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THE PROTEIN METABOLISM OF HEMOLYTIC
STREPTOCOCC I

" INTRO DUCT ION

The quantitativeAstudy of bacterial metabolism
igs a relatively new field of investigation which has
béen greatly stimulated in the last few years by the
evidence accumulated that bacterial metabolism and the
metabolism of human cells have certain fundamental
properties in common. The metabolic products of
bacteria are many and variable and a complete study

of such a’variety of end products would require so much

time that the amount of work necegsary would be out of
"proportioﬁ to the amount of benefit derived. Thus as
Sears46'points out, a great deal of the knowledge on
the subject has been derived through indirect routes,
through research undertaken with some other end in
view. Attempt; to identify different organisms through
their dissimilarities, as the reducing and fermenting
powers, the Qoagulation of milk, the common indol test,
and the search for more suitable media have all added
to the 1list of known end products.

While the food utilized by bacteria may be as
completely studied as that of higher animals, the study

of metabolio products represents a much more difficult



problem than in the case qgghigher forms. The beginning
and end products may be énalyéed, but the complex metabol-
ism going on within the cell can only be judged from

the enzymes at work and the end-products produced by

these enzymes.

The anabolic and the catabd;ic phases of meta-
bolism are;found in bacteria as well as in man. And as
in man the bacteria must obtain their structural material.
’from nitrogenous sources, while their catabolic needs
may be satisfied by either nitrogenous or carboh&drate
material. Conceding then that a source of nitrogen is
necessary for bacterial growth, we find the forms in
which it is available very variable, from atmospheric
'nitfogen to complex protein compounds in which there-
is a mechanism as complicated in its involvement of
enzymes and end products as the metabolism of similar
protein in the human body. The metabolic products vary
according to the organism studied, the substance used
and the condition of growth.

For the catabolic stage most organismé are
found to be capable of utilizing both carbohydrates
and protein but showing a preference in their selection
of food requirements. Kendall ) and his cowbrkers
have shown that the energy requirements of bacteria are

best .satisfied by carbohydrates, the carbohydrates exért-



ing a sparing action on the protein. This fundamental
pfinciple of metabolism thé& éxPressed as "Fermentation
takes precedence over putrefaction“, the first being
the result of the action ofvthe bacteria on the carbo-
hydrates with the production of acid, and the iatter
the action of bacteria on the protein with the produc-
tion of alkali. |

The formation of ammonia has been used by
Kemdallzo-28 and his followers as the most definite
index of proteolysis, as nitrogen is the most important__
~element entering into the structure of the bacterial
'cell, and ffom their}experience ammonia seems to‘be
the c¢hief end product‘of the breaking down of the protein
material. This ammgnia they considered as the result of
the intracellular deamidization of the protein derivatives
indidental to ﬂhéir ﬁransformation into energy.

From a recent article by Fosterl4 on the bio-
 chemistry of hemolytic streptococci, his results on
protein metabolism correlates thdse of Kendall. From
growth curves he shows that the amino acids may also |
be used as an index of protein metabolism, a diminished
rate of growth coinciding with an increased output of~
amino acid in the media, due to a decrease in ' the amino
acid intake by the cells. He believes with Waksman®’ 48

that the animo acids are intérmediate products in the



breaking down of the prote;ﬁ'%g in the animal body.
The low concentration of £he amino acids in the media
during the first part of the incubation he accounts for
by ex?laining that the'bécteria in their rapid stage
of grdwth utilize the amino acids for structural purroses
as soon as they 2re formed. Then, as more amino acids
are assiﬁﬁlated, more ammonia is split off, thus correlz-
tion the findihgs of Kendall and Walker that ammonia
formation is the result of intracellular deamidizationﬁx
of protein material. |
Kléiglér4l in reviewing'the work of Kendall
and his assoclates called attention to the conclusiong
of these workers as to the sgparing action of carbohydrates
on protein. He thought that other importani factors were
involved, chiefly the concentration of sugar and peptone‘
and the presence of inorganic salts as'bufférs. He also
used ammonia production as an index of protein metabolism.
By'using varying concentrations. of peptone in 0.5% glucosge
~ he found that increasing the amount of peptone led to an
increase in the ammonia evolved, when the concentration
of glucose was relatively low. More ammonia was produced‘
wheh an American make of peptone was used than.with Witte's
peptone, which he explains be referring to Retﬁ%r's45
work showing that certain bacteria do not digest proteoses

and‘peptones, leading to the conclusion thét American



products are richer in aminq,apids and give a higher
yiéld of ammonia. Kleiglefi;lgz used hydrogen ion as

an index of metabolism, the increase in hydrogen ion
’denoting utilization of protein. This method also gave
data as to the amount of‘sugar a particular organism
could use without inhibiting growth and the rate at

which the sugar coﬁld be ﬁtilizéd; By adding primary
sodium phosphate to the broth culture the hydPOgen ion
concentration was kept down, so that some of -the organiéms
were able to use up all the sugar before producing'suf-u
ficiént acid to inhibit their growth. When this happened
the Py Jumped from the acid range of about 4.6 to the
alkaline range above 7 showing thgt as soon as the
éarbohydrates were utilized, the protein was attacked, R
neutralizing the acid and giving an alkaline reaction.
The varying amounts ofkglucose utilized depend sometimes
upon the process of fermentation, some organiSms>carrying
‘the process far énough to do away with the acid. For

~ the gas producing organisms Kleigler suggests two explana-
tions for this difference, either that inhibiting factors
of a gpecific character are produced, or that specific
differences exist in the way the glucose molecule is
split by these different organigms, giving risé to

different amounts of toxic substances.

46 R .
Sears while granting that the production of



ammonia was sometimes a co

- e

rrect index of protein
metabolism, calls attentioh td the fact that the
metabolic stage might go only as far as the amino acids;
or that at certain stages there might be én unusual
amount of amino acids broken down to ammonia indicatiﬁg
a vigorous metabolism when but one stage of hhe process
was being performed.‘He; therefore, not only‘shbwed a
sparingéaction of carbohydrates on protein‘frpm ammonia
production but also from the concentration of amino acids
produced. Most‘micro-érganisms also showed evidence of
the existence of large amounts of nitrogen products
intermediary between amino acids and ammonia. Urea and
uric acid wefe not found in his cdltures.of bacteria
because of the ease with which these substances are de-
composed by mogst species. Varying coﬁbentrations of
amino acids showed that these bodies were formed and
broken down by the organisms. Most species showed an
inclination to utilize the simple compounds of nitrogen
before the complex. He found a few specimens of bacteria
capable of producing creatine and creatinine in sugar-
free peptone cultures. |

| Berman and Rettger5 uged cultures of B. subtilis,
B. coli, Proteus vulgaris and B. cloacae far sﬁudying
nitrogen metabolism. In media containing 0.25 per cent

N

Witte's peptone and 1 per cent glucose, B. cold and



Proteus vulgaris fermented Epe;sugar so rapidly that

£

an inhibiting hydrogen ion‘boncentration was produced
before the Sugar was used up. But B. subtilis had a
slow carbohydrate metabolism and remained in balance
with the protein metabolism. B. cloacae decompbsed
~sugar rapidly but broke it down beyond the acid stage
.and so did not produce an inhibiting hydrogen'idn con-
vcentration. These iast two .organisms he showed to be
‘éxcqptions to thé general rule that carbohydrates
spare the protein. |

Rettgerés.studied the metabolic products of

bacteria gréwing anaerobically. Hig purpose was to in-

vestigate the process of putrefaction and his conclusion

reached was thét putrefaction was caused by anaerobic
organisms alone. By the use of meat ami egg media and

by employing wvarious methods Qf tesiing for the end

products he determined, qualitatively or quantitatively,

' mercaptan hydrogen sulfide, indol, skatol, phenol;

aromatic-oxy acids, skatol-carbonic acid, tyrosine, leu-

'cine,»tryptophane{ albumose, and peptone.

Dif ferent organisms are able to utilize dif-

-ferent forms of nitrogen, from simple atmospheric nitro-

gen to complex nitrogenous compounds. Althouﬁh the range

of nitrbgenous food stuffs is usually lapge,preference

for the simpler forms of protein is usually manifest.46
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.Waynick and.Woodhouse49‘in_sﬁﬁdging the nitrogen fixation
of Azobacter found amino acids in large quantities in

the first few days of incubation indicating that nitrogen
goes through the simple organic forms before being made
»intb protein nitrogen. According to Wak3m3n47—48 protein
~and amino acids are the best sources of nitrogen for
Actino@ycetes, while the amides are not. The utilization
of both amides and ammonium salts seems to depend on the
source of carbon available and the reaction of the media.
«Coagulated egg albumen was found by Bréman and Ret@ér5
ﬁo bé too complex for even the most powerful proteolytic
bacteria unless first split by some enzyme.

For simplifying thé study of metabolism simple
proteins and synthetic media containing compounds of
simple and known compogition have been used. Thus Kendall52
succeeded in growing the tubercle bacillus, an organism
usually considered to require very complex food, in media
having as a source of nitrogen di-ammonium hydrogen phos-
‘_phéfe and various sugars as sources of carbon. Grassnerl3
and others have used media having asparagin as the only
nitrégen s ource.

The growth and activity of an organism.is known
to deﬁendvto a great extent on the reaction of the media.

The metabolic products of many organisms will soon retard

their growth unless removed or neutralized.



-11-

Foster'® found aidifegt correlation between
the maximum acidity and maximum growth and glucose .
~utilization in his strains of streptococci. The end of
phe period of activity in growth occurred when a con-
stan£ Py had been reached. Lactic acid was the chief
acid produced in hié cultures. Smalier portions of
volatile acids, mostly formic and acetic, were found.
Forty per cent of the acids produced were non-volatileQ'
The presence of horse#serum in the media not only stimu-
lated the growth rate and acid production, but’also
permitted a wider range in the hyrdogen ion concentration.
The presence of a little carbohydrate showed a decrease
in the ammonia production over that found in 1% glucose.
The ammonia production Waskhigher when extra protein
in the form of horse serum was added, but a 1% glucose
protected a 5% serum.

’»Dragstedtlo

showed that streptococci could grow
in serum-enriched media up to Py 4.63. According to Gréce
and Highbergl4 Streptococcus veridansg grew best in a
broth having a reaction of PH 6.8, while a reaction more
alkaline than Py 7.6 distinetly retards growth. Jones18
found that the initial hydrogen ion éoncentration in-
fluences the finai hydrogen ion. He suggests thét the

limiting hydrogen ion concentration be defined in terms

of initial reaction, composition of media and conditionsg
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of growth. ' 'q¥/‘ o

The proteolytic enzymes concerned in the breaking
dowﬁ of the protein are of interest in this connection
because it.1is by means of these égents that the bacteria
are able to prepare their food for assimulation. The
- gimularity of the action 6f bacterial enzymes to those
of the human body has alréady been mentioned. Kendallls,
by using a culture of B. proteus obtained the eﬁzyme in
free state by filtering through a Berkfeld filter. The
enzyme was not found in active state in media contaihing
utilizable carbohydrates, appearing only when protein
or protein7derivatives were beihg used for energy of B.
proteus.

Jones17 grew cultures of B. proteus.in>4% dex-
trogse-peptone broth, adding sodium hydroxide from time
 to time in order to kéép the hydrogen ion concentration
about Py 7.2. The cultures were under observation 32 days
in an attempt to find proteolytic enzymes but without
‘success, thus correlating the findings of Kendall that‘
the enzymes were found only when pfotein was being
utiliéed. |

51-52

Wolfe found a powerful urea-gplitting

enzyme in cultures of B. proteus, capable of transforming

45% of the total nitrogen of the urine into ammonia.
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The study of the-pﬁétéin metabolism of these
seven strains'of hemolytic streptococci was undertaken
with three objects in view.

1. To investigate the general sparing action of
carbohydrates for protein as éhown by the papers reviewed
in the introduction.

2. Tordetermine whether or not there isg a varia-
tion in the éparing action within a group similar to |
tnat found by Kendall and others between different groubs.
of organisms.

3. To determine whether or not the ammonia
lost by volatilization from the surface of the culture
media ‘during incubation should be regarded as negligible,

as has been customary in all previous work in metabolism.

History of the Organisms

Six of the seven strains used were obtained
from Dr. B. J, Clawson of ﬁhe University of North
‘Dakota, the histories of which were taken from his paper
on the Constancy of Hemolytic Streptococci,25 and are
given by number as follows:

,Organism 292, carcinoma of larynx and iobar
pnéumonia. | |

Organism 297, pericardial fluid after death

following nephrectomy.

Organism 293, pus from frontal sinus.
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Organism 294 and72§5,5from removed tonsils.
Organism 296, pus from mastoid infection.

The history of the seventh strain, 291, is unknown.

Technique.

When it was found that a better growth over a
‘longer length of time was given By most of the 6rganisms.
Ain célcium carbonate broth, the idea of continual aeratibn
was conceived, since this method would do away with any
loss of ammonia from the surface of the alkaline broth
during incubation. Aﬁparatus was then conétructed as
‘shown in the drawing consisting of a 250 Erlenmeyéf'
kflaskﬁfitted,withka rubber stopper through which passed
two glass tubes, a straight one to extend below the sur-
face’of the broth, and the other U shaped,. extending only
‘ through the stopper. The tubes were both plugged with
cotton aha, the flask alao contained 2 cotton plug be-
‘neath the rubber stopper as a precaution against con-
taminétion, through which only the long tube extended.
The other end of the U tube extended to the bottom of
a test tube also fitted with a rubber stopper. An outlet
:tube for attaching a suction pump passed through this
second stopper. The flask and test tube was then essen-

tially a Folin ammonia aeration apparatus, in which the



Culture-Aerztion Appatatus.
. i ’

Vash bottle,

Culture flask.
Cotton plugs.
Acid tube,

To suction pump.'
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£

A
substance being aerated was £he entire volume qf the
broth and the teét tube the acid container for catching
the émmonia as iﬁ was drawn oVer with the air current. '
One suction pump 1eading to the incubator gave sufficient
air current when divided by two Y tubes, for eight
culture flasks, avplain and a dextirose broth being connected
in geries, A wash bottle containing Sulphuric acid was
connected to the first flask of each series in arder to
take out any ammonia that might be in the air.
| : The_media used was fresh meat infusion broth.
One pound of‘fresh ground lean meat was used for each
1000 c.c. of infusion. To this base i% peptone and 0.5
percent sodium chloride were added. The broth was rendered
sugar free by inoculating with B. coli and incubating
24 hours. After filtering and re-sterilizing'the reaction
© was adjusted to neutrality. A& micro-kjeldahl was then
run on 1 c.c. portions of the broth to determine the
total'nitrogen in the media. To one half of the broth
1% of dextrose was added. One hundred c.c. 6f the media
was then placed in each of the 250 c.c. flasks fitted as
described above, about 1.5 grams of calcium carbonate
added and the whglé autoclaved'at 15 pounds pressure for
15 minutes. After qooiing the fiasks were inocuiated by

meang of a qapillary pipette through the long glass tube,
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from a fresh 24 hour suspenégon?bf the organisms in
saline solution. Ten cec. of N/SOAsulphuric acid was
measured into the acid tube,'placed in the incubator
ahd}connécted to the suction pump. A slow cﬁrrent.of
air was drawn continously through the apparatus.

Evérj 24 hours or as indicated in the data,
the apparatus was removed from the incubator, the
flasks éﬁaken in order to bring the calcium carbonate
into susﬁénsion, and the solution aerated rapidly for
a few seconds to remove any ammonia that might be
lost from the flasks during titration. The tube was
‘disconnectéd and the excess of acid titrated for, using
N/50 sodium hydroxide and phenol red as an indicator.
Towgrds the closgse of the incubation period it was found
safer to use N/20 acid and the corresponding alkali.

At the close of the incubation period the flasks‘
were opened, tested out for pure cultures, and the volume
made up to 10Pp c.c., the original volume, in order to
avoid any error due to evaporation. A total nitrogen
determination'was made on 1 c.c. portions of the broth
'in ordef to check up with the first determination for
the loss of nitrogen, and an ammonia determination made‘
on 5 c.c. of the Broth culture in order to account for

the ammonig held iﬁ solution.
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For the digestion*pigcéés in the total nitrogen
determination the hard glass bulbs used for combination -
experimeﬁtsvin chemistry were found to be very convenient.
When the ends were bent upward on either sidé of the |
bulb in a U shape, loss of materialdue to bumping was
impossible. A fume absorber oonsiéting of a wash bottle
having an inverted U tube, one end drawn out to a point
and the other extending below the surface of the water
and another tube leading from the wash bottle to  the
_~ suction pump completed the apparatus. When the pointed
‘end of the U, tube was inserted:into an open end of the
digestion bulb, the air current drew the fumes over into
the waéh bottle. 1 é.c. of the broth and 3 c.c. of con-
centrated C.P. sulphuriq acld were used for each diges-
tion. A small crystal of copper sulphate was added as
a catalytic agent. Digestion was carried on for a few
minutes after the solution became clear..The acid was
then washed out into an ammonia aeration apparatus tube
and the process completed with the usual Folin aeration
method. 40% NaOH was used to neutralize the acid and
‘the heat from the reaction, together with very strong
aeration for one hour gave results which checked with the
distillation by heat method and the former method was
used throughout the determinations because of its greater
convenience ih working with such small quantiﬁies of

material.
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The results together with curwes showing the -
sparing action of the carbohydrates for the protein are

shown in the tabulated data and are self explanatary.

ORGANISM NO. 291

All results expressed in milligrams of ammonia nitrogen
per 100 c.c. of culture media. ‘

Uninoculated broth contained 297.8 mg. of ammonium nitrogen
per lOO c.Ce broth.

Days - Mg. NH per da. Mg. total NH NH total percent.
Dextrose broth (1%)

.0 .0 .0

1

2 Y - .0 : .0

s .0 .0 ’ - .0

4 .0378 .0378 .013
) ‘ .0765 ' 1134 .038
7 .0765 .1890 .064 b
8 1134 2646 .089
9 1134 .3780 - .130
10 . 2420 7 .6200 .208
11 .45322 : 1.0730 . 360
12 .4710 1.5440 .518

Plain meat infusion broth, sugar free.

1 . 3402 . 3402 .114
2 .4540 7942 . 267
3 .5290 1.3232 <444
4 1.4360 2.7592 .926
5 1.5490 4.3082 l.446
7 2.1690 6.3772 2.140
8 1.6340 8.0112 2.688
9 - 8.7800 11.791%2 3.937
10 3.7800 15.5712 5.225
11. 3.9700 19.5412 6.557
12 3.9700 23.5112 7.890

’ Dextrose Plain
Final NH determination 15.0 mg. 20.6 mg.

Final total N (as NH) ' 280.9 281.5



. Mg,

NH

Growin Curve for Organlsm 291.

Plain

1% dextrosg
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ORGANISM NO. 292

i

A1l result s expressed in milligrams of ammonia nitrogen
per 100 c ¢c. of culture media.

VT

Unlnoculated broth contained 317 mg. of ammonla nitrogen
per 100 c.c. broth.

Days  lg. NH per da. Mg. total NE  NH total percent.
Dextrose broth (1%)

« 3640 . 3640 .181

2

] « 46E7 .8327 .262
4 .6686 _ 1.5013 473
5 - .7091 2.2104 .700
9, 1.4700 3.6804 1l.161
10 - 8112 4.4926 1.417
11 - .8112 5.3048 1.637
12 1.732 - 7.0368 2.220
15 2.860 9.8968 3.122

Plain meat infusion broth

.8112 .8112 . 256

2

3 2112 1.6224 .512

4 - . 1.061 2.6834 . 850 !

5 -~ lost :

9 4.8122 7.4546 2.368

10 _ 1.7542 9.2498 2.911

11 . 2.860 12.1098 3.820

12 4.065 16.1748 5.102

15 9.300 ' 25.4748 8.036
Dextrose Plain

Final NH determination 17.3 mg. 29.0 mg

Final total N (as NH ) 288.2 260.4



-

Growgh Curve for Organism 292.

-
Mg,
NHS

N

] 1% dextrose
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" ORGANISM NO. 293

A1l results expressed in milligrams of ammonia nitrogen
per 100 c.c. of culture media.

Uninoculated broth contained 297 8mg of ammonia nltrogen
per 100 c.c. broth.

Days Mg. NH per da Mg total NH Total NH percent
Dextrose broth (1%)

1 .0 .0 .0
2 .0 .0 0
3 .0378 .0378 .012
4 .151 .1888 .036
5 1134 .2028 .068
7 .151 3532 .119
8 .1512 - .5044 .169

9 302 .8064 274
10 302 1.1084 .375
11 .302 1.4104 .480
12 - .3024 1.7128 .582

Plain meat infusion sugar free broth.

1 1134 1134 - .038
2 ..1512 .2646 .090
3 .1890 .4536 . 152
4 7530 1.2066 - , .4050
5 1.0580 2.2646 794
7 1.1710 3.4356 1.150
8 - 3.7800 7.2156 2.420
9 3.0240 10.2396 3.130
10 3.7800 14.0196 4.700
11 3.7800 17.7996 5.970
12 5.7800 23.5796 7.910

DExtrose Plain
Final NH determination 7.6 mg. 24.6 mg.

Final total N (as NH ) 287.4 247.5



Growth Curve for Organism 293,

Mg.

Plain Broth

1% :dextrgse
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ORGANISM NO. 294

All results expressed in milligrams of ammonia nitrogen

per 100 c.c. of culture media.

Uninoculated broth contained 317 mg. of ammonia nitrogen

per 100 c.c. broth.
Days Mg. NH per da. Mg. total HRH

Dextrose broth (1%)

) .2610 : .610
4 4734 7344
5 : .8040 1.3384
8 9137 2.2521
9 .8040 3.0561
10 .8228 3.8789
11 .9170 4.8569
12 . 9137 5.7706
14 1.1290 6.8996

Plain meat infusion broth, sugar frece

3 .2438 .2438

4 .6360 .8798

5 7526 1.6324

8 .9348 2.56720

9 - .8526 3.4198

10 .9900 4.4048 .
11 1.2030 - 5.6128

12 : 1.9110 7.5238

14 : 2.3000 9.8238

Dextrose

Final NH determination ' 25.16 mg.

Final total N (as NH) - 284.1

NH total percent.

.082
231
.422
.710
. 964
1.223
1.532
1.820
2.175

.080
.280
.515
.809
1.079
1.391
1.773
2.373
3.100

Plain

44.1 mg.
260.4
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Growth Curve for Organism 294,

" - o ‘ yPlain

1% dextrose

i B 10 Days.
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ORGANISM NO. 295

All results expressed in milligrams of ammonia nitrogen
per 100 c.c. of culture media.

Uninoculatéd broth cuntained 297.8 mg. of ammonia nitrogen
per 100 c.c. of broth. :

Days Mg. NH per da. Mg. total NH NH total percent.
1 .0 .0 .0

2 .0 .0 .0

3 .0765 0765 . 025
4 ‘ .0 .0765 .025
5 .0 ' .0765 .051
7 0765 « 2297 .071
8 .0765 .4185 .140
9 . .1980 7209 242
-10 3024 8729 - .290
11 . 1513 .9494 319
12 . 0765 .9494 .319

Plain meat infusion sugar free:.broth

1 .0765 ‘ .0765 025
2 1134 .1899 .064
3 <1512 3111 v .103
4 .2268 .5379 .180
‘5 - .3780 .9159 .304
7 .3024 1.2183 409
8 .4156 ~ 1.6339 .582
9 ~ L4156 ' 2.0495 .688
10 .5440 2.2935 770
11 1.51860 3.8095 1.280
12 3.8500 7.6595 2.570
Dextrose Plain
‘Final NH determination 15.2 mg. 20.8 mg

Final total N (as NH ) 280.8 . 267 .4



Growth Curve for Organism 295,

1% dextrose

Plain
} | | ] | 1 | ¥ L
1 5 - 10 Days.
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ORGANISM NO. 296

All results expressed in milligrams of ammonia nitrogen
per 100 c.c. of culture media.

Unlnoculated broth contalned 297.8 mg. of ammonia nitrogen
per 100 c.c. broth.

Days mg. NH per da. Mg. total NH MH total percent
Dextrose broth (1%) .

.0 .0 .0

1

2 .0 .0 . .0

3 .o .O DO

4 .0 .0 .0

5 .0378 .0378 .013
7 .0 .0378 .013
8 .0378 .0756 .025 .
9 1134 .1890 . 064
10 .2494 .4484 . .150
11 .2190 .6674 .224
12 - .3280 .9954 334

Plain meat infusion sugar free

1 .151 .151 . 050
2 .151 o - .302 .101
3 181 .483 165 -
4 .415 .898 ‘ .301
5 464 ‘ 1.362 . 457
7 .453 ' 1.815 .609
8 .706 2.521 .876
9 .792 3.313 1.116
10 .815 4.128 1.358
11 1.210 5.338. 1.791
12 2.780 8.118 2.724
Dextrose Plain
Final NH determination 25.7 mg. -~ 36.8 mg

Final total N (as NH ) 269.13 249.48




Growth

Curve for Organism 296,

Mg,
NH3
. Plain
/
/ 1% dextrose
i, — T T T T T T T T T T
1 5 10 Days.
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ORGANISM NO. 297

A11 results. expressed in milligrams of ammonia nitrogen
per 100 c.c. of culture media.

Uninoculated broth contains 269.5 mg. of ammonia nitrogen
per 100 c.c. broth.

Mg. NH per da. Mg. total NH  Total NH percent

Days

1 - ..000 . 000 .000
2 .000 . «000 : . 000
3 077 : 077 .028
4 .154 .131 . 048
5 154 .258 .106
6 231 .516 .191
7 .231 .746 . 280
8 ..315 1.261 : 430
9 . 539 . 1.800 667

Plain meat infusion broth, sugar free.

1 462 .462 , .171

2 .539 1.001 372

3 .703 1.704 .631

4 1.8617 2.321 .860

5 2.079 4.400 1.630

6 2.772 7.172 2.656

7 7.636 14.808 5.500

8 10.010 24.828 9.190
Dextrose _ Plain

Final NH determination 12.32 mg. 24.64 mg.

Final total N (as NH ) 254.10 mg.  190.00 mg.



'éJ .

Growth Curve for Organism 297,

-1 Mg.
— NHS
10 - '
_ | Plain
i ‘
-~
5
1 1% dextrose
=T 1 T ] T f ! ! ! L
1 5 10 Days.
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Discussion .-
e e

. The meﬁhod of’aeration ugsed not only prevented
any loss of ammonia by volatilization during incubation
but also gave an ﬁhusual supply of oxygen. Ahd while in
the slightly alkaline reaction given by the calcium car-
‘bonate 4nd the gentle aeration all the ammonia liberated
was not carried over as formed,_the resulis are relative
and the ammonia held in solutién was yecovefed in the
final determination which was in a much stronger alkaline -
soluiion and fast aeration. |

The gffinify of ammonia for water has been
given by Kehdall as being sufficiently great to prevent
any loss by volatilizatim from a broth culture having
a fairly large surface exposed to the atmosphere as in
culture flésks; It would seem that at least with a heavy
growing organism the ammonia lost to the atmosphere would
be‘appreciable, espécially in plain broth, and after
several days incubation; as a great partbof the ammonia
was carried over in a very slow air currenf;»The'varia-
tions in the final ammonia deterﬁinations can be‘accounted
vfor by the differences in the amounts of intermediate
products in the solution, the decompositim of which
could be brought about by the fairly strong alkali and
vigorous agitaiipn used in the finai aeration.

It will be noticed from the growth curves that

no point is shown at which there is a marked increage or
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decrease in the ammonia prodﬁdiién. Due to the affinity
of the ammonia for the broth, the first part of the curve
shows no rapid rige, the ammonia being held in éolution.
And as the age of the culture increased the broth became.
mofe satufated until finally probably all of the ammonia
liberated byvthe,organisms was carried over, thus the
point of decrease in growth which might be expected to

be present is shown as giving off as much ammonia as the
period of rapid growth.

‘The'slight’amount of ammonia always produced in
the dextrose broth is due to the fact that enough protein
is always broken down to satisfy the protein needs of the
bacteria. The acid reaction which would soon form in
dextrose broth and bind the ammonia in solution is neu-
tralized to a great extent by the calcium carbonate al-
though no_doubt some of. the ammonia\is also used for
this purpcge.

The growth curves for these seven stréins of
streptococci Show‘some ihteresting variations. For com-
parison and in order‘to make the variations more obvious,
representati?e‘growth curves have been plotted together,
using differént colors for the growth in plain and déx-
trose broth. While'twovcurves.may very well répresent
the NHz eVolvéd in plain broth, at least four are needed:
to show the gfowth in dextrose media. From these curveé

i3 s e . :
it is very evidnet that there are various degrees in the
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sparing action of the carbohydrates for protein, the
four.organisms showing first;”a Qéry pronounced sparing
action for 295, slightly less for 296, poor sparing
action for 292 and scarcely no sparing action for 294.
Reference has been made to the work of Berman and Rettger
in which they show exceptions'to the carbohydrate sparing
action for certain slow groWihg organisms and variations
between different groups, but no work has been found
showing this variation within a group as in these sﬁrains

of streptococci
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Summary and Conclusions

1. This work confirms in part the findings of
Foster in his studj of the Biochemistry of Hemolytic
Streptococci. It has usually been thought that carbo-
hydrates exert a sparing action upon the protein and
Foster's work confirms this statement. Variations in
the sparing action between different groups has been
found 5y Kendall and others, but vafiations between
members of the same group have not been noted. These
gseven strains show a very wide variation, from very
pronounced Sparing adtion to séarcely no sparing action
at all.

2. A noticeable différence is seen in the growth
curves given by this method of aeration than in those
obtained by Kendall because of the affinity of the NH3
for water, especially during the first part of incuba-
tion.

3. It would seem that in metabolism work pre-
cautions against loss of metabolic products through
volatilization»would be worth while and that an appre-
ciable errof would result from disregarding thias loss.

| 4. All strains grew much heavier and lived longer
in calcium carbonate broth, and thig media was found to

| bealkaline enough for the ammonia to be liberated.
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5. Fresh meat infusipn;brgth was found to be
much more desirable than beef extract for the cultivation
of these organisms

6. The amount of ammonia carried over depended
on the speed of aeration; and the rate was necessarily .
slow to prevent excessive frothing. But this aeration
was fast enough to carry over sufficient ammonia to
show the sparing action of carbohydrates for protein

7. The advantages of this method méy be sum-
marized as follows: No loss of NHz by volatilization;
no chemical agents other than thé ingredients of the .
media and in the liberation of NH,, thus preventing the
possibility of breaking down intermediate products
through chemical means; an unusual supply of oxygen;
the entire volume of brotli used for each determination;
elimination of the necessity of opmening the flasks to
. remove famples for analysis, thus decreasing the chances
of contamination and changes in the volume of the broth;

gsimplicity of the process.
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