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The action of B-( N-selenomorpholine) ethyl phenyl ketone hy-
drochloride and 4-( N-selenomorpholine)-2-butanone hydro-
chloride on Escherichia coli and Staphylococcus aureus was
studied by microcalorimetry. Differences in their capacities to
affect the metabolism of this bacterium were observed. The ki-
netics shows that the selenomorpholine compounds had action
on the metabolism process of Escherichia coli and Staphylococ-
cus aureus. The rate constant (k) of the studied bacterium in
the presence of the drugs are concentration-dependant. The
growth rate constants decrease with an increase in the mass of
the selenomorpholine compounds, but their relationship is dif-
ferent. As deduced from the rate constant (k) of the studied
bacterium (in log phase) and the half inhibitory concentration
(ICs), the experimental results reveal that the studied se-
lenomorpholine compounds all have good antibiotic activity and
better antibacterial activity on Staphylococcus aureus than on
Escherichia coli.

Keywords selenomorpholine compounds, bacterium, metabo-
lism, antibacterial activity, microcalorimetry

Introduction

Selenium is one of the fourteen known essential bio-
trace elements.' The bioactivity of selenium has developed
rapidly>> since it was found to be an active center of glu-
tathione peroxidase (GSH-Px), which can catalyze and
decompose lipid hydroperoxide or hydrogen peroxide.®’
The antibacterial and antifungal activities of selenium
have also been studied. Qur previous studies show that
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the antimicrobial activity of some selenomorpholine com-
pounds is better than that of sodium selenite.® The pur-
pose of this paper is to investigate the action of 3-( N-se-
lenomorpholine) ethyl phenyl ketone hydrochloride and 4-
( N-selenomorpholine )-2-butanone hydrochloride on the
bactrium by means of microcalorimetry.

Microcalorimetry provides a general analytical tool
for the characterization of the microbial growth process. It
has been used extensively to investigate the interaction
between drug and the microbial cell leading to useful in-
formation.*? One of the most prominent features of the
microbial growth process is the production of heat. If the
heat is monitored by microcalorimeter, useful informa-
tion, both qualitative and quantitative, may be obtained.
Each type of microbial has a unique power-time trace,
recordable by the microcalorimeter under a defined set of
growth conditions. Any substance that can modify the
metabolic growth processes involved in cell will change
the power-time curve obtained from the microcalorimeter.
From the power-time curves, both thermodynamic data
and kinetic data can be obtained.

In this paper, the power-time curves produced by
Escherichia coli and Staphylococcus aureus under the ac-
tion of the selenomorpholine compounds of different con-
centrations were determined with a LKB-2277 Bioactivity
Monitor. From these power-time curves (log phase) the
growth rate constant, k, and the generation time, G,
classic parameter of microbiology, were calculated. Ac-
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cording to the k-p relationship, the antibacterial activity
of the selenomorpholine compounds was evaluated .

Experimental
Maierials

Escherichia coli (CCTCC AB91112) and Staphylo-
coccus aureus (CCTCC AB910393) were provided by Chi-
na Center of Type Culture Collection, Wuhan University,
China. :

The peptone culture medium contained NaCl 5 g,
peptone 5 g and beef extract 3 g per 1000 mL (pH =
7.0). Tt was sterilized in high-pressure steam at 120 °C
for 30 min.

Selenomorpholine compounds were synthesized and
characterized by Department of Chemistry, Wuhan Uni-
versity. * Their structures are shown in Fig. 1.
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Fig. 1 Selenomorpholine compounds $-( N-selenomorpholine)
ethyl phenyl ketone hydrochloride (1) and 4-( N-se-
lenomorpholine) -2-butanone hydrochloride (2) .

Instruments

A microcalorimeter, LKB-2277 Bioactivity Monitor
manufactured by LKB corporation of Sweden, was used to
obtain the metabolic growth power-time curves of the bac-
teria. The microcalorimeter was thermostated at 37.00
%C. The voltage signal was recorded by means of an LKB-
2210 recorder (1000 mV range). The baseline stability
was 0.2 pW/24 h. The details of the performance and
structure of the instrument were described previously . 4

Methods

In the calorimetric experiment, the flow cell was
completely cleaned and sterilized. The procedure was as
follows; sterilized distilled water, NaOH (0.1 mol/L),
75% alcohol solution, HCl (0.1 mol/L) and sterilized
distilled water were pumped subsequently by an LKB-
2132 microperplex peristaltic pump through the cell, each

for 15 min at a flow rate of 50 mL/h.

Once the system was cleaned and sterilized and the
baseline had been stabilized, the bacterial suspension,
initially containing 2 x 10° bacteria/mL and compound 1
or 2 was pumped through the calorimetric cell with an
LKB-2132 perplex peristaltic pump at a flow rate of 50
mL/h. When the flow cell (volume 0.6 mL) was full,
the pump was stopped and the monitor was used to record
the power-time curves of the bacterial growth (see the
schematic diagram in Ref. 14).

In this type of experiment, the bacteria were sus-
pended in the peptone culture medium. The selenomor-
pholine compounds were added from the beginning of the
experiment, i.e., it was introduced as soon as the bac-
teria were inoculated in the peptone culture medium. The
solutions of the selenomorpholine compounds were pre-
pared in the sterilized distilled water, and were prepared
freshly every time before use.

Results

Power-time curves

The power-time curves obtained when a culture of
the test bacteria was inoculated with selenomorpholine
compound 1 at different concentrations are shown in Fig.
2.

From power-time curve, it can be seen that the
shapes of the metabolic thermogenesis curves changed lit-
tle when the selenomorpholine compounds at low concen-
trations were added into the suspension of the bacterium.
But when high concentration of the selenomorpholine com-
pounds was added, the shapes changed obviously and the
lag phase, which is between the start of the experiment
and the ascending phase of the power-time curve, became
longer. These curves show that the selenomorpholine com-
pounds had inhibiting action on the bacterial growth.

Thermokinetics

In the log phase of growth, the power-time curve
obeys the equation:®

In P=k+In P,

Using this equation, the growth rate constants k of
all the experiments were calculated and the generation
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Table 1 Rate constants (k) for the growth of Escharichia coli at 37.00 °C

Experiment
1 2 3 4 6 7
number 5 8
k/min~! 0.0352 0.0374 0.0358 0.0368 0.0350 0.0370 0.0367 0.0356
R® 0.9969 0.9992 0.9969 0.9974 0.9993 0.9986 0.9982 0.9959

2 Correlation coefficient.

Table 2 Rate constants (k) for the growth of Staphylococcus aureus at 37.00 °C

Experiment
1 2 4
number 3 v 5 6
k/min~! 0.0299 0.0302 0.0296 0.0295 0.0297 0.0306
R® 0.9994 0.9985 0.9953 0.9999 0.9985 0.999%6

¢ Correlation coefficient.

Table 3 Parameters of Escharichia coli growth in the solution with different drugs at 37.00 C

Drug 0 k ¢ 1 ICs 1Cso(Se)
(pg/mL) (min~!) (min) (%) (pg/mL) (pg/mL)

Control 0 0.0362 19.2 —_ _ —

1 10 0.0367 18.8 -2.2 67 17

1 20 0.0324 21.4 10

1 30 0.0252 27.6 30

1 50 0.0231 30.0 36

1 70 0.0176 39.3 51

1 100 0.0000 — 100

2 10 0.0342 20.2 5.4 110 34

2 20 0.0321 21.6 11

2 30 0.0303 22.8 16

2 40 0.0271 25.6 25

2 50 0.0255 27.2 30

2 70 0.0233 29.8 36

2 100 0.0195 35.6 46

Table 4 Parameters of Staphylococcus aureus growth in the solution with different drugs at 37.00 C
Drug ) k G I ICso IC5o(Se)
(pg/mL) (min~1) (min) (%) (pg/mL) (pg/mL)

Control 0 0.0299 23.2 — — —

1 5 0.0244 28.4 18 24 6.0

1 10 0.0213 32.6 29

1 20 0.0157 44.1 47

1 30 0.0130 53.2 56

1 50 0.0106 65.5 65

2 10 0.0271 25.5 9.3 58 18

2 20 0.0244 28.4 18

2 30 0.0215 32.3 28

2 50 0.0173 40.0 42

2 70 0.0114 61.1 62

2 100 : 0.0069 101 77
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Fig. 2 Power-time curves of Escherichia coli growth (A) and

Staphylococcus aureus growth (B) in the presence of
compound 1 at different concentrations.

times (G), which equal (In 2)/k, were also obtained.
Corresponding k and G are shown in Tables 1, 2, 3 and
4.

From the data in Tables 1 and 2, it is apparent that
k =(0.0362 £ 0.0007) min ™! for Escherichia coli growth
and k = (0.0299 + 0.0004) min~" for Staphylococcus
aureus growth. All of the correlation coefficients are larger
than 0.9950, indicating a good reproducibility and corre-

lation.

Inhibitory ratio I and the half inhibitory concentration
ICso

Inhibitory ratio I is defined as:
I= [(k()— kp)/k()] x 100%

Where kg is the rate constant of .the control, k, is

the rate constant of bacterial growth inhibited by inhibitor
with a concentration of p. When inhibitory ratio I is
50% , the corresponding concentration of inhibitor is
called as the half inhibitory concentration ICsy. The val-
ues of I and ICs; are also shown in Tables 3 and 4.

Discussion

The power-time curves show that the time of the lag-
phase becomes longer and the maximum power decreases
with increasing concentrations of the selenomorpholine
compounds. These results mean that with increasing con-
centrations of the selenomorpholine compounds it takes
longer time to generate a detectable signal, and indicate
that the selenomorpholine compounds have action on the
growth of the test bacterium.

This can be verified by the growth rate constant of
the bacterium. The data in Tables 3 and 4 show that the
growth rate constants decrease with an increase in the
mass of the selenomorpholine compounds as shown in Fig.
3. Fig. 3 also shows that the concentration-rate constant
relationship is nearly linear for compound 2, but for com-
pound 1 the relationship is not linear. This is perhaps re-
lated to the different mechanism of the inhibition because
of the different structures of the drugs. The experiments
show that the selenomorpholine compounds have better
antibacterial activity on Staphylococcus aureus than on
Escherichia coli .
lenomorpholine and sodium selenite,

But this result is different from se-

815 indicating that

the mechanism of the action of these compounds on
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the different bacteria is different. The mechanism needs References

further investigation.

The factors to determine the characteristics of a
doseresponse relationship are the drug mode of ‘action in
cells, its number of target sites and its afinity for those
target sites. Selenium is an active center of glutathione
peroxidase (GSH-Px), which can catalyze and decompose
lipid hydroperoxide or hydrogen peroxide.! Selenium can
catalyze the production of reactive oxygen radical resulting
in the oxidative damage. In this study, the growth of Es-
cherichia coli was inhibited by selenite excess probably
through the catalysis of oxidation reactions of SH groups to
S§—S or S—Se—S bonds. During this process, more ac-
tive free radicals may be produced that further damage the
membrane structure and functions of cells.

The action of the drugs on the bacteria also depends
on the structures of the drugs. The values of ICsj indicate
that the antibacterial activity of the studied selenomorpho-
line compounds is better than that of selenomorpholine
(for Escherichia coli, ICs (Se) is 336 pg/mL;® for
Staphylococcus aureus , 1Csy(Se) is more than 1000 ug/
mL"). This is probably because they have more hydro-
carbyl group and hydrocarbyl group has affinity with the
bacterial cell.

In conclusion, microcalorimetry provides a tool for
studying the kinetics of the antibacterial action of antibi-
otics and for estimation of the relative bioactivity of antibi-
otics. It provides useful kinetic and thermodynamic infor-
mation that can not be obtained by other bacteriological
techniques, and the information is very significant for the
synthesis of antibiotics. These results are important on the
studies of toxicology and pharmacology. The experiment
results illustrate that the studied selenomorpholine com-
pounds have good antibiotic activity and they have better
antibacterial activity on Staphylococcus aureus than on
Escherichia coli .
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