteria, In this laboratory Bacterium coscoroba was grown in

a medium containihg the calcium -potassium salt of saccharic
acid which was available for the organism and this compound
has a carboxyl group at both ends, This confirmed the point
just made that the aldehyde group of glucose 1s not the vul-
nerable point for bacterial attack, Moreover, thils experiment
showed that the primary alcohol group (CHo0H) at the other end
of the glucose molecule was not essentlal for bacterial action,
Then it must be that one or more of the central carbons of the
glucose chain that bacteria first attack and so break the
chain, An experiment concerning the action of various bacterisa
on 3-methyl glucose carried out in this laboratory by the
writer some time ago will throw light on this particular phase

of the problem, HRecently this 3-methyl glucose experiment has



been expanded by Coles (1926), It has been shown that the re-
placement of the hydrogen, of the hydroxyl group in position
3, by a methyl group will effectually inhibit bacterial action
on the molecule, Only about half a dozen organisms out of 126
will attack it at all, This indicates that the carbon in
position 3 1s a particularly weak place in the glucose chain,
By placing the methyl group in 2, 4, 5, or 6 much more specific
information regerding other posslible vulnerable positions 1n
the glucose chailn might be obtained, Now that carbon 3 in the
glucose chain has been found to be a point of attack by most
bacterla, it may be covered by a methyl group and the molecule
split by a selected bacterium, Carbon 3 is now well marked
by & stable OCHz; group which wlll serve to ldentify any
fractionated molecule which contains 1t, When 3 methyl glucose
is ruptured by bacterial actlon at the third carbon atom, ﬁhere
are two possible ways in which this may occur: the carbon
holding the OCH5 group may form a compound containing three
H HH HHH
carbon atoms such aga 0OC ~C -C -C -C -CH gand the possibilities
i CHz OH OH OH

are a methoxy derivative of lectic acld and one lactic acid
molecule containing the four carbon atoms or 1f it were again
split between, say, the fourth and fifth carbons, the location
of this rupture could as easily be determined,

Following this same line, the third carbon in glucose or
gluconic acid could be marked by the substitution of a chlor-
ine or other halogen, by the reductiocn of the (OH) to an H,



by introduction of an amino group, sulphonic or phosphonic
group, The substitution of some of these groups such as an
emino or phosphoric would presumably mske the molecule much
more avallable than is the casc with the presence of the OCHj
group.

It would seem that work conducted along such lines as
suggested above would yield results whlch would materielly aid

in solving the problem of how glucose 1s split by the actlon

of bacterils,
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