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Abstract
In order to explore the influence of cyanobacterial blooms on the sediment microbial population structure 

in lake waters, the cyanobacteria bloom of Zhushan Bay in Taihu Lake was taken as the research background. 
The cyanobacteria bloom situation was forecasted through long-term monitoring, and of the diversity and relative 
abundance of colonies in surface sediments were analyzed during algal blooms, based on 16s RNA high-throughput 
sequencing technology. The results revealed the following: (1) the cyanobacteria bloom period concentrated within 
June-September of each year, especially around the end of July and the beginning of August, in Zhushan Bay 
of Taihu Lake, and the peak of the cyanobacteria concentration period may still be maintained at approximately 
1010 cells/L; (2) during cyanobacteria degradation, secondary pollution can be reduce if salvage can be finished 
within days after cyanobacteria accumulation; (3) during cyanobacterial blooms, the bacterial communities in surface 
sediments are mainly composed of Firmicutes (33.45%), Cyanobacteria (30.44%), Proteobacteria (27.17%), and 
Bacteroidetes (7.2%), but there are significant differences in microbial communities in different periods; (4) during 
cyanobacteria blooms, the microbial community in sediments participates in the circulation of nutrients through the 
signal transduction of various proteases, which regulates the metabolic pathway of microorganisms, further affecting 
the content and distribution of microorganisms in different environments through signal transduction.

Keywords: Cyanobacteria bloom; Degradation; Sediment; Microbial 
community

Introduction
Cyanobacteria is the oldest photoautotrophic organism on earth, 

and the long-term evolutionary process allows cyanobacteria to 
achieve stronger ecological competitive advantages, when compared 
to other algae [1]. If cyanobacteria proliferation in eutrophic lakes 
due to the formation of cyanobacterial blooms, this would change 
the water ecology and endanger water safety [2]. Cyanobacterial 
bloom is one of the most serious water environmental disasters, and 
it is undoubtedly the primary emergent issue in the recovery of water 
eutrophication [3,4]. Affected by human activities, many lakes in 
China are eutrophic, and the occurrence of cyanobacteria bloom has 
become frequent. Under certain meteorological conditions, the local 
accumulation of cyanobacteria can reach several centimeters, or even 
50 centimeters. Cyanobacteria rot and decompose under the action of 
microorganisms, and consume a large amount of dissolved oxygen in 
water [5,6]. After the cyanobacteria declines, nutrients will enter the 
water body again, become endogenous pollution, and release toxic 
substances [7]. Furthermore, the decomposition of cyanobacteria 
would significantly change the content of nutrients and organic matter 
in the water, affecting the water quality of the lake [8,9].

Taihu Lake is the third largest freshwater lake in China, located in 
the Yangtze River Delta, with an area of 2,338 km2 and an average water 
depth of 2 m, The coverage area of cyanobacteria blooms in Taihu Lake 
has gradually expanded from a small area to a whole northwest part 
of Taihu Lake, and has now reached more than 1000 km2 [10,11]. The 
cyanobacterial blooms in drinking water sources led to the drinking 
water crisis in Wuxi in May 2007 [12,13]. 

At present, various studies have been conducted on the effects of 
cyanobacterial blooms on water bodies and sediments, suggesting that 
cyanobacterial blooms can significantly change the pH of water and 
stimulate the release of dissolved nutrients in the sediment, or change 

the nitrogen-phosphorus cycle at the sediment-water interface by 
changing the dissolved oxygen environment of water [14,15], Some 
studies have suggested that cyanobacteria can settle on the bottom of 
water, remineralize on the surface of the sediment, and affect the surface 
bacterial activity of the sediment [16-18], In wild waters, cyanobacteria 
with different degrees of decline tend combine. Due to the different 
active substances in cyanobacteria with different degrees of degradation, 
it would difficult to investigate the characteristics of microbial colonies 
in the process of cyanobacteria. Therefore, the present study used high-
throughput sequencing technology, which has strong specificity and 
high sensitivity, and can more fully reveal the diversity and abundance 
of microorganisms. This technology is a valuable tool for assessing 
microbial distribution characteristics [19,20]. The aim of the present 
study was to reveal the effects of cyanobacteria blooms on surface 
sediment microbes during the formation phase (W1), stationary phase 
(W2), decay phase (W3) and dissipation phase (W4) and provide a 
scientific basis for the timely removal of cyanobacteria and prevention 
of water pollution.

Materials and Methods
Sample preparation

Zhushan bay is one of the most eutrophic bays of Lake Taihu, 
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using Illumina's Miseq PE300 platform (Shanghai Meiji Biomedical 
Technology Co., Ltd.).

Statistical treatment

Statistical analysis was performed using Origin Pro 9.0 software 
for Windows (Origin Lab Northampton, MA, USA). An analysis of 
the structure and abundance of the bacterial community distribution 
in surface sediments was performed using the free online platform 
Majorbio I-Sanger Cloud Platform (www.i-sanger.com).

Results and Discussion
Analysis of cyanobacterial blooms in Zhushan Bay, Taihu 
Lake

The analysis of the trend change of algae density in the water body 
of Zhushan Bay from April to October in 2016-2018 (Figure 1): 

(1) When comparing the overall degree of cyanobacteria outbreak in 
2016-2018 2017>2018>>2016, cyanobacteria began to substantially 
increase in the middle and late July of each year, and the amount of 
cyanobacteria was highest in August. 

(2) In 2016, the density of cyanobacteria was close to 109 cells/L, while 
the highest density in 2017 and 2018 exceeded 1010 cells/L, which 
was more than 10 times of that of 2016. 

(3) By analyzing the data of the past three years, combined with the 
local meteorological parameters of Zhushan.

 Bay, the overall forecast of the cyanobacterial outbreak trend in 
these waters for the next few years is as follows: Cyanobacteria will began 
to rapidly grow in middle and late May of each year, and a concentrated 
outbreak of cyanobacteria will occur from July to September. Since the 
water environment treatment is a long-term project, the water quality 
of Taihu Lake will remain in a state of eutrophication. Therefore, the 
peak of the cyanobacteria concentration period may still be maintained 
at approximately 1010 cells/L.

Characterization changes during cyanobacterial degradation

Color change of cyanobacteria during the decline of natural 
conditions: Through long-term field monitoring, cyanobacteria bloom 
presented different color changes under natural conditions (Figure 2). 
During the natural decline, the color of cyanobacteria changed from 
yellow-green to green, subsequently changed to pale yellow, and finally 
changed to blue-green. It was also observed that blue-purple water 
appeared in the part of the blue-green algae (Figure 2d). This may be 
because the cyanobacteria cells ruptured and released a large amount of 
phycocyanin, and the release rate was greater than the decomposition 
rate [21]. Another part of the cyanobacteria can produce secondary 
metabolites, such as geosmin, dimethyl isodecyl alcohol, etc. When 
cyanobacteria degrade, these odor substances are released from cells 
into the water body, further aggravating the lake’s odor [22], Therefore, 
in lakes, the accumulation of high-density cyanobacteria decay areas is 
often accompanied by foul odor [23]. Furthermore, high concentrations 
of cyanobacteria exhibit a faster rate of decomposition, and this is 
probably because the cyanobacterial density is more conducive to the 
growth of bacteria, and the bacterial activity is relatively high [24].

The cyanobacteria laboratory simulates the color changes during 
degradation: In the laboratory cyanobacteria degradation process 
(Figure S2), the color changed to green, dark green, yellow-green and 
brown, successively, and the change started from the surface to the 
inside: 0th day (Figure S2a), the fresh cyanobacteria was green, and 

China. Sampling sites were shown in Figures S1-S3. The cyanobacteria 
of the natural water body is collected by plankton nets, transported 
back to the laboratory for mixing, diluted into a reactor, placed in a 
reaction tank, and subjected to degradation experiments. 30 ml of 
surface sediment (top 5 cm) were collected using an organic glass 
hydrophore and a sediment core sampler (Perrson MY-052, Mingyu 
Technology). Several samples were taken from each position and were 
then homogenized. Sediment samples were sampled from several 
different periods: cyanobacterial bloom formation period (W1), 
stationary phase (W2), decline period (W3), dissipation period (W4). 
After sampling, samples were stored in an ultra-low temperature 
refrigerator (-80°C). The DNA of the microorganism in the sediment 
sample is extracted for high-throughput sequencing.

In-situ observation of cyanobacterial accumulation

Along with sampling, in-situ observation of color and odors 
change of cyanobacteria during different growth phases under natural 
conditions was conducted.

Simulation of cyanobacterial degradation

Laboratory-scale research was also conducted to simulate the 
degradation of cyanobacteria. Fresh cyanobacteria sampled from 
Zhushan bay from various growth periods was inoculated into in 5000 
mL glass flasks under controlled condition with a light intensity of 5000 
lx (12 h light/12 h dark cycle), a temperature of 35 ± 2°C, and a relative 
humidity of 70-90%.

Analytical methods

Algal density and microscopic morphology: Algal cell density 
of cyanobacteria was performed using a Sedgwick–Rafter counting 
chamber under a microscopic magnification of 200–400x (Olympus 
model). Microscopic morphology was observed under same 
microscopic magnification.

Analysis of microbial community: 

DNA extraction and PCR amplification: Total DNA extraction was 
performed according to the EZNA® soil kit (Omega Bio-tek, Norcross, 
GA, US) instructions. DNA concentration and purity were determined 
using NanoDrop 2000, and DNA extraction quality was measured by 1% 
agarose gel electrophoresis; 5'-ACTCCTACGGGAGGCAGCAG-3') 
and 806R (5'-GGACTACHVGGGTWTCTAAT-3') primers for PCR 
amplification of the V3-V4 variable region, the amplification procedure 
was: pre-denaturation at 95°C for 3 min, 27 cycles (denaturation at 
95°C for 30 s, annealing at 55°C for 30 s, extension at 72°C for 45 s), 
and extension at 72°C for 10 min (PCR: ABI GeneAmp® 9700). The 
amplification system was 20 ul, 4 ul 5*FastPfu buffer, 2 ul 2.5 mM 
dNTPs, 0.8 ul primer (5 uM), 0.4 ul FastPfu polymerase; 10 ng DNA 
template.

Illumina Miseq sequencing: The PCR product was recovered 
using a 2% agarose gel, purified using AxyPrep DNA Gel Extraction 
Kit (Axygen Biosciences, Union City, CA, USA), eluted with Tris-HCl, 
and detected by 2% agarose electrophoresis. Detection quantification 
was performed using QuantiFluorTM-ST (Promega, USA). The 
purified amplified fragment was constructed into a library of PE 2*300 
according to the standard operating protocol of the Illumina MiSeq 
platform (Illumina, San Diego, USA). The steps of constructing the 
library: (a) connecting the "Y" shaped linker; (b) using magnetic beads 
to remove the self-ligating fragment of the linker; (c) enriching the 
library template by PCR amplification; (d) denaturing the sodium 
hydroxide, producing Single-stranded DNA fragments. Sequencing 
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after adding to the reactor, the temperature was constant at 30°C; 1st 
day, the cyanobacteria appeared to be superposed on the surface layer; 
3rd day, the cyanobacteria was dark green, the algae and water were 
layered, and gas was released; 5th day, the cyanobacteria was dark green, 
and the algae and water layers were obvious; 10th day (Figure S2b), 
the lower layer of water appeared white, the overall performance was 
dark green, and at the same time, a large amount of gas was released 
and the smell was odorous; 30th day (Figure S2c), the mixed tendency 
of algae and water appeared, the stratification was not obvious, the 
surface cyanobacteria was dark green, the lower layer appeared to be 

fermented, and the overall color turned brown; 60th day (Figure S2d), 
the algae water was clearly separated, the surface layer was brown, and 
the bottom algae water mixture was brown. After the degradation, the 
residue presented with a brownish red color after evaporation, and the 
odor gradually decreased.

Compared with the cyanobacterial decay process under natural 
conditions and laboratory simulation, the color change trend of these 
two was basically the same, and the comparison between these two 
was available. The fresh cyanobacteria became light green. When the 
cyanobacteria degraded on the 7th day, the blue-violet phycocyanin 
was released, and the process of decline underwent blue color change, 
stratification and mixing.

Observation of optical microscopic morphology during the 
decline of cyanobacteria: Cyanobacterium is single-celled, and in the 
case of cyanobacterial blooms, it often exists as a population (Figure 
S3a). Fresh cyanobacteria are clearly visible under a light microscope, 
the cells are cyan or black-green, and spherical, the gel is colorless and 
densely attached to the cells, and the cells inside the gel are tightly 
packed. During the degradation of cyanobacteria, the outer layer of the 
polysaccharide was degraded, and the cell population collapsed (Figure 
S3b), followed by more single cells (Figure S3c), and the intracellular 
substances began to degrade. Complete cyanobacteria individuals were 
not observed under normal light microscopy until the 60th day (Figure 
S3d).

Distribution of microbial communities in surface sediments

Cyanobacterial blooms affect the microenvironment of surface 
sediments, such as bacterial abundance, community structure and 
diversity, which in turn affects the migration and transformation 
of nutrients in sediments. Furthermore, it has a certain role in 
promoting the re-formation of cyanobacteria blooms. Studies have 
shown that a large amount of nutrients entering the sediment in the 
cyanobacterial bloom environment has an important influence on 
microbial community structure and activity [25,26]. For example, an 
increase in ammonia nitrogen in sediments may affect the community 
structure and diversity of prooxidogenic prokaryotes [27,28], and the 
decomposition of cyanobacteria may lead to a decrease in bacterial 
nitrification activity [29,30].

The changes in microbial abundance in the surface sediments: 
The changes in microbial abundance in the surface sediments of Taihu 
lake during cyanobacterial blooms are presented in Figure 3. During 
the outbreak of cyanobacterial blooms, the abundance of multiple 
dominant bacteria changes, such as Cyanobacteria, Firmicutes, 
Proteobacteria, Bacteroldetes, Actinobacteria and Chloroflexi, and 
this may be due to the degradation of cyanobacteria, which affects the 
growth and distribution of microorganisms in the surface sediment by 
releasing algal toxins, nutrients and dissolved oxygen. In the W1 period, 
the Cyanobacteria in the surface sediment were used as the dominant 
species. During the W2 period, the Firmicutes were the dominant 
species. During the W3 period, Proteobacteria and Cyanobacteria 
were the dominant species. During the W4 period, Proteobacteria 
were the dominant species. In comparing the relative abundance of 
Cyanobacteria in the four periods, it was found that the cyanobacteria 
decomposed and inhibited Cyanobacteria, indicating that the demise of 
cyanobacteria would cause the living space of the Cyanobacteria group 
in the sediment to be compressed, allowing Proteobacteria to have 
an increased competitive advantage and become a dominant group, 
which may be correlated to its own characteristics. Proteobacteria 
contains a variety of bacteria that can adapt to extreme environments 

 

Note: a-represents one day of each month, 1-10 days; b-represents one day 
of each month, 11-20 days; c-represents one day of each month, 21-30 days.
Figure 1: The change trend of algae density in Zhushan Bay in 2016-2018.

 

a 

b 

c 

d 

Note: (a) Initial algal bloom formation; (b) Algal bloom coverage; (c) Algal 
bloom degradation; (d) Algal bloom in the middle and late stages.

Figure 2: Cyanobacteria bloom changes in the different period of the lake.
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through facultative or obligate anaerobic and heterotrophic life. These 
results indicate the significant selection and adaptation of sediment 
Proteobacteria in lakes with differing trophic statuses [31,32].

During the W2 period, the cyanobacteria broke out in large areas. 
During this period, the diversity index of bacterial communities in 
sediments reached the lowest value, and the relative proportions 
among various groups also significantly changed. For example, 
during the W3 and W4 periods, Proteobacteria and Bacteroldetes 
became the dominant species, and the abundance significantly 
increased, leading to a decrease in the diversity and uniformity of 
Cyannobacteria. During the W2 period, cyanobacteria formed, and the 
external environment was relatively stable, which caused the sediment 
environment to become relatively stable, resulting in fewer microbial 
species in the surface sediment during this period. During the W3 and 
W4 periods, with the decomposition of cyanobacteria, the nutrient 
content of the water greatly changed, the content of organic matter in 
the surface sediment increased, and the sediment environment was in 
a state of change, which led to the strengthening of microbial activities 
and an increase in species. During this period, Proteobacteria and 
Bacteroldetes were multiplied, and the living space of other kinds of 
microorganisms was compressed, causing changes in the distribution 
of bacterial communities.

Community heatmap of abundant species in the sediments: 
The heat map analysis of species with more abundance in sediment 
microorganisms is presented in Figure 4, showing the abundance 
expression of Firmicutes, proteobacteria, Cyannobacteria and 
Bacteroidetes species. Through the cluster analysis of samples from 
different periods, W4 was far away from the other three periods, while 
W1 and W2 were the closest, which can be clustered into one category. 
The overall expression patterns of microbial species abundance in the 
surface sediments of the four periods of cyanobacterial blooms were 
very different: In the W1, W2 and W3 groups, the abundance exhibited 
an upregulated expression pattern (red band). Among these, W1 and 
W2 were more obvious, while W4 initially went down (green strip) 
and subsequently went up (red strip). The reason was because W1 and 
W2 were within the large-scale survival period of cyanobacteria, the 
water environment was in a gradual change stage, and the abundance 
expression law was relatively stable. W3 was in a mixed period of 
various forms of cyanobacteria, and the death of algae caused a change 
in the expression of total abundance. The dissipating period after the 

degradation of cyanobacteria in the W4 period was the transition 
period from W3 to W1. Hence, the abundance was first adjusted, and 
subsequenlty adjusted upward.

The overall abundance analysis: The overall abundance analysis 
of different species of microorganisms in the sediments of the surface 
layer is presented in Figure 5. The higher content was Firmicutes 
(33.45%), Cyannobacteria (30.44%) Proteobacteria (27.17%) and 
Bacteroidetes (7.2%), and the above groups occupied 98.26%. 
Firmicutes is a nutrient-rich type that can produce spores. It can 
resist extreme environments, has strong adaptability, and is the most 
abundant in the surface sediment during the bloom. Cyannobacteria is 
widely distributed in various eutrophic waters, and is also distributed 
in the sediments of shallow lakes, especially in the early stage of 
Cyanobacteria formation. Its abundance changes with the continuous 
accumulation and apoptosis of Cyanobacteria. Proteobacteria is 
the largest of the bacteria, which include various pathogens, such as 
Escherichia coli, Salmonella, Vibrio cholerae, and Helicobacter pylori, 
and various other bacteria that can be used for nitrogen fixation, and 
the migration and transformation of nitrogen nutrients. Bacteroidetes 
is the dominant flora in the hydrolysis acidification reaction, which is 
mainly distributed in two stages, W3 and W4.

The Fisher’s exact test bar plot at the Phylum level: The Fisher’s 
exact test bar plot at the Phylum level for relative abundance of 
dominant flora in W1-W4 samples is shown. The results are presented 
in Figure 5, and there was a significant difference between the two 
sample groups.

In comparing W1 and W2 (Figure 6a), except for Firmicutes, the 
proportions were expressed as W1>W2, and except for Chlamydiae 
(p>0.05), there were extremely significant differences among the 
14 species (p<0.01). Compared W1 and W3 (Figure 6b), except for 
Cyanobacteria, Chlorobi and Planctomyetes, the proportions were 
W3>W1, and there were extremely significant differences among the 

 

Figure 3: Relative abundance of the dominance bacteria in the sediments 
during a cyanobacterial bloom (phylum level).

Figure 4: Community heatmap of abundant species in the sediments (phylum 
level).
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other 12 species (p<0.01), except for Planctomyetes, Chlamydiae and 
Gemmatimonadetes (p>0.05). In comparing W1 and W4 (Figure 
6c), the proportions of Planctomyetes, Firmicutes, Bacteroldetes, 
Actionbacteria, Synergistetes, Cloacimonetes and Thermotogae all 
exhibited W4>W1, while the remaining proportions were W1>W4, 
among which, 15 kinds of microorganisms were significantly different 
(p<0.01). In comparing W2 and W3 (Figure 6d), except for Firmicutes, 
the proportions were W2>W3, while others were W3>W2, and 15 of 
these had significant differences (p<0.05). In comparing W2 and W4 
(Figure 6e), except for Firmicutes, the proportions were W3>W4, 
while the others were W4>W3, and 15 of these had significant 
differences (p<0.05). In comparing W3 and W4 (Figure 6f), except 
for Planctomyetes, Firmicutes, Actionbacteria, Synergistetes and 
Cloacimonetes, the proportions were W4>W3, while the others were 
W3>W4, and 15 of these had significant differences (p<0.01).

The results revealed that in the Zhushan Bay water area of Taihu 
Lake, the diversity of bacterial community structure in sediments 
was significantly correlated with the cyanobacterial blooms. Different 

types of microbial content would undergo significant changes at 
different time points. Some scholars have investigated the vertical 
distribution of bacterial community structure under different nutrient 
levels [33,34]; d the distribution of bacterial communities in surface 
sediments [35]; and the trend of bacterial community structure at 
specific time points [36]. These results show that changes in external 
environmental factors (temperature, dissolved oxygen in water, and 
nutrients) lead to the growth rate and diversity of microorganisms 
in surface sediments. Moreover, after the death of cyanobacteria, the 
internal nutrients would re-settle and be released into the water to 
stimulate the growth of microorganisms in the sediment [26,31]. and 
the metabolism of functional microorganisms in sediments would also 
change. Microorganisms participate in the circulation of nutrients and 
affect the release of nitrogen and phosphorus nutrients in sediments 
[13,24,37].

The phylogenetic tree analysis: The phylogenetic tree analysis 
of microbial communities from the two levels of phylum and 
order is presented in Figure 7: From the taxa in the evolutionary 
tree, the following could be concluded: During the occurance of 
cyanobacterial blooms, the sediments mainly include Cyanobacteria, 
Proteobacteria, Bacteroidetes, and Firmicutes. Cyannobacteria 
mainly includes Subsection III and Subsection I, and are mainly 
distributed in the W1, W3 and W2 periods. Proteobacteria mainly 
includes 10 species, such as Pseudomonadales, Burkholderiales, 
Rhodobacterales, Sphingomonadales, Rhizobiales and Rhodospirillales, 
and are mainly distributed in the W4 period. Bacteroidetes mainly 
include Flavobacteriales, Bacteroidales, and Sphingobacteriales, in 
which Bacteroidales are mainly distributed in the W4 period, while 
Sphingobacteriales are mainly distributed in the W3 period. Firmicutes 
mainly include Clostridiales, Bacillales, MBA03, and Selenomonadales, 
in which Clostridiales are mainly distributed in the W2 and W3 
period, while Bacillales are mainly distributed in the W4 period. The 
phylogenetic tree order bar shows that Proteobacteria and Bacteroidetes 

 

Figure 5: W1, W2, W3 and W4 on phylum level Microbial community pie plot.

 

Figure 6: Fisher’s exact test bar plot on phylum level.
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have recently evolved, and Firmicutes forms a distinct group within the 
archaea, which is far from the evolutionary distance of other species 
with high abundance [38].

The level of COG was performed on the proteins of 
microorganisms: The database of Clusters of Orthologous Groups 
(COG) of proteins is a phylogenetic classification of proteins encoded 
in completely sequenced genomes [39]. An attempt has been made 
to organize these proteins into groups of orthologs, which are direct 
evolutionary counterparts correlated by vertical descent [40]. The COG 
database annotates protein families, rather than individual proteins, 
and the method used for the construction of the COG often allows 
distant relationships to be discerned. Thus, the use of the COG database 
for the annotation of a newly sequenced genome would probably 
increase the number of functional assignments [41]. By annotating the 
COG function of the microorganisms in the sample, 25 groups of COG 
function classifications were compared in the COG database (Figure 
S4). Functional categories: 

(1) Information storage and processing: (J: Translation, ribosomal 
structure and biogenesis; K: Transcription; L: DNA replication, 
recombination and repair). 

(2) Cellular processes and signaling: (D: Cell division and chromosome 
partitioning; V: Defense mechanisms; O: Posttranslational 
modification, protein turnover, chaperones; M: Cell envelope 
biogenesis, outer membrane; N: Cell motility; T: Signal transduction 
mechanisms). 

(3) Metabolism: (C: Energy production and conversion; G: 
Carbohydrate transport and metabolism; H: Coenzyme transport 
and metabolism; P: Inorganic ion transport and metabolism; E: 
Aminoacid transport and metabolism; F: Nucleotide transport and 
metabolism; Q: Secondary metabolites biosynthesis, transport and 
catabolism). 

(4) Poorly characterized: (R: General function prediction only; S: 
Function unknown). 

It was found that the COG function in different periods was not 
significantly different between the groups, although the types and 
contents of microorganisms were different. Mainly manifested as 
cellular processes and signaling, information storage and processing, 
metabolism and other functions, these functions are linked to 
the growth and metabolism of cyanobacteria. This indicates that 
cyanobacterial bloom affects the expression of microbial function 
in sediments, and microbial communities are involved in nutrient 
cycling. On this basis, the function level 2 of COG was performed on 
the proteins of microorganisms in all samples (Figure 8).

In Figure 8, the functional protein corresponding to each COG 
label is shown in the attached Table S1, in which the abundance values 
of histidine kinase (COG0642), glycosyltransferase (COG0438), and 
regulator (COG0745) are above 300,000, and the expression is more 
significant in the sediments of the surface layer during the cyanobacteria 
bloom. Furthermore, pathogenesis (COG1357), transcriptional 
regulator (COG0538), dehydrogenase reductase (COG1028), pfam: 

 
Figure 7: Phylogenetic tree on order bar.
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DUF820 (COG4636), and alpha beta hydrolase (COG0596) also have 
higher abundance (>200,000). Some of the functional proteins can 
reflect the metabolism of microbial microorganisms in the surface 
layer [41]. These functional proteins mainly include histidine kinase 
and glycosyltransferase.

Histidine kinase enables the response regulator (RR) protein 
associated with it to exhibit phosphatase activity, which can act as a 
regulator of the intracellular phosphorylation of RR protein through 
the dephosphorylation of the RR protein, with more distribution 
in the W1 and W3 samples. This is consistent with a report stating 
that this type of histidine kinase functions in conjunction with the 
replicative phosphatase [42]. Glycosyltransferase is distributed in 
organelles and is widely distributed in the W1 and W3 stages. The 
regulator response consists of a CheY-like receiver domain and a 
winged-helix DNA-binding domain, and these are involved in the 
regulation of growth and metabolism in living organisms. Studies have 
revealed the interactions between different proteases. For example, 
glycosyltransferase (COG0438) has a good interaction with asparagine 
synthase (COG0367), and simultaneously with the winged helix 
family two-component transcriptional regulator (COG0745) [43]. 
Furthermore, there was good connection between COG0745 and the 
tetR family transcriptional regulator (COG1309), in which both of 
these were involved in transcription. COG0745 even exhibited good 
linkage with the ABC transporter (COG0178) [43]. In addition, it has 
been indicated that during the cyanobacterial bloom, microorganisms 
also regulate their metabolic pathways through the signal transduction 
of various proteases, and this further influences the content and 
distribution of microorganisms in different environments.

Figure 8: COG function secondary classification statistics box diagram (average value).

Conclusion
In conclusion, the analysis of cyanobacterial blooms in the waters 

of the Zhushan Bay in Taihu Lake in the next few years reveal that 
cyanobacteria will begin to rapidly grow in middle and late May, and 
the germination period of cyanobacteria will occur in from July to 
September. The results of the simulation of cyanobacteria degradation 
in the laboratory revealed that secondary pollution can be reduced 
if salvage can be finished within seven days after the cyanobacteria 
accumulate.

In cyanobacterial blooms, the bacterial communities in 
surface sediments are mainly composed of Firmicutes (33.45%), 
Cyannobacteria (30.44%) Proteobacteria (27.17%), and Bacteroidetes 
(7.2%). Furthermore, cyanobacterial blooms have significant effects 
on microbial species and its distribution in surface sediments, and 
there are significant differences in microbial communities in different 
periods. In addition, during the occurrence of cyanobacteria blooms, 
microbial community in the sediment participates in the circulation 
of nutrients through the signal transduction of various proteases, 
which regulates the metabolic pathway of microorganisms, and further 
affects the content and distribution of microorganisms in different 
environments through signal transduction.
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