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The aim of this research was to study the influence of magnetic field on the
growth of microorganisms. In our experiments this influence was tested using
Escherichia coli strain BT21. The experiments were carried out in a shaker flask at
different intensities of magnetic field. The application of magnetic drives and joints in
the bioreactors imposes strong requirements on the hermetic sealing of the testing
vessels, which is utterly important from the sterility point of view. Our experiments
have convincingly shown that the magnetic influence results in higher growth rate of
biomass. In addition, some indications have been obtained that as the magnetic
strength exceeds a definite level its positive influence on the bacterial growth
decreases.

1. INTRODUCTION

Mechanical joints in the mixing drives of bioreactors for growing
microorganisms often present a risk of contamination for the fermentation [1]. In
the literature only the minimum information could be found about the influence of
magnetic fields on the growth of microorganisms, with conclusions which are not
always equipollent [2, 3]. At the same time, in the last years a definite progress has
been observed in the development of permanent magnets — the extension of NdFeB
magnets based on the rare-earth elements. Therefore, also the conditions have been
created for the development of magnetic drives to be applied in biotechnology and
in other branches (e.g., in the pharmaceutical industry) where sterile environment is
required.

2. MATERIALS AND METHODS

The experiment consisted of four parts. In each part two flasks were used,
both containing the growth medium and Escherichia coli strain BT 21. One of the
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flasks contained a magnet, whereas the other had either no magnet or a weaker
magnet. The flasks were placed on a flask shaker with a metallic bed interacting
with the magnets. The bacterial growth was monitored during the growing by
measuring the optical density (OD) as the indicator of changes in the biomass, and
the glucose uptake as a function of time. After each experiment, the OD readings
from both flasks were compared. Finally, the differences observed in each
experiment were compared with one another.

Magnets

In the experiments, permanent 28x13x6 mm NdFeB magnets (length x
width x height, respectively) were employed. The magnets had relatively high
values of magnetic energy W, and magnetic induction (remanence) B.. The
magnetic intensity was varied by using different number of magnets (2, 4 and 6).
The magnetization of the magnets was oriented through the height. Before the
experiments, the magnets were covered with stainless steel film (thickness
0.15 mm). The magnetic induction B, was measured in the middle point of the
outer surface. In the measurements, a Gaussmeter 410 (Brockhaus Messtechnik)
was used. For separate magnets the B, value was in the range 0.21-0.23 T.

In Table 1, the characteristics of the magnets are presented.

Table 1
The number, shape and flux density of the magnets
[ Amountof | Viewfrom | Viewfrom | A | A | A | A
NO ' "‘magnets  above | sidke | M | M | M m

1. 2 —r— 021|023 - | -
2 4 |wo ] B -] - | 029 030
—T

3. 6 0.21]0.23  0.29 0.30

As® | A l:l:,

The number of magnets placed in the flasks used in each experiment is given
in Table2.

Table 2
The number of magnets
in the experimental flasks

Number of magnets
Experiment Flask 1 Flask 2
1 4 0
2 4 2
3 6 0
4 2 0




Accordingly, the experiments are referred to as 4/0, 4/2, 6/0 and 2/0.
Preparation of the seed material

The preparation of the seed material proceeded as follows (see Appendix).
The medium was diluted in sterilized water to a final volume of 100 ml, with 5 ml
of this amount added into 10 test tubes. Into each tube, 0.5 ml of the medium
containing E. coli strain BT-21 (OD 1.12 at 560 nm) was added. The tubes were
incubated overnight (16 h, 37 °C) and kept in a refrigerator until the tests.

Preparation of the growth media

The growth media for each experiment were prepared according to
Appendix. However, in order to achieve the growth conditions in the parallel flasks
as similar as possible, the growth media for both the flasks were prepared together
and then divided between the flasks. The medium was diluted in sterilized water to
the volume of 192 ml. The pH was adjusted to 7 by adding 0.4 ml of NaOH. With
8 ml of the E. coli seed material added, the total volume reached 200 ml. The
solution was then divided between the two flasks.

The growing and the measurements

The flasks were placed into an ES-20 (Biosan) incubator, at 37 °C and
180 rpm. In order to minimize the effect of the magnets’ cross-influence between
the flasks, these were positioned as far from each other as possible. Before placing
the flasks into the incubator, their initial OD was measured with a Helios
spectrophotometer (ThermoSpectronic), and the initial glucose concentration —
with an Accu—Check Active glucose test meter (Roche). During the growing, the
OD was measured every hour, and the glucose concentration every three hours.

3. RESULTS

The results of OD and glucose concentration measurements for each ex-
periment are shown in Figs. 1-4 in a graphical form.
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Fig. 1. Time dependences of the OD and glucose concentration during experiment 4/0.
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Fig. 2. Time dependences of the OD and glucose concentration during experiment 4/2.
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Fig. 3. Time dependences of the OD and glucose concentration during experiment 6/0.
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Fig. 4. Time dependences of the OD and glucose concentration during experiment 2/0.

Figures 1 to 4 show that practically in each case the OD readings from
flask 1 are greater than those from flask 2.

From these figures it can be seen that during the exponential phase the
differences between flask 1 and flask 2 increase, and then become more stable as
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the stationary phase is reached; the specific growth rates decrease, and the maxi-
mum biomass is thus reached.

All the experiments demonstrate a clear difference in the ODs between
flask 1 and flask 2, resulting in approx. 15—35%. In each experiment it is flask 1 (in
which the bacteria are under a stronger magnetic influence) that reaches higher
ODs.

In experiments 4/2 and 2/0, where the difference in the magnetic influence
was less expressed, the difference between the biomass values was also smaller.
This was so despite the fact that in experiment 2/0 the flask 1 OD at the zero hour
was noticeably greater than the flask 2 OD, which indicates that the initial
conditions in these flasks were less homogeneous. On the other hand, the
experiment 6/0 appears to result in smaller differences than experiment 4/0,
indicating that the ideal magnetic strength might have been exceeded.

4. CONCLUSIONS

Our experiments have convincingly shown that the magnetic influence
results in greater biomass build-up. The results also indicate lower OD (optical
density) distinctions in the experiments where the difference between the magnetic
field strengths was smaller. In addition, our results may provide suggestions as to
the ideal strength of the magnetic field to be applied in magnetic drives and other
biotechnological facilities. During the research, some indications have been
obtained that with the magnetic strength exceeding a definite level its positive
influence on the bacterial growth weakens. In order to obtain more precise
information about the optimal magnetic strength we are planning further
experiments.
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Appendix

Preparation of the components of the growth medium,
their sterilization and amount on 100 ml flask medium

Media according to R. Bajpai
Component
Measured Dilution Sterilization amount on
Nr. Component g/L amount with dist. method 100 ml
21 1o flask
medium
30 min. 0.5 atm.
1. glucose 5 417.6 1000 110 °C 1.20
2. (NH,),S0, 3.5 14 100 30 min. | atm. 2.50
121 °C
. KH,P 5.6 22.4 i
3 LPOy 200 40 mm.ol atm. 500
4. K,HPO, 0.45 1.8 121 °C
5. MgSO,7H,0 | 0.35 35 100 40 min. 1 atm. 1
121 °C
filtration
6. CaCl,-2H,0 0.003 3 100 (0.2 um) 0.01
filtration
7. FeCl;-6H,0 0.017 1.7 100 (0.2 um) 0.1
filtration
8. Zn(CH;C00),-2H,0 | 0.0065 6.5 100 (0.2 um) 0.01
9 CoCL-6H,0 0.006 | 0.6 100 filtration 0.1
. (0193 ) ) . . (02 “m) .
10 Na;MoO,2H,0 | 0.006 | 0.6 100 filtration 0.1
. a>IM0U4 2! . . (02 p.m) .
1 CuCL-2H,0 0.003 | 0.3 100 filtration 0.1
. utCly- ) . . (02 Mm) .
filtration
12. H;BO; 0.003 0.3 100 (0.2 um) 0.1
13. vitamin B 0.01 from ampoule (5% solution) 0.02
14. yeast extract 5 20 100 30 mllnl 5(3,8 atm. 2.5

MAGNETISKA LAUKA IETEKME UZ MIKROORGANISMA
ESCHERICHIA COLI AUGSANU

J. Vanags, M. Sonks, V. Pugacevs, A. Priede, Dz. Vavere
Kopsavilkums

Dota peétijuma meérkis bija izp&tit magnéetiska lauka ietekmi uz mikroorganismu
augdanu. Sai sakara miisu eksperimentos tika testéta mikrooganismu kutiiras Escherichia
coli celms BT21 pie dazadam magnétiska lauka intensitatém, veicot kultivaciju kratitaja
kolbas. Sada informacija ir nozimiga biotehnologisko iekartu izveidg, jo, izmantojot
magnétisko piedzinu risingjumus, var sasniegt augstus sterilizacijas raditajus bioreaktoros.
Misu eksperimentos rezultati konsekventi paradija, ka 1idz zinamai robezai magnétiskais
lauks veicina mikroorganisma augSanas atruma paliclinasanos, talaka magnétsika lauka
paliclinasana vairak nepalielinaja biomasas picaugumu.

20.9.2010.
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