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ACETOCHLOR DEGRADATION BY A MIXED CULTURE OF
P. fluorescens KT3 AND B. subtilis 2M6E IMMOBILIZED IN ALGINATE
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Abstract
In this study, the acetochlor degradation by two microbial isolates, P. fluorescens K13 and B. subtilis
2MO6E, was determined. The immobilization of the bacterial mixture in alginate beads resulted in higher
degradation rates compared to their free cells. The addition of glycerol as a cryoprotectant reducing
adverse effects in long-term storage. After storing at 4°C for three months, the cell survivals of free cell
with and without the cryoprotectant were 43.0 = 6.1% and 57.3 = 5.9%, while data for immobilized
bacteria were 64.0 £ 5.3% and 77.6 + 4.0%, respectively. These results prove that the immobilization of
bacteria in alginate and the addition of glycerol can be applied for storing bacteria in a long-term period.
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PHAN HUY ACETOCHLOR BOI HON HQP VI KHUAN P. fluorescens KT3
VA B. subtilis 2M6E PUQC CO PINH TRONG ALGINATE
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Tém tit
Trong nghién citu nay, sw phdan hiyy acetochlor ciia hai ching vi khuan P. fluorescens KT3 va B.
subtilis 2M6E dwoc khao sat. Sw co dinh hon hop vi khudn nay trong hat alginate gitip ting cuong toc
dé phan hiy acetochlor ciia ching. Viéc bé sung glycerol nhir mét chdt phu gia lam giam dnh hwéng
bt loi cia vi khudn trong thoi gian dai leu triv. Sau ba thang luu triv & 4°C, ty 1é song st cia vi khudn
khéng cé dinh va khéng cé chat phu gia la 43,0 + 6,1%, con khong c6 dinh nhung c¢é chat phu gia la
57,3 +5,9%, trong khi 1y 1é nay déi véi vi khudn dwoc cé dinh tuong g la 64,0 + 5,3% va 77,6 + 4,0%.
Nhitng két qua ndy chitng t6 viéc ¢é dinh vi khudn trong alginate va bé sung glycerol ¢é thé dwoc iing
dung dé lwu trit vi khudn trong mét thoi gian dai.
T khoa: Acetochlor, phdn iy, P. fluorescens KT3, B. subtilis 2M6E, ¢é dinh.

DOI: https://doi.org/10.52714/dthu.9.5.2020.821

Cite: Ha, D. D., Nguyen, T. O., & Ha, H. H. V. (2020). Acetochlor degradation by a mixed culture of P. fluorescens KT3 and
B. subtilis 2M6E immobilized in alginate. Dong Thap University Journal of Science, 9(5), 86-92. https://doi.org/10.52714/
dthu.9.5.2020.821.

86



Dong Thap University Journal of Science, Vol. 9, No. 5, 2020, 86-92

1. Introduction

Acetochlor is one of the herbicides frequently
used for controlling annual grasses and broad-
leaved weeds. The chemical is relatively high
water-solubility but low soil sorption (Lengye
& Foldényi, 2003). Thus, it is easy to transfer
to other media after initial application. The
wide use of acetochlor resulted in seriously
environmental pollution, especially in aquatic
bodies. For example, both the parent and the
degraded acetochlor metabolites have been
detected in surface and groundwater (de Guzman
et al., 2005).

The water pollution by pesticides is a
seriously concerned problem because pesticides
pose immediate and long-term risks for
ecosystems and also for humans. Acetochlor and
some other chloroacetanilides are now considered
to be endocrine disruptors, and they have been
classified as carcinogenic effect classified by the
U.S. Environmental Protection Agency (EPA)
in 1994, and caused other human problems
(Garcia, 2003), and highly toxic to freshwater
algae (Junghans et al., 2003). The presence of
acetochlor and other chloroacetanilide herbicides
in natural waters may represent a risk for the
aquatic biota.

Acetochlor is slowly dissimilated from the
natural environment. It is found that only 33%
of acetochlor in soil was degraded after one
month application with 10 mg of acetochlor/kg
soil (Jablonkai, 2000). Even though acetochlor
can be degraded by chemical and physical
methods, the herbicide is principally dissipated
by biodegradation process (Souissi et al., 2013).
Some acetochlor-degrading bacteria were
isolated such as Catellibacterium caeni (Zheng et
al., 2012), Pseudomonas oleovorans LCa2 (Xu et
al., 2013), and Pseudomonas aeruginosa DJ115
(Luo et al., 2015). However, most publications
showed the degradation by freely suspended
bacteria, and no report on cell immobilization
in alginate matrix for acetochlor degradation has
been published.

The immobilized cells have shown
advantages in biodegradation rather than free
suspended ones. Alginate is a natural and cheap
material, and non-toxic to bacteria, which is
preferred being used for immobilizing bacteria.
Moreover, freeze-dried immobilization of
bacteria is conveniently stored and transported, so
a frozen-dried formulation should be developed.
In this study, the mixed culture of P. fluorescens
KT3 and B. subtilis 2M6E showing effective
degradability towards acetochlor Duc and Oanh
(2019) was investigated for its degradation after
a long-term storage at different conditions.

2. Materials and methods

The mineral medium (MM medium)
was used for chemical degradation with the
components of 1.5 g/LK HPO,, 0.5 g/L KH,PO,,
1.0 g/L(NH,),SO,, 0.5 g/LLNaCl, 0.2 g/ MgSO,,
0.5 g/L CaSO,, 1.0 g/L ammonium sulfate, 1.0 g/L
succinate, and 1.0 mL of trace elements solution
(39.9 mg MnSO,-H,0, 42.8 mg ZnSO,-H,0, 3.8
mg CuSO,-5H,0, 11.6 mg H,BO,, and 27.8 mg
FeSO,-7H,0 per litter). The pH was adjusted to
7.0 = 0.1 using HCI (12%) and NaOH solution
(5.0 M). Solid medium was obtained by adding
2% (w/v) agar. All media were sterilized at 121°C
for 15 min. All chemicals were purchased from
Sigma-Aldrich (Singapore) or Merck (Germany).

2.1. Immobilization method

For the preparation for immobilizing, each
bacterial strain was cultured in MM medium for
12 h. Bacteria were collected by centrifugation
at 8,000 rpm for 15 min. Cell pellets of each
strain were washed twice with the sterile MM
medium and mixed together. The cell pellets
were used for immobilization, degradation and
storage. The mixture was then re-suspended in
2xMM medium. The immobilization process was
carried out according to the previous report (Bai
etal., 2010) with modifications. The concentrated
bacterial solution was mixed with the sterilized
solution of alginate and glycerol to give final
cell numbers of approximately 10° CFUs/mL,
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3% alginate, and 10% glycerol. Other beads
without glycerol were also used for acetochlor
degradation. The cell numbers of each strain were
the same (0.5%10° CFUs/mL). The solution was
blended carefully and dripped into a solution
containing 3% CaCl, (w/v) using a syringe. The
beads formed in the solution were stirred for one
hour using a magnetic bar, and then stored for
24 hours at 4°C in this solution. The beads were
collected and washed twice with the MM medium
before being used in experiments.

2.2. Acetochlor degradation by freely
suspended and immobilized bacteria

The acetochlor degradation performances by
freely suspended and immobilized bacteria were
carried out in the MM medium with 10° CFUs/
mL. Acetochlor was added at 150 mg/L. The
incubation processes were conducted at room
temperature (from 28.0 to 31.0°C) with a shaking
speed of 150 rpm for 24 hours.

2.3. Viable cell enumeration of free-
suspended and entrapped cells

For enumeration of non-immobilized cells,
the solution was serially diluted and spread on
the MM agar plates. The number of bacteria was
determined based on colonies emerging after
being incubated for 24 hours at 30°C.

For the immobilized bacteria, the number
of viable bacterial cells in an alginate bead was
determined as described by Schoebitz et al.
(2012) with some modification. 1.0 g of alginate
beads was transferred to 10 mL of sterile sodium
citrate (6%, w/v). The beads were dissolved at
30°C on a rotary shaker for 30 min. Then, the
solution was serially diluted with sterile sodium
citrate and spread on MM agar plate. The number
of bacteria in a bead was determined based on
colonies emerging on the agar plate.

Each bacterial strain in the mixture was
identified based on their characteristics of
morphological colonies forming on agar plates. P,
Sfluorescens KT3 formed circular colonies, while
B. subtilis 2M6E formed irregular colonies on
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agar plates (Duc and Oanh, 2019).

2.4. Long-term storage condition

For a long-term storage of entrapped
bacteria, the beads were stored in a polyethylene
bag for one and three months in the dark at the
room temperature and 4°C. The non-immobilized
bacteria were also stored in plastic tubes in
the same condition. After the storage time, the
acetochlor degradation and bacteria survival of
immobilized and non-immobilized bacteria were
determined.

2.5. Bacteria

Two bacterial strains P. fluorescens
KT3 (MG966445.1) and B. subtilis 2M6E
(MG966466.1) isolated from soil were used in this
study (Duc and Oanh, 2019). P. fluorescens KT3
transformed acetochlor to 2-methyl-6-ethylaniline.
B. subtilis 2M6E could not degrade acetochlor, but
it degraded 2-methyl-6-ethylaniline at a high rate.
Two strains co-operated in acetochlor degradation
resulted in a higher degradation rate of acetochlor
compared to the rates of each individual isolate
(Duc & Oanh, 2019).

2.6. Statistical analysis

The obtained data are shown as the means
+ standard deviations (SD). Duncan’s multiple
range tests in the SPSS program (version 22.0)
were used to determine differences among the
treatments (p < 0.05).

3. Results and discussion

3.1. Acetochlor degradation by freely
suspended bacteria and bacteria immobilized
in fresh beads

After immobilizing in the alginate beads
(Figure 1), the degradation of acetochlor by
immobilized bacteria was compared to those
of freely suspended ones. As seen from Figure
2, the acetochlor degradation rate of bacteria
immobilized in the alginate beads without
glycerol was highest, while the degradation
by freely suspended cells in the medium with
glycerol was slow. The degradation rates of the
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immobilized bacteria were higher than those of
freely suspended counterparts in all experiments,
which was probably because the alginate layer
protected bacteria from toxicity of the herbicide.

Figure 1. Alginate beads with bacteria used in
acetochlor degradation

The supplementation with glycerol in the
medium reduced the degradation rates. With the
presence of glycerol in the medium, bacteria might

use this substrate as a nutrient source instead of
acetochlor, resulting in lower degradation rates.
The abiotic control without beads showed no
degradation, while about nearly 20% acetochlor
was reduced in the medium with the abiotic beads
(Figure 2). The results indicated that a small
amount of acetochlor was absorbed into the beads.

3.2. Acetochlor degradation by the
mixture of P. fluorescens KT3 and B. subtilis
2M6E after one month storage

After one month storage, the acetochlor
degradation rates by free cells and immobilized
cells, with and without glycerol, were compared.
The degradation rates of most treatments were
decreased after one month. The degradation
performance and cell survival of freely suspended
bacteria without glycerol was most reduced,
while these reductions did not statistically occur
for bacteria immobilized in alginate with glycerol
(Table 1). For example, the degradation by free
bacteria without glycerol decreased by 67%, and
by free bacteria with glycerol reduced by 49%
when they were stored at room temperature.

The reduction of the bacteria survival
and biodegradation after one month storage

at 4°C also occurred.
However, the adverse
effects were significantly
lower at this temperature
compared to the storage
at room temperature in
most treatments. The
low activities of bacteria

Acetochlor concentration (%)

0 6 12
Time (hours)

—— Freely suspended cells without glycerol

—&— Freely suspended cells with glycerol

—a— Cells immobilized in alginate without glycerol
—@— Cells immobilized in alginate with glycerol
—A— Alginate beads without bacteria and glycerol
—x— Without alginate beads and bacteria

Figure 2. Acetochlor degradation by the mixed culture of
P. fluorescens KT3 and B. subtilis 2M6E. The degradation processes
were conducted by freely suspended and immobilized P. fluorescens KT

and B. subtilis 2M6E

at the low temperature
resulted in the reduction
of adverse effects.
Moreover, the alginate
layer protects bacteria
from environmental
stresses. Immobilized
bacteria could survive
after the storage time
better than free cells.
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Table 1. Acetochlor degradation by the mixture of P. fluorescens KT3 and B. subtilis 2M6E
after one month storage. The degradation processes were carried out for 24 hours

Storage of bacteria

Acetochlor
degradation (%)®

Bacteria survival (%)

P, fluorescens KT | B. subtilis 2M6E

Bacteria stored at room temperature

Free bacteria without glycerol 33.3+6.1° 35.7+4.9° 48.0 £ 7.5°
Free bacteria with glycerol 50.3+6.7° 55.7+6.7° 63.7 +5.5°
Bgcterla immobilized in alginate 540453 540+ 8.2 64.0 + 6.9
without glycerol

Bacteria immobilized in alginate with 673+ 4.9 69.7 4 5.5¢ 7934 5.0¢
glycerol

Bacteria stored at 4°C

Free bacteria without glycerol 58.7 +7.2% 58.0 +7.5° 673 +4.6°
Free bacteria with glycerol 64.7 + 8.1 64.0 +5.3¢ 70.3 + 7.8
Bz.lcterla immobilized in alginate 717+ 1114 753 4 7 6 81748 1¢
without glycerol

Bacteria immobilized in alginate with 833 4 5.5¢ 6.7 + 6.4 9534750
glycerol

Note: “"Data are shown as means + SD, in which different superscript letters (a, b, ¢, d and e) denote
a significant difference (p < 0.05) among treatments in a column based on Duncan’s test, whereas the same

letter indicates no significant difference

3.3. Acetochlor degradation by the mixture of P. fluorescens KT3 and B. subtilis 2M6E

after three month storage

Table 2. Acetochlor degradation by the mixture of P. fluorescens KT3 and B. subtilis 2M6E
after three months storage. The degradation processes were carried out for 24 hours

Storage of bacteria

Acetochlor
degradation (%)™

Bacteria survival (%)

P. fluorescens KT | B. subtilis 2M6E

Bacteria stored at room temperature

Free bacteria without glycerol 19.7 + 3.2 17.7+3.8 30.7 £ 4.0°
Free bacteria with glycerol 31.3+£4.7° 33.0+£5.6° 447 +£4.2°
Bacteria immobilized in alginate with 30.6+3.1° 31.0+3.6° 427+ 6.4b
glycerol

Bgcterla immobilized in alginate 417+ 4.7 420+ 5.3 503451
without glycerol

Bacteria stored at 4°C

Free bacteria without glycerol 43.0+6.1°¢ 52.3+5.94 60.7 £6.7°
Free bacteria with glycerol 57.3+5.9¢ 64.0 +£5.3¢ 74.7+4.7¢
Bacteria immobilized in alginate with 64.0 + 5.3¢ 637 4 6.4¢ 743 4 5.9¢
glycerol

Be.lcterla immobilized in alginate 77 64 4.0° 7834+ 5.1° 73 4+ 4.0¢
without glycerol

Note: “"Data are shown as means + SD, in which different superscript letters (a, b, ¢, d and e) denote
a significant difference (p < 0.05) among treatments in a column based on Duncan’s test, whereas the same

letter indicates no significant difference.
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A number of alive bacteria were reduced
after three months, especially free bacteria
and immobilized cells without glycerol. The
degradation percentages of bacteria were reduced
from 21.4 to 75.3% compared to the fresh
ones, and from 9.2 to 23.3% compared to those
after one month-storage. The cell numbers in
alginate beads also reduced, but significantly
lower compared to free cells in the same storage
conditions. The storage at 40C reduced the death
rate of bacteria. The low survival of bacteria
in some treatments resulted in the reduction
of degradation. The survival of B. subtilis
2M6E was better than P. fluorescens KT3 in all
treatments (Table 2).

The addition of glycerol reduced
the adverse effects of bacteria. Previous
reports showed that the survival of entrapped
microorganisms was enhanced with the addition
of glycerol (Kearney et al., 1990; Zohar-
Perez et al., 2002) . Glycerol is used as a
cryoprotectant which could prevent ice-crystal
formation after penetration into the cells
(Madigan and Martinko, 1997). Another report
showed that the addition of glycerol protected
the microorganism, increased pore size in
beads, and controls the structure of the dried
macrocapsules (Zohar-Perez et al., 2002).

4. Conclusion

P. fluorescens KT3 and B. subtilis 2M6E
which were immobilized in alginate beads
increased acetochlor degradation. Moreover,
the addition of glycerol as the cryoprotectant
reduced adverse effects in a long-term
storage. The cell survival was increased, and
degradation rates were reduced when bacteria
were immobilized in alginate beads. These
results indicate that the immobilization with the
supplementation with glycerol in the alginate
matrix can be applied in biodegradation and
storing bacteria for a long time.
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