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Many scientists attribute a variety of clinical mani- 
festations of infections (latent and silent forms), 
pathogen carriership, and polymorphism of pathologi- 
cal changes in the body to the variability of infec- 
tious disease agents under the influence of various 
environmental factors [4,6,7]. The knowledge of mi- 
croorganism vital activity mechanisms is very impor- 
tant for rational and effective therapy of infectious 
diseases, for this knowledge can be used to predict 
the results of cell exposure to different factors, includ- 
ing drugs. Model descriptions of individual mechanisms 
of bacterial vital activity have been presented [3,5]. 
However, an integral model, based on which one may 
explain all the known characteristics of bacteria and 
predict experimental results, is still to be created. 
The development of such a model was the aim of the 
present study. 

MATERIALS AND METHODS 

A reference strain of Escherichia coli was used in the 
study. The culture was grown in 5 ml of meat-  
peptone broth at pH 7.3 for 24 h at 37~ The cells 
were sedimented by centrifugation and washed with 
physiological saline, pH 7.3, to separate vital activ- 
ity products. A suspension in 5 ml of normal saline 
was made from the washed culture. 

The cell membrane of E. coli is known to be 
approximately 0.01 g thick [1,8]. With such a mem- 
brane thickness the frequency of electromagnetic os- 
cillations (EMO) produced by the cells is 0.5x10 la 
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Hz. There are reports about optimal interactions of 
EMO of such frequency with luminous flux EMO 
whose wavelength is within the 4402700 nm range 
[2]. Photocolofimetry was therefore used in the stud- 
ies of/~. coli development; a KFK-2MP device was 
employed with the luminous flux wavelength in the 
315-980 nm band. 

Cuvettes and light filters were selected before the 
investigation: Control and experimental  cuvettes 
(working length 30 ram, volume 14 ml) were filled 
with meat-peptone broth up to the mark on the side, 
placed in the cuvette compartment of the photoco- 
lorimeter, and kept there closed for 1 h. Such an 
exposure is necessary for the temperature in the 
cuvette compartment to attain its equlibrium value, 
37~ After one hour, the washed suspension of E. 
coli 24 h broth culture in normal saline (o.2 ml) 
was layered with a micropipette onto the nutrient 
medium surface without mixing in fhe experimental 
cuvette and 0.2 ml of normal saline was added to the 
control cuvette. The optical density of the solution 
was assessed every 5 sec during 5-6 h at luminous 
flux wavelength 590 nm. The cuvettes were sterilized 
with Nikiforov's mixture for 30 min directly before 
being filled with meat-peptone broth and thoroughly 
wiped with a sterile tampon to remove the remain- 
der of the mixture. 

RESULTS 
According to thermodynamic laws, every bacterial cell 
in any environment exists in a certain well-defined 
zone (area) whose parameters are described by many 
authors [1,2] as EMO parameters. The authors claim 

0007-4888/93/0004-0425512.50 �9 1993 Plenum Publishing Corporation 



426 Bulletfn of ExperfmentctI Bfology and Niedfcfne, N o- 4, 1993. M I C R O B I O L O G Y  A N D  I M M U N O L O G Y  

a b 

c. d 

e " f 

:xu, 

Fig. I. Model representation of/~. coli development stages, a) 
bacterial  cell at the moment of its embedding in nutrient 
substrate; b) onset of oscillating system Iormation in bacterial 
population; c) common oscillating system of bacterial population 
(onset of logarithmic growth phase); d) bacterial population at 
end of logarithmic growth phase; e) onset of disturbances in 
bacter ia l  popu la t i on  osc i l la t ing  system; f} bacter ia l  cell  
deformation. 

that every live object, including bacteria, emits EMO 
of strictly defined intensity and frequency. As for the 
oscillation phase, it varies and depends on the de- 
velopmental stage of each cell in the population. 

Let us examine E. coli development from the 
moment of  inoculation to the end of the logarithmic 
growth phase. 

At the moment  of inoculation of the bacterial 
suspension the fluctuating systems of microorganisms 
become disordered when they start interacting with 
fresh nutrient medium. The bacterial ceils "instinc- 
tively" cease oscillatory movements and stop dead, as 
it were (collapse), trying to preserve their appearance. 
The relationship between transparency and time dur- 
ing this period should remain unchanged all the time 
that this state persists. In fact, optical density values 
are indeed the same for 15-20 sec. Being collapsed 
and having infinitely small (in relation to the nutri- 
ent medium volume) geometric parameters (ho) de- 
limiting the volume taken up directly by the bacte- 
rial cell, the bacteria represent at this time independ- 
ent (autonomic) particles (Fig. l, a). The particles 
start diffusing 15-20 sec later, thermally interacting 
with the molecules of the nutrient medium and hence 

causing a transparency increase. This process lasts for 
t0=9-10 min and is expressed on the curve presented 
in Fig. 2, b by an optical density drop. After adap- 
tation (t1=2-3 min) (Fig. 2, b) the microorganisms 
resume oscillations of a certain frequency and ampli- 
tude (Fig. 1, b). The distance be tween  individual 
cells decreases by h=hfho, this being associated with 
an increase of optical density. Simultaneously with 
EMO recovery the bacterial cells start dividing, thus 
contributing to a still more marked optical density 
increase. As the areas of microorganisms draw closer 
to each other due to multiplication processes, there 
comes a moment  when the distance between indi- 
vidual ceils attains a certain critical value H' (Fig. 
1, c), signifying direct interactions of cells with 
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Fig. 2. Relationship between optical density and time of F.. coli 
development, a) E. coli  development curve; b) lag phase curve 
portion. 
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bioelectromagnetic fields. Some bacterial cell whose 
EMO phases coincide start synchronously dividing, 
thus once again increasing optical density (Fig. 2, b) 
[3]. Establishment of an equilibrium state, that is, 
EMO phase leveling between divided and undivided 
cells in a population, takes place during t:=6 min, 
t712  rain, and t4=6 min (Fig. 2, b). Moreover, the 
distance to H' between the remaining cells situated 
at distance H decreases. As soon as the majority of 
cells in a population start oscillating in a single O 
phase, the mechanism of synchronous division is trig- 
gered. The process of microorganism EMO phase 
leveling culminates in the formation of a single os- 
cillating system: every cell in a population starts os- 
cillating in a common phase with a common fre- 
quency and amplitude and therefore starts dividing at 
a common rate. The logarithmic growth phase starts 
from the moment  of formation of a common oscil- 
lating system. 

The distance between bacterial cells is rapidly re- 
duced in the phase of logarithmic growth due to in- 
tensive multiplication. In other words, the increase of 
the cell count in a population indicates an increased 
number of EMO emission sources whose wavelength is 
comparable to the light source wavelength. An increased 
number of EMO emission sources results in enhanced 
absorption of the luminous flux formed by the photo- 
eIectrocolorimeter, this being associated with a rapid 
increase of optical density (Fig. 2, a). This process is 
nonlinear and is well approximated by Bouguer-Lam- 
bert's law [8]: f=foXexp(-gh), where fo is the incident 
light intensity, f is the light intensity after passing 
distance h in the environment, and g is the coeffi- 
cient describing the rate of multiplication of the mi- 
croorganisms. 

The logarithmic growth phase lasts until the onset 
of the effect of short-range action between the ceils 
(Fig. 1, d), resulting in a disturbance of the oscil- 
lating system. The bacterial cells start "interfering" 
with each other; this is paralleled by changes in both 
oscillation amplitude and frequency, signaling to the 
cell that the normal developmental conditions are 
disturbed (Fig. 1, e). To attenuate this short-range 

effect deforming the microorganism (Fig. 1, 23, the 
cells "strive" to stop the oscillatory movements (col- 
lapse). Some of the dead cells begin to sink to the 
bottom. All this leads to an increase of solution per- 
meability for the luminous flux. Since the distur- 
bances of the intercellular bonds due to the reduced 
oscillation amplitude are transient, the curve shows a 
marked decrease of optical density (Fig. 2, a). The 
oscillatory movements cannot cease instantaneously, 
for this is a genetically determined property. Some 
bacterial cell which have not precipitated on the bot- 
tom of the cuvette rush into the free space, restoring 
the intercellular bonds a n d  causing a new optical 
density increase. The diagram shows that this proc- 
ess is repeated with fading (Fig. 2, a). At the end 
of this period of microorganism activity each cell in 
the bacterial population again becomes an independ- 
ent (autonomic) particle, thus causing an optical den- 
sity reduction. Moreover, dead cells sink to the bot- 
tom of the cuvette under the force of gravity, pro- 
moting a still greater reduction of optical density 
(Fig. 2, a). 

Hence, the suggested model of the time course of 
E. coli development based on biophysical characteris- 
tics of the bacterial cell  offers a n  explanation of bac- 
terial vital activity processes described in the literature 
and helps predict microorganism behavior under the 
influence of external factors, including drugs. 
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