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Abstract 
 
Acetates possess broad utility across diverse sectors including food, industry, concrete 

production, and medical applications. In this study, two different Winogradsky 

columns were prepared from muddy waters collected from Lake Akkaya (Nigde-

Turkiye).  Acetate was used as substrate in one of two mineral media in order to 

understand its impact on microbial inoculant from column under light and at room 

temperature for metagenomic studies.  The results indicated that, the 

supplementation of acetate limited the growth of several members of the 

Proteobacteria phylum and reduced overall microbial diversity. Conversely, it has 

promoted the growth of various phototrophic and photoheterotrophic bacteria, 

particularly purple non-sulfur photosynthetic bacteria. In the absence of acetate, the 

most dominant bacterial species were Phyllobacterium members (34.97%), 

Aquimonas (13.32%), and Pandoraea (9.78%) respectively. In the acetate-

supplemented medium, Rhodoplanes (35.15%), Pelolinea (25.53%), and Tiocapsa 

(6.87%) were predominant. These findings suggest that acetate promoted the growth 

of photosynthetic purple bacteria capable of utilizing aromatic compounds, indicating 

potential environmental benefits. Furthermore, acetate-supplementation may 

improve the efficiency wastewater treatment processes. 

 

Introduction 
 

Our planet hosts numerous micro- and 
macrohabitats, with microorganisms—the cement of 
life—displaying remarkable diversity and performing a 
variety of functions. The greater the diversity of 
habitats, the more adaptable the microorganisms they 
harbor, which are crucial for environmental and human 
health, as they help maintain soil and water ecosystems 
quality. However, the anthropogenic activities have 
caused significant pollution in water and soil habitats 
prompting numerious studies aimed at enhancing soil 
fertility and removing pollutants from water (Puyol et 
al., 2020; Ayilara and Babalola, 2023; Dehkordi et al., 

2024; Gavrilas et al., 2025). Healthy mineral cycles 
directly influence water and soil health and indirectly 
affect the entire ecosystem. Our understanding of the 
continuous interactions among living organisms 
expands, metagenomic approaches have become 
increasingly important for uncovering microbial 
diversity across various habitats, many previously 
unknown microorganisms. These studies facilitate the 
identification of specialized microbial groups and 
species as well as a better understanding of their 
ecological functions. Furthermore, the effects of 
chemicals such as acetate- used in waste treatment and 
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soil fertility- on microbial community structure, are 
being actively investigated (Heifetz et al., 2000; Majeed 
et al., 2021; Zielinski et al., 2022). 

Metagenomic studies of diverse environmental 
samples, coupled with the reconstruction of bacterial 
and archaeal genomes from a wide range of habitats, 
provide valuable insights into microbial diversity and 
functional potential.  Large datasets from human, 
animal, and environmental metagenomes have been 
analyzed to document their metabolic, and functional 
properties, expanding our knowledge of bacterial and 
archaeal phylogenetic diversity. Nevertheless, human 
activities, addition to various environmental factors, 
significantly influence the microbial composition of 
habitats (Meziti et al., 2016; Li et al., 2019; Zhang et al., 
2021) in addition to the many different environmental 
factors.  

In this study, samples were collected from Lake 
Akkaya, located near the university campus (latitude 
37°55' N and longitude 34°37' E), which is used for 
irrigation. Lake Akkaya is occasionally exposed to 
domestic industrial waste, negatively affecting 
environmental health and local biota.  It also hosts over 
2000 bird species, includind flamingos, at certain times 
of the year (Kocalar, 2025). 

Muddy water samples from different parts of the 
lake were used to investigate the effects of acetate on 
microbial communities. The study also examined 
whether acetate supplementation could enhance the 
growth of purple non-sulfur bacteria. These bacteria can 
utilize acetate as a carbon source, aiding in the removal 
of various xenobiotic compounds (Çelik et al., 2012; 
Allegue et al., 2020; Öztürk et al., 2020; Abdullah et al., 
2021).  

Recent metagenomic studies have significantly 
advanced our understanding of microorganisms in 
diverse habitats. In this study, we examined the 
selective effects of acetate on microbial communities in 
muddy water under light conditions.  Metagenomic 
analysis aimed to identify bacterial groups and species 
capable of utilizing or tolerating acetate, providing 
insights that could improve the efficiency of wastewater 
treatment processes. 

Materials and Methods 
 

Muddy water samples were collected from 
different regions (about 1.0 m deep region of Lake 
Akkaya and, samples were mixed in one bottle. Then the 
muddy water mixed was used for Winogradsky column 
preparation. The Winogradsky column was incubated at 
room temperature (~25 °C) under the normal sun light 
period for three months. After this period, 10 ml from 
Winogradsky column were inoculated to each 140 ml 
screw-capped bottles.  These bottles were incubated at 
35°C under a 100-watt light for 55 days. Then the growth 
in the bottles were measured as biomass (g /L) end of 
the period. The biomass was used for metagenomic 
studies.  

Chemicals and culture media 
Two bottles from Winogradsky columns were 

prepared: one supplemented with sodium acetate (1.0 
g/L) and one bottle without acetate. Two samples from 
Winogradsky columns were cultivated in 140 ml bottles 
containing mineral medium. Bottles containing mineral 
medium with or without acetate were prepared in 
parallel sets. The mineral medium content (g/L) was 
prepared by using the following: NaHCO3 3.0 g; 
(NH4)2SO4 1.0 g; CaCl2∙H2O 0.1 g; NaCl 1.0 g; KH2PO4 1.0 
g; MgCl2∙6H2O 0.5 g; 1.0 ml of the trace element and 
vitamin mixture was added (Çelik et al., 2012). One g/L 
sodium acetate was added to the media as a carbon 
source for the test bottles. 

Measurement of biomass production 
At the end of the growth period, each bottles 

containing microbial culture was transferred to sterile 
tubes for centrifugation (5000 rpm, 10 min), and then 
the biomass of each culture (with and without acetate) 
was measured. 0.1 gram of each pellet was used for 
metagenomic studies. 

Molecular and metagenomics analysis 
The molecular and bioinformatic analyses were 

conducted as previously described in similar microbial 
community studies (Cebeci et al 2016, Kavaleuskaya et 
al 2026). Molecular and metagenomic analyses were 
conducted at BM Laboratory Systems (Ankara, Turkey). 

DNA Isolation and Quality Control: Total genomic 
DNA was extracted from the samples using 
GeneMATRIX Soil DNA Purification Kits (EURx Ltd., 
Poland) according to the manufacturer's instructions, 
optimized for high-inhibitor environmental matrices. 
The quantity and quality of the extracted DNA were 
meticulously assessed using a Qubit 4.0 Fluorometer 
(Thermo Fisher Scientific, USA) with the dsDNA High 
Sensitivity (HS) Assay Kit for precise fluorometric 
quantification. DNA integrity and molecular weight 
molecular size distribution were verified via 0.8% 
agarose gel electrophoresis prior to library preparation 
to ensure high-molecular-weight genomic DNA 
presence. 

Amplicons targeting the V3–V4 hyper-variable 
regions of the bacterial 16S rRNA gene were amplified 
using the specific primer pair 341F (5’-
CCTACGGGNGGCWGCAG-3’) and 805R (5’-
GACTACHVGGGTATCTAATCC-3’). Following the initial 
amplification, Illumina dual indexes and sequencing 
adapters were incorporated into the amplicons using 
the Nextera XT Index Kit (Illumina, USA). The resulting 
sequencing libraries were quantified using real-time PCR 
(qPCR) for absolute molarity determination, 
subsequently normalized to 4.0 nM, and pooled in 
equimolar ratios. Sequencing was performed on the 
Illumina NovaSeq 6000 (or NovaSeq X Plus) platform 
using NovaSeq Reagent Kits (Illumina, San Diego, CA, 
USA) utilizing a 2 × 300 bp paired-end sequencing-by-
synthesis approach. 
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Figure 1. Taxonomic composition of consortium G based on relative abundance (%) > (Genera with relative abundance < 2.0% are 
grouped as "Others"). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Comprehensive bioinformatic processing of the 
raw dataset was performed within a Linux environment. 
Initial quality assessment of the raw paired-end reads 
(FASTQ format) was executed using FastQC (v0.12.1). 
Raw reads were processed for quality filtering, adapter 
trimming, and denoising; low-quality reads (Phred score 
< 20), primers, and barcodes were removed. Chimeric 
sequences were identified and discarded, and high-
resolution Amplicon Sequence Variants (ASVs) were 
generated using the DADA2 (v1.28) pipeline (Callahan et 
al., 2016). Taxonomic classification of the resulting ASVs, 
along with alpha and beta diversity analyses, were 
conducted within the QIIME2 (v2023.5) pipeline (Bolyen 
et al., 2019) against the GreenGenes database. 

Results and Discussion 
 

Photosynthetic microorganisms need light, but 
many can also use organic compounds through 
mixotrophic or photoheterotrophic pathways. Besides 
acting as primary producers, they break down a wide 
variety of organic substances and thus play an important 
role in biogeochemical cycles. These abilities are useful 
in areas such as bioremediation and bioenergy. Acetate, 
a simple organic compound, is especially important 
because it improves nutrient availability in soils and 
serves as an easily usable carbon and electron source for 
anoxygenic photosynthetic bacteria, including 
hydrogen-producing purple non-sulfur species (Barbosa 
et al., 2001; Fischer and Kuzyakov, 2010). 

In this study, two microbial consortia were 
obtained from a mud sample: consortium G, grown in 
mineral medium without acetate, and consortium Ga, 
grown in mineral medium with acetate. Cultivating 
bacteria under light with added acetate allowed us to 

examine its effect on microbial community composition. 
The impact of acetate was analyzed at different 
taxonomic levels (phylum to species) using 
metagenomic methods. Results were compared across 
phylum, genus, and species (Figures 1–6). Taxa with 
abundances greater than 2.0% were evaluated 
individually, while those below this level were grouped 
as "others."  

Dominant taxa in consortium G (Asetate-Free) 
At the phylum level in the G consortium (Figures 1-

2), the three groups with abundances greater than 2.0% 
are: Proteobacteria, Bacteroidetes, and Firmicutes. 

In the consortium G, three phyla, nine orders, and 
twelve genera with abundances above 2.0% were 
detected. The total proportion of the “others” group in 
the G consortium was higher than that in the Ga 
consortium across all taxonomic levels, indicating 
greater diversity (Figures 1 and 2). At the genus level, 
twelve genera exceeded 2.0% abundance, while those 
included in the “others” group accounted for a total of 
17.84%. The genus Phyllobacterium showed the highest 
abundance at the species level (34.97%). Similarly, the 
species Phyllobacterium brassicacearum was the most 
dominant, with an abundance of 34.97%.  

P. brassicacearum is a soil bacterium commonly 
associated with the roots of Brassicaceae plants, such as 
cabbage and mustard. It plays a crucial role in plant 
growth and soil nutrient cycling (Larcher et al., 2008). 
The abundance of these bacteria is thought to be due to 
the production of cabbage and similar crops in the 
region. This suggests that rain and irrigation waters 
transfer nutrients and microbial populations from the 
soil to nearby water sources, thus affecting the microbial 
population of Lake Akkaya.  
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Figure 2. Taxonomic analysis using Krona plots. The plots demonstrate the relative abundance (%) of bacterial taxa from phylum to 

species level for consortia G (left) and Ga (right). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 shows that another significant species, 
Aquinimonas voraii and Pandoraea faecigallinarum 
have abundance of approximately 13% and %10 
respectively in the consortium G.  

Dominant taxa in consortium Ga (acetate-
supplemented) 

Consortium Ga shows a significantly different 
distribution than Consortia G: In Ga, the most abundant 
species is Pelolinea submarina, comprising 26% of the 
total abundance. This species belongs to the phylum 
Chloroflexi and the order Anaerolineales. However, 
Rhodoplanes oryzae, Rhodoplanes piscinae, and 
Thiocapsa bogorovii at 17%, 18%, and 7% are dominant 
species, belonging to the class Alphaproteobacteria 
(Figures 2 and 3).  

Moreover, in the consortium Ga developed in the 
acetate-suplemented medium, a distinct taxonomic 
distribution was observed (Figure 3). The dominant 
phyla included Proteobacteria, Chloroflexi, Firmicutes, 
and Bacteroidetes. As shown in Figures 2 and 3, unlike 
in the G consortium, members of the Chloroflexi phylum 
appeared specifically in response to acetate 
supplementation, which imposed selective pressure and 
enriched microorganisms capable of utilizing this 
substrate. The consortium Ga shows a significantly 
different distribution than the consortium G. 

In the Ga consortium, six orders, nine genera, and 
eight species were identified as major groups with 
abundances above 2.0%. The most predominant order 
was Rhizobiales (39.29%), the dominant genus was 
Rhodoplanes (35.15%), and the most abundant species 
was Pelolinea submarina (25.53%). P. submarina is a 
filamentous, obligate anaerobic bacterium belong to the 
phylum Chloroflexi, originally isolated from deep-sea 
sediments, where its development is influenced by the 
presence of acetate (Imachi et al. 2019; Pan et al., 2023). 
They reported that this species, obtained from deep-sea 
sediments, represented a novel species that produced 
acetate as a minor by-product during growth. This 
finding suggests that acetate-utilizing bacteria 
contributed to the observed community structure, as 
the total abundance of Rhodoplanes members capable 

of using acetate at both genus and species levels in the 
Ga consortium was higher than that of P. submarina 
(Figures 2 and 3). P. submarina was also detected in Lake 
Akkaya, where the water depth is approximately 18 
meters. Its presence may be explained by excessive 
domestic and industrial waste inputs, which likely 
created strictly anaerobic conditions in the bottom 
sediments, thereby enabling this bacterium to thrive.  

Impact of acetate on bacterial diversity 
Figures 2 and 3 show that the presence of acetate 

promotes the growth of purple sulfur and purple non-
sulfur photosynthetic bacteria, which are known to 
utilize this compound as a carbon source. Members of 
the genera Rhodoplanes and Thiocapsa were enriched, 
with their proportions increasing significantly in the Ga 
consortium. Within Rhodoplanes, two species (R. oryzae 
and R. piscinae) belonging to the purple non-sulfur 
photosynthetic group, were dominant. R. piscinae was 
first isolated and described as a distinct species by 
Chakravarthy et al. (2012). This bacterium is notable for 
its ability to efficiently produce hydrogen gas when 
grown on acetate and molasses (Canpolat and Öztürk, 
2022). The abundance of the purple sulfur bacterium T. 
bogorovii in the consortium Ga was lower than that of R. 
oryzae (17.58%) and R. piscinae (16.53%). These 
anoxygenic phototrophic purple bacteria utilize acetate 
as a carbon source and thrive in such environments 
(Okubo et al., 2006).  

Understanding the relative abundance of bacterial 
species is essential for ecological research and 
biotechnological applications including removal of 
pollution and biodegradation studies. The results 
presented in the heatmap (Figures 4, 5 and Table 1) 
illustrate the relative abundance of various bacterial 
genera and species in both consortia. Figure 4 shows 
that the supplementation of acetate causes a dramatic 
difference in the abundance of bacterial genera and 
affects the bacterial diversity in the population. Figure 5 
also shows the similar effect at the species level. 

Table 1 lists the bacterial genera and the relative 
abundances observed in each consortium alone, and the 
genera and the relative abundances observed in both 
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Figure 3. Taxonomic composition of consortium Ga based on relative abundance (%) > (Genera with relative abundance < 2.0% are 
grouped as "Others"). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

consortia. The most abundant genera in sample G were 
Phyllobacterium (34.97%), Aquimonas (13.32%), and 
Pandoraea (9.78%). In contrast, sample Ga was 
dominated by Rhodoplanes (35.15%) and Pelolinea 
(25.53%). In addition, both consortia G and Ga contain 
the genera Thiocapsa and Proteiniphilum. Genus 
Thiocapsa is member of the purple sulfur bacteria. 
Thicapsa was categorized belong to the purple sulfur 
bacteria, in which neither tricarboxylic acid cycle 
functions, by its ability to consume few organic 
compounds and usually only as additional carbon 
sources. Its species T. bogorovii has the glyoxylate cycle 
genes required for the assimilation of acetate as the only 
source of organic compounds (isocitrate lyase and 
malatesynthase) are present in the genome of T. 
bogorovii (Tourova et al., 2009; Petushkova et al. 2024).  

However, Proteiniphilum is a bacterial genus 
capable of syntrophic acetate oxidation. According to 
Feng et al. (2022), Proteiniphilum was likely one of the 
acetate oxidizers in the community in acetate-degrading 
anaerobic reactor, contributing to syntrophic acetate 
oxidation, H2 production, and electron transfer. 
However, Proteiniphilum was shown to have strong 
ammonia tolerance and, together with some bacteria, 
played critical roles in acetate degradation under 
ammonia-depressed conditions. Therefore, two 
bacterial genera were found in both consortia due to the 
ability to use of acetate. 

Members of genus Aquimonas were relatively 
abundant in the consortium G (13.32%) but decreased 
substantially to less than 2.0% in the consortium Ga. 
Notably, Saha et al. (2005) reported the first isolation of 
Aquimonas voraii from a hot spring in Assam, India, and 
demonstrated that this species can only grow on media 
containing starch and gelatin, but not sugars. 

Comparison of the consortia and biomass production 
A comparison at the phylum level and in terms of 

biomass clearly illustrates the selective effect of acetate 
on microbial diversity, as shown in Figure 6. 

In Figure 6, although acetate showed an overall 
limiting effect on both consortia at the phylum level, and 
it positively enriched members of the Chloroflexi 
phylum due to substrate selectivity. However, the 
supplementation of acetate exerted a discernible 
positive effect on the increasing of biomass. Specifically, 
it fostered an increase in the relative abundance of 
bacteria capable of utilizing acetate as both a carbon 
and energy source, which subsequently resulted in an 
augmented total biomass yield.  

As depicted in Figure 6, Proteobacteria remained 
the most dominant phylum in both consortia, with the 
relative abundances of 83.18% and 52.1% in the G and 
Ga consortia, respectively. Imhoff et al. (2021) reported 
that this phylum is highly diverse, comprising members 
with a wide range of metabolic properties, including 
facultative or obligate anaerobes, as well as 
chemoautotrophs and photoheterotrophs. Members of 
Proteobacteria are ubiquitous in nature and can 
proliferate in aquatic environments influenced by 
anthropogenic impacts, pollution, or even weather 
events. They are also commonly found in acidic habitats 
and in environments rich in organic carbon sources 
(copiotrophic conditions) (Govindarajan et al., 2022). 

Bacterial taxa differ in their growth strategies: 
copiotrophs are adapted for rapid growth in nutrient-
rich environments, whereas oligotrophs persist under 
nutrient-limited conditions. In this context, members of 
the Chloroflexi phylum are generally considered 
oligotrophic taxa adapted to carbon-limited 
environments, in contrast to carbon-rich habitats such 
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Figure 4. Heatmap showing the distribution of different bacterial genera in both consortia (G and Ga). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Heatmap showing the distrubution of different bacterial species in both consortia (G and Ga). 

as surface layers, rhizospheres, or glucose-rich soils 
(Dragone et al., 2024). In the present study, Chloroflexi 
members were not dominant in the consortium G, 
which originated from Lake Akkaya and contained 
abundant waste-derived carbon sources. By contrast, 
Chloroflexi in the consortium Ga, represented the 
second most abundant phylum, following 
Proteobacteria. A possible explanation is that the slower 
growth rate and specific ecological requirements of 
Chloroflexi—such as light availability, anaerobic 
conditions, and particular carbon and energy sources— 
limited their growth in the consortium G. In the phylum 
Chloroflexi, Prevotella copri- a species of the intestinal 
microbiota linked to both beneficial and harmful effects 
on human health- was found at 3.03% relative 
abundance (Tett et al., 2019; Abdelsalam et al., 2023). 
Under the conditions provided in the consortium Ga, 
these requirements may have been better satisfied, 
 

enabling their populations to expand to detectable 
levels. The purple non-sulfur photosynthetic bacteria 
that were abundant in the consortium Ga also require 
light, and can employ diverse metabolic pathways. They 
are capable of mineralizing various organic aromatic 
compounds that are otherwise difficult to degrade in 
nature (Çelik et al., 2012; Wu et al., 2012; Abdullah et 
al., 2021). According to Lin et al (2018), Rhodoplanes 
species can degrade pesticides such as atrazine, and 
Zhang et al. (2023) reported their presence at high levels 
in consortia involved in lignin degradation in 
wastewater. Moreover, members of anoxygenic 
phototrophic purple non-sulfur bacteria, including 
genera such as Rhodobacter and Rhodopseudomonas, 
are known to degrade a wide range of organic 
xenobiotic compounds (Çelik et al, 2012; Dhar et al., 
2023). 
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Table 1. Relative abundance (%) of genera in G and Ga consortia 
G Ga Genera present in both consortia  

Genus Relative 
abundance (%) 

Genus Relative 
abundance (%) 

Genus G Relative 
abundance (%) 

Ga Relative 
abundance (%) 

Phyllobacterium  34,97 Rhodoplanes  35,15 Thiocapsa  2,82 6,87 
Aquimonas  13,32 Pelolinea  25,53 Proteiniphilum 2,77 2,33 
Pandoraea  9,78 Clostridium  5,82    
Aquamicrobium  3,81 Prevotella  3,24    
Nitrosomonas  3,15 Thauera 2,8    
Terrimonas  2,71 Bacteroides  2,39    
Sporacetigenium  2,51 Blastochloris  2,19    
Paracoccus  2,15 Others*  13,69    
Oligotropha  2,15      
Devosia  2,02 

 
    

Others*  17,84 
 

    
* Total rate of genera below 2.0 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Relative abundance (%) of microbial phyla and total biomass in both consortia. 
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In this study, the phylum Firmicutes was detected 
at 4.93% in the consortium G and 9.52% in the 
consortium Ga. Firmicutes are commonly associated 
with the human digestive system but are also present in 
diverse aquatic habitats, including freshwater lakes, 
rivers, and both polluted and unpolluted streams. 
Previous studies have shown that Firmicutes are often 
among the dominant bacterial groups in human fecal 
samples, whereas in cattle feces, Firmicutes and 
Bacteroidetes are frequently predominant (Stoppe et 
al., 2017). Other studies further indicate that the 
dominant phyla in the human gut include 
Proteobacteria, Firmicutes, Actinobacteria, and 
Bacteroidetes (Aggarwal et al., 2023). Taken together, 
these findings suggest that the microbial diversity of 
Lake Akkaya may be influenced by domestic discharges, 
occasional industrial effluents, and the presence of 
various bird species. 

Conclusion 
 

As a result of this metagenomic study, the bacterial 
diversity in Lake Akkaya was determined to be 
significantly high. This extensive diversity is 
hypothesized to result from two main factors: the lake's 
location along bird migration routes, serving as a 
sanctuary for numerous avian species, and its 
concurrent use as a discharge point for urban and 
industrial effluent. 

Metagenomic analyses of the Lake Akkaya seabed 
sediments revealed a substantial relative abundance of 

bacteria. A comparative assessment of the identified 
phyla, orders, genera, and species yielded the following 
results: The consortium G: Three distinct phyla, nine 
orders, 16 different genera, and 12 species were 
identified, all demonstrating a relative abundance 
exceeding 2.0%. The dominant genera in this 
consortium were Phyllobacterium, Aquimonas, and 
Pandoraea. The most representative species included 
Phyllobacterium brassicacearum, Aquimonas voraii, and 
Pandoraea faecigallinarum. In the consortium Ga: Four 
phyla, six orders, nine different genera, and eight 
different species were detected. The dominant genera 
were Rhodoplanes and Pelolinea. The main dominant 
species were Pelolinea submarina, Rhodoplanes oryzae, 
Rhodoplanes piscinae, and T. bogorovii.  

The supplementation of acetate to the growth 
medium successfully enriched anaerobic photosynthetic 
purple bacteria. This outcome demonstrates that the 
addition of acetate can be effectively employed for the 
selective enrichment of specific bacterial groups. 
Consequently, acetate supplementation holds potential 
for use in the enrichment of certain bacteria that could 
be utilized for bioremediation in wastewater-
contaminated environments, thereby facilitating a more 
effective treatment process. 
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