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Abstract 

To provide a general overview of the microbial communities in environmentally conserved estuaries, the top 5 cm of 

sediment was sampled from the sandy estuary of the Shirakawa River and from the muddy estuary of the Midorikawa 

River. Higher amounts of organic matter were detected in the Midorikawa estuary sample than in the Shirakawa 

estuary sample. Measurement of redox potential revealed that the Shirakawa estuary was aerobic and the Midorikawa 

estuary was much less aerobic. Clone analysis was performed by targeting partial 16S rRNA gene sequences and using 

extracted DNA from the samples as a template. Various bacteria were detected, among which Gammaproteobacteria 

was dominant at both estuaries. Unclassified clones were detected in the Gammaproteobacteria group, mainly among 

samples from the Midorikawa estuary. Other detected bacterial groups were Alphaproteobacteria, Deltaproteobacteria, 

Chloroflexi, Actinobacteria, and Bacteroidetes. All the Deltaproteobacteria clones were anaerobic sulfate-reducing 

bacteria. Those aerobic and anaerobic bacteria coexisted in the top 5 cm of the estuary sediments indicating the surface 

layer have active sulfur and carbon cycle. Abundance of aerobic Gammaproteobacteria may be an indicator for 

conserved estuaries.  
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INTRODUCTION


 

In recent years, environmental conditions in 

the Ariake Sea, which contains roughly 40% of 

:���v[�� �]��o� (o���U� Z�À�� Á}���v��U� o���]vP� �}�

problems such as red tides and reduced fishery 

output. Tidal flats are extremely valuable 

ecosystems, serving as a habitat and playing 

diverse roles in processes such as water 

purification and biological production. 

Microorganisms are a key part of the tidal flat 

system. In sandy tidal flats aerobic bacteria utilize 

and degrade organic compounds; however, in 

muddy tidal flats only the surface, not lower 

layers of sediment, is exposed to oxygen. Under 

these anaerobic conditions, hydrogen sulfide is 

easily generated by sulfate-reducing bacteria 

(SRB), producing a dark sediment color [1]. 

Although muddy tidal flats that have been 

environmentally conserved have nested holes 

populated by aerobic macrobenthic organisms, 

demonstrating that a muddy ecosystem itself is 
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not problematic, an imbalance in the 

metabolisms of anaerobic microorganisms will 

lead to harmful accumulation of hydrogen 

sulfide. 

Changes have been reported in the microbial 

community of marine sediment following 

environmental contamination with pollutants 

such as oil [2-4] or heavy metals [5,6], but only a 

few studies have observed microbial 

communities under environmentally conserved 

conditions [7,8]. In the present study, two 

estuaries connecting to the Ariake Sea were 

sampled: the Shirakawa River estuary with sandy 

sediment and the Midorikawa River estuary with 

muddy sediment. Sites were chosen due to their 

high numbers of nested holes, the presence of 

salt-tolerant plants growing at higher water 

marks, and their conserved environmental 

conditions. Microbial communities were analyzed 

by targeting partial 16S rRNA gene sequences to 

provide a general overview of the microbial 

communities in environmentally conserved tidal 

flat sediment. 
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MATERIALS AND METHODS 

Sampling 

Estuary sediment were sampled using steri-

lized spatula from the left bank of the Shirakawa 

Z]À���~Eïî£ðò;ïôXõ<U��íïì£ïò;ïïXò<���v���Z���]PZ��

��vl� }(� �Z�� D]�}�]l�Á�� Z]À��� ~Eïî£ðî;ðôXï<U�

�íïì£ïó;îíXî<��}v�D�Ç�îîU�îììô��v��:�vµ��Ç�îóU�

2009. Both rivers are located in coastal areas 

bordering the Ariake Sea in Kumamoto 

Prefecture, Japan (Fig. 1). All sediment samples 

were collected to a depth of 5 cm at low tide. At 

each sampling site, samples were collected at 

both the high tide position and the low tide 

position, as shown in Fig. 2. All samples were 

kept at -20°C until used for analysis. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 1. Sampling site Location of sampling sites in the 

Shirakawa and Midorikawa River estuaries 

connecting to the Ariake Sea 

 

DNA Extraction 

Frozen samples were thawed on ice and 

centrifuged at 10,000 × g at 4°C for 15 min. The 

precipitate was washed in sterilized phosphate 

buffered saline solution and was centrifuged 

again at the same settings. The supernatant was 

removed. The precipitate was mixed well and 0.5 

g of the sample was used to extract DNA with the 

Fast DNA SPIN Kit for Soil (MP Biomedicals, 

^}o}vU� K,�� ���}��]vP� �}� �Z�� u�vµ(���µ���[��

protocol. DNA concentrations were measured at 

wavelength of 260nm (Beckman DU 530 UV-VIS 

Spectrophotometer). 

 

Determination of Microbial Community 

The extracted DNA was used as a template 

for polymerase chain reaction (PCR) targeting 

partial 16S rRNA gene sequences. The primer set 

27F (5'-AGA GTT TGA TCC TGG CTC AG-3') and 

518R (5'-GTA TTA CCG CGG CTG CTG G-3') and 

AmpliTaq Gold (Applied Biosystems, Carlsbad, 

CA) were used. After preheating at 95°C for 5 

min, 25 cycles were performed of heating at 95°C 

for 1 min, annealing at 50°C for 1 min, and 

extension at 72°C for 2 min. PCR products were 

purified by an Ultra Clean PCR Clean-up Kit (MO-

BIO, Carlsbad, CA) according to the 

u�vµ(���µ���[�� ��}�}�}oX� Wµ�](]��� W�Z� ��}�µ����

were ligated with pT7Blue vector (Novagen, 

Darmstadt, Germany), using a Ligation Mix Kit 

(Takara, Kyoto, Japan) according to the 

u�vµ(���µ���[�� ��}�}�}oX� dZ�vU� íìì� �>� }(�

competent Escherichia coli �,ñr� �ells (Takara, 

Kyoto, Japan�� Á��� ���v�(}�u��� Á]�Z� íì� �>� }(�

ligation mixture ���u�v�]}v��� ]v�u�vµ(���µ���[��

protocol. After colonies formed on an LB-

ampicillin plate containing X-gal, white colonies 

were selected and plasmids were extracted using 

the Wizard SV Minipreps DNA Purification System 

(Promega, Madison, WI). Extracted plasmids 

were digested by EcoRI and PstI (Takara, Kyoto, 

Japan) to determine the size of the inserted DNA. 

Sequence analysis of the inserted DNA was 

completed by Takara Co., Ltd. by premixed 

sequencing with M13 (-47) primer (5'-CGC CAG 

GGT TTT CCC AGT CAC GAC-3').  

 

Figure 2. Location of sampling points at each estuary 

5 km 
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Data from the analysis were compared to the 

NCBI database by a BLAST search to identify 

obtained clones [9]. 16S rRNA nucleic acid 

sequences were aligned using ClustalX 1.8 

software [10]. Phylogenetic trees were 

constructed using MEGA 4 software [11]. In 

which, nucleotide sequences were used to build 

phylogenetic trees using Distance-based method 

that measures the pairwise distance between 

genes. More detail, we chose Neighbor-Joining 

method in Bootstrap test of Phylogeny option 

from Phylogeny menu, selected Pairwise Deletion 

for Gaps/Missing Data to retain all sites 

containing alignment gaps and missing 

information before start computing. 

 

Environmental Parameters Analysis 

Hydrogen ion and NaCl concentration were 

measured using a handheld pH meter and sur-

face salinity meter (SSM14-P and WM-22EP; 

TOADKK, Tokyo, Japan). Redox potential (ORP) 

was measured using a portable ORP meter (RM-

20P; TOADKK) and distribution of particle size 

was analyzed using a laser diffraction particle size 

analyzer (LA-920; HORIBA, Kyoto, Japan). Organic 

matter was determined by measurement of 

residual weight after heating according to the 

Japanese Standard Method, JIS-K0102 [12]. The 

partial 16S rRNA gene sequences obtained in this 

work have been deposited in the DNA Data Bank 

of Japan (DDBJ) under accession numbers 

AB853487tAB853725. 

 

RESULTS AND DISCUSSION  

Environmental Conditions at Sampling Sites
 

Environmental conditions at the Midorikawa 

and Shirakawa estuaries are summarized in Table 

1. Generally, pH was in the range 7.5 and 8.0. 

Because river water and seawater were mixed at 

the sites, NaCl concentration was lower than 

3.5%, the average concentration of seawater, 

due to dilution by fresh water from the rivers. 

ORP values were positive for the Shirakawa 

estuary and negative for the Midorikawa estuary, 

suggesting that their conditions were aerobic and 

slightly anaerobic, respectively. Organic content 

in the sediment at the Midorikawa estuary was 

higher than that at the Shirakawa estuary. 

Median particle size data and mud content 

analysis suggested that the Shirakawa estuary 

was sandy and the Midorikawa estuary was 

muddy. Taken together, these results confirmed 

that ORP was low and organic content was high 

under conditions of low median particle size and 

high mud content. 

 

Table 1. Environmental Conditions at Shirakawa and Midorikawa River Estuary 

T.P.: Tokyo peil, N.M: Not measured 

 

Homology analysis among bacterial DNA 

sequences 

Partial 16S sequence data of the obtained 

clones analyzed by BLAST and their close phylum 

or class are summarized in Table 2. Many groups 

of bacteria were observed in the environmentally 

conserved Midorikawa and Shirakawa estuaries. 

In general, the dominant group was Gamma- 

proteobacteria, comprising 22.6% of the total 

clones, and the second most dominant group was 

Alphaproteobacteria, comprising 15.9%. 

Chloroflexi, Deltaproteobacteria, Actinobacteria, 

and Bacteroidetes were also common. The 

microbial community composition among 

different sampling sites, seasons, and tidal  

positions are compared in Fig. 3. High ratios of 

Deltaproteobacteria and Gammaproteobacteria 

were detected in Midorikawa estuary compared 

to Shirakawa estuary, which seemed related to 

the slightly more anaerobic conditions with 

higher amounts of organic matter. However, 

Gammaproteobacteria in the sediment of 

Shirakawa-river estuary in May was not so high, 

the low value of organic matter was observed at 

both hightide and lowtide positions, as well. 

Season Location of 

estuaries 

Tide 

level 

Altitude 

T.P. (m)
 

pH 

 

NaCl 

(%) 

ORP 

(mV) 

Organic matter 

(mg/g-dry sediment) 

Median particle 

�]Ì��~�u� 

Mud 

content 

(%) 

May Shirakawa 

 

High +1.494 N.M. N.M.
 

210 6.3 143.4 31.8 

Low -0.476 7.78 1.97 180 23.7 99.4 47.6 

Midorikawa 

 

High +0.553 7.68 0.76 -72 69.6 20.3 85.1 

Low -0.833 8.60 1.34 -40 98.1 11.6 98.9 

Jan Shirakawa 

 

High N.M. N.M. N.M. 231 12.4 76.1 49.7 

Low N.M. 7.55 0.60 227 14.7 40.9 59.4 

Midorikawa 

 

High N.M. 7.81 0.30 -113 47.2 42.9 67.8 

Low N.M. 7.54 0.33 -21 76.5 17.9 86.0 



 

J.Exp. Life Sci. Vol. 6 No. 2, 2016  ISSN. 2087-2852 

  E-ISSN. 2338-1655 

66 Microbial Community Composition in Midorikawa and Shirakawa River 

(Liem et al.) 

The ratios of Alphaproteobacteria, Actino- 

bacteria, and Bacteroidetes were higher in May 

than in January, possibly due to greater photo- 

trophic production of organic compounds and 

subsequent aerobic degradation. In January, the 

ratio of Gammaproteobacteria at the low tide 

position was higher than that at the high tide 

position. While in May, the ratio of Gamma- 

proteobacteria at the high tide position was 

higher than that at the low tide position. 

Although, the organic matter values at low tide 

positions were always higher than those at high 

tide positions. 

Additionally, many Gammaproteobacteria 

clones were detected at the low tide position in 

the Midorikawa estuary, though they were 

uncultured bacteria. 

 
Table 2. Closely related phylum or class for the detected clones as determined by homology analysis
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Figure 3. Comparison of microbial communities in different sediment compositions (muddy, Midorikawa; sandy, Shirakawa), at 

different seasons, and at different tidal positions. Patterns indicating clones: solid, Deltaproteobacteria; dotted, 

Firmicutes; right-down diagonals, Chloroflexi; vertical stripes, Epsilonproteobacteria; wavy lines, Alphaproteobacteria; 

hatching, Betaproteobacteria; open, Gammaproteobacteria; stitched, Bacteroidetes; left-down diagonals, 

Actinobacteria; horizontal stripes, Acidobacteria; checkmarks, Nitrospirae; rectangular blocks, Verrucomicrobia; 

diamonds, Cyanobacteria; dashes, Thermotogae. 

  

Sampled season May January 

Place of estuary Midorikawa Shirakawa Midorikawa Shirakawa 

Tide level position High Low High Low High Low High Low 

Deltaproteobacteria 3 3 1 0 7 4 2 2 

Firmicutes 1 1 0 1 1 2 2 0 

Chloroflexi 1 3 5 3 6 1 2 4 

Epsilonproteobacteria 0 0 0 0 0 1 1 0 

Alphaproteobacteria 4 2 4 10 7 4 4 3 

Betaproteobacteria 0 0 0 0 0 1 1 1 

Gammaproteobacteria 10 6 4 1 4 18 2 9 

Bacteroidetes 2 6 5 2 1 1 2 1 

Actinobacteria 1 0 4 7 3 1 6 1 

Acidobacteria 1 2 1 0 6 2 4 4 

Nitrospirae 0 2 0 1 0 1 1 1 

Planctomycetes 1 0 2 1 2 0 0 2 

Verrucomicrobia 1 0 1 0 0 0 0 1 

Cyanobacteria 2 0 0 0 1 1 1 0 

Thermotogae 0 0 0 2 0 0 0 0 

TOTAL 27 25 27 28 38 37 28 29 
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Phylogenetic Tree Analysis of Bacterial 

Communities 

Phylogenetic trees of dominant groups were 

constructed. The phylogenetic tree of the major 

group, Gammaproteobacteria, is shown in Fig. 4. 

Many clones were most similar to uncultured 

bacteria. Among them, 22 clones in Gamma- 

proteobacteria were close to Pseudomonas sp. 

(AB013829) isolated from deep-sea sediment 

[13], and were mainly observed in the 

Midorikawa estuary. Eight clones were similar to 

Kangiella aquimarina (NR025801), which was 

isolated from tidal flats of the Yellow Sea [14]. K. 

japonica was also isolated from coastal seawater 

and sediment samples in the Sea of Japan, Russia 

[15]. Some Gammaproteobacteria clones were 

related to Nitrosococcus oceani (AB474000) [16] 

and others were close to Haliea sp. [17,18]. 

However, two clones detected in January were 

true sulfur-oxidizing bacteria (SOB) [19]. The 

phylogenetic tree for Deltaproteobacteria is 

shown in Fig. 5. All clones appeared to be SRB, 

and could be divided into 6 groups based on 16S 

rRNA gene sequences [20]. Desulfotomaculum 

group was not detected and 5 other groups were 

detected. It showed same results of isolated SRB 

from estuarine sediment in Japan [21]. All 7 

clones grouped in Desulfosarcina, Desulfococcus, 

and Desulfonema were detected in May as well 

as in January. 

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Neighbor-joining tree of Gammaproteobacteria clones based on partial 16S rRNA gene sequences 
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Figure 5. Neighbor-joining tree of Alphaproteobacteria clones based on partial 16S rRNA gene sequences 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Neighbor-joining tree of Deltaproteobacteria clones based on partial 16S rRNA gene sequences 
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The SRB communities in the Midorikawa and 

Shirakawa estuaries were quite diverse. 

However, SRB were detected mainly in the 

Midorikawa estuary and were observed to a 

greater extent in January and at the high tide 

position. About 10% of the analyzed clones were 

SRB (Fig. 3), but few SOB clones were detected 

(Fig. 4), even though in an environmentally 

conserved tidal flat the hydrogen sulfide 

generated by SRB would likely be oxidized by 

SOB.  

Anaerobic, facultatively anaerobic, and 

aerobic bacteria were observed in not just 

Proteobacteria, but also in the Chloroflexi group. 

However, in Actinobacteria and Bacteroidetes 

only aerobic bacteria were observed in both 

estuaries, both seasons, and both tidal positions 

(data not shown). Many of the identified clones 

were similar to salt-tolerant genera such as 

Ilumatobacter [22] and Aestuariicola [23]. The 

results presented here suggest that not only 

aerobic SOB, but also anaerobic phototrophic 

purple bacteria and anaerobic SRB might coexist 

in the top 5 cm of the sediments in the Shirakawa 

and Midorikawa.  

At those conserved tidal flats, the ratio of 

Gammaproteobacteria and Alphaproteobacteria 

were higher than that of Deltaproteobacteria, 

the hydrogen sulfide producer. In comparison, at 

another location in Japan which is functionalized 

for intensive shellfish aquaculture, Deltaproteo-

bacteria were detected as the most abundant 

[24]. Abundance of Deltaproteobacteria is stimu-

lated by high content of organic matter and thus 

leads to enhancement of hydrogen sulfide pro-

duction by the bacteria.  

 

CONCLUSION 

According to 16S rRNA, the bacterial commu-

nity was found in high diversity with many clones 

close to uncultured strains in the tidal flats.  

Complex material cycles involving aerobic and 

anaerobic activities may mostly exist in the sur-

face layer of sediment which was mainly per-

formed by the abundant Gammaproteobacteria. 

The dominance of Gammaproteobacteria over 

anaerobic Deltaproteobacteria can be an indica-

tor for unspoilled tidal flats. 
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