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Culture Conditions Optimization of Magnetotactic Bacteria WM-1

LI Wen—bing, ZHOU Peng—peng, YU Long—jiang
( College of Life Science & Technology, Huazhong University of Science & Tedhmology, Wuhan, 430074, P.R. China)

ABSTRACT: The culture of Magnetospirillum magneticum WM—1 depends on several control factors that have great effect on
the magnetic cells concentration. Investigation into the optimal culture conditions needs a large number of experiments. So it is
desirable to minimize the number of experiments and maximize the information gained from them. The orthogonal design of
experiments and mathematical statistical method are considered as effective methods to optimize the culture condition of magnetotactic
bacteria. WM —1 for high magnetic cells concentration. The effects of the four factors, such as pH value of medium, oxygen
concentration of gas phase in the serum bottle, C:C  (Mywic aid? Marane = Tatio and NaNQO, concentration, are simultaneously
investigated by only sixteen experiments through the orthogonal design L16(4*) method. The optimal culture condition is obtained. At
the optimal culture condition (pH 7.0, a oxygen concentration 4.0%, C: C  (Myuicais Macaneasd Tatio 1:22 and NaNO, 100 mg 1), the
magnetic cells concentration is promoted to 6.5%107 cells ml™, approximately 8.3% higher than that under the initial conditions. The
pH value of medium is very important factor for magnetic cells concentration. It can be proved that the orthogonal design of
experiment is of 90% confidence. The results from the hysteresis of WM—1 shows that H, = 230 Oe, M, = 0.9 emu/g dry wt. Cells,

and M,/ M, = 0.50.
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1 Introduction

Magnetotactic bacteria have been isolated from fresh and ma-
rine sediments and are known to produce intracellularly magnetic
particles (magnetosomes, usually made of Fe,0,)"". Current re-
searches of magnetotactic bacteria focus on two aspects . One il-
lustrates the biomineralization process during synthesis of magne-
tosomes. The other investigates practical applications of this in-
triguing’ magnetic nano-particles. Bacterial magnetic particles are
magnetic single-domain particles (50-100 nm in size)™, which act
as compass needles and enable the bacteria to orientate in the geo-
magnetic field . There is an intriguing research field for the syn-
thesis of biocompatible magnetosomes with stable lipid mem-
brane through magnetotactic bacteria, which can be applied to im-
munoassay", target therapy™, molecule Jabeled and magnetic sep-
aration'”. These applications emphasize the need to enhance mag-
netic cells production for biotechnological applications.

The magnetic cells concentration is a very important factor
for obtaining the bacterial magnetic particles . The magnetic cells
concentration strongly depends on many control factors of culture
conditions, such as pH of medium, oxygen concentration, carbon
source and nitrogen source!". Consequently, the investigation into
the optimal culture conditions needs a large number of experi-
ments. So it is desirable to minimize the number of experiments

and maximize the amount of information acquired from them. In
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this paper, the mathematical statistical methods can be used to ob-
tain this goal.

The orthogonal design of experiments and the analysis of
variance are mathematical statistical methods!! . In this paper, the
culture condition optimization based on the orthogonal design of
experiments is used for the fermentation cultivation of magneto-
tactic bacteria WM-1. In general , we have to do 4 X4X 4 X 4 =
256 experiments to investigate the effects of four culture control
factors with four levels precisely; however, only sixteen experi-
ments will be sufficient by applying the orthogonal design and the
analysis of variance. The hysteresis loop of magnetic cells is also

measured.

2 Materials and methods
2.1 Microorgnisms and culture conditions

The Magnetospirillum magneticum WM-1, which has been
isolated from the North-lake (114> 31" E, 30° 36' N)in
Wuhan and stored in our laboratory ", is maintained in the mag-
netic spirillum growth medium (MSGM)". The compenents of
MSGM are 0.68 g KH,PO,, 0.12 g NaNQ,, 0.37g tartaric acid,
0.37g succinic acid, and 0.035g ascorbic acid in 1.0 | distilled wa-
ter. The medium is supplemented with 10.0 ml Wolfe,s vitamin
solution, 5.0ml Wolfe, s mineral solution, 2.0 m! ferric quinate so-
lution (0.45 g FeCl,-6H,0 and 0.19g quinic acid in 100 ml dis-
tilled water). The initial pH of the culture medium is adjusted to
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7.0 £ 0.1 using H,S0, or NaOH. The concentration of oxygen in
each 135 ml serum bottle is achieved by the method of replace-
ment™, The media are autoclaved at 121°C for 20 min.

Cells are precultured to late exponential phase (107 cells/ml)
in a 135 ml serum bottle, and I ml transferred as inoculum to 135
ml serum bottle containing 50 ml MSGM. The starting density of
cells after inoculation is 2 X 10%ells ml". The culture is incubated
at 28 C for 7 days. All experiments are performed under the same
culture condition mentioned above except the serum bottle con-
taining different medium prepared according to the orthogonal ex-
periment design, and conducted in triplicate. Furthermore, ferric
quinate solution sterilized by filtration is added to MSGM at a fi-
nat concentration of 40 # M (the concentration of ferric quinate is
fixed in orthogonal experiment, because the stain WM-1 can pro-
duce the maximally magnetic cells concentration at this condition
(data not shown)).
2.2 Orthogonal experiment

Orthogonal experiment design is based on the principle of
statistical mathematics and the experiments are arranged scientifi-
cally to solve multiple-factor optimization requirements with re-
duced numbers of experiments conducted. The influence of fac-
tors, specifically pH value of medium, O, concentration (V:V, %)
of gas phase in the serum bottle, C:C (M e st: Macric ) FALi0 and
NaNO, concentration (mg I"'), on the cell concentration of magne-
totactic bacteria WM-1 is optimized by an orthogonal experiment

as shown in Table 1.

Table 1 Factor and levels of the orthogonal experiment

Factor
Level A B C D
pH O, concentration (%) C:C P e (mgl?)
1 6.0 1.0 111 100
2 6.5 2.0 1:2 120
3 7.0 3.0 1:3 140
4 7.5 4.0 1:4 160

2.3 Analyses

Magnetic cells concentration is determined by haemocytome-
try "l Tension of oxygen in the gas phase is determined by gas
chromatography (GC-14A, Shimadzu. Japan)?. The magneto-
somes in cells are determined by transmission electron microscope
(JEM-1230, JEOL, Japan)!". Fig. 1 shows the representative mor-
phology of magnetosomes produced by the WM-1.To measure the
hysteresis loop of WM-1 samples, we used a Quantum Designs
Magnetic Property MeasurementSystem (MPMS), a low-tempera-
ture superconducting quantum interference device (SQUID) mag-

netometeri™,

3 Results and discussion
3.1 Culture conditions optimization

Table 2 shows the orthogonal design L16 (44) and the mag-
netic cells concentration results of the experiments. In each experi-
ment, the ferric concentration in the medium is’ initially 40 v M,

the culture is incubated at 28 'C for 7 days. The effects of each
level of all factors are shown in Table 2. The optimal culture con-
dition is obtained if the sum of the Number values of a factor at a
level is maximum, because the larger the Number, the more the
magnetic cells. From the results of Tabl - 2, the primary and sec-
ondary order that have effect on the fermentation of magnetotactic
bacteria WM-1, is A> B> C> D through range analysis. The opti-
mal culture conditions are at a pH value of 7.0, an oxygen concen-
tration of 4.0%, a NaNO3 of 100 mg I-1. and a C: C (Mynuc wca: Mac-

ancau) Fatio of 1:2,

— P
R

Fig. 1 Transmission electron micrograph of magnetosomes of strain
WM-1 placed over a Formvar film. The magnetosomes are arrayed
random. Shapes of magnetosomes crystals are mainly cuboidal prisms.

The bar represents 100 nm.

Table 2 Orthogonal design L16(4*) and results of orthogonal experiments

No. Factors Magnetic cells number
A B C D (X 107 cells mI)

1 1 1 1 1 1.5
2 1 2 2 2 1.6
3 1 3 3 3 1.7
4 1 4 4 4 1.5
5 2 l 2 3 2.7
6 2 2 1 4 3.2
7 2 3 4 1 29
8 2 4 3 2 4.0
9 3 1 3 4 31
10 3 2 4 3 4.5
11 3 3 1 2 53
12 3 4 2 1 6.0
13 4 \ 4 2 1.8
14 4 2 3 l 1.9
15 4 3 2 4 2.0
16 4 4 1 3 23
K1 1.575 2275 3.075 3.000

K2 3200 2.800 3.175 2475

K3 4725 2975 2800 3.175

K4 2.000 3.450 2.450 2.850

R 3.150 1175 0.725 0.700
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The analysis of the variance method is used to investigate the
effect of each factor and the confidence level of the experiment.
The analytical results are shown in Table 3. The symbol Q repre-
sents the sums of squares, which can be calculated by the follow-
ing formula " %

n n n 2

Q=I_Zl ()’i'g’)zi_zl)’.z'yl;(_zi Yi) ’

Here, n is the number of the experiments, i represents an experi-
ment (i=1.2,3, ---,n), and y is overall mean (y=2.88X 10" cells
miY),

Q. is the sum of squares of the A factor, which can be ac-

quired by Liu et al. !"land Liu"?
2

2]

where ylm is the measured value, which represents a factor at the

b a

=1
Qrb—z

=1 \m=
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mth level with the Ith experiment (m = 1,2,---,a; | = 1,2,---,b).

Table 3 Square variance analysis for orthogonal design of experiments

Factor Q f M F F0.90(3,12) Effect
A 23935 3 7978 3.291 2610 *
B 2825 3 0942 0.388 2,610
C 1265 3 0422 0.174 2,610
D 1.065 3 0355 0.146 2610
Error  29.09 12 2424

The symbol f represents degrees of freedom. The symbol MA
represents the mean square of the A factor; thus M, = Q,/f,. The
symbol F represents a test statistic according to the F distribution;
F, = MJ/M,. On analysis of Table 3, we suppose that the confi-
dence level of experiments is 90%. According to the F statistic dis-
tribution table, Foy (3,12) = 2.61. If F, > 2.61, the effect of the A
factor is recognized as an important factor for the experiment.
Since the F statistic of the pH value is the largest, the pH value is
the important control factor for the cells concentration of Magne-
tospirillum magneticum WM-1. Furthermore, the other three fac-
tors (O, concentration, C:C, and NaNO,) are not statistically sig-
nificant. The results of the orthogonal experiment are considered
at the 90% confidence level.

3.2 Test of the optimal culture condition

The optimal culture condition determined with the orthogonal
experiment (pH 7.0, a oxygen concentration 4.0%, C: C (M scia
Mancaad) TAtI0 1:2 and NaNO,; 100 mg 1), is used to incubate the
Magnetospirillum magneticum WM-1. Table 4 shows the results
of the verified experiments conducted in triplicate. From Table 4,
the mean cells number is 6.5 X 107 cells ml", which is greater than
6.0 X 107 cells ml*, approximately 8.3% higher than that under the
initial conditions. The results of the verified experiments are obvi-
ously better than the result of the orthogonal experiment.

3.3 Hysteresis measurement

Measurement of the freeze-dried whole cells at 300 K is
made with a MPMS SQIUD magnetometer. Fig. 2 shows the curve
of the WM-1. H. = 230 Oe, M, = 0.9 emwg dry wt. Cells, and M,/

M, = 0.50. The remanence ratio is consistent with the theoretical
value of 0.5 for a randomly oriented ensemble of uniaxial SD par-
ticles, and agrees with an earlier study by Moskowitz et al.!"",

4 Conclusion

Table 4 The results of repeated experiments at optimal culture conditions

N Initial number Final number
o.
(X 10% cells ml) (X 107 cells ml")
1 2 6.4
2 2 6.5
3 2 6.5
Mean 2 6.5
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Fig. 2 Hysteresis loop of freeze-dried whole cells of magnetotactic bacteria

WM-1 and measured in SQUID magnetometer.

In this paper, the pH of culture medium directly influences
the magnetic cells concentration. The investigation into the opti-
mal culture conditions needs a large number of experiments. Con-
sequently, it is desirable to minimize the number of experiments
and maximize the information gained from them. The orthogonal
design of experiments and the analysis of variance are considered
effective methods to optimize the culture conditions of Magne-
tospirillum magneticum WM-1 for higher concentration of mag-
netic cells. Using the orthogonal design of experiments, the effects
of four factors, such as pH of medium, oxygen concentration, C:C
and NaNO,, are simultaneously investigated by only sixteen exper-
iments. The optimal conditions of culture are at a pH value of 7.0,
an oxygen concentration of 4.0%, a C: C ratio of 1:2 and a NaNO,
of 100 mg I'. At the optimal condition, magnetic cells concentra-
tion is promoted to 6.5 X 107 cells ml*. The pH value of medium
is very important factor for magnetic cells concentration. It can be
proved that the results of the orthogonal experiment are at the 90%
confidence level. He value of freeze-dried whole WM-1 cells is
230 Oe, Ms = 0.9 emu/g dry wt. Cells, and M,/ M, = 0.50.
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