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Abstract
Purpose As the most common variant of microcystins (MCs), microcystin-LR (MCLR) is a kind of toxins produced by some
species of harmful cyanobacteria and more and more attention has been paid to it. Biodegradation has been extensively inves-
tigated and recognized to be a cost-efficient and environmentally benignmethod for MC clean-up. In order to further research the
growth characteristics of strain and the biodegradation characteristics of MCLR, it is necessary to use the dynamic mathematical
models as powerful and useful tools.
Methods In this study, strain CQ5 was screened and identified by morphological observation, physiological and biochemical
tests, and 16S rDNA sequence analysis. The kinetic models of cell growth and MCLR degradation were established with the
Gompertz model and revised Monod kinetic model.
Results The results showed that strain CQ5 had the closest phylogenetic similarity to Lysinibacillus boronitolerans (T-10a,
AB199591) in the phylogenetic tree, with 99% bootstrap support. Strain CQ5 could utilize MCLR as the carbon and nitrogen
source for growth. When the initial pH value was 7 and the inoculation amount was 3%, strain CQ5 grew well inMSM, in which
the MCLR crude extract was used as the carbon and nitrogen source of strain CQ5. Within 244 h, the MCLR concentration
changed from 14.12 to 1.57 μg/L and its degradation rate could reach 88.88%. The growth curve fitted with the Gompertz growth
model (Nt = 1.3119 * exp(−0.1237 * exp(−6.6341t)), R2 > 0.99). The process of MCLR degradation agreed with the first-order
reaction kinetic equation (lnS = 2.64764 − 0.01537t, R2 > 0.99). The linkage relationship between MCLR concentration, cell
density, and MCLR degradation rate was consistent with the revised Monod equation (V = 0.342S, R2 > 0.97) at low substrate
concentration, where Vmax / Ks was 0.342. The dynamic relationship in which strain CQ5 degraded MCLR and used it as the
carbon and nitrogen source to promote its own growth could be explained by the equation S = 14.12 e − 0.342 Nt (N = 1.08).
Conclusion The growth of strain CQ5 and MCLR concentration in degradation system could be simulated and predicted by the
dynamic mathematical models in this study. And the predicted results were very consistent. These results could provide theo-
retical reference for studying the mechanism of MCLR biodegradation and promote the engineering application of strain CQ5.
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Introduction

Harmful cyanobacterial blooms in natural water bodies have
become a worldwide environmental problem as a conse-
quence of eutrophication and climate change (Dziga et al.
2013; Li and Pan 2014). Microcystins (MCs) are a family of
cyclic heptapeptide toxins produced by some species of

harmful bloom-forming cyanobacteria. More than 85 variants
of MCs have been identified, of which microcystin-LR
(MCLR) is the most common and studied variant (Vareli
et al. 2013; Rastogi et al. 2014; Zhu et al. 2016).

Numerous studies have been issued towards the removal of
MCs from natural waters due to their hepatotoxicity and po-
tential carcinogenic activity and even lethal effects these
toxins pose to ecosystems and public health (Eleuterio and
Batista 2010; Wu et al. 2010; Zhu et al. 2016). As the main
approach for MC elimination from aquatic habitats, biodegra-
dation has been extensively investigated and recognized to be
a cost-efficient and environmentally benign clean-up strategy
for MCs (Ho et al. 2012; Zhao et al. 2013; Li et al. 2014).
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It has been confirmed that MCs can be efficiently degraded
by a range of heterotrophic bacteria indigenous to diverse
ecosystems (Lam et al. 1995; Edwards et al. 2008; Ho et al.
2012; Ramani et al. 2012; Song et al. 2014). This implies that
MC-degrading bacteria are relatively prevalent in natural en-
vironments. Over recent decades, many bacterial strains capa-
ble of degrading MCs have been isolated from the UK,
Australia, Japan, and Germany (Hall et al. 2007; Bourne
et al. 2010; Shimizu et al. 2011), the Torrens Lake in South
Australia (Ho et al. 2007), Forfar Loch and the River Carron in
the Scotland (Manage et al. 2009), Lake Taihu and Lake
Chaohu in China (Wang et al. 2014; Yan et al. 2014; Yang
et al. 2014; You et al. 2014), etc. A strain of Sphingopyxis sp.
(SW1) was isolated and it had better degradation effect of
MCLR and microcyst in-RR (Zhao et a l . 2013) .
Burkholderia vietnamiensis strain C09V was screened and
its MCLR degradation rate was 97.6% within 48 h (Wang
et al. 2014). By the fitting first-order kinetic equation and
the characterization of Fourier transform infrared spectrosco-
py (FITR) and scanning electron microscope (SEM), it was
found that strain C09V could degrade and use MCLR by a
series of biochemical degradation in vivo and its cell surface
(Wang et al. 2014). Different microorganisms may have dif-
ferent degradation mechanisms ofMCs (Yan et al. 2014). So it
is of great significance to enrich and develop the biodegrada-
tion mechanism of MCs for the construction of efficient gene
engineering of bacteria.

The dynamic mathematical models are powerful tools to
simulate the behavior of microbial dynamics and the evolution
of system structure. And they are also the key tools to link the
phenomenon of microbial dynamics with the macro index of
large-scale process operation (Chen and Chai 2006). So far,
the use of mathematical models of microbial dynamics has
been predominantly used in the field of relevant research
(Spanjers et al. 1999; Rongsayamanont et al. 2010; Oliveira
et al. 2011; Leyva-Díaz et al. 2017). The Gompertz model was
originally proposed by B. Gompertz, a British statisticians and
mathematicians, to be used as the animal population growth
model and to describe the law of extinction of the population
(Jia et al. 2009). Gompertz curve was usually used to describe
the process of the development of things from germination
and growth to saturation. In reality, there are many phenomena
that conform to the Gompertz curve, such as the growth of
industrial production, the life cycle of the product, and the
population growth in a certain period of time. So the curve
was widely used in the study on the trend of phenomena (Jia
et al. 2009). As an empirical equation of describing the law of
microbial growth, the Monod model has also been widely
applied in engineering practice (Zhang 2001; Chen and Chai
2005; Zhang et al. 2011). The classical Monod equation had
some limitations when the microbial concentration was high
and the substrate concentration was low. Therefore, the
substrate-revised Monod equation was proposed (Wang

et al. 2013). Through theoretical analysis and simulation cal-
culation, it was proven that the modified equation could well
describe the microbial growth law under the conditions of
high cell concentration and low substrate concentration
(Wang et al. 2013).

In this study, Lysinibacillus boronitolerans strain CQ5 was
isolated and identified from the sediments sampled from Lake
Taihu. The dynamic model of MCLR degradation was
established. And the dynamic relationship was investigated
between the MCLR concentration, the degradation rate, and
the growth of strain CQ5 in the degradation process. The
mechanisms of CQ5 degrading MCLR were deduced. These
results will provide the theoretical references for the engineer-
ing application of MCLR degradation bacteria.

Material and methods

Chemicals and main instruments

The MCLR standard was purchased from the Shanghai
Enzyme-linked Biotechnology Co. Ltd. Methanol was of
high-performance liquid chromatography grade. All other
chemicals and solvents were of analytical reagent grade.
Microcystins enzyme-linked immunosorbent assay kit, bacte-
rial genomic DNA extraction kit (Ezup column), and T vector
recombinant colony PCR assay kit were purchased from the
Shanghai Enzyme-linked Biotechnology Co. Ltd. Multiskan
Mk3 Elisa and TGL-16C DNA amplification instrument were
from the American Thermo Fisher Scientific and Technology
Co. Ltd. 752 N ultraviolet spectrophotometer was from the
Shanghai Precision and Scientific Instrument Co. Ltd. and
PHS-3C pH meter was from the Shanghai Precision and
Scientific Instrument Co. Ltd. Olympus_BX43 research-
level microscope was from the Shanghai Fulai Optics
Technology Co. Ltd. and SC810 gel imaging systemwas from
the Shanghai Chuangmeng Biological Technology Co. Ltd.

Cyanobacterial samples

Dehydrated algal mud was collected from the blue algal sta-
tion situated in Baidu Port of Lake Taihu. Then it was dried.
Dried algae were milled by 400 rpm for 2 h and meshed by 60
mesh. The algal powder was kept at − 18 °C from light.

Media

The mineral salt medium (MSM) was used as the basal medi-
um for isolation and degradation studies. It was composed of
1.6 g K2HPO4, 0.4 g KH2PO4, 0.2 g MgSO4·7H2O, 0.5 g
NaCl, 20 mg CaCl2, and 2.3 mg FeCl3·6H2O per 1000-mL
water. The crude extract ofMCLRwas extracted and used as a
carbon and nitrogen source in the MCLR-containing MSM.
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Then the pH was regulated to 7.0. The solid medium was
prepared by adding 1.5% (w/v) agar to the liquid medium.
All of the media were sterilized by autoclaving at 121 °C for
30 min.

Bacterial isolation and identification

Surface sediment was sampled from Lake Taihu during the
algal outbreak period (July 15, 2017). The slurry of sediment
was obtained in the shaker at 140 rpm for 4 h. Then 10-mL
slurry was transferred to 50-mL MCLR-containing MSM and
continuously domesticated 3 times. In the above process, the
concentrations of MCLR were gradually increased. Then a
tenfold serial dilution of the domesticated bacterial liquid
was spread on MSM agar plates containing MCLR and incu-
bated at 30 °C for 7 days. Individual colonies were tested for
the abilities to degrade MCLR in MSM. These colonies that
degraded MCLR were re-spread on MCLR-containing MSM
plates until pure cultures were obtained. One isolate with high
MCLR-degrading capacity was isolated and named CQ5. The
cell morphology of strain CQ5 was observed by the scanning
electron microscope and gram stains were analyzed by the
light microscope.

The 16S rDNA of strain CQ5 was amplified using the
universal primers 27F (5′-AGAGTTTGATCCTGGCTCGA-
3′) and 1492R (5′-GGYTACCTTGTTACGACTT-3′). The
amplified product was analyzed by gel electrophoresis on a
1% agarose gel and purified sequenced by the Shanghai
Shenggong Biological Engineering Technology Service Co.
Ltd. A sequence similarity search was conducted by the blastn
program in NCBI. The 16S rDNA sequences from type strains
with high similarity to the study sequence were retrieved from
GenBank and aligned with the sequence of strain CQ5 by the
ClustalX software. A phylogenetic tree was inferred using a
neighbor-joining method in MEGA5.1.

Extraction and detection of MCLR

In this study, MCLR crude extract was used to regulate the
MCLR content in the culture medium during the degradation
experiment. The MCLR crude extract was extracted from al-
gal powder by the described method (Rao et al. 2011). The
MCLR content was determined by microcystins ELISA kit.
The detection limit of MCLR was 0.05–0.80 μg/L. The de-
tailed detection step was carried out according to the kit
instructions.

MCLR biodegradation

According to our previous studies, the optimum pH of strain
CQ5 was 7, and the optimum capacity of bacteria was 3% in
the degradation test (Chen et al. 2018). Under the above con-
ditions, the activated CQ5 bacterial solution was inoculated

into 30-mL MCLR-containing MSM. And the uninoculated
samples were used as the control (uninoculated). Then the
samples were cultivated by 140 rpm and cell density of strain
was determined every 2 h. The cell density of strain was
expressed by the optical density value OD600. Samples were
sampled every 1 day and centrifuged by 8000 rpm for 10 min.
Then the liquid supernatant was saved for determining the
content of MCLR. The MCLR degradation rate was calculat-
ed by the equation of (Cold-Cnew)/Cold × 100% (C, the concen-
tration of MCLR).

Since the 1990s, many investigations showed that the con-
tents of MCs were from 0.13 to 20 μg/L in Taihu, Poyang
Lake, the Yanghe reservoir in Qinhuangdao, and Beijing
Guanting Reservoir (Mu et al. 2000; Ou et al. 2013; Guo
et al. 2016). At the same time, the temperature of Taihu shal-
low water was about 28–35 °C. So in this degradation test, the
initial MCLR concentration and culture temperature were set
as 14.12 μg/L and 30 °C, respectively.

Kinetic study

The Gompertz model was used to describe the growth process
of strain CQ5. The Gompertz equation was described by the
equation:

Nt ¼ K � exp −a� exp −rtð Þð Þ ð1Þ
where Nt is the cell density of strain at the time of t (OD600), t
is the time (h), K is the environmental bearing capability for
the strain growth (OD600), r is the average growth rate of strain
(h−1), and a is one parameter related to K and N0.

The first-order reaction equation was used to analyze the
relationship between the degradation rate of MCLR and the
concentration of substrate. The first-order reaction equation
was described by the following equation:

dS=dt ¼ −kS ð2Þ

Integral was done on both sides of Eq. (2) and the following
equation was received:

lnS ¼ −kt þ lnS0 ð3Þ
where S is the mass concentration of MCLR in the reaction
system at t (μg/L), t is the degradation time (h), k is the rate
constant of first-order reaction (μg·(L·24 h)−1), and S0 is the
initial concentration of MCLR (μg/L).

The general model for Monod was written as

V ¼ Vmax S= Ks þ Sð Þð Þ ð4Þ

The general Monod equation had some limitations when
the microbial concentration was high and the substrate con-
centration was low. Therefore, the substrate-revised Monod
equation was proposed (Wang et al. 2013). It was written as:
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V ¼ Vmax=Ksð ÞS ¼ K2S ð5Þ
where Ks is the saturation constant (the concentration of
MCLR, μg/L, the proliferation rate of strain CQ5 μ = 1/
2μmax). V is the specific degradation rate of MCLR (μg/(L·
24 h)). Vmax is the maximum specific degradation rate of
MCLR (μg/(L·24 h)). S is the mass concentration of MCLR
(μg/L).K2 is the specific value of Vmax and Ks. Vexpresses the
degradation rate of organic substrate of unit biomass. It could
be expressed by the following equation:

V ¼ − dS= dt⋅Nð Þ½ � ¼ K2S ð6Þ
where N is the natural growth quantity of strain CQ5 and is
expressed by cell density OD600.

Results and discussion

Isolation and identification of MCLR-degrading
bacterium

Strain CQ5 was isolated from the sediment of Lake Taihu
in Jiangsu Province, China. Its colony was round, milky,
and transparent on MCLR-containing MSM plates. And
its diameter was about 1–4 mm. Its colony became larger
at the later stage of culture, and its surface was dry and
wrinkled. The edge was slightly irregular and yellow. Its
cells were rod-shaped and were gram-positive by light
microscope. It could utilize MCLR as the carbon and ni-
trogen source for growth. To identify this strain, the 16S
rDNA sequence was amplified and a phylogenetic tree
was constructed using this sequence and its similar se-
quences from type strains (Fig. 1). Deduced are 16Sr
DNA sequences (1419 bp) from type strains obtained
from GenBank. Evolutionary analyses were conducted
by the neighbor-joining method using the Tamura-Nei
substitution model in MEGA5.1. Bootstrap values repre-
sented percentages from 1000 replicates of the data, and
percentages > 50% were shown in Fig. 1. It could be seen

that strain CQ5 had the closest phylogenetic similarity to
Lysinibacillus boronitolerans (T-10a, AB199591) in this
tree, with 99% bootstrap support.

Degradation characteristics of MCLR by strain CQ5

When the initial pH value was 7 and the concentration of
MCLR was 14.12 μg/L, the activated CQ5 bacterial solu-
tion was inoculated into 30-mL MCLR-containing MSM
by 3% (v/v) inoculation quantity. The uninoculated sam-
ples were used as the control . Then they were
shake cultured by 140 rpm for 6 days at 30 °C. The
MCLR degradation curve was shown in Fig. 2. We could
see that MCLR degradation by strain CQ5 was slow at the
beginning of the first day (24 h). The mass concentration
of MCLR only decreased by 1.56 μg/L. The possible rea-
son might be that strain CQ5 was in the adaptive process
of exogenous xenobiotics from the transferred new medi-
um. Strain CQ5 might firstly use a small quantity of pro-
tein culture medium from transferred bacterial liquid and
nutriment with relatively simple molecular structure from
radical and crude nutrient liquid. And oligopeptide struc-
ture existed in peptone, whose structure was similar to the
molecular structure of MCs. MCs were accidentally de-
graded by strain CQ5 in the use of peptone. That might
ensure the normal growth of strain (Yang et al. 2009;
Black 2012). MCLR degradation by strain CQ5 was ac-
celerated the next day (48 h). The degradation rate was up
to 68.45% (72 h, Fig. 2b). After a large number of MCLR
were degraded, the nutrient mediums were insufficient,
especially for carbon and nitrogen sources, so the degra-
dation rate of MCLR slowed down on the fourth day
(96 h). On the sixth day (144 h), the residual concentra-
tion of MCLR was 1.57 μg/L (Fig. 2a) in degradation
system and the degradation rate reached 88.88% (Fig.
2b). But for the control group, MCLR concentration did
not obviously change. So the strain CQ5 had a strong
capacity of degrading MCLR.

Fig. 1 Phylogenetic analysis of
the 16S rDNA sequences from
strain CQ5
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Gompertz model and first-order reaction kinetic
analysis

The degradation curves of MCLR by strain CQ5 and the
growth curve of strain CQ5 were shown in Figs. 2a, b and 3,
respectively. MCLR degradation in culture medium and the
growth of strains simultaneously proceeded along with the
lengthened culture time. When the mass concentration of
MCLR gradually decreased, strain CQ5 underwent first in a
logarithmic growth and then entered into a stable state. The
highest cell density of strain CQ5 reached 1.344. At the be-
ginning of the experiment, the crude extracts of MCLR were
used to regulate MCLR concentrations in the mineral salt
medium. There were impurities to be used as microbial nutri-
tion. So in this study, the cell density of strain was higher than
the microbial cell density in the reportedMC degradation tests
(Xie et al. 2012; Zhao et al. 2012; You et al. 2014). It showed
that strain CQ5 could grow well in a complex culture environ-
ment and effectively degrade MCLR. It also had certain prac-
tical value for degrading MCLR in natural water.

The Gompertz model was often used to describe the S-type
growth of population in a limited environment, which was
important to study the changes in population dynamics. In this
paper, strain CQ5 grew in the MCLR-containing MSM. With

the growth of strain CQ5, the carbon and nitrogen sources
became limited. Therefore, the Gompertz model was used to
describe the growth process of strain CQ5.

When the initial cell density of strain CQ5 (N0) was 0.069
and the maximum cell density (N58) was 1.344 (Fig. 3), the
Gompertz equation curve fitting was carried out between the
cell density of strain CQ5 and incubation time by origin 8.5.1,
as shown in Fig. 3. And the parameters in the equation were
solved. As could be seen from Fig. 3, the growth situation of
strain CQ5 could be expressed by the following equation:

N t ¼ 1:3119� exp −0:1237� exp −6:6341tð Þð Þ ð7Þ
where K was 1.3119 (OD600), a was 0.1237, r was 6.6341
(h−1), and the correlation coefficient (R2) was 0.9926.

It could be seen that the degradation rate of MCLR by strain
CQ5 increased along with the decrease ofMCLR concentration
in the medium (Fig. 2). So the first-order reaction equation was
used to analyze the relationship between the degradation rate of
MCLR and the concentration of substrate. And the quantitative
relationship between themass concentration ofMCLR and time
was studied in the degradation process. The first-order reaction
equation was shown by Eq. (2) (dS / dt = − kS).

As the initial concentration of MCLR was 14.12 μg/L, the
linear fitting was done between lnS and T. The results were
shown in Fig. 4.

The first-order reaction kinetics of MCLR degradation by
strain CQ5 were expressed by the following equations:

dS=dt ¼ −0:01537S ð8Þ
lnS ¼ 2:64764−0:01537t ð9Þ
where the kinetic reaction rate constant k was 0.01537. The
half-time of t1/2 was 1.88 days. The correlation coefficient
(R2) was 0.9939. Then, according to Eqs. (8) and (9), the rela-
tionship between the MCLR concentration and the degradation
time was further deduced, as shown by the following equation:

S ¼ e2:64764−0:01537t ð10Þ
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Monod model of cell growth of strain CQ5

In this paper, the degradation test was conducted in the inor-
ganic salt medium inwhichMCLR crude extract was added as
the nitrogen and carbon source. The mass concentration of
MCLR was a controlling factor in the growth of strain CQ5.
And it was found that the mass concentration of MCLR was
also the factors affecting the MCLR degradation rate in the
degradation kinetics of MCLR degradation by strain CQ5. It
could be inferred that the linkage relationship existed among
MCLRmass concentration, cell density of strain CQ5, and the
degradation rate of MCLR. From the above, the main stages
of strain CQ5-degrading MCLR were in stable phase and
decline phase of strain growth. So Monod equation in the
low substrate concentration was used to analyze the degrada-
tion process. And the dynamic relationship between strain
CQ5-degrading MCLR and using it as the source of carbon
and nitrogen to promote the self-growth of strain were proven.

Based on the data of the degradation test, the linear fitting
of Eq. (6) (V = − dS / (dt N) =K2S) was done. The results were
shown in Fig. 5.

It could be seen that the fitting equation between V and S
was V = 0.342S. The correlation coefficient (R2) was 0.974.
When K2 was 0.342, K2 was brought into Eq. (6) and trans-
formed; the linkage relationship between MCLR mass con-
centration, cell density of strain CQ5, and the degradation rate
of MCLR would be expressed by the following equation:

−dS=dt ¼ 0:342NS ð11Þ

The integral was conducted on both sides of Eq. (11). Then
the following equation would be obtained.

S ¼ 14:12e−0:342Nt ð12Þ

The dynamic relationship was derived between the degra-
dation of MCLR by strain CQ5 and using it as a source of

carbon and nitrogen to promote its own growth. The compar-
isons between the first-order reaction kinetics equation (lnS =
2.64764 − 0.01537t) of describing the degradation of MCLR
by strain CQ5 and Monod equation model (S = 14.12 e − 0.342

Nt, N = 1.08) were showed in Fig. 6. We could see that they
were highly consistent. The maximum relative errors between
the two models were less than 0.3% (0–0.19%). They both
could simulate and predict the growth of strain CQ5 and the
concentration of MCLR in the degradation system. But what
calls for special attention is that the inoculated bacteria were
from the bacterial solution cultivated for 24 h in the beef
extract peptone medium. Strain CQ5 first used a small amount
of peptone and nutrients with simple molecular structure from
the crude extract after being transferred (Yang et al. 2009). For
the meantime, strain CQ5 was in the process of adaptation of
the exogenous and exotic substances from the new medium
(Black 2012). Because peptone contains oligopeptide struc-
ture, which is similar to the molecular structure of MCs, strain
CQ5 could utilize peptone and occasionally degrade less MCs
to ensure normal growth. So the degradation rate ofMCLR by
strain CQ5 was slow at the beginning of inoculation. And that
was probably why it can be obviously seen that when the
concentration of MCLR was high at the initial stage of inoc-
ulation, there was a big difference between the measured
values and predicted values of the two models (Fig. 6).

To sum up, the Monod model was suitable for the reaction
system of degradation of MCLR by strain CQ5, which
reflected the quantitative relationship among the MCLR con-
centration, cell density of strain CQ5, and MCLR degradation
rate in the degradation process. As the purification process of
activated sludge was divided into the initial removal of ad-
sorption and the microbial metabolism (Lin 1986), analogies
were that MCLR was decomposed by a series of biochemical
reaction of strain CQ5 in crude extract. The decomposition
products could be used as the supply of carbon and nitrogen
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source for the growth strain CQ5. The single adsorption and
condensation of polysaccharide slime layer covering on the
cell surface might be not the main degradation mechanism.
But if the degradation pathway and molecular mechanism of
MCLR would be mastered, the degradation products should
be further analyzed and more studies would be necessary to
identify the degradation mechanism.

Conclusion

MCLR biodegradation was differentiated due to nutrient type
and nutrient concentration. Lysinibacillus boronitolerans
strain CQ5 capable of degrading MCLR was isolated and
identified for the first time. This research found that the mass
concentration of MCLRwas reduced from 14.12 to 1.57 μg/L
and the degradation rate of MCLR could reach 88.88%within
244 h. When the initial pH value was 7, the inoculation
amount was 3%, the screened Lysinibacillus boronitolerans
strain CQ5 grew well in MSM, in which the MCLR crude
extract was used as the carbon and nitrogen source.

The growth curve of strain CQ5 fitted with the Gompertz
growth model (Nt = 1.3119 ∗ exp(−0.1237 ∗ exp(−6.6341t)),
R2 > 0.99). The process of MCLR degradation agreed with
the first-order reaction kinetic equation (lnS = 2.64764 −
0.01537t, R2 > 0.99). Strain CQ5 could degrade MCLR and
use it as the source of carbon and nitrogen to promote its own
growth (S = 14.12 e− 0.342 Nt, N = 1.08). During the degra-
dation process, the linkage relationship between the mass con-
centration of MCLR, cell density of strain CQ5, and the deg-
radation rate of MCLR could be expressed by the equation of
revised Monod model (V = 0.342S, R2 > 0.97) under low sub-
strate concentration, where Vmax / Ks was 0.342.

According to the results of dynamic analysis, it was re-
ferred that strain CQ5 decomposed and applied MCLR in
crude extract mainly by a series of biochemical reactions.
And it could use the decomposed products as the carbon and

nitrogen sources for its growth. As a microbiological degra-
dation method, strain CQ5 could promote the environmental
fate of MCLR and have a certain practical value. This study
would provide theoretical references for studying the mecha-
nisms of MCLR biodegradation and promoting the engineer-
ing application of MCLR degradation bacteria.
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