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The anaerobic breakdown of carbohydrates to organic acids
has been the part of the metabolism of oral bacteria that has
attracted most attention in dental research. The reason for this
has been the obvious importance of this activity in the process
of dental caries. The uptake of oxygen, the output of carbon
dioxide and the processes involved in these respiratory exchanges
have, on the other hand, received very little attention. The aim
of the present work is to estimate quantitatively the aerobic
respiration of oral bacteria. Experiments have also been per-
formed to determine the anaerobic acid production by measuring
the amount of carbon dioxide driven out from a bicarbonate
solution by the lactic acid formed.

Since the aerobic oxidation of carbohydrates to water and
carbon dioxide does not give any products injurious for the
enamel, this phase of the chemical activities of mouth bacteria
is interesting from the point of view of dental caries. When
these bacteria have access to oxygen aerobic oxidation and
anaerobic acid production take place at the same time. Under
strictly anaerobic conditions there is, of course, only acid pro-
duction. If some factor or factors which would change most of
the metabolism to aerobic oxidation could be introduced, this
would have a caries inhibiting effect. In an earlier investigation
(Strélfors, 1950, page 72) it was found, that the acid production
by oral staphylococci was very much decreased, if oxygen was
bubbled vigorously through the fermentation ligquid containing

! Published in the Swedish language in Swensk Tandldkare-Tidskrift
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the bacteria, sugar and buffer. This decrease did not take place
when lactobacilli were treated in the same way.

PRINCIPLES OF RESPIRATION MEASUREMENTS

The Warburg respirometer is the standard apparatus for
measuring the respiration of cells or tissues. It is based on the
principle that, if the volume of a gas is kept constant at a
constant temperature, every exchange of gas can be determined
from the change in pressure (Warburg, 1926; Dixon, 1943;
Umbreit et al., 1947).

If the following symbols are used

V; = volume of gas in the Warburg flask
V¢ = volume of liquid in the Warburg flask
= the absolute temperature

¢ = the Bunsen coefficient — milliliters of gas dissolved per
milliliter of liquid when the pressure of the gas is one
atmosphere

P, = a pressure of 760 mm Hg expressed in milliliters of mano-
meter liquid

h = the change of pressure in the manomeler reading in mm

x = the exchange of gas measured in microlilers at 0°C and
760 mm Hg

the following equation applies

Vg _1” + Viea
x=h P :
0
273
Vg * T + \rf' [/
k= — - O

The quantity k is called the "flask constant” and it is constant
for a given Warburg flask with a given volume of liquid. Because
of the difference in solubility between oxygen and carbon dioxide,
(a02 = 0.0239 and aco, = 0.567 at 37° C) the "llask constani”
is different for these two gases.

In order to determine the uptake of oxygen, 10 % KOH is
used in the central well of the Warburg flask. The carbon di-
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oxide is absorbed completely by the alkali as soon as it is formed,
and the oxygen will then be the only gas that is exchanged. If
we know the dry weight of the tissue or the cells and the time
during which oxygen absorption is observed the respiratory
activity can be calculated. The quantity Q(,2 is the amount of
oxygen in microliters absorbed per milligram dry weight of the
living tissue per hour.

To measure the output of carbon dioxide one can use either
the direct method of Warburg or the indirect method. In this
investigation the direct method has been applied. An equal
volume of the same bacterial suspension is added to each of
three Warburg flasks. The center well of the first flask is
supplied with KOH and thus shows the uptake of oxygen. In the
two other flasks the center well is supplied with water. In flask
no. 2 acid is tipped in from a side arm at the termination of
the experiment to determine the carbon dioxide taken up by
the buffer solution. In flask no. 3 acid is tipped in at the start
of the respiration experiment to determine the amount of carbon
dioxide bound in the solution at the beginning.

The amount of carbon dioxide, Xco,, produced by the bac-
teria is obtained from the equation:

ks o Xo
Xco, = (hy—hye —F——2 ).k,
2 ( k2c02 k202 Co,
h, is the change in mm on the manometer of flask no. 2
h, is the change in mm on the manometer of flask no. 3

Xp, is the oxygen taken up, shown by flask no. 1
is the "flask constant” for oxygen for flask no. 2

202
2co. 1S the 7flask constant” for carbon dioxide for flask no. 2
2
sco. 18 the “flask constant” for carbon dioxide for flask no. 3
2

The respiratory quotient, R. Q., is obtained by dividing the
volume of carbon dioxide produced, by the volume of oxygen
taken up. Since Xo, has a negative value the equation will be:

Xco,

R.Q =— X

2
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EXPERIMENTAL METHODS

A large bacterial mass was grown from the bacterial strain
originating from the human mouth. This was accomplished for
lactobacilli and streptococci in a liquid substrate, viz. beef pep-
tone infusion broth with glucose, which was shaken during the
whole growth period. Staphyloecocei, gaffkya and sarcina coeci,
on the other hand, were grown on the surface of beef infusion
peptone agar. After an appropriate time, the bacteria were
harvested from the glucose broth by centrifuging and from the
agar surface by suspending in sterile Ringer solution with a
sterile platinum triangle. In each case, the bacteria were then
washed twice in the cenirifuge with Ringer solution. Gram
stained streak preparations were made to check that no conta-
mination had occurred during the growth.

Then the wet weight of the bacteria was determined and they
were suspended in a buffer solution. For the experiments on
aerobic respiration, a phosphate buffer with the following com-
position was used:

Na,HPO,2H,0 concentration 50 mQC
KH:PO, concentration 50 mC

Accordingly, the total concentration of phosphate was 100 mcC.

It is to be remarked that experiments with these acid produc-
ing bacteria must be made in a well-buffered medium, as other-
wise there would be a rapid pH decrease which would reduce
the respiration to a very low level.

For the experiments on anaerobie acid production, a bicar-
bonate buffer with the following composition was used:

NaHCO; concentration 50 mC
NaCl concentration 100 mC

To determine the dry weight of the bacteria, 5.0 ml of the
bacterial suspension was first pipetted into a weighing vessel.
Into the main compartment of each Warburg flask, 2.0 ml of
the bacterial suspension was added.
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The additions to the center well and the side arm as well as
the tipping in of the contents of the side arm varied in the
different types of experiment as will be described later in this

paper.

The dry weight of 5.0 ml of buffer solution without any bae-
teria was determined. This figure was then subtracted from
the weight of the dried 5.0 ml of buffer-bacteria suspension to
obtain the dry weight of the bacteria alone. A correction was
made for the space taken up by the bacteria in the suspension.
The specific gravity of the bacteria was estimated at 1.1. The wet
weight divided by 1.1 thus gave the volume of the bacteria.

After the proper liquids had been added to the compartments
of the Warburg flasks, these were immersed in a water-bath kept
at a constant temperature (37° C). The flasks were shaken for
approximately 20 minutes to obtain equilibrium between the
liquids and gases. Then the respiration experiment proper was
started by tipping in the glucose solution. The manometers were
read every ten minutes. A thermo-barometer was also placed
in the bath so that changes in air pressure and bath temperature
could be observed.

At the end of the experiment, 0.2 ml of 5-normal HoSO4 was
tipped into the main compariment. It had been previously found
that this gave a pH of about 1.5. Thus the bacterial metabolism
was effectively stopped.

After the Warburg flasks had been removed from the water
bath, the liquid in the main compartment was transferred to
tubes and the bacteria separated by centrifuging. The amount
of lactic acid in the liquid was determined by the method of
Barker & Summerson (1941) and the glucose content according
to Folin & Wu (1920). By means of these determinations, com-
parisons could then be made between the aerobic respiration and
the anaerobic respiration (i.e. the acid production) in the same
experiment. It was also possible to compare the reduction in the
quantity of glucose with the amount of glucose that ought to
have been used up by respiration and acid production.
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EXPERIMENTAL DETAILS

A. Experiments on aerobic respiration

1. Endogenous respiration compared with respiration in glucose.

Experiments were performed in duplicate (a. and b.) with the
same amount of bacteria in each. In a. the respiration took place
in phosphate buffer alone while in b. glucose was added to the
buffer solution. The experiments were numbered from la and
1b to 11a and 11b.

Vol. Flask
ml a b
Main chamber, bacteria in phosphate ............ 2.0 -+ -+
Center well, KOH, 10 % .........coioeviiiiiii i, 0.2 -+ +
Side arm 1, glucose 280 mC in phosphate ...... 0.3 -+
Side arm 1, phosphate ...................... 0.3 -+
Side arm 2, HoSOy, d-normal ................c.0ol 0.2 - +
At the start the contents of side arm 1 were
tipped in ... + -+
At the end the contents of side arm 2 were
tipped in ... + +

2. Experiments on uptake of oxygen in glucose. Determination
of the respiratory activity.

Experiments a) and b) were performed with equal volumes
from the same bacterial suspension. The medium was phosphate
buffer with glucose. The two experiments were identical. These

At the start side arm 1 is tipped in ...............
At the end side arm 2 is tipped in ...............

experiments were numbered 12a, 12b, 13a ...... 44b.
Vol. Flask
ml a b
Main chamber, bacteria in phosphate ............ 2.0 + -+
Center well, KOH, 10 9% .....oovviiiiiiiin.... 0.2 -+ -+
Side arm 1, glucose 280 mC in phosphate ...... 0.3 + -+
Side arm 2, HySOy, 5-normal ........................ 0.2 -+ +
Gas: air ... —+ -+
+ o+
+
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3. Determination of the oxrygen uptake as well as the carbon
dioxide output for determining the respiratory quotient.

EFach experiment was carried out with three Warburg flasks.

At the start side arm 1 is tipped in ......
At the start side arm 2 is tipped in ......
At the end side arm 2 is tipped in ......

Experiment numbers: 45a, 45b, 45c ...... 88c.
Vol. Flask
ml a b c
Main chamber, bacteria in phosphate ... 2.0 -+ + +
Center well, KOH, 10 % .....ccoccvveiinn.... 0.2 -+
Center well, HoO ...........cooooiiin, 0.2 + +
Side arm 1, glucose 280 mC in phosphate 0.3 + + -+
Side arm 2, HsSOy4, 5-normal ............... 0.2 + + -+
Gas: air
+ o+ 4+
+
S

B. Experiments on the anaerobic acid production

In these experiments, the air in the Warburg flasks was re-
placed by a mixture of 50 % nitrogen and 50 % carbon dioxide.
These commercial gases were run through a tube with copper
wire-netting heated to glowing to free them from any remaining
oxygen. The Warburg flasks were filled by the evacuation method
of Burris (Umbreit et al. 1947, page 43).

Experiment numbers: 89 to 128,

Volume

ml
Main chamber, bacteria in bicarbonate ... 2.0
Side arm 1, glucose 280 mC in bicarbonate 0.3
Side arm 2, HaSO4, 5-normal .................. 0.2
Gas: N2 50 % and CO250 % ...ceonvvnvnninnn, +
At the start side arm 1 is tipped in ......... -+
At the end side arm 2 is tipped in ......... +

11 — Aecta odont. Scand. Vol. 14
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RESULTS

Endogenous respiration compared with respiration in glucose

The results are given in Table 1. The endogenous respiration
varied from 3 to 27 % of the respiration in glucose. This type
of respiration occurs without any substrate added, i.e. the cell
uses its own supply of nutritive substances.

In determining the amount of oxygen taken up per unit of
substrate, it is a problem to decide whether one should subtract
from the oxygen uptake observed in the presence of substrate,
the oxygen taken up over the same interval in the absence of
substrate. That is, when a substrate is being rapidly oxidized
does the endogenous respiration continue at its constant rate,
is it suppressed, or does it increase? These questions have not
yvet been answered. Van Niel (1943) gives a thorough discussion.

Figures 1 and 2 show diagrammatically the course of endo-
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genous and glucose respiration. The continuous curves represent
the glucose and the dotted curves the endogenous respiration.

Delermination of the respiratory activily, Qg
2

The rate of oxygen uptake, Qog, expressed as microliters of
oxygen taken up per milligram dry weight of bacteria per hour,
is demonstrated in three experimental series. First there is that
part of the study on endogenous respiration which was per-
formed with glucose, then there are the duplicate experiments
for determining Q02 and finally there is part a) of the experi-
ments on the respiratory quotient. All these results are grouped
together in Table 2.

The following types of bacteria were examined: streptococci,
lactobacilli of dental origin, one strain of lactobacilli from the
plant world, staphylococei, gaffkya, sarcina and actinomyces. The
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strains used are the same as in an earlier work of the author
(Stralfors, 1950) and the designations of the strains are the
same. Columns 3, 4 and 5 show the experimental numbers of the
three experimental series. The next four columns show the values
of Qo, during four different periods of time in each experiment,
i1.e. 0—30, 30—60, 60—90 and 90—120 minutes. The last column
gives the mean value of QO2 during the whole experiment.

The Q o, values at the different intervals have a characteristic
trend. For streptococci and lactobacilli the activity falls during
the course of the experiment but this is not the case, at least
not to the same degre, for the other groups of bacteria.

Figure 3 shows some typical curves of respiration. The or-
dinate represents microliters of O; per milligram of dry weight
of bacteria and the abscissa the time in minutes. The slope of
the curve or, mathematically expressed, the derivate of the
curve, represents Qoe_ It can be seen from Fig. 3 how the re-
spiration follows a straight line for the staphylococci, gaffkya
cocci and sarcina cocci. In the case of streptococci and lacto-
bacilli, on the other hand, the slope of the curve and hence the
respiratory activity is falling.

Several explanations for the cause of this decreasing respiratory
activity are possible. The pH might be of importance. To check
this, the pH of the liquid was measured in a number of experi-
ments instead of tipping in sulphuric acid. Table 5 shows the
results. Experiments no. 18b, 19a, 19b and 27b have, according
to Table 2, a decreasing value of Q()z but the pH value was
relatively high, from 6.62 to 6.82, at the end of the experiment.
Consequently, it does not seem likely that the pH value has been
a deciding factor in the change in Q.

Another possibility is that the aerobic oxidation diminishes
because of the formation of hydrogen peroxide. The oral strepto-
cocci and lactobacilli, at least the strains used in these experi-
ments, are devoid of the enzyme catalase (Strdlfors, 1950, pages
30—32). Thus any hydrogen peroxide which is formed cannot
be decomposed.

MacLeod & Gordon (1924, 1925) and Avery & Morgan (1924)
have shown that pneumococci and streptococei form HO: in
the presence of oxygen. Bertho & Gliick (1932) found that two
species of lactobacilli, B. acidificans longissimus and B. acido-
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philus, formed hydrogen peroxide. We may assume that, in the
experiments in the present investigation, hydrogen peroxide had
accumulated and inhibited the respiration.

It is to be presumed, however, that the conditions are quite
different in the oral plaques with their composite flora of bac-
teria. The most numerous bacteria in the plaque after strepto-
cocci are the neisseria cocci which contain catalase (Strdlfors,
1950, page 36). It therefore seems very probable that the
hydrogen peroxide, as soon as it is formed by the lactic bacteria,
will be decomposed by the catalase of the neisseria.

In Table 3 the mean values are given for each strain as well
as the mean values for each group of bacteria. It appears that
staphylococei, gaffkya, sarcina and actinomyces have higher
Qo, values than streptococci and lactobacilli. Since the mean
values in this table represent periods of time up to two hours,
the difference between bacterial groups depends partly upon the
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falling activity of streptococci and lactobacilli. In Table 4 mean
values are given for the interval 0-—30 minutes only, and we see
that also here the lactic bacteria are at a lower level of oxygen
uptake.

It is of special interest to compare the activity of aerobic re-
spiration with the anaerobic glycolysis investigated in the earlier
study (Strdlfors, 1950, pages 52--68). We find that there is a
reversed relation. The lactic bacteria have a higher rate of acid
production than staphylococei and gaffkya. Thus the strepto-
cocci and lactobacilli have a tendency to let their carbohydrate
metabolism proceed with a relatively small uptake of oxygen but
with a rapid acid production, while the staphylococci, gaffkya
and sarcina decompose the carbohydrate, mostly by means of
aerobic oxidation. As was mentioned above, a lactic acid analysis
of the contents of the Warburg flasks was made after the re-
spiration experiment. Therefore we are able to compare, in the
same experiment, the oxygen uptake with the acid production
when there is aceess to air. This will be dealt with later.

Table 1

Endogenous respiration compared with respiration in glucose

b, Qo
. Strain Exp. a. Qoz in Ratio
Bacteria no. n(i). in glucose a/b

phosphate; + phos-

phate
Streptococci 84.6 1 0.37 462 | 0.08
84.6 2 1.03 513 0.20
84.6 3 0.60 452 | 0.13
Lactobacilli 13 = 4 054 197 | 0.27
Staphylococci  78.16 5 289 1 275 0.11
78.16 6 3.39 388 | 0.09
Gaffkya 9.4 7 268 312 0.09
Sarcina 605 8 4.79 19.5 0.25
667 9 4.21 207 0.20
Actinomyces . 806 10 296 | 444 0.07

86.14 = 11 113 400 | 0.03
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Table 2
Respiratory activity, Qp » in oral bacteria

(in phosphate buffer; with glucose)

Experiment no. Qo, in interval
Bacteria Strain " Qq. in ) - rr?e(;il
no. | Endo- %0, Mg "0 15— 30 |30—60|60—90|90-120] vas
genous| dupl. R . . . €
. EXpS. min. min. min. min.
respir.| exps.
Streplococci | 84.6 | 1b ' 7.03 | 5.14 | 356 | 273 | 4.62
2b 483 | 5.88 | 466 | — | 513
3b ‘ 6.02 | 642 | 401 | 161 | 452
12a 13.1 | 561 | 2.80 | 2.16 | 5.92
12b 13.4 | 6.06 | 281 | 259 | 6.22
13a 697 | 597 | 378 | 2.49 | 4.80
13b 730 | 590 | 350 | 250 | 4.80
45a |13.6 | 9.47 | 5.19 | 3.53 | 7.95
T 14a 6.87 | 529 | 334 | 1.86 | 434
? 14b 640 | 5.19 | 325 | 1.95 | 4.20
| 15a 212 | 297 | 1.45 | 0.63 | 164
15b 221 | 246 | 145 | 057 | 1.67
_ 46a | 396 | 2.64 | 0.84 | — | 248
113 47a | 10.6 9.84 | — — 110.2
’ 48a 1103 | 53| — | — | 770
114 16a 233 | 173 156 | 127 | 1.72
16b 257 | 1.80 | 1.20 | 0.88 | 1.61
17a 115 | 466 | 247 | 1.10 | 492
17h 927 | 5.42 | 2.96 | 007 | 4.43
18a 135 | 900 | 6.08 | 402 | 8.15
18b 218 1128 | 638 | 3.33 |11.1
19 241 147 | 881 | 528 [13.2
19b 140 |152 |117 | 585 |11.7
49a (241 [173 | 791 573 [138
50a (211 | 783 — | — |145
115 20a 21 1133 | 8281 526 {120
20b 19.9 | 928 | 421 | 2.54 | 8.98
21a 227 (140 | 742 428 [12.1
21h 213 145 | 718 | 4.47 [11.9
51a | 857 | 372 121 078 | 3.57
52a (249 (149 | — | — [19.9
116 53 (111 { 444 | — | — | 7.77
540 (17.4 [128 | — | — |15
117 22a 100 | 198 | 072 | 063 | 3.33
22b 9.38 | 1.99 | 072 | 0.63 | 3.18
55a [17.1 | 549 | — | — 1113
118 | 56a | 13.1 825 | — — 1107
57a {420 1297 | — | — |358
119 58a 233 [147 | — | — [19.0
: 59a 208 |104 | — | — |15.6
i
1120 60a | 939 | 336 | — | — | 6.38

(Cont.)
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Table 2 (continued)

Experiment no.

Q02 in interval

|

B . Strain L ] f QO"
acteria no, | Endo- Qog in ] . . | mean
. R. Q. {0—30 |30-—60/60—90!90-120| v414
genous| dupl. ;= "1 . ] . . vaiue

. ps. 1 min. min. min. min,

respir. exps. i ~

Lactobacilli |13 4h 276 | 171 143 | — 1.97
of dental 23a 9.67 | 693 | 339 | 1.45 | 536
origin 23b 11.9 | 693 ] 3.23 | 1.78 | 596
24a 421 | 336 | 179 | 0.84 255
24b 473 | 336 | 1.68 | 0.84 : 2.65
6la | 8.03 | 444 | 210 | 1.60 | 4.04
62a | 510 | 153 1.28 | — 2.64
14 25a 0.78 1 209 | 288 | 2.09 | 1.96
25b 576 | 4.45 | 3.92 | 288} 425
26a 580 | 489 | 299 | 1.72 | 3.85
26b 760 | 597 | 543 | 417 | 579
27a 633 | 543 | 723 | 497 | 5.99
27b 14.5 2721 1811 272 5.44
28a 548 | 501 | 346 | 238 | 4.08
28h 6.20 | 502 | 346 | 250 | 4.29
63a | 601 | 7.79 | 552 | — 6.44
19 29a 6.65 | 432 | 451 | 252 450
29b 651 | 451 | 414 1 217 @ 433
64a | 825 | 6.03 | — — 1 7.14
20 65a |11.2 107 — — 109
66a | 917 | 377 — | — 647
22 30a 5.98 | 4.93 | 3.58 | 2.09 | 4.15
30b 628 | 493 | 359 210 | 423
67a | 833 | 497 | — | — | 6.65
68a | 7.10 | 563 | — | - | 637

: |
Lactobacilli |26 31a 475 |52.1 464 424 471
from the 31b 429 |488 446 408 443
plantworld 32a 359 (306 1276 19.8 285
32b 329 276 1259 228 (273
692 |54.2 599 495 454 522
Staphylozocci | 78.16 | 5b 309 331 1303 1158 275
6h 438 (386 341 | — 388
33a 46.0 |51.9 474 446 475
33b 421 |48.0 431 (411 |436
34a 335 (305 [293 (260 (29.8
34b 43.0 [44.6 1430 [378 |421
70a |57.0 |58.8 [52.7 ‘\46.6 53.8
79.5 35a 360 (380 326 (219 321
35b 332 |369 349 1224 (319
36a 13.4 [26.4 420 427 |31.1
36b 36.3 |395 :36.0 1309 |357
37a 33.1 1327 334 305 !324
37b 31.7 |29.7 (311 1286 [303
38a 23.6 1236 1244 189 (226
38b 363 |23.6 205 |11.0 |229

(Cont.)
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Table 2 (continued)

Experiment no. QO2 in interval %
Bacteria Strfg'm Endo- QO, in . mea“’n
genous| dupl, | v Q- | 0—30 |30—60/60—90/90-120| yajue

respir.| exps. exps. | min. | min. | min. | min.

Staphylococci| 80.3 39%a 39.3 1402 369 322 |37.1

39b 336 (358 325 |29.2 |328

7la 338 [41.3 |[347 — | 38.3

89.2 40a 274 |28.4 [266 |209 |[258

40b 264 (279 274 |25.2 |26.7

72a 1362 |39.8 — — 138.0

67.7 41a 44.7 (453 (424 (404 (432

41b 53.0 |51.6 |42.5 |457 |48.2

42a 24.8 248 (264 (248 |252

42b 25.0 |26.1 |275 |245 |[25.8

73a (627 |643 1594 |594 |[61.4

82.9 43a 345 311 (366 |175 |29.9

43b 341 (336 [321 [231 307

44a 705 (282 118 2.33 | 28.2

44b 165 18.8 |18.8 |11.8 |16.5

Gaffkya 88T3 74a | 53.6 [549 |520 — |53.5

752 (728 |85.3 — — 791

88T9 76a | 40.8 |43.8 — — 423

77a | 37.1 557 — — | 46.4

88T10 78a | 51.2 |55.9 — ~- 533

79a | 637 |61.3 — — 625

90.4 7b 324 327 |30.4 (293 |31.2

80a |33.7 [340 289 |27.3 |310

Sarcina 60.5 8h 25,0 |17.1 |19.7 161 [ 195

81a | 261 270 |247 — 1259

64.1 82a 19.6 ]20.2 — — 199

83a 413 [469 — — {441

66.7 9b 211 |21.8 [21.8 |18.2 |20.7

84a 19.0 1205 |205 — 20.0

73.3 85a |23.6 |24.0 — — 123.8

86a | 41.4 | 457 — — | 43.5

Actinomyces | 76a 87a 43.1 |75.9 — — 1595

76¢c 88a |68.0 |85.7 — — 1768

80.6 10b 473 145.2 437 (412 |444

86.14 | 11b 522 | 419 [384 278 400
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Table 3
Kespiralory activity in oral bacleria
Mean values

Bacteria Strain | Mean Bacteria Strain Mean
no. ! value | no. value
Streptococci 84.6 5.50 Staphylococci - 78.16 40.4
111 2.87 - 795 299
113 8.95 i 803 361
114 8.51 89.2 30.2
115 11.4 67.7 40.8
116 11.4 829 i 26.3
117 5.94 Mean value 34.0
s 23 Gaffkya 88T3 66.3
i 88T9 44.4
120 6.38
* Mean value 10.2 88T10 580
! ’ . 90.4 ) O S
Lactobacilli 13 . 3.60 Mean value 500 .
of dental 140 468 Sarcina 60.5 227 |
origin 19 5.32 64.1 i 320 |
20 8.69 667 204
22 5.35 P733 337 |
Mean value 5.53 i Mean value 27.2
Laclobacilli 26 399 Aclinomyces | 76a, 76c, | 552
from the ~ 80.6 and | f
plantworld . | 86.14 |
Table 4
Respiratory activity in oral bacteria
Mean values for the interval 0—30 minutes
i ) in | \
Bacteria § Strain Mean Bacteria Strain | Mean |
: no. value no. i value |
Streptococel 84.6 9.03 Slaphylococcil 78.16 ‘ 423 |
S : 4.31 L 795 ! 305 |
113 10.5 . 803 } 35.6
114 C 144 . 89.2 i 30.0
115 19.7 L 677 ‘ 42.0
116 143 - 829 | 389
117 12.2 Mean value 36.6
" e Gaffkga | 88T3 | 632
120 9'39 i 88T9 ' 39.0
v : ! 88TI0 . 575
Mean value 14.4  90.4 331
Lactobacilli 13 6.63 - Mean value  48.2
of dental 14 6.50 Sarcina | 605 o251 |
orgin 19 7.14 641 | 305
20 10.2 L6670 2001 |
22 6.92 ©733 | 325 ‘
Mean value 7.48 Mean value 27.2 |
Laclobacilli 26 42.7 Actinomyces | 76a, 76c, | 52.7 ',
from the . 80.6 and | ”
plantworld | ] P | 86.14 ’ }
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Table 5

pH values in respiration experiments

Strai Experiment no. pH Falling
rain .
Bacteria Qq. in at the respira-
0 d of tory
no : R. Q. en L o
’ dupl. exps. the exp. | activity
exps.
Streplococci 84.6 45a 5.83 +
114 18a 5.98 +
18b 6.62 +
19a 6.74 +
19b 683 +
Lactobacilli 13 61a 412 +
14 26a 4.85 +
26b 4.85 +
27a 6.03 +
27b 6.73 +
Staphylococci 78.16 70a 6.73
79.5 37a 6.43
37b 668
38a 6.82
38b 6.87
67.7 73a 6.72
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Table 6

Respiratory quotient, R. ().

Mean value

Bacteria Strain Exp. Rez;:)itriatl:)try | for bacterial
no. no. q e group
Streptococci 84.6 45 1.06 0.89 + 0.04

111 46 0.78
113 47 0.79
48 0.78
114 49 0.92
50 0.92
115 51 0.87
52 0.90
116 53 0.94
54 1.19
117 55 .76
118 56 0.82
57 0.95
119 58 0.79
59 0.66
120 60 1.14

Lactobacilli 13 61 1.36 1.45
62 1.37
14 63 1.05
19 64 1.55
20 65 1.50
66 1.42
22 67 1.65
68 1.86
26 69 1.30

Staphylococci 78.16 70 0.90 0.93
80.3 71 0.88
89.2 72 1.01
67.7 73 0.94

Gaffkya 88713 74 1.01 0.99
75 0.95
88719 76 0.98
77 0.89
88T10 78 1.00
79 1.03
90.4 80 1.06

Sarcina 60.5 81 1.03 1.02
64.1 82 1.15
83 1.03
66.7 84 0.93
733 85 .91
86 1.04

Aclinomyces 76a 87 1.01 1.12
 76¢ 88 1.22
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Table 7

Ratio between lactic acid production and aerobic oxidation

at access to air

Experiment no. Ratio |
Strain . mean mean
Bacteria o Eggz-s Qo, in| g Q| . f::ate value for| value for
© |BemOUS| dupl. exps. sep bacterial | bacterial
TESPIr.| exps. exper. strain group
Streplococci 84.6| 2b 19.4 141 19.6
3b 14.0
12a 3.79
12b 3.61
13a 18.7
13b 24.8
111 14a 0.279 3.38
14b 0.548
15a 10.3
15b 5.49
46a 0.283
113 47a 45.3 77.7
48a 110
114 16a 3.13 7.06
16b 6.25
17a 13.6
17b 14.6
49a 3.23
50a 1.56
115 20a 3.83 7.72
20b 8.43
21a 9.62
21b 11.2
51a 0.133
52a 13.1
116 53a 0.66 2.09
54a 3.52 \
117 22a 282 23.4 |
22b 28.6 |
55a 13.5 |
118 56a 0.60 2.52 !
57a 4.44 i
119 58a 12,6 6.87 i
59 | 113 |
\
120 60a 50.7 50.7

(Cont.)



172 ALLAN STRALFORS
Table 7 {continued)
‘ Experiment no. Ratio
Strain . mean | mean
Bacteria Endo-|Q ¢, in} g Q. for value for jvalue for
no.  genousi dupl. exps. separate | ;.. cterial | bacterial
FESPIT.| exps. cxper. strain group
| Lactobacitti | 13 | 4p 493 83.4 61.2
of dental 23a 58.5
origin 23b 48.5
24a 172
24b 96.2
62a 75.8
14 25a 115 65.9
25b 65.9
28a 41.5
28b 45.2
63a 62.0
19 29a 55.6 67.6
29b 68.0
64a 79.2
20 65a 30.7 33.8
66a 36.9
22 30a 60.2 55.3
30b 55.7
67a 46.2
68a 59.0
Lactobacilli 26 31a 3.39 26.2 26.2
from the 31b 3.47
plant world 32a 26.4
32b 94.8 i
68a 276 i
Staphylococci | 78.16 | 6b 0.0884 0.113 0.42
33a 0.0479 ‘
33b 0.0602 :
34a 0.172
34b 0.195
79.5 35a 0.433 0.857
35b 0.866
36a 1.06
36b 1.07
80.3 39a 0.0410 0.111
39b 0.280
71a 0.0110
89.2 40a 0.830 0.591
40b 0.828
72a 0.114

(Cont.)
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Table 7 (continued)
Experiment no. Ratio
Strain : mean mean
Bacteria Endo-Qg, in R. Q. for value for | value for
DO BENOUS| dupl. | gxps, separate | 1, cterial | bacterial
respir.| exps. exper. strain group
Staphylococei | 67.7 41a 1.59 3.26 2,49
41b 2.43
42b 5.75
82,9 43a 1.34 1.72
43b 1.54
44a 1.36
44b 2.62
Gaffkya 88T3 74a 0.253 0.231 0.20
75a 0.208
88T9 76a 0.438 0.438
88T10 78a 0.0906 0.0906
90.4 7b 0.0198 0.0293
80a 0.0388
Sarcina 60.5 8b 0.155 0.154 0.10
81a 0.153 '
64.1 82a 0.0687 0.0448
83a 0.0209
66.7 9b 0.0158 0.0223
84a 0.0288
73.3 85a 0.283 0.162
86a 0.0409
Actinomyces 76a 87a 0.0637 0.0637 0.07
76¢ 88a 0.0329 0.0329
80.6 | 10b 0.126 0.126
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Table 8
Sum of glucose remaining, glucose converted to lactic acid, and glucose
aerobically oxidated

Mean values for strains and for groups of bacteria

. Sum of . | Sum of
Bacteria Strain glucose Bacteria Strain | glucose
no. i f no. g
micro mols micro mols
Streptococci 84.6 56.2 Staphylococci ! 78.16 337
111 77.9 white ! 79.5 : 49 .4
113 66.3 i 803 i 310
114 74.5 89.2 . 260
115 65.4 - Mean value 35.0
116 89.3
}ig ;;g Staphylococci ©  67.7 . 48,6
' vellow 829 | 623
119 80.5 . Mean value 555
120 . 729 :
Mean value 715
Gaffkya 88T3 | 66.9
88T9 . 839
88T10 84.1
Lactobacilli 13 70.6 90.4 . 67.5
of dental 14 66.0 Mean value 75.6
origin 19 79.3 i
2 729 | sarcina 60.5 76.1
Mean value 69.8 64.1 79.2
: 66.7 I 863
733 P 716
* Mean value 78.3
Lactobacilli 26 48.3
from the Actinomyces 76a 776
plantworld 76¢ ¢ 795
i 806 | 792
} Mean value 78.8

|
i
i
i
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Table 9
Rate of acid production measured in the Warburg apparatus

R ) 10~ mol of acid
Bacteria Strain Exper. . e
no. no. ‘mg dry weight) X
(minute)
Streptococci 114 89 62.3
90 182
91 184
117 92 205
93 189
120 94 91.7
95 84.9
96 204
Lactobacilli 3 97 131
98 137
99 153
100 142
101 168
102 181
14 103 722
104 73.7
105 131
19 106 175
107 164
108 162
22 109 70.4
110 129
26 111 35.9
112 38.4
113 27.4
114 230
Staphylococci 78.16 115 11.8
116 7.27
117 8.34
79.5 118 14.3
119 14.1
120 14.2
121 9.60 \
67.7 122 20.6 ‘
Gaffkya 88T3 123 12.7
124 11.7
Sarcina 60.5 125 ‘ 3.09 |
126 4.87
127 4.28 \
66.7 128 o] ‘

12 — Acta odont. Scand. Vol. 14
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Table 10

Cylochrome in some groups of bacteria

. . Form of !

Bacteria Species cytochrome |

i

Sarcina S. aurantiaca a b —
S. lutea a b ¢
Staphylococcus S. albus a b -—
S. aureus a b —
S. citreus a b —
Pneumococcus P. 1 a b —
Streptococcus S. acidi lactici _ - -
S. pyogenes - - -
S. faecalis - = -
S. agalactiae - = —
Lactobacillus L. delbrickii — -
L. acidophilus - - -

CALCULATION OF THE POSSIBILITY OF ANAEROBIC CONDITIONS BEING
PRESENT IN THE INNER PART OF THE DENTAL PLAQUES

As is well known, a number of strictly anaerobic kinds of
bacteria have been isolated from dental plaques. Among these
are the fusiforms and the spirochaetes. The fact that these bac-
teria are able to live and multiply in plaques is to be ascribed
to the coexistence of other bacteria taking up the oxygen. It
should be possible to calculate approximately how thick a layer
of plaque material is required to remove the oxygen completely.
The pressure of oxygen at the surface of the plaque is the same
as in the air, i.e. about 21 % of 760 mm Hg equal to 160 mm Hg.
Further, in the plaque the pressure falls because of bacterial
oxygen uptake. At what depth is the pressure zero?

The distance is expressed by the equation (Strdlfors, 1950,

page 23)
D
w=}/n 0
’ Q

¢ = conc. of oxygen in the air

D = the diffusion coefficient for oxyvgen

Q = the rate of aerobic respiration

D is, according to Krogh (1919), 1.4 XX 107> ml O (0°, 760
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mm Hg) through 1 em2 per minute if the concentration gradient
is 1 atmosphere per cm.

¢ will then be expressed in atmospheres

Q will then be expressed in ml oxygen/ (ml plaque volume) X
(minute).

If we limit the calculations to the viridans streptococci, since
they are the most numerous bacteria in the plaque, we find the
following:

Mean value (period 0—30 minutes) is 15.2 microliters O/ (mg
dry weight) > (hour). In the plaque there are about 23 X 109
cells per ml plaque, corresponding to 23/2.03 mg dry weight of
streptococci (Strdlfors, 1950, page 81). Consequently, the oxygen
uptake in the plaque should be 15.2 X 23/2.03 microliters
02/ (ml plaque) X (hour) = 2.87 x 10~ ml Oz/ (ml plaque) X
(minute).

According to the equation given above, the oxygen value should
be zero at a depth of 0.45 mm. Plaques on the teeth often exceed
this thickness especially in the interproximal spaces, where the
distance has to be measured in a bucco-lingual direction.

We have not, however, considered the other bacteria in the
plaque. If we estimate the respiration of the neisseria, cocci and
other bacteria to be of the same magnitude as that of the strepto-
cocci, the depth given above should be divided by )2 resulting
in the figure 0.32 mm.

Delermination of the respiratory quotient

The results of the experiments to determine R.Q. are shown
in Table 6.

A total of 44 experiments have been performed and two ex-
periments have been made with each of 14 bacterial strains. As
the bacteria in the two paired experiments have come from two
separate cultures the total error of the method includes the
variance in the growth, the pipetting, the reading of the mano-
meter and so on.

The mean value of the deviations in the duplicate experiments
is 0.09 with a standard deviation of = 0.02.

If complete conversion of glucose to carbon dioxide and water
took place without any divergent processes the total reaction
would be:

12* — Acta odont. Scand. Vol. 14



178 ALLAN STRALFORS

C,H,,0, + 60, —» 6CO, + 6H,0

Then the respiratory quotient would be exactly 1. The most
marked deviation from this figure is found with the lactobacilli
with values from 1.05 to 1.86 (mean 1.45). The reasons for this
relatively high R.Q. cannot be explained without thorough com-
plementary investigations. It should be pointed out, however,
that the glycolysis may not have been purely homofermentative.
Carbon dioxide, ethyl aleohol and organic acids other than lactic
acid (e.g. acetic acid) may have been formed. Since the lacto-
bacilli have a much more intense acid production than aerobic
oxidation (the ratio is 61:1, as will be reported later in this
paper) even a very small part of the glycolysis taking place
heterofermentatively with production of CO; would give a sub-
stantially higher respiratory quotient.

The streptococci have a lower R.Q. than 1, varying from 0.66
to 1.19 with a mean value of 0.89. A total of 13 values are below
1 and only three are above. The standard deviation of the mean
is = 0.04. Thus the mean value is significantly lower than 1.
The cause of this low R.Q. could not be conclusively demonstrat-
ed from this investigation. However, it seems likely that the
production of HyO» may provide the explantion. If all the oxid-
ation occurred to HsO; the total reaction would be:

C:H,0, + 6H,0 4+ 120, — 6CO, + 12H,0,.
The R.Q. would then be 6/12 = 0.5.

When the hydrogen peroxide is partly decomposed to oxygen
and water the result is an R.Q. between 0.5 and 1.

The Hy0. production of lactobacilli should also lower the
respiratory quotient. Evidently, however, this effect is counter-
acted by the CO; production coupled to the anaerobic glycolysis
resulting in a R.Q. higher than 1. For the other micro-or-

ganisms, staphylococei, gaffkya and sarcina the quotient is quite
near to 1.

The quantitative ralio of lactic acid production to aerobic oxidation in the
presence of the atmospheric oxygen
A lactic acid analysis was made after the termination of most
of the respiration experiments. Thus the ratio between lactic
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acid production and aerobic oxidation could be calculated in
each experiment.

In these calculations it has been supposed that the oxidation
had followed the formula

C:H,,0; + 60, — 6 CO, + 6 H,0.

One molecule of glucose corresponds to six molecules of
oxygen. One micromol occupies 22.4 microliters at 0° and 760
mm Hg. Thus, by dividing the figure for oxygen by 6)22.4, the
number of micromols of glucose oxidized is obtained.

According to the equation

C,H,,0, — 2 C;H,0,

two mols of lactic acid are formed from one mol of glucose. The
number of micromols of lactic acid has therefore to be divided
by two to obtain the number of micromols of glucose meta-
bolized.

Table 7 shows the ratio of glucose converted to lactic acid to
glucose oxidized aerobically for each separate experiment as
well as the mean value for each bacterial strain and the mean
value for each group of bacteria.

There is obviously a marked difference between the lactic
bacteria and the other groups. The lactobacilli have the highest
ratio 61.2 and then the streptococci follow with 19.6. An interest-
ing fact is that strain no. 113, which is a Streptococcus salivarius
(Stralfors, 1950, page 30), has the high value of 77.7, thereby
deviating from the other strains of streptococci, which belong
to the species Streptococcus mitis.

The white and yellow staphylococei have different values; the
white form lower (0.42) than the yellow form (2.49).

Still lower values are characteristic of the other bacteria:
gaffkya 0.20, sarcina 0.10 and actinomyces 0.07.

The sum of glucose remaining after the experiment, glucose changed to luctic
acid, and glucose broken down by aerobic oxidation.

In addition to the lactic acid analysis, a determination of the

glucose content was also made in most of the experiments. If

the only reactions that took place were the breakdown of glucose



180 ALLAN STRALFORS

to lactic acid and glucose plus oxygen to carbon dioxide and
water, the sum of the glucose used up in these two processes
plus the glucose remaining should be exactly equal to the glucose
originally supplied.

Deviations from this scheme are, however, to be expected.
Other fermentation products than lactic acid will result. It is
known that staphylococci produce valeric acid (Fosdick & Rapp,
1943) as well as lactic acid. Sarcinae produce acetic acid (Fos-
dick & Calandra, 1945).

Furthermore, part of the glucose may be assimilated, i.e.
synthesised to more complex substances, which will be in-
corporated in the cell contents. That this is the case not only
for proliferating cells but also in a washed suspension was shown
by Giesberger (1936) for Spirillum serpens and by Clifton (1937)
for Pseudomonas calco-acetica.

The figures for "summed up glucose” are shown in Table 8.
Only the mean value of the experiments is given for each strain.
The table also gives the mean value for each bacterial group. All
the values are smaller than the amount of glucose added origin-
ally which was 0.30 ml of a 280 mC glucose solution equal to
84 micromols of glucose. The staphylococci have remarkably
low values indicating that they metabolize to a great extent along
other pathways.

Anaerobic acid production measured in the Warburg apparalus

The results from this experimental series appear in Table 9.
Compared with the results of the earlier work by the author with
a pH measuring method (Strdlfors, 1950, pages 556—58) they are
of approximately the same magnitude although somewhat lower.
Since the pH value is not under control in the Warburg respiro-
meter an exact comparison cannot be made. The technique is
(uite laborious in this type of experiment, and it does not seem
to have any advantages over the pH measuring method.

DISCUSSION

In biologic oxidations, the hydrogen is only rarely transferred
directly from the substrate to the oxygen. This does take place,
however, with amino acid oxidases found in animal tissues and
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in the bacterial species Proteus vulgaris. Oxidation then follows
the scheme:

oxidase
I H 1
substrate 0

Generally, the hydrogen is transferred from the substrate to
an intermediate carrier, which then gives it off again. There are
different oxidation systems of this kind. The hydrogen may be
transferred to cytochrome and then from cytochrome to oxygen
by the action of cytochrome oxidase.

dehydrogenase cytochrome oxidase
R
substrate cytochrome )

A still more complicated system is that in which the hydrogen
is first transferred to co-enzymes I or II.

dehydrogenase diaphorase cytochrome oxidase
I = v & v [ =5
substrate co-enzyme I cytochrome 0

dehydrogenase  cytochrome reductase cytochrome oxidase

R R

substrate co-enzyme II cytochrome 0

There are three forms of cytochrome, called a, b and c,
distinguished by their different absorption spectra. A bacterial
species may have all three forms of cytochrome, or two, or one
or none at all.

The bacteria investigated in this work and the species closely
related to them are characterized by their cytochrome content
as shown in Table 10 (Gate, 1947, page 40; Porter, 1947, page
553; Stephenson, 1949, page 25).

As far as the author could ascertain, no investigation has been
made of the cytochrome in viridans streptococci from the mouth.
They are very closely related, however, to the pneumococci and
the question is then if they contain cytochrome a and b or if
they, like the other streptococci, are completely devoid of cyto-
chrome.
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Concerning the bacteria used in this investigation it may thus
be supposed, that in the staphylococci and sarcina the respiration
is mediated by a cytochrome system.

The process of respiration in bacteria lacking cytochrome is
not known, but it probably occurs by the direct transfer of
hydrogen to oxygen by means of an oxidase (Stephenson, 1949,
page 27). As yet, however, no such oxidase has been found in
any bacteria.

When hydrogen combines with oxygen, either water or hydro-
gen peroxide may be formed. As described above, hydrogen
peroxide was most probably formed by the streptococci and lacto-
bacilli.

SUMMARY

The Warburg constant volume respirometer has been used
to investigate the aerobic and anaerobic breakdown of carbo-
hydrates. Chemical determinations of the amounts of lactic acid
and glucose were made simultaneously with the gasometric
measurements.

The groups of bacteria studied were: streptococci, lactobacilli,
staphylococci, gaffkyacocei, sarcinacocci and actinomyces. The
characteristics of the bacterial strains used were given in an
earlier publication (Strdlfors, 1950).

The following results were obtained

1) Endogenous respiration accounted for only a relatively
small fraction of the respiration of the bacteria in glucose.

2) Streptococci and lactobacilli showed decreasing respiratory
activity, in terms of oxygen taken up, as the experiment pro-
ceeded. The other bacterial groups had a more uniform activity
curve.

3) The absorption of oxygen was on a lower level for the
streptococci and lactobacilli than for the other bacteria.

4) It was possible to make an approximate calculation of the
depth in the dental plaque, under which strictly anaerobic
conditions would prevail.

5) The respiratory quotient was especially high with lacto-
bacilli, the mean value being 1.45. For streptococci it was signi-
ficantly lower than 1, with a mean value of 0.89 = 0.04. For the
other bacterial species, the quotient was very near to 1. Various
possible explanations of the different values are discussed.
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6) The relationship between the amount of glucose which was
changed to lactic acid in the presence of air, and the amount
that was, at the same time, aerobically oxidated, was variable.
Mean values for this relationship were: for lactobacilli 61, for
streptococei 20, for yellow staphylococei 2.5, for white staphylo-
cocci 0.42, for gaffkya 0.20, for sarcina 0.10 and for actinomyces
0.07. Thus it appears that lactobacilli and streptococci predo-
minantly break down carbohydrates anaerobically to acid even
when they have good access to air.

7) The sum of the amount of glucose remaining after the ex-
periment, the glucose changed to lactic acid and the glucose meta-
bolized by aerobic oxidation was constantly lower than the total
amount originally supplied. Staphylococci showed the lowest
value. Various other possible ways of glucose consumption are
discussed.

8) The acid production, measured by the gasometric method
under strictly anaerobic conditions, was of approximately the
same magnitude as was reported earlier by the present author
using a method with pH determination (Strdlfors, 1950). The
gasometric method of determining acid production does not seem
to be particularly advantageous.

RESUME

UNE ETUDE SUR L’ACTIVITE RESPIRATOIRE DES
BACTERIES BUCCALES

Des expériences sur la respiration des microbes de la cavité
buccale ont été faites selon la méthode de Warburg.

Les groupes de microbes examinés ont été les suivants:
streptocoques, lactobacilles, staphylocoques, gaffkyas, sarcines
et actinomycétes. Les caractéristiques de ces microbes sont pré-
cisées dans l'ouvrage précédent par Pauteur (Strdlfors, 1950).

Les résultats des recherches présentes sont:

1) La respiration endogéne constituait seulement un part peu
considérable de la respiration dans du glucose.

2) Les streptocoques et les lactobacilles montraient une activité
décroissante de I'absorption d’oxygéne. Les autres microbes
montraient une activité de 'absorption d’oxygéne plus uniforme.

3) Les streptocoques et les lactobacilles montraient une activité
de I’absorption d’oxygéne inférieure a celle des microbes restants.
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4) Un calcul approximatif a été fait de la profondeur des
matériaux de plaques & laquelle des conditions anaérobies pour-
raient se produire.

5) Le quotient respiratoire était spécialement élevé chez les
lactobacilles, en moyenne 1.45. Pour les streptocoques il était
notablement inférieur a 1, en moyenne 0.8Y = 0.04. Pour les
autres sortes de bactéries le quotient etait trés proche de 1.
On a discuté différentes possibilités pour expliquer les diverses
valeurs de quotient.

6) Le rapport entre la quantité de glucose transformé en
acide lactique en présence d’air — et la quantité qui a subi une
oxydation aérobie etait trés variable pour les groupes différents
de microbes. Les moyennes etaient: pour les lactobacilles 61,
pour les streptocoques 20, pour les staphylocoques jaunes 2.5,
pour les staphylocoques blanes 0.42, pour les gaffkyas 0.20, pour
les sarcines 0.10 et pour les actinomycétes 0.07.

7) La somme de glucose restant aprés I'expérience, de glucose
transformé en acide lactique et de glucose transformé par I'oxyda-
tion aérobie, était partout inférieure a la quantité ajoutée au
début. La valeur la plus basse a été trouvée chez les staphylo-
coques. On a mis en discussion les possibilités différentes d’une
autre dépense de glucose. ’

8) La production d’acide mesurée pendant des conditions
anaérobies dans l'appareil de Warburg a donné des résultats
presque les mémes que les résultats obtenus par Pauteur par la
mesure du pH et publiés dans l'ouvrage précédent (Strdlfors,
1950). L’emploi de la méthode de Warburg ne parait pas offrir
d’avantages pour la determination de la production d’acide.

ZUSAMMENFASSUNG

EINE UNTERSUCHUNG UBER DIE RESPIRATORISCHE AKTIVITAT
DER MUNDBAKTERIEN

Mit Warburgs Respirometer wurden Bestimmungen der aero-
ben und anaeroben Spaltung der Kohlenhydrate ausgefiithrt. Auch
wurden Milchsdure und Glukose mit chemischen Methoden be-
stimmt.

Die untersuchten Bakterien waren: Streptokokken, Laktoba-
zillen, Staphylokokken, Gaffkyakokken, Sarcinakokken und Ak-
tinomyces. Die karakteristischen Eigenschaften der angewandten
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Stamme sind in einer fritheren Arbeit niher beschrieben (Strdi-
fors, 1950).

Folgende Resultate wurden erzielt:

1) Endogene Respiration machte nur einen geringen Teil der
Respiration in Glukose aus.

2) Streptokokken und Laktobazillen zeigten eine fallende Ak-
tivitat der Sauerstoffabsorption wihrend des Experimentes. Die
iibrigen Bakterienarten zeigten eine mehr gleichmissige Ak-
tivitit.

3) Streptokokken und Laktobazillen hatten eine niedrigere
Sauerstoffabsorption als die librigen Bakterien.

4) Es war moglich approximativ zu berechnen, in welcher
Tiefe des Plaquematerials streng anaerobe Verhilinisse herrschen.

5) Die respiratorische Quote war besonders hoch fiir Lakto-
bazillen, Mittelwert 1.45. Fiir Streptokokken war die Quote nied-
riger als 1, Mittelwert 0.89 = 0.04. Fiir die anderen Bakterien-
arten war die Quote sehr nahe 1. Mehrere Moéglichkeiten, diese
Verschiedenheiten zu erklaren, werden diskutiert.

6) Das Verhiltnis zwischen der Glukosemenge, die zu Milch-
sdure verwandelt wurde, und der, die in derselben Zeit aerob
oxydiert wurde, variierte. Mittlere Werte fiir diese Quote waren:
fiir Laktobazillen 61, fiir Streptokokken 20, fiir gelbe Staphylo-
kokken 2.5, fiir weisse Staphylokokken 0.42, fir Gaffkya 0.20,
fiir Sarcina 0.10 und fiir Aktinomyces 0.07. Es ergibt sich also,
dass Laktobazillen und Streptokokken auch bei guter Zufuhr
von Luft die Kohlenhydrate grésstenteils anaerob zu Milchsdure
spalten.

7) Bei Zufuhr von Luft wird die Glukose teils zu Milchsaure
verwandelt, teils zu Kohlendioxyd und Wasser oxydiert, und
ausserdem bleibt ein Teil der Glukose unverdndert in der Lésung.
Die Summe dieser drei Glukosemengen war in allen Experimenten
geringer als die urspriinglich zugefithrte Quantitit. Die Umset-
zungsprodukte anderer Art, die also entstehen miissen, wurden
diskutiert.

8) Die anaerobe Saureproduktion gasometrisch bestimmt war
von ungefihr derselben Grosse wie die in der fritheren Arbeit
des Verfassers mittels pH-Messungen gefundene. (Strdlfors,
1950). Die gasometrische Methode der Sdurebestimmung scheint
gegeniiber der pH-Messungsmethode keinen Vorteil zu haben.



186 ALLAN STRALFORS
REFERENCES

Avery, O.T. and H.J. Morgan: The occurrence of peroxide in cultures of
pneumococcus. J. Exp. Med. 39: 275, 1924.

Barker, S.B. and W.H. Summerson: The colorimetric determination of
lactic acid in biological material. J. Biol. Chem. 138: 535, 1941.

Bertho, A. und H. Gliick: Uber den Atmungsprozess der Milchsidurebakte-
rien. Liebigs Annalen der Chemie 494: 159, 1932.

Clifton, C.E.: On the possibility of preventing assimilation in respiring
cells. Enzymologia 4: 246, 1937.

Diron, M.: Manometric methods. Cambridge, 1943. Second edition.

Folin, O. and H. Wu: A simplified and improved method for determination
of sugar. J. Biol. Chem. 41: 367, 1920.

Fosdick, L.S. and G.W. Rapp: The degradation of glucose by Staphylococ-
cus albus. Arch. Biochem. 1: 379, 1943.

Fosdick, L. S. and J. C. Calandra: The degradation of glucose by Sarcina lutea.
Arch. Biochem. 6: 9, 1945.

Gale, E.F.: The chemical activities of bacteria. Cambridge, 1947.

Giesberger, G.: Beitrige zur Kenntnis der Gattung Spirillum Ehrenberg.
Mit besonderer Beriicksichtigung der Atmungsprozesse bei den Ver-
tretern dieser Gattung. Dissertation, Utrecht, 1936.

Krogh, A.: The rate of diffusion of gases through animal tissues, with
some remarks on the coefficient of invasion. J. Physiol. 52: 391, 1919.

McLeod, J.W. and J. Gordon: The production of organic compounds of
sulphur in bacterial cultures with special reference to glutathione.
Biochem. J. 18: 937, 1924.

McLeod, J.W. and J. Gordon: The relations between the reducing powers of
bacteria and their capacity for forming peroxide. J. Path. and Bact.
28: 155, 1925.

van Niel, C. B.: Biochemistry of microorganisms. Ann. Rev. of Biochem.
12: 551, 1943.

Porter, J. R.: Bacterial chemistry and physiology. New York, 1947.

Stephenson, M.: Bacterial metabolism. London, 1949. Third edition.

Strdlfors, A.: Investigations into the bacterial chemistry of dental plaques.
Akad. avh. (Thesis), Stockholm, 1950.

Umbreit, W. W. et al.: Manometric techniques and related methods for the
study of tissue metabolism. Burgess Publishing Co., Minneapolis,
Minn., 1947.

Warburg, O.: Uber den Stoffwechsel der Tumoren, Berlin, 1926.

Address: Royal School of Dentistry
Malmo 7,
Sweden



