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            Abstract

            
               
Molecular identification of bacteria are very important to develop database gene bank in university. Databases of genes are
                  very important to annotate a collection of nucleotide sequence and protein translation of oral bacteria. This research was
                  conducted to identify bacteria that present in the plaque sample among diabetic patients collected from the Department of
                  Periodontology and Community Oral health Universiti Sains Islam Malaysia (USIM). A total of bacteria was successfully isolated
                  on Blood Agar from periodontal patients’ plaques. Colony Forming Unit (CFU/mL) was calculated to estimate the number of viable
                  bacteria in a sample after performed serial dilution. Gram stained was done for all isolated samples to differentiate between
                  Gram positive and negative organisms. About 2.07 x 10 7 CFU/mL of bacteria was successfully collected from periodontal plaques on diabetes patient. From the numbers, only 17 were
                  selected to identify the species. Seven from the samples were Gram-positive bacteria, meanwhile ten samples were identified
                  as Gram-negative bacteria. PCR products were isolated from the samples by using polymerase chain reaction analysis. Streptococcus mutans, Streptococcus gordonii, Streptococcus oralis, Streptococcus sanguinis, Streptococcus agalactiae, Streptococcus lutetiensis, Streptococcus downei,, Aggregatibacter actinomycetemcomitans, Klebsiella pneumoniae, Enterobacter clocae, Salmonella enterica subs enterica, Enterobacter ludwigii, Enterobacter mori, Enterobacter roggen kampii, Enterobacter cloacae, Enterobacter tabaci and Klebsiella pneumoniae were identified from all samples via DNA sequencing. 
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                Introduction

            Diabetes mellitus cases are expanding globally as more than 300 million people will be affected by year 2025. Diabetic patients
               who poorly managed their lifestyles are associated with higher susceptibility to oral infection, including periodontitis 
               (Campus, Salem, Uzzau, Baldoni, & Tonolo, 2005; Lalla et al., 2006). Periodontitis is an attachment loss and inflammatory disease mainly caused by bacteria pathogens in subgingival plaque
               caused by immune-inflammatory response in the liable host  (Gajardo et al., 2005). Periodontal disease is common and severe among diabetic patients with underlying complications  (Campus et al., 2005). Dental caries and periodontal disease mainly caused by pathogen oral bacteria  (Al-Obaida et al., 2020). Five species of periodontal bacteria that are normally found in oral including Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans, Tannerella forsythia, Capnocytophaga ochracea and Prevotella intermedia  (Al-Obaida et al., 2020). Molecular biology techniques will be used for specific identification of bacterial species based on exact primer sequence
               (Paster et al., 2001). PCR analysis has the highest sensitivity for microorganism recognition as we used 16S rRNA sequence primers for PCR component
               to identify dental pathogens. 16S rRNA gene sequencing is a sensitive, specific and accurate method for bacterial identification
               (Clarridge, 2004). Comparison of the sequences will be delivered a tool for molecular diversity analysis and phylogenetics evolution by virtue
               of the well-conserved sequence in 16S rRNA gene of different biological species  (Slabbinck, Waegeman, Dawyndt, Vos, & Baets, 2010). Besides that, 16S rRNA gene is very useful for finding new pathogen of bacteria in patients with antibiotic treatment 
               (Rampini et al., 2011). Identification of oral bacteria can be done by molecular methods (PCR) based on specific primers  (Khan, 2012), probes  (Salminen et al., 2015)  and direct sequencing  (Jiang, Gao, Jin, & Lo, 1978; Riggio et al., 2007). The aim of this study was to identify the diversity of common dental bacteria in diabetic patients, using the 16sRNA universal
               primers. 
            

         

         
               Methodology

            
               Processing of subgingival plaque 
               
            

            A total of 900 μL Thioglycollate broth (TB) was pipette into 1.5 mL microcentrifuge tube. Then, the broth was incubated at
               37°C under anaerobic condition for 24 hours. After incubation, the subgingival plaque (100 μL) of diabetes patient (Collected
               from the Department of Periodontal and Public health of USIM) were added into the TB. The samples were mixed properly and
               keep in -80 °C refrigerated until bacteria growth steps. The same method was repeated for sample plaque collection from different
               diabetic patients.
            

            Bacteria growth and morphology observation 
            

            An amount of 100 μL of sample plaque (from -80°C refrigerated) were pipette into 2.5 mL TB and the sample was incubated at
               37°C under anaerobic condition for 24 hours. Then, the bacteria culture from the plaque sample in the TB was observed. After
               that, a serial dilution method was performed from 10-1 until 10-4 to estimate the concentration (number of colonies of bacteria) of the TB. Then, an amount of 10 μL of each diluted culture
               was pipette and spread onto Blood agar (BA) for microbial enumeration and incubate at 37°C under anaerobic condition for 24
               hours. The morphology and the number of colony growth on the BA were observed. The colonies were counted by using colony counter
               and the colony forming unit calculation (CFU/μL) were performed and recorded for each BA plate. The gram staining method was
               performed for each sample from BA plate 10-4 and observed under the microscope. The microscopic data were recorded. After that, a single colony from each BA plate were
               picked and subcultured onto prepared brain heart infusion agar (BHIA) and incubated at 37oC in anaerobic chamber for a day. Then, the growth of subcultured colonies on BHIA was observed, and the gram staining method
               was performed and observed under the microscope. Next, a single colony from BHIA was subcultured and inoculated into the prepared
               brain heart infusion broth (BHIB). The inoculated BHIB was incubated at 37 oC in the anaerobic chamber. After a day, the subcultured BHIB was observed. Then, the culture that is grown in BHIB was preserved
               in glycerol broth by freezing method. An amount of 900 μL of culture was preserved in 100 μL glycerol solution in a micro
               centrifuge tube and stored in -80 oC refrigerated. 
            

            
               DNA extraction
               
            

            DNA extraction was done by using heat shock technique following the manufacturer’s manual (Instagene matrix, Biorad). A total
               of 1000 μL of bacteria broth was put into 1.5 mL eppendorf tube. The sample was centrifuge for 12000 rpm at 1 minute. The
               supernatant was discarded. Then, about 200 μL of Instagene matrix solutions was added to the pellet and incubated at 56℃ for
               15-30 minutes. The samples had been vortex at high speed for 10 seconds. The samples had been placed in boiling water bath
               (100℃) for 8 minutes. The sample was centrifuge for 1 minute at 12000 rpm. Quality of DNA was measured by A260/280 ratio.
               
            

            
               Bacteria identification
               
            

            Product PCR was isolated from samples by using 16sRNA primers  (Mohammadi, Reesink, Vandenbroucke-Grauls, & Savelkoul, 2003). The primers for the analysis were selected and purchased from Apical Scientific Oligo company. The primer pairs used for
               the PCR amplification were Forward: TCCTACGGGAGGCAGCAGT and Reverse: GACTACCAGGGTATCTAATCCTGTT. The predictable of product
               PCR size was 300 bp. The PCR was carried out in a total volume of 25μl containing 20 μl of reaction mixture and 5 μl of the
               DNA samples. 
            

             

            
                  
                  Table 1

                  The total of bacteria successfully isolated from subgingival plaque diabetes patient

               

               
                     
                        
                           	
                              
                           
                           Sample

                           
                        
                        	
                              
                           
                           Age

                           
                        
                        	
                              
                           
                           Gender

                           
                        
                        	
                              
                           
                           Number of isolated bacteria

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           P1

                           
                        
                        	
                              
                           
                           38

                           
                        
                        	
                              
                           
                           Male

                           
                        
                        	
                              
                           
                           1

                           
                        
                     

                     
                           	
                              
                           
                           P2

                           
                        
                        	
                              
                           
                           44

                           
                        
                        	
                              
                           
                           Male

                           
                        
                        	
                              
                           
                           2

                           
                        
                     

                     
                           	
                              
                           
                           P3

                           
                        
                        	
                              
                           
                           48

                           
                        
                        	
                              
                           
                           Male

                           
                        
                        	
                              
                           
                           3

                           
                        
                     

                     
                           	
                              
                           
                           P4

                           
                        
                        	
                              
                           
                           46

                           
                        
                        	
                              
                           
                           Female

                           
                        
                        	
                              
                           
                           2

                           
                        
                     

                     
                           	
                              
                           
                           P5

                           
                        
                        	
                              
                           
                           55

                           
                        
                        	
                              
                           
                           Male

                           
                        
                        	
                              
                           
                           1

                           
                        
                     

                     
                           	
                              
                           
                           P6

                           
                        
                        	
                              
                           
                           55

                           
                        
                        	
                              
                           
                           Female

                           
                        
                        	
                              
                           
                           2

                           
                        
                     

                     
                           	
                              
                           
                           P7

                           
                        
                        	
                              
                           
                           58

                           
                        
                        	
                              
                           
                           Female

                           
                        
                        	
                              
                           
                           2

                           
                        
                     

                     
                           	
                              
                           
                           P8

                           
                        
                        	
                              
                           
                           61

                           
                        
                        	
                              
                           
                           Female

                           
                        
                        	
                              
                           
                           2

                           
                        
                     

                     
                           	
                              
                           
                           P9

                           
                        
                        	
                              
                           
                           63

                           
                        
                        	
                              
                           
                           Male

                           
                        
                        	
                              
                           
                           2

                           
                        
                     

                  
               

            

            

            The reactions of mixture PCR were contained 1x MIX PCR buffer (Promega), 100 pmol of each primer and 50 ng/μl DNA samples.
               The setting programmed for PCR was set up. The step for denaturation was 95°C for 5 min, followed by amplification step for
               30 cycles including denaturation at 95°C for 1 min, primers annealing at 55°C for 1 min and primer extension at 72°C for 2
               min. After completing the cycles, final extension step had been done at 72°C for 10 min. PCR analysis was done by using thermal
               cycler from Biorad, USA. 
            

            
               Sequencing analysis
               
            

            A total of 17 product PCR was successfully isolated from all samples. All the products were purified using PCR Clean Up Kit
               (Promega). All PCR products were sent to Apical Scientific sequencing for sequencing process. Results of sequencing were analysed
               by using bio-informatics tools Basic Local Alignment Search Tool (BLASTn). 
            

         

         
               Results and Discussion

            
               Sampling and bacteria isolation
               
            

            In this study, about nine subgingival periodontal plaque samples were successfully collected from diabetes patients. A total
               of 17 bacteria have been successfully isolated from that patients (Table  1). The subgingival plaque samples were obtained from patient representing both genders. Among 9 patients, there were four
               females and five males. The mean age of the patient was 50, ranging in age from 30 to 70 (Table  1). Figure  1 show the age ranges in this study by gender. Some researchers reported that females were found to be more affected than males,
               particularly in the younger age group (21-25 years). This finding was in agreement with 14, 15, 16. Previous study from 17, reported that more males were affected than female in a ratio of 1.3:1. A few previous studies also reported more incidents
               of male compared to female  (Singh, Nath, Bindra, Rao, & Reddy, 2018; Tegginamani & Prasad, 2013). The difference of findings on gender among a periodontal patient suggests that there is no correlation between genders
               that may affect the inflammation to occur. 
            

            
               Bacterial identification using standard microbiological test
               
            

            The subgingival plaque samples were cultured on blood agar media to enhanced growth of strictly anaerobic bacteria. The morphologies
               of bacteria from most samples were small and greyish white. However, some of the bacteria were large, circular, white to grey
               and translucent. The subculture is carried to obtain pure culture for each colony.
            

            
                  
                  Table 2

                  Predominant bacteria of periodontal samples among diabetes patient

               

               
                     
                        
                           	
                              
                           
                           Predominant bacteria

                           
                        
                        	
                              
                           
                           Number of bacteria

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Gram positive, cocci

                           
                        
                        	
                              
                           
                           7

                           
                        
                     

                     
                           	
                              
                           
                           Gram negative, rod

                           
                        
                        	
                              
                           
                           10

                           
                        
                     

                     
                           	
                              
                           
                           Total 

                           
                        
                        	
                              
                           
                           17

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Morphology of all isolated bacteria from periodontal plaque among diabetes patients

               

               
                     
                        
                           	
                              
                           
                           Bacteria

                           
                        
                        	
                              
                           
                           Microscopic morphology

                           
                        
                        	
                              
                           
                           Morphology culture

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           Gram positive, coccus and chain

                           
                        
                        	
                              
                           
                           small and greyish white

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           13

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           14

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           16

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                     
                           	
                              
                           
                           17

                           
                        
                        	
                              
                           
                           Gram negative, rod and cluster

                           
                        
                        	
                              
                           
                           large, circular, white to grey and translucent

                           
                        
                     

                  
               

            

             

            
                  
                  Table 4

                  DNA concentration and analysis using UV spectrophotometer on bacteria

               

               
                     
                        
                           	
                              
                           
                           Bacteria

                           
                        
                        	
                              
                           
                           DNA concentration

                           
                           (ng/µL)

                           
                        
                        	
                              
                           
                           A260/280

                           
                        
                        	
                              
                           
                           A260/230

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           54

                           
                        
                        	
                              
                           
                           1.803

                           
                        
                        	
                              
                           
                           2.001

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           67.0

                           
                        
                        	
                              
                           
                           1.801

                           
                        
                        	
                              
                           
                           1.998

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           75.0

                           
                        
                        	
                              
                           
                           1.809

                           
                        
                        	
                              
                           
                           2.000

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           89.5

                           
                        
                        	
                              
                           
                           1.798

                           
                        
                        	
                              
                           
                           1.999

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           66.3

                           
                        
                        	
                              
                           
                           1.800

                           
                        
                        	
                              
                           
                           2.000

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           88.8

                           
                        
                        	
                              
                           
                           1.805

                           
                        
                        	
                              
                           
                           1.998

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           65.0

                           
                        
                        	
                              
                           
                           1.799

                           
                        
                        	
                              
                           
                           2.000

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           130.0

                           
                        
                        	
                              
                           
                           1.800

                           
                        
                        	
                              
                           
                           2.001

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           322.0

                           
                        
                        	
                              
                           
                           1.801

                           
                        
                        	
                              
                           
                           2.000

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           118.2

                           
                        
                        	
                              
                           
                           1.802

                           
                        
                        	
                              
                           
                           1.998

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           210.5

                           
                        
                        	
                              
                           
                           1.802

                           
                        
                        	
                              
                           
                           2.001

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           320.06

                           
                        
                        	
                              
                           
                           1.809

                           
                        
                        	
                              
                           
                           2.002

                           
                        
                     

                     
                           	
                              
                           
                           13

                           
                        
                        	
                              
                           
                           218.26

                           
                        
                        	
                              
                           
                           1.798

                           
                        
                        	
                              
                           
                           2.000

                           
                        
                     

                     
                           	
                              
                           
                           14

                           
                        
                        	
                              
                           
                           135.43

                           
                        
                        	
                              
                           
                           1.803

                           
                        
                        	
                              
                           
                           2.002

                           
                        
                     

                     
                           	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           210.68

                           
                        
                        	
                              
                           
                           1.801

                           
                        
                        	
                              
                           
                           2.002

                           
                        
                     

                     
                           	
                              
                           
                           16

                           
                        
                        	
                              
                           
                           190.49

                           
                        
                        	
                              
                           
                           1.799

                           
                        
                        	
                              
                           
                           1.999

                           
                        
                     

                     
                           	
                              
                           
                           17

                           
                        
                        	
                              
                           
                           210.45

                           
                        
                        	
                              
                           
                           1.800

                           
                        
                        	
                              
                           
                           1.999

                           
                        
                     

                  
               

            

            

            
                  
                  Table 5

                  Bacterial identification and percentage (%) of alignment in database National Centre Biotechnology Information (NCBI)

               

               
                     
                        
                           	
                              
                           
                           Bacteria

                           
                        
                        	
                              
                           
                           Name of Bacteria 

                           
                        
                        	
                              
                           
                           Percentage of similarity (%)

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           1

                           
                        
                        	
                              
                           
                           
                              Streptococcus mutans 
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           2

                           
                        
                        	
                              
                           
                           
                              Streptococcus gordonii 
                              
                           

                           
                        
                        	
                              
                           
                           100

                           
                        
                     

                     
                           	
                              
                           
                           3

                           
                        
                        	
                              
                           
                           
                              Streptococcus oralis 
                              
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                     
                           	
                              
                           
                           4

                           
                        
                        	
                              
                           
                           
                              Streptococcus sanguinis 
                              
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                     
                           	
                              
                           
                           5

                           
                        
                        	
                              
                           
                           
                              Streptococcus agalactiae 
                              
                           

                           
                        
                        	
                              
                           
                           100

                           
                        
                     

                     
                           	
                              
                           
                           6

                           
                        
                        	
                              
                           
                           
                              Streptococcus lutetiensis 
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           7

                           
                        
                        	
                              
                           
                           
                              Streptococcus downei 
                              
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                     
                           	
                              
                           
                           8

                           
                        
                        	
                              
                           
                           Aggregatibacter actinomycetemcomitans 
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                     
                           	
                              
                           
                           9

                           
                        
                        	
                              
                           
                           
                              Klebsiella pneumoniae 
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           10

                           
                        
                        	
                              
                           
                           
                              Enterobacter clocae 
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           11

                           
                        
                        	
                              
                           
                           
                              Salmonella enterica subs enterica 
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           12

                           
                        
                        	
                              
                           
                           
                              Enterobacter ludwigii 
                              
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                     
                           	
                              
                           
                           13

                           
                        
                        	
                              
                           
                           
                              Enterobacter mori
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           14

                           
                        
                        	
                              
                           
                           Enterobacter roggen kampii 
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           15

                           
                        
                        	
                              
                           
                           
                              Enterobacter cloacae 
                              
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                     
                           	
                              
                           
                           16

                           
                        
                        	
                              
                           
                           
                              Enterobacter tabaci 
                              
                           

                           
                        
                        	
                              
                           
                           98

                           
                        
                     

                     
                           	
                              
                           
                           17

                           
                        
                        	
                              
                           
                           
                              Klebsiella pneumoniae 
                              
                           

                           
                        
                        	
                              
                           
                           99

                           
                        
                     

                  
               

            

             

            A total of seven Gram-positive and ten Gram-negative bacteria was found in samples plaque. Based on bacterial identification
               using standard microbiological test, gram-negative were found to be the predominant group identified in this study as summarized
               in Table  2. 
            

            The microbiological data confirmed that bacteria pathogen observed in the study was noticed common in biofilms formation.
               
            

            This observation supports the statement that the oral cavity can be as reservoir and a cause by these microorganisms. Previous
               report mention that that different structures and tissues of oral are colonized by dissimilar microbial colony  (Hanafiah, Aqma, Yaacob, Said, & Ibrahim, 2015; Mager, Ximenez-Fyvie, Haffajee, & Socransky, 2003). 
            

            Mostly, Gram-positive bacteria will be growth depend on medium from dental plaque. Early stage of biofilm will be predominantly
               by Gram positive, aerobic, non-motile and anaerobic bacteria, however for late stage, biofilm will be predominantly colonized
               by Gram-negative and mobile bacteria  (Komori, Sato, Takano-Yamamoto, & Takahashi, 2012).
            

            
                  
                  Figure 1

                  The age range of subjects in this study
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            Staining technique was done after the single colony of the pure culture obtained to distinguish the colony, whether it is
               Gram-positive or Gram-negative bacteria for further identification. Gram staining shows the sizes, shapes, and arrangement
               of the cells. Table  3 showed morphology microscopic of the isolated bacteria. Morphology cultures of the gram-positive bacteria were small and
               greyish white, meanwhile gram-negative bacteria were large, circular white to grey and translucent. The morphologies of isolated
               bacteria were coccus and rod (Figure  2). Meanwhile, the arrangements were chain and cluster (Figure  2). The gram staining is critical in this study as it well defined the method at DNA extraction part. There is a slightly additional
               step for DNA extraction of Gram-positive bacteria because peptidoglycan in the cell wall is thicker than Gram-negative bacteria.
               
            

            
                  
                  Figure 2

                  Microscopic morphology of bacteria from plaque samples. A: coccus and chain (Gram positive), B: Rod and cluster (Gram negative)
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                  Figure 3

                  Gel stain polymerase chain reaction (PCR)amplicons separated in 1.5% TAE agarose gel (100V, 40 minutes) at 300bp. Lane1-6:
                     Product PCR samples of 1-6. Lane 7: DNA ladder containing DNA fragments of defined length (1kb) (Promega). Lane 8-14: Product
                     PCR samples of 8-13
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               Bacterial identification by molecular analysis
               
            

            
               DNA Extraction
               
            

            Bacterial DNA of was successfully extracted by using Instagene matrix. The DNA concentration and the purity of the DNA are
               recorded in Table  4. The ratio of A260/280 is commonly used to investigate protein contamination in DNA samples. 
            

            The approximate purities of double-stranded DNA preparations are valued by determination of the absorbance ratio at 260 and
               280 nm (A260/A280). The purity ratio of DNA (A260/A280) is 1.8. The purity of RNA has been reading of around 2.0. The 260/280 ratio for protein is 0.5 until 1. The DNA sample has
               been reading above than 1.8 suggests that there is RNA contamination. If the reading obtained is less than 1.8, this suggests
               there is a protein in the samples. The ratio of A260/230 will indicate the presence of organic contaminants, including TRIzol,
               phenol, and other compounds. If the ratio (260/230) below than 1.8, the samples considered to contain contaminants and will
               be interfered with downstream applications. 
            

            The purity ratio of DNA (A260/A230) is 2.0. In these results, all samples are good according to the value of 260/280 and 260/230 ratio. The absorbance spectrum
               of DNA samples shows a quality purity with excellent reading in A260/280 and A260/230 ratios. However, the spectrophotometer
               reading is might not be reliable because there have many factors of contamination. If the DNA is low, the purity difficult
               to assess with A260/280 and A260/230 ratios. The DNA may be actually well, but it cannot be measured by Nanodrop.  
            

             PCR Analysis

            The DNA extracts of bacterial have been amplified through PCR. The product PCR was  analysed by running electrophoresis gel
               to observe the quality of PCR products. The primers used in this study produced a 300bp PCR products from the 16S rRNA for
               all bacteria samples identified. Figure  3 showed the representative PCR products separated in an agarose gel. DNA bands observed in lane 1 to 14 showed the successful
               amplification of the target sequence of product PCR DNA samples (1-13). The PCR analysis has detected several 17 bacterial
               species associated with periodontal disease and diabetes. 
            

            The PCR method is simple and provides rapid results as compared to the standard microbiological method. In PCR, the DNA will
               copy from the target area based on the levels of stringency and the high temperature of PCR reaction. The stringency is the
               matching between primers and DNA samples. The matching will be controlled by level of salts and temperature. There is a good
               match between primers and DNA targets at a high temperature. This process will be ensured the primer does not attach elsewhere
               and cause non-target DNA copy. Hence, the PCR results will be achieved high level of accuracy technique. This is important
               in eliminating any false-positives or false-negatives in disease diagnosis  (Lorenz, 2012). 
            

            
               Sequencing Analysis
               
            

            Further investigation was carried out to identify the bacterial species of the amplified DNA gene. Sequencing analysis successfully
               identified 17 bacterial strains from samples. Percentage of similarity (%) was listed in Table  5. Most of the bacteria were Gram-negative, rod and the remain of bacteria were Gram-positive cocci. The nucleotide sequences
               were compared using Basic Local Alignment Search Tool (BLAST) to another nucleotide in the database of GenBank from National
               Centre for Biotechnology Information (NCBI). The identification ranges of similarity bacteria are between 98% to 100% for
               all samples. In this research, identification of bacteria was chosen by 98-100% similarity with other species in NCBI data.
               Sequence analyses have been applied to determine phylogeny tree of microorganism families. It also can be used to identify
               horizontally transferred genes and recombined sequences. The sequencing method is very useful to further analysis such as
               next-generation sequencing and whole genome sequencing. Furthermore, alignment of DNA is the important analysis to annotate
               the conserved protein domains and tracking the phenotype-related in sequence of polymorphism. It also can be used to re-construct
               the ancestral DNA sequences and determine the rate of sequence evolution. DNA matching will produce three-dimensional protein
               structures based on homology-modeling  (Zielezinski, Vinga, Almeida, & Karlowski, 2017). 
            

         

         
               Conclusions

             In conclusion, there are several types of bacteria present in plaque samples collected from diabetic patients in the dental
               clinic USIM. Microscopic morphology of bacteria showed that 10 bacteria were gram negative and rod while 7 bacteria were gram
               positive and coccus. Sequencing analysis showed that the percentages of alignment in the database were 98-100%. Streptococcus mutans, Streptococcus gordonii, Streptococcus oralis, Streptococcus sanguinis, Streptococcus agalactiae, Streptococcus lutetiensis, Streptococcus downei,, Aggregatibacter actinomycetemcomitans, Klebsiella pneumoniae, Enterobacter clocae, Salmonella enterica subs enterica, Enterobacter ludwigii, Enterobacter mori, Enterobacter roggen kampii, Enterobacter cloacae, Enterobacter tabaci and Klebsiella pneumoniae were identified from all samples via DNA sequencing. 
            

         

      

      
         
               Acknowledgements

            This study had been acknowledged to the Department of Periodontol and Public Health (USIM) for providing plaque samples.

            
               Funding Support
               
            

            This study was financially supported by Ministry of Higher Education Malaysia under MRUN-RAKAN RU-2019-002/2.

            
               Conflict of Interest
               
            

            The authors declare that they have no conflict of interest for this study.

         

         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Campus, Guglielmo, Salem, Abeer, Uzzau, Sergio, Baldoni, Edoardo & Tonolo, Giancarlo,   (2005). Diabetes and Periodontal Disease: A Case-Control Study. Journal of Periodontology, 76(3), 418–425. 10.1902/jop.2005.76.3.418

                  

                  
                     
                        2 
                              

                     

                     Lalla, Evanthia, Kaplan, Selma, Chang, Shu-mei J., Roth, Georg A., Celenti, Romanita, Hinckley, Karen, Greenberg, Ellen &
                        Papapanou, Panos N.,   (2006). Periodontal infection profiles in type 1 diabetes. Journal of Clinical Periodontology, 33(12), 855–862. 10.1111/j.1600-051x.2006.00996.x

                  

                  
                     
                        3 
                              

                     

                     Gajardo, Marta, Silva, Nora, Gómez, Leyla, León, Rubén, Parra, Beatriz, Contreras, Adolfo & Gamonal, Jorge,   (2005). Prevalence of Periodontopathic Bacteria in Aggressive Periodontitis Patients in a Chilean Population. Journal of Periodontology, 76(2), 289–294. 10.1902/jop.2005.76.2.289

                  

                  
                     
                        4 
                              

                     

                     Al-Obaida, Mohammad I., Al-Nakhli, Alaa K.M., Arif, Ibrahim A., Faden, Asmaa, Al-Otaibi, Sahar, Al-Eid, Bushra, Ekhzaimy,
                        Aishah & Khan, Haseeb A.,   (2020). Molecular identification and diversity analysis of dental bacteria in diabetic and non-diabetic females from Saudi
                        Arabia. Saudi Journal of Biological Sciences, 27(1), 358–362. 10.1016/j.sjbs.2019.10.005

                  

                  
                     
                        5 
                              

                     

                     Paster, Bruce J., Boches, Susan K., Galvin, Jamie L., Ericson, Rebecca E., Lau, Carol N., Levanos, Valerie A., Sahasrabudhe,
                        Ashish & Dewhirst, Floyd E.,   (2001). Bacterial Diversity in Human Subgingival Plaque. Journal of Bacteriology, 183(12), 3770–3783. 10.1128/jb.183.12.3770-3783.2001

                  

                  
                     
                        6 
                              

                     

                     Clarridge, Jill E.,   (2004). Impact of 16S rRNA Gene Sequence Analysis for Identification of Bacteria on Clinical Microbiology and Infectious
                        Diseases. Clinical Microbiology Reviews, 17(4), 840–862. 10.1128/cmr.17.4.840-862.2004

                  

                  
                     
                        7 
                              

                     

                     Slabbinck, Bram, Waegeman, Willem, Dawyndt, Peter, De Vos, Paul & De Baets, Bernard,   (2010). From learning taxonomies to phylogenetic learning: Integration of 16S rRNA gene data into FAME-based bacterial classification.
                        BMC Bioinformatics, 11(1), 69. 10.1186/1471-2105-11-69

                  

                  
                     
                        8 
                              

                     

                     Rampini, Silvana K., Bloemberg, Guido V., Keller, Peter M., Büchler, Andrea C., Dollenmaier, Günter, Speck, Roberto F. & Böttger,
                        Erik C.,   (2011). Broad-Range 16S rRNA Gene Polymerase Chain Reaction for Diagnosis of Culture-Negative Bacterial Infections. Clinical Infectious Diseases, 53(12), 1245–1251. 10.1093/cid/cir692

                  

                  
                     
                        9 
                              

                     

                     Khan, H A,   (2012). Molecular identification and phylogeny of commonly occurring periodontal bacteria using 16S rRNA gene sequences.
                        Journal of Pure Applied Microbiology, 6(2), 517–523.
                     

                  

                  
                     
                        10 
                              

                     

                     Salminen, Aino, Kopra, K. A. Elisa, Hyvärinen, Kati, Paju, Susanna, Mäntylä, Päivi, Buhlin, Kåre, Nieminen, Markku S., Sinisalo,
                        Juha & Pussinen, Pirkko J.,   (2015). Quantitative PCR analysis of salivary pathogen burden in periodontitis. Frontiers in Cellular and Infection Microbiology, 5, 69–74. 10.3389/fcimb.2015.00069

                  

                  
                     
                        11 
                              

                     

                     Jiang, Shan, Xiaoli Gao, Lijian Jin & Lo, Edward C. M.,   (1978). Salivary Microbiome Diversity in Caries-Free and Caries-Affected Children. International Journal of Molecular Sciences, 17(12).
                     

                  

                  
                     
                        12 
                              

                     

                     Riggio, Marcello P., Aga, Hiba, Murray, Colin A., Jackson, Margaret S., Lennon, Alan, Hammersley, Nicholas & Bagg, Jeremy,
                          (2007). Identification of bacteria associated with spreading odontogenic infections by 16S rRNA gene sequencing. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology, 103, 610–617. 10.1016/j.tripleo.2006.08.009

                  

                  
                     
                        13 
                              

                     

                     Mohammadi, T., Reesink, H. W., Vandenbroucke-Grauls, C. M. J. E. & Savelkoul, P. H. M.,   (2003). Optimization of Real-Time PCR Assay for Rapid and Sensitive Detection of Eubacterial 16S Ribosomal DNA in Platelet
                        Concentrates. Journal of Clinical Microbiology, 41(10), 4796–4798. 10.1128/jcm.41.10.4796-4798.2003

                  

                  
                     
                        14 
                              

                     

                     Khorasani, M & Samiezadeh, F,   (2008). Histopathologic evaluation of follicular tissues associated with impacted third molars. Tehran University of Medical Sciences, 5(2), 65–70.
                     

                  

                  
                     
                        15 
                              

                     

                     Bataineh, Anwar B & Al, Qudah Mansour A,   (1985). The predisposing factors of pericoronitis of mandibular third molars in a Jordanian population. Quintessence International, 34(3), 227–231.
                     

                  

                  
                     
                        16 
                              

                     

                     Piironen, J & Ylipaavalniemi, P,   (1981). Local predisposing factors and clinical symptoms in pericoronitis. Proceedings of the Finnish Dental Society. Suomen Hammaslaakariseuran Toimituksia, 77, 278–282.
                     

                  

                  
                     
                        17 
                              

                     

                     Anjum, R, Naseem, N & Nagi, A H,   (2014). Age, gender and pattern distribution of impacted third molar among the patients attending teaching Hospital of Lahore.
                        Pakistan Journal of Medical and Health Sciences, 8(3), 562–565.
                     

                  

                  
                     
                        18 
                              

                     

                     Tegginamani, AnandS & Prasad, Rajendra,   (2013). Histopathologic evaluation of follicular tissues associated with impacted lower third molars. Journal of Oral and Maxillofacial Pathology, 17(1), 41. 10.4103/0973-029x.110713

                  

                  
                     
                        19 
                              

                     

                     Singh, Preeti, Nath, Priyanka, Bindra, Sukhvinder, Rao, SadamSrinivasa & Reddy, KV Ramana,   (2018). The predictivity of mandibular third molar position as a risk indicator for pericoronitis: A prospective study.
                        National Journal of Maxillofacial Surgery, 9(2), 215. 10.4103/njms.njms_13_17

                  

                  
                     
                        20 
                              

                     

                     Mager, Donna L., Ximenez-Fyvie, Laurie Ann, Haffajee, Anne D. & Socransky, Sigmund S.,   (2003). Distribution of selected bacterial species on intraoral surfaces. Journal of Clinical Periodontology, 30(7), 644–654. 10.1034/j.1600-051x.2003.00376.x

                  

                  
                     
                        21 
                              

                     

                      R M Hanafiah,  W S Aqma, W A Yaacob,  Z Said &  N Ibrahim,   (2015). Antibacterial and biofilm inhibition activities of Melastoma malabathricum stem bark extract against Streptococcus
                        mutants. Malaysian Journal of Microbiology, 11(2), 199–206. 10.21161/mjm.13314

                  

                  
                     
                        22 
                              

                     

                     Komori, Ryo, Sato, Takuichi, Takano-Yamamoto, Teruko & Takahashi, Nobuhiro,   (2012). Microbial composition of dental plaque microflora on first molars with orthodontic bands and brackets, and the acidogenic
                        potential of these bacteria. Journal of Oral Biosciences, 54(2), 107–112. 10.1016/j.job.2012.01.009

                  

                  
                     
                        23 
                              

                     

                     Lorenz, Todd C.,   (2012). Polymerase Chain Reaction: Basic Protocol Plus Troubleshooting and Optimization Strategies. Journal of Visualized Experiments, (63), 1–14. 10.3791/3998

                  

                  
                     
                        24 
                              

                     

                     Zielezinski, Andrzej, Vinga, Susana, Almeida, Jonas & Karlowski, Wojciech M.,   (2017). Alignment-free sequence comparison: benefits, applications, and tools. Genome Biology, 18(1), 186. 10.1186/s13059-017-1319-7

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      Identification of Bacteria Sample Plaque from Periodontal Disease Among Diabetic Patients


      
        		
          Content
        


      


    
  

