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Abstract 

Corbicula fluminea is a freshwater clam that is served as a popular traditional food in 
Kelantan, Malaysia. However, there are limited studies that report on high quality bacterial 
metagenome deoxyribonucleic acid (DNA) from C. fluminea. Therefore, this study 
compares the effectiveness and efficiency of conventional cetyltrimethylammonium 
bromide (CTAB) protocol, a commercial kit, and modified CTAB protocol for bacterial DNA 
extraction from the soft tissue surface of raw C. fluminea. The instruments used to examine 
the quality of the extracted bacterial DNA were DeNovix DS-11 spectrophotometer, gel 
electrophoresis machine, and UV transilluminator. The results showed that the bacterial 
DNA extracted from modified CTAB protocol had the highest purity and integrity with the 
A260/A280 ratio of 1.92 ± 0.01 and A260/A230 ratio of 1.83 ± 0.06 as well as the DNA band with 
minimum smear. This concludes that modified CTAB protocol is the best approach for the 
bacterial extraction from the C. fluminea. 

Keywords: Corbicula fluminea, high quality DNA, modified CTAB, bacterial metagenome 
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INTRODUCTION 

Corbicula fluminea is a freshwater clam that lives in sandy 

substrate and can be found in rivers in Malaysia. “Etak salai”, a popular 

snack that is commonly consumed in Kelantan, Malaysia is prepared 

by smoking C. fluminea. Sold as street food in Kelantan, this snack has 

become the source of the income for the local residents [1]. However, 

health concern is raised among locals as this food is associated with 

diarrheal cases outbreak which is caused by river pollution [2]. The 

polluted river is suspected in contributing the pathogenic bacteria and 

non-pathogenic bacteria that adhered in C. fluminea soft tissue. The 

bacterial community in the C. fluminea tissue is yet to be known.  

Conventional bacterial culture methods are often used to identify 

types of bacteria in environmental samples. Unfortunately, the bacteria 

that can be cultured in the standard media in the laboratory are only a 

small fraction of the total diversity that exists in nature [3]. Nowadays, 

culture-independent techniques in assessing microbial diversity have 

replaced the conventional culture-based approaches since the modern 

approach is less biased in determining the true diversity and also less 

labor intensive compared to the conventional culture-based method [4]. 

Therefore, metagenomics sequencing on 16S rRNA gene is the solution 

to the unculturable bacteria. By using this advanced technology, 

researchers can profile the entire microbial community in complex 

environmental samples easily and quickly without the need for 

morphological identification [5]. 

The extraction of high molecular weight bacterial community DNA 

and efficient metagenomics sequencing are indispensable. Bacterial 

community DNA extraction is a process by which DNA is obtained 

from multiple bacterial species within a community during a single 

extraction. Since not all bacteria cells are lysed in the same way, thus 

populations that are easily lysed may be overrepresented by biased 

DNA extraction method [6]. Researchers have found that biasness 

exists in community analyses based on different DNA extractions, even 

when extraction kits are used [7, 8]. Proper DNA extraction protocol 

can retain the integrity of the extracted DNA by lysing the 

heterogeneous bacterial cells without degrading the DNA quality [9]. 

Hence, the extraction of bacterial DNA is crucial in order to obtain high 

yield and high purity bacterial DNA, besides producing less bias 16S 

rRNA sequencing results. The efficient extraction of bacterial DNA can 

also eliminate PCR inhibitors including salt, ionic detergent, 

proteinase, polysaccharides, residual ethanol, and phenol that cause the 

failure of nucleic acid amplification.  

In this study, the bacterial genomic DNA was isolated from the soft 

tissue surface of the raw C. fluminea. Previous studies focused on the 

bacterial contamination from the gut and soft tissue of the clam and 

oyster [10, 11, 12]. Besides, several studies had been conducted to 

compare the DNA extraction on the environmental samples [13, 14]. 

To date, no study has performed bacterial DNA extraction from C. 

fluminea, especially the bacteria from their soft tissue surface of clam. 

The whole bacteria have been isolated from the soft tissue surface, 

instead of from the gut because the bacteria in the gut were reported to 

be bio-processed, especially Escherichia coli [15]. Gomes and his team 

[15] analyzed the biofiltration ability of C. fluminea to remove bacteria 

in water. They reported C. fluminea was effective to remove the 

bacteria in water and 98% of the E. coli was found to be bio-processed 

in C. fluminea gut and soft tissue. Besides, in Kelantan, C. fluminea has 
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the risk of being exposed to unhygienic seller handling, smoking, and 

selling sites which also affect the bacterial community on the soft tissue 

surface of the clam. For example, unhygienic handling transferred the 

bacteria from the sellers to the clams which are frequently reported as 

the cause of food poisoning in consumers [16].  

 Hence, this study aimed to compare the DNA extraction 

performance between modified cetyltrimethylammonium bromide 

(CTAB) protocol using conventional CTAB protocol and one of the 

selected commercial kit on soft tissue surface of C. fluminea. The 

quantity and quality of extracted bacterial DNA were evaluated 

together with the estimation of time consumption and costs per 

preparation for each method.  

 

EXPERIMENTAL 
 

Sample collection  
Approximately hundreds of pieces of raw C. fluminea were 

obtained from the Golok River (6.0182967 N, 101.9712079 E) in 

Rantau Panjang, Kelantan. The samples were collected and sealed in a 

zip-lock bag, together with the river water. Then, the samples were 

preserved in a styrofoam box and sent to the Microbiology and 

Biochemistry Laboratory, Universiti Malaysia Kelantan Jeli Campus 

for the bacterial DNA extraction. 

 

DNA extraction 

The shell of the C. fluminea was opened using sterilized forceps 

and scalpel blade (Fig. 1A). Soft tissue of C. fluminea was run through 

with sterilized water and the water was collected using a sterilized glass 

petri dish (150 mm X 20 mm). These steps were repeated for fifteen 

pieces of C. fluminea randomly. The water contained total bacteria that 

populated on the soft tissues of C. fluminea. Then, the water was 

subjected to three bacterial genomic DNA extraction protocols (Fig. 

1B).  

 

 

 
 
Fig. 1 Overview of experimental design. A schematic diagram that shows 
how C. fluminea were processed for the bacterial genomic DNA 
extraction. 

CTAB protocol 
Bacterial DNA extraction with conventional CTAB protocol was 

conducted [17]. The water contained bacteria community was pipetted 

into 2 ml Eppendorf microcentrifuge tubes and centrifuged at 10,000 

rpm, for 5 minutes. DNeasy® Power Water® Kit 
Bacterial DNA was extracted using the DNeasy® Power Water® Kit 

(Qiagen, Hilden, Germany), according to the manual provided by the 

manufacturer. Membrane filters (0.45 µm) were used in this step. 

 

Modified CTAB protocol 
Exactly 1.5 mL of prepared water that contained bacteria 

community in petri dish was pipetted into 2 ml Eppendorf 

microcentrifuge tubes. The tube was centrifuged at 10,000 rpm for 5 

minutes and the supernatant was discarded. About 700 µL Tris-HCl-

EDTA (TE) buffer and 5 µL of 100 mg/ml lysozyme were added into 

the tube with pellet, mixed well, and incubated at 37 °C for 15 min. 

Then, 30 µL of 10% sodium dodecyl sulphate (SDS) and 3 µL of 20 

mg/mL proteinase K were added. The mixtures were mixed well and 

incubated at 37 °C for an hour. After that, 100 µL of 5M NaCl was 

added and mixed well. Around 80 µL of CTAB/NaCl solution was 

added into the mixtures and mixed well before they are incubated at 65 

°C for 10 minutes. Then, an equal volume of 24:1 chloroform/isoamyl 

alcohol (CIA) was added and flipped for 15 minutes.  The mixture was 

centrifuged at 14,500 rpm for 10 minutes. Three layers were formed. 

The upper layer of the mixture was transferred carefully to a new 2 mL 

microcentrifuge tube without touching the middle layer (junk layer). 

An equal volume of CIA was added again and flipped briefly. The 

mixture was centrifuged at 14,500 rpm for 10 minutes. Three layers 

were formed. The upper layer of the mixture was transferred to a new 

2 mL microcentrifuge tube. Exactly 0.6 volume of cold isopropanol was 

added. The tube rack was shaken until a stringy white DNA precipitate 

was visible. If the precipitate is not visible, the tubes should be 

incubated at -20 °C in a freezer for 15 minutes. Then, the tube was 

centrifuged at 14,500 rpm for 15 minutes. The supernatant was 

discarded and the DNA pellet was washed by adding 1 mL cold 70% 

ethanol. The DNA pellet was dislodged by flipping the tube a few times 

and kept in ice for at least an hour. The tube was then centrifuged at 

14,500 rpm for 5 minutes. Lastly, the pellet was air-dried until 

completely dried and dissolved in 100 µL TE buffer. The DNA pellet 

was placed in the chiller for a night or two nights until the DNA was 

completely dissolved. The DNA solution stored in the freezer at -20 °C 

(Fig. 2). 

 
 

Fig. 2 Schematic diagram for modified CTAB Protocol. 

 

Quantification of DNA yield and purity 
The spectrophotometric purity and yield of extracted bacterial 

DNA were quantified by the absorbance ratio using DeNovix DS-11 

Spectrophotometer [18]. The extracted DNA was quantified at an 

absorbance of 260 nm and 280 nm. Besides the 260/280 ratio, 260/230 

ratio is widely used as a secondary measure of DNA purity [19, 20]. 

The quality and fragmentation of the extracted bacterial DNA were 

examined using gel electrophoresis in 1% (w/v) TAE agarose gel 

electrophoresis (containing RedSafeTM Nucleic Acid Staining Solution) 

and visualized under the UV transilluminator. The results of each 

extraction method were compared in order to obtain good quality and 

high yield bacterial DNA from soft tissue surface of C. fluminea. 

 

Data analysis 

The quantification of bacterial DNA yield and purity were analyzed 

in triplicates. The data obtained were presented as mean ± standard 

deviation and data analyses were performed using Microsoft Excel 

2016.  
 

RESULTS AND DISCUSSION 
 

In this study, three different extraction methods (CTAB protocol, 

Qiagen DNeasy® Power Water® Kit, modified CTAB protocol) were 

applied to the whole bacteria on the raw C. fluminea soft tissue surface. 
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The bacterial DNA yield, purity, integrity, fragmentation, the duration, 

and cost of the DNA extraction protocols were analyzed. 

DNA yield and purity  
Based on the spectrophotometer results (Table 1), the A260/280 ratios

for all bacterial genomic DNA are found to be within the range of 1.45 

± 0.11 to 1.92 ± 0.01. For the yield, the highest concentration of DNA 

was obtained using Qiagen DNeasy® Power Water® Kit, followed by 

modified CTAB protocol and the conventional CTAB protocol.  

Table 1 DNA yield and purity comparison from three bacterial DNA 
extraction protocols. Bacterial DNA concentration, A260/A280 ratio, and 
A260/A230 ratio were calculated using the measurement from DeNovix DS-
11 Spectrophotometer. 

DNA 
Extraction 
Protocol 

Concentration of 
dsDNA (ng/μL)a 

Reading of 
A260/280 

Reading of 
A260/230 

CTAB 19.75 ± 10.95 1.45 ± 0.11 0.50 ± 0.07 

DNeasy®

Power 
Water® Kit 

211.38 ± 1.24 1.78 ± 0.04 2.06 ± 0.08 

Modified 
CTAB 

155.86 ± 1.78 1.92 ± 0.01 1.83 ± 0.06 

a* in 100 μL 

The extracted DNA was suitable for PCR reaction when the reading 

of the ratio of A260/280 of DNA range from 1.8 to 2.0 [21]. Based on 

A260/280 reading (Fig. 3.), the highest satisfactory of bacterial DNA 

result was obtained from the modified CTAB protocol (A260/280=1.92 ± 

0.01) followed by the yield from Qiagen kit (A260/280=1.78 ± 0.04). The 

DNA extracted from conventional CTAB was in a less satisfactory 

condition (A260/280=1.45 ± 0.11). This is supported by Djurkin Kušec et 

al. [22] who attained unsatisfactory results at A260/280 in their DNA 

extraction using the same conventional CTAB protocol. Meanwhile, 

Kuhn et al. [23] obtained slightly less satisfactory of A260/280 reading of 

DNA extraction from activated sludge and river sediment as well as 

from anaerobic digestion sludge and nitrifying sludge when 

conventional CTAB protocol was used. The low A260/280 ratio indicated 

the presence of contaminating protein or phenol. This is because 

residual protein and phenol strongly absorb the UV light from 

spectrophotometer at 280 nm that resulted in a low A260/280 ratio. It was 

observed that the conventional CTAB protocol in this study is unable 

to remove the residual reagent or protein during the DNA extraction.   

The A260/230 ratio of pure DNA is commonly within the range 

between 1.8 and 2.2 [18, 24]. In this study, A260/230 readings showed 

that highest satisfactory of bacterial DNA were obtained from Qiagen 

kit (A260/230=2.06 ± 0.08) and modified CTAB protocol (A260/230=1.83 ± 

0.06), followed by conventional CTAB protocol (A260/230=0.50 ± 0.07). 

The A260/230 ratio of bacterial DNA extracted by Qiagen kit and 

modified CTAB protocol were found within the range of 1.8 to 2.2, 

while A260/230 from conventional CTAB protocol was less than the ideal 

range. Low A260/230 found in the conventional CTAB protocol shows 

the presence of contaminants due to absorbance at 230 nm. The 

contaminant included salt, ethanol, and polysaccharide [25]. This low 

A260/230 ratio found in conventional CTAB protocol is supported by 
Nillian et al. [18] who obtained similar results using phenol-chloroform 

extraction method on bacterial DNA from saliva samples.  

In the case of modified CTAB protocol, the extracted bacterial 

DNA with high purity shows satisfactory A260/280 and A260/230 readings. 

This is because the modified CTAB protocol eliminated phenol to 

prevent contamination and reduce the hazard all at once since phenol is 

a carcinogenic substance [26]. Besides, after the addition of 

chloroform:isoamyl alcohol (24:1),  the nucleic acid is well separated 

from proteins and polysaccharides through centrifugation. In addition, 

the duration of ethanol washing was increased to at least an hour in the 

chiller. The prolonged washing period is important to eliminate all the 

salts in the leftover supernatant and salts that bound to the DNA pellet 

[27]. All of these steps result in the elimination of protein and residual 

reagents.  

Fig. 3 The bar chart shows the mean value and standard deviation 
reading of A260/280 for each extraction protocol using the DeNovix DS-11 
Spectrophotometer. A: CTAB protocol (Wilson, 2011); B: Qiagen 
DNeasy® Power Water® Kit; C: Modified CTAB protocol. 

DNA integrity and fragmentation 
The integrity and fragmentation of DNA bands for each extracted 

bacterial DNA were examined using gel electrophoresis (Fig. 4). Based 

on the gel electrophoresis results, the DNA bands appear very slightly 

in bacterial DNA that were extracted using conventional CTAB 

protocol. Meanwhile, a smear can be observed for the DNA extracted 

from Qiagen Kit. The DNA band is the clearest without any smear in 

the DNA extracted from modified CTAB protocol compared to other 

DNA bands. This showed that the bacterial DNA extracted from 

modified CTAB protocol is the best among these three methods, 

producing the highest integrity and purity of bacterial DNA [28]. The 

storage and handling processes for each sample had been done similarly 

to minimize the effects on quality of bacterial DNA. 

Fig. 4 Agarose gel electrophoresis of extracted bacterial DNA visualized 
using UV transilluminator. A: CTAB protocol (Wilson, 2011); B: Qiagen 
DNeasy® Power Water® Kit; C: Modified CTAB protocol. M: 1 kb DNA 
ladder; Lane 1: 1 µL of extracted sample; Lane 2: 3 µL of extracted 
sample; Lane 3: 1 µL of extracted sample; Lane 4: 3 µL of extracted 
sample; Lane 5: 1 µL of extracted sample; Lane 6: 3 µL of extracted 
sample. 

In a previous work, the DNA extracted using the Qiagen kit showed 

a little smear that indicating a certain level of degradation [29]. This is 

because the provided elution buffer does not contain EDTA and the 

DNA was susceptible to degradation with minimum freeze-thaw. When 

the elution buffer is used to elute DNA, the DNA solution needs to be 

preserved properly in the freezer (-20 °C to -80 °C).  

The modified CTAB protocol used lysozyme in the lysis steps to 

hydrolyze the peptidoglycan in Gram-positive bacteria cell walls in 

order to reduce biases within the bacterial community [30]. After the 

DNA pellet has been air-dried, the pellet was dissolved in TE buffer by 

placing the tube in the chiller overnight with no vortex and heating at 

all to ensure minimal shear and degradation of the DNA. The EDTA in 

TE buffer is a powerful metal chelating agent that is capable in 

protecting DNA from degradation by divalent-metal-dependent 
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nucleases [31]. The application of buffer on top of meticulous storage 

ensure that high quality DNA with minimal degradation can be 

obtained. Hence, DNA extracted from the modified CTAB protocol 

produced clear DNA bands without smearing. High quality DNA with 

minimal degradation reduces amplification failure that affects the 

metagenomics sequencing on 16S rRNA gene.  

The duration and cost of the DNA extraction protocols 
The detail of duration and cost range for each extraction protocol 

per preparation have been calculated (Table 2). Based on Table 2, the 

extraction kit costed the highest at RM 62.34 per preparation. 

Meanwhile, the CTAB and modified CTAB cost were almost the same 

at RM 6.55 and RM 6.25 per preparation, respectively.  The high cost 

of the extraction kit is probably owing to its highly efficient extraction 

process. Compared to other protocols, the extraction period using the 

kit was the fastest and can be completed within an hour. The CTAB 

protocol took 2 hours to complete the extraction, while the modified 

CTAB took the longest time, about 24 hours to 36 hours. Regardless of 

its time-consuming process, it is still the cheapest method that produced 

high quality DNA. Adding a silica bead binding step while using the 

kit would reduce the time spent, but the cost would be increased.  

Table 2 Duration and cost of each extraction method for one preparation. 
The duration and cost for chemicals, gloves, tubes and tips were 
calculated based on estimation.  

DNA 
Extraction 

Method 

Time 
(hours) 

Chemical 
(RM/Prep) 

Gloves, 
tubes, tips 
(RM/Prep) 

Total Cost 
(RM/Prep) 

CTAB 2 2.30 4.25 6.55 

DNeasy®

Power 
Water® Kit 

1 60.91 1.43 62.34 

Modified 
CTAB 

24-36 2.00 4.25 6.25 

As previously mentioned, the whole bacteria community isolation 

from the soft tissue surface of the C. fluminea is essential to prevent the 

bacteria in the gut from being bio-processed. This can prevent the 

underestimation of the bacteria composition in C. fluminea. The 

isolation of the bacteria from the soft tissue surface also allow 

researchers to track the alteration of the bacterial community on the 

tissue after C. fluminea is exposed to different processing sites. This is 

because the smoking processing site and selling site of C. fluminea in 

Kelantan are suspected to be contaminated with bacteria. With the 

modified CTAB method, the bacterial metagenome DNA on the soft 

tissue surface that is extracted in a high quality and integrity condition 

will allow for the downstream analysis [32]. This modified CTAB 

method act as the baseline study to help the researchers in acquiring 

high quality of the bacterial DNA from the soft tissue surface of the C. 

fluminea or other shellfish. It is the cheapest method that enables the 

researchers in the developing countries to obtain high quality bacteria 

DNA without using the kit.  

CONCLUSION 

The current study has shown that the modified CTAB protocol is 

better than the conventional CTAB protocol in extracting the bacterial 

DNA of C. fluminea in terms of quality, integrity, and human health 

risk. In term of extraction duration, the Qiagen DNeasy® Power Water®

Kit shows the highest efficiency protocol which requires only one hour, 

whereas the modified CTAB protocol used up to 24 to 36 hours to 

complete the extraction process. The drawbacks of the kit can be seen 

in the cost and potential of DNA degradation. In summary, each studied 

protocol has its own strengths and weaknesses. The researchers who 

prefer to use cost-saving protocol without sacrificing the quality and 

purity of the extraction product are highly recommended to use our 

modified CTAB protocol to acquire high quality bacterial DNA.  
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