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Calorimetry of Cellular Processes :

With Special References to Quantitative

Evaluation of Drug Action on Microbial Cells.

Katsutada Takahashi

It has been long my view that the biocalorimetry is perhaps most effectively used for the

kKinetic analysis of microbial cultures. This paper is a review article of the research works

conducted mainly in the author’s group and deals with our method for the calorimetric charac-

terization of the biological effects of drugs and other chemicals on metabolic activities of living

cells. The same principle was also adapted to a quantitative estimation of food putrefaction and

of environmental pollution studies. The article also includes a proposal to determine calor-

imetrically the germination activity of plants seeds with the conclusion that our calorimetric

method can be used for the quantitative investigation of the viable activity of various cellular

processes.
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Fig. 2 Electrical calibration mark g (¢) and its

conversion to f (#) curve.
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Fig. 3 Growth thermogram g(¢; observed for the

growth of Asp. oryzae grown at 30°C on
bran and its conversion to f (¢) curve. The
dotted curve is the one fitted on eq. (2}
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Fig. 4 a: Growth thermograms of E. coli grown
at 30C on bouillon medium containing
novobiocin at various concentrations and
‘b the corresponding f'f} curves com-
puted according to the method described in
the text.
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Fig. 5 (a) Growth thermograms of Asp. oryzae
grown at 30C on bran containing p
-hydroxybenzoic acid at various concentra-

tions and (b’ the corresponding 7 (#) curves.



O )
MBI ER BE RN L R, R L o (ZHE
R RAR SOk b3

1 dVv

KTV de )
’Lfiﬁﬁﬂé HTHY, ZoBFRE S N0),
QA 7, EANEE (= [1]) 2B MR
Zfi”z;i/u_’§=< ERDE I B,

= pm/ (1 +i"/Kd) (1 +Ks/S™) 10

T unl FEA AT, B BRI IAE
TABOMERECH T L i }\l“é‘héji EE.
maximum growth rate constant” Th 5., (S= [S]

EEORE TG IBE S BEERIZ ll:« =)
WERTE IR I L BENT ,kmﬂMﬁ&'m
2.

Ks< §” {1
L7257, RIZRADE Hi2% 5,

wi=pn/ 1+ Kd) 12
Tt EMEAZORIZH TiED, T A= TR

b (parameter fitting) % 7213 lillai2r#fr (regression

analysis) iz & V), KabB XU m R ETH 2 07T
55,
1, 2oLz L THELN: Kaebs LU m il E

Oy % I RILTT R P B XD &Y FAE
Hil# (drug potency curve) i 2 &ATEDS,
Fig. 6 (&= & 5 LFEUZiEV, Fig 510§ 98
F— &L rizih72 PHBA & Asp. orvzae DG
25T 2 EBIERMTH B, OHNTERMTHY,
FEHII BB AELL T3,
u]%f KB G2 BRI T L - 2 EBRER
Lr s EEERR 2 Fig. 710 L Th 5,
_@i;%/ci‘, BB NVER B M HMIZ IR TE S
Iy EROBERMNEARY) TFERLTH S,
(X4 552 £ 912 Ki="yKd TEbE L5
¥ K 3B I o BRI Y 2 50 %612 #5542
s L EAENRE A EL L TB Y, —7, mEEFOE
HOTEROHE RS L L T b, L7257,
2 % — L)~ 6)THEAMER B TE HRY, 22
EEINS T A= Kib £ U m S ERMNHE L
B ELTEELTHHEHTH S,
SRS H ORI M B OB AEWE (@) AL T
Aoy, By FEIHA 7V EBL (c) 7aT
L7 5= 3 LR A BENE TR TV 2 L D &
Fig. 8z ¥, £72,
HFrs Kib LU mnfizsfenarlae

.
~

R S e R

DS D EAWE AR £ R

el

E
0 7 * 0.‘2 0.‘4 ' Q0.6
i /mol dm 3
Fig. 6 Drug potency curve drawn for the actions
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growth. The open circles denote the experi-
mental data. The curve was drawn by
regression analysis on the basis of eq. (12).
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Table 2 Inhibitory parameters of some drugs on the growth activity of microbes as measured
by the calorimetric method.
Drugs Microbes molecuTe cell’! (mol Id{in"a)"‘ molK(lim_3
Ethylalcohol Asp. oryzae 3.3 0.815 0.94
p-Hydroxy benzoicacid  Asp. oryzae 1.9 0.102 0. 300
sodium benzoicacid Asp. oryzae 2.1 0.00278 0.0607
calcium pnopiomate Asp. oryzae 1.4 0.0113 0.0408
Potasium sorbiate Asp. oryzae 1.2 0.00964 0.0209
streptomycin E. cole 1.2 8.69 x 107° 0.19 x 1078
tetracycline E. cole 0.7 3.49 x 1075 0.43 x 107®
chloram phenicol E. cole 1.3 1.46 x 107® 0.94 x 1078
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sorbic acid as a preservative.
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Fig.10 Putrefaction thermograms of (a) pig meat

and (b) skimmilk. The thermograms shift

toward shorter incubation periods as the

extent of microbial contamination becomes

large.

calorimetric signal, g{t}
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Fig.11 Growth thermograms observed for the
growth of Reishi (Ganoderma lucidum

Karst.) grown on wood powder at 30°C.
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Fig.12 Heat evolution process during germination
of radish seeds, Raphanus sativus, cultured
on agar at 30°C. The curves were obtaned
from germination thermograms according
to the method described in the test on the
basis of eq. (1).
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Fig.13 Microbial degradation thermograms of
glucose in soil containing various amounts
of chromium at 30°C. Chromium concentra-
tions/ppm are ; (a) 0, (b} 25, (c) 50, (d)
75, (e) 100, (f) 125, (g) 150 and (h) 200.
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Fig. 14 The effect of chromium concentration on
microbial degradation of glucose in soil at
30C.
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