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Calorimetric Characterization of Microorganisms

by B. ScuaarscHMIDT and I. LAMPRECHT

Zentralinstitut fiir Biochemie und Biophysik, Freie Universitdt Berlin, Habelschwerdter Allee 30, D-1 Berlin 33.

Summary. A short survey is given on recent calorimetric studies of microbial growth, which raised the question
whether calorimetrically obtained thermograms can be used for identification of different organisms. Advan-
tages and the efficiency of the method are critically discussed.

1. Introduction

Although microcalorimetric studies on bacteria
were introduced 20 years agol, research in this field
was not very active until 1973, when a short com-

[a)

b)
1 - -
‘ . ‘ /\\/T——
d)

10 20 30h

. " ! n
f)

Fig. 1. Thermograms of Saccharomyces cerevisiae under different

culturing conditions. a) liquid glucose-medium, unstirred; b) liguid

glucose-medium, stirred; ¢) solid (agar) glucose-medium; d) liquid

medium containing glucose and saccharose; e) liquid glucose-medium

under 2kpfcm? O,-atmosphere; f) liquid glucose-buffer under O,-
atmosphere of 2kp/cm?2
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munication on the microcalorimetric identification of
bacteria was published2. It stimulated intensive re-
search and discussion on this topic and its micro-
biological applications. It has been shown by several
workers that interesting data on microbial metabolism
may be obtained by calorimetry and that some theo-
retical problems in biological thermodynamics can be
solved only by this method3-5.

The conduction type calorimeters normally used
measure the heat transferred from the calorimeter
vessel to the surroundings. In case of a growing culture,
this represents the momentary heat production arizing
from the catabolic and anabolic processes in the or-
ganisms, Recording the heat flux as a function of time
yields a thermogram. The amplitude of the thermo-
gram is proportional to the intensity or the rate of the
reactions, and the integral value gives the sum of the
heat produced, which is related to the extent of the
processes. In view of the complexity and multiplicity
of microbial metabolism and the variety in the chrono-
logical order of metabolic processes in the different
kinds of microorganisms, one would expect the thermo-
grams produced by the microbes under investigation
to differ sufficiently for identification of individual
species.
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Fig. 2. Thermograms of various organisms under optimuw
growth conditions. a) Pseudomonas lindneri®; b) Strepto-
coccus lactis®; c) Zymomonas mobilis1; d) Escherichia coli;
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e} Saccharomyces cevevisiae; f) Bacillus steavothermophilus.
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Fig. 3. Thermogram of 3 different types of typhil: I, Salmonclla

(Eberthella) typhi; 11, S. paratyphi A; 111, S. paratyphi B (Schott-

miilleri).
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Fig. 4. Thermograms of 3 different milk bacteria®.
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2. Instrumentation

The different types of calorimeters used for biologi-
cal experiments have been described in detail else-
where$ 7. Therefore, only a brief illustration of the
action principle shall be given here.

Batch calorimeter. The calorimeters mainly used in
biological and biochemical research up to the present
were of the batch type, i.e. a closed calorimetric vessel
of limited volume (1 to 100 ml), which simultaneously
served as the culturing vessel. With this type it is
difficult to perform stirring, aeration or other manip-
ulations on the culture, and high thermal disturbances
may be initiated by such operations.

Flow calorimeter. Calorimeters of the flow type have
recently become available. A sample of the suspension
is sucked through the calorimeter vessel and ex-
changes its heat continuously with the calorimeter. A
microbial culture may be run outside the calorimeter
in a culturing vessel and only a small part of it is
pumped continuously through the calorimeter. Mea-
surements, tests and manipulations are possible with-
out anydisturbance of the calorimetric recording device.

1 H. PraT, Rev. Can. Biol. 72, 19 (1953).

2 E. A. Boring, G. C. Brancuarp and W. J. RusseLr, Nature,
Lond. 247, 472 (1973).

3 W. W. ForrEsrt, in Methods in Microbiology (Eds. J. R. Norris
and D. W. Riseons; Academic Press, London 1972), vol. 6B,
p. 285.

4 P. BoIviNET, in Proc. of the First European Biophysics Congress
(Eds. E. Bropa, A. Locker and H. SPRINGER-LEDERER; Verlag
der Wiener Medizinischen Akademie, Wien 1971}, vol. 4, p. 277.

5 C. Seink and 1. WaDs6, in Methods in Biochemical Analysis (Ed.
D. Grick; Wiley-Interscience, New York 1975), vol. 23, p. 1.

6 &, Carver and H. Prat, in Recent Progress in Microcalovimetry
(Ed. H. A. SkiNNER, Pergamon Press, Oxford 1963).

7 1. WADs6, Q. Rev. Biophys. 3, 383 (1970).

8 J. P. BeLarch, Compt. r. Soc. Biol., Paris 757, 317 (1963).

9 P, BorviNngT, Perfectionnement aux méthodes d’étalonnage et
d’emploi du microcalorimeétre, E. CaLver — Utilisation en micro-
biologie. Théses, faculté des sciences de Puniversité d’Aix-Marseille
(1964).

10 7. P. BeraIcH, J. P. SEnEz and M. MURGIER, J. Bact. 95, 1750
(1968).

1 P, Mo~k and 1. Wapsd, J. appl. Bact. 38, 71 (1975).

k~ Stopped flow

L i

a} 300 b)
pw §.faecium
0 Flow /\¥

/\Steel ampoule

S.faecalis

Flow

Stopped flow

el . ¢

O

300 d)

B.hemolytic §.
_k Flow

Stopped flow

/\— Stopped flow

E.coli

Flow

PR TR R S

Ll
—
=}
=
<

10 h

Fig. 5. Thermograms of 4 different in-
testinal bacteria under aerobic (flow) and
anaerobic (stopped flow) conditions?t.
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Fig. 6. Thermogram of 4 different intestinal bacterial?,
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Fig. 7. Thermogram of 6 different enterobacteriaceae?. a) Emntero-
bacter aerogenes; b) Klebsiella; c) Proteus vulgaris; d) Enterobacter
cloacae; €) Escherichia coli; ) Proteus retigeri.

4
Proteus rettgeri
£
]
<]
Q
=
-1 L1 L B)‘ L I s 1 L ' L
B[ Enterobacter cloacae
4
°2
E
s 2
L
=
0
B)
- 2 4 L L L I L L Il Il L L 1 1 1
0 5 10h

Time

Fig. 8. Repeated growth curves of 2 different enterobacteriaceae3.
The lower curves B have been displaced in time and in response to
indicate similarities.
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3. Influence of culture conditions

It is well known that the metabolism of an organism
depends strongly on the culture conditions and the
nutrient supply. Special methods have been prepared
for shifting metabolism from one biochemical pathway
to another.

Figure 1 demonstrates how different conditions of
growth influence the heat production of a yeast culture.
A change in just one parameter produces a distinct
change in the thermogram. One can imagine the dif-
ficulty of distinguishing different species only on the
basis of the thermograms, if a single organism can pro-
duce many different thermogram profiles.

On the other hand, different microbes can evolve
similar thermograms during growth. Figure 2 illus-
trates this fact. The smooth, simple thermograms
obtained in all cases are the expression of the same
simple metabolism proceeding in the organisms. In all
of these experiments, the culture grew up in a glucose-
rich medium under nearly anaerobic conditions. There-
fore, only a relatively simple catabolism took place in
all the organisms, i.e. degradation of the glucose via
glycolysis to ethanol, acetate or lactate.

Concerning the question of identification, two
postulates on the experimental method can be based
on the examples of Figures 1 and 2:1. The conditions
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Fig. 9. Repeated growth curves of 2 species of enterobacteriaceae,
The right curves are the derivatives of the left thermograms to show
the stronger characteristics of this type of recording.
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of culturing and the growth medium must be accurate-
ly defined, so that reproducibility of the experiment is
guaranteed. 2. Growth medium and culturing con-
ditions must be chosen so that the metabolism is not
simple. Instead, the individual metabolic traits of each
kind of organism should be revealed.

These two postulates are in some ways contra-
dictory to the normally used methods of culturing
microorganisms, which are chosen for each organism
to produce optimum growth. At present, there are no
such conventions about the experimental conditions,
but several working groups are looking intensively for
conditions which are suitable in light of the above
postulates. Postulate 1 causes no difficulty in principle,
because it can be satisfied by detailed agreement. The
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Fig. 10. Thermograms of 3 different strains of Proteus mirabilis and
their related r-forms?s.
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Fig. 11. Thermograms of 6 mutants of Saccharomyces cerevisiae dif-
fering in UV-sensibility.
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second postulate cannot be fulfilled for all bacteria or
microbes, but only more or less sufficiently for a
smaller group. The following chapter reproduces ex-
amples given by different authors for calorimetric dif-
ferentiation between microbes of similar ecology.

4. Examples of thermogram profiles

Figures 3 and 4 are taken from two investigations
undertaken in the early phase of biological micro-
calorimetry. The thermograms were obtained with the
early types of the Calvet batch calorimeter, but they
demonstrate clearly that under simple experimental
conditions, characteristic thermo-profiles were produc-
ed. The Figures 5-9 show the results from experiments
dealing with the characterization of intestinal bacteria.
Although the experimental conditions in the examples
shown were not identical, one can recognize some
characteristic parts of the thermogram of the same
species in different figures. Just these repeating char-
acteristics indicate a certain applicability of the
method. Although the positions of the maxima and

12 L. O. KaLrings, Clinical aspects of the use of microcalorimetry
in the diagnosis of septicaemia and meningitis. Paper presented
at the 2. Int. Symposium on Microcalorimetry in Microbiology.
Bedford College, London, March 25-26 (1975).

13 E. J. ProseN, R. N. GOLDBERG, B. R. StarLEs, R. N. Bovyp and
G. T. ARMSTRONG, in Thermal Analysis, Comparative Studies on
Materials (Eds. H. KaMBeE and P. D. Garn; Kodansha, Tokyo;
Wiley, New York, London 1974), p. 253.

1t A, Jouannson, K. E. Norp and T. WapsTrOM, Variations in
bacterial thermograms in different media. Paper presented at the
2. Int. Symposium on Microcalorimetry in Microbiology. Bedford
College, London, March 25-26 (1975).

15 A. Jaworski, L. SEpLAczEK, E. CzERNIAWSKI and B. ZABLOCKI,
Acta microbiol. pol. 77, 219 {1968).

16 U. MOrRTENSEN, B. Nor£x~ and I. WAaps6, Bull. ecol. Res, Commun.,
Stockholm 77, 189 (1973).
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Fig. 12. Heat effect from variously fertilized soil samples!, O, un-
treated; O, salt mixture added; @, cellulose powder added; ¥, salts
and cellulose added.
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minima on the time axis and the absolute values of
heat flow vary somewhat from experiment to ex-
periment — due to the amount of inoculum and also
to the length of the lag phase associated with the ad-
justment of the organism to the growth medium — the
general characteristics of the curves are well repro-
ducible. In each example, the thermograms of two
independent experiments. with the same organism are
shown. In some cases, the calorimetric characteri-
zation could be improved for characterizing different
strains or mutants of the same organisms. Two
examples are shown in Figures 10 and 11.

5. Mixed cultures

Only a few calorimetric investigations on the growth
of mixed populations have been undertaken. Figure 12
shows the thermogram of a soil sample with different
salt additions, and Figure 13, thermograms of microbi-
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Fig. 13. Heat production from bacterial activity in cattle manure.
a) solid manure at 40 °C; b) liquid manure at 45°C; ¢) liquid manure
at 60°C.
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al growth in cattle manure. In both cases it is im-
possible to recognize any characteristic profiles of the
growing organism. The smoothing of the curves is
caused by the superposition of the heat profiles of the
growing species, but also by the unknown change in
metabolism caused by the mutual interference of the
species.

6. Conclusion

It was shown in chapter 4 that, under exactly de-
fined experimental conditions, a sufficient identific-
ation of some groups of bacteria is possible. In com-
parison with the usual microbiological methods, the
calorimetric method has the great advantage that re-
sults are already at hand after 5 to 10 h. But, as with
every other method, the organism under investigation
has to be isolated before it can be identified. It is there-
fore not possible to carry out any thermic spectro-
scopy in a mixed culture. For clinical application, this
question is of less interest, because contamination in
blood or urine, for instance, is usually caused by just
one species. At present, the growth profiles obtained
are most sensitive to differences in experimental con-
ditions, for example oxygen potential. Therefore, the
calorimetric method is not yet suitable for practical
use in clinical microbiology. However, with technical
improvement and development of suitable culturing
conditions, the microcalorimetric method may be-
come a useful tool in the routine laboratory, even if
it willnever supersede any other conventional method?7.

17 Acknowledgment. The kind permission of the cited authors and
journals to reproduce their figures is gratefully acknowledged.
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Defensive Substances of Opilionids?

T. H. Joxrs, W. E. CoNNER, A. F. Krugg, T. Ei1sNER and J. MEINWALD 2

Department of Chemistry and Section of Neurobiology and Behaviov, Cornell University, Ithaca (New York 14853, USA),
6 April 1976.

Summary. The defensive secretions of 4 species of opilionids were analyzed. Leiobunum ventricosum and Hadyobunus
maculosus produce 4-methylheptan-3-one, while L. calcar produces E-4,6-dimethyl-6-octen-3-one. L. longipes produces
E-4,6-dimethyl-6-nonen-3-one, a new natural product.

Arachnids of the order Opiliones possess a pair of dis-
chargeable defensive glands® 4 that produce volatile odo-
rous secretions. Chemical work has so far been done only
on 2 species of the suborder Laniatores and 3 species of
the suborder Palpatores. The Laniatores produce methyl-
ated 1,4-benzoquinones®-7?, while the Palpatores produce
acyclic ketones, including 4-methylheptan-3-one (I) and

E-4,6-dimethyl-6-octen-3-one (II)%°? We here report on
the chemistry of the secretions of 4 additional Palpatores.
Two of these, Leiobunum ventricosum and Hadrobunus
maculosus, produce compound I, and a third, L. calcar,
produces compound II. The fourth, L. longipes, produces
E-4,6-dimethyl-6-nonen-3-one (III), a previously un-
described natural product.



