
40 

 

 

 

 

Vol. 6, 2022, Page 40-44 
 

Proteolytic Ability of Microbulbifer Reveals Its Potential Application in the 
Detergent Industry 

 
Muhammad Ramziuddin Zakariaa, Ming Quan Lamb, Chun Shiong Chonga* 

aDepartment of Biosciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia 
bDepartment of Biological Science, Faculty of Science, Universiti Tunku Abdul Rahman, Jalan Universiti, Bandar 

Barat, 31900 Kampar, Perak, Malaysia 
*Corresponding author: cschong@utm.my 

 
Abstract 

Protease-producing bacteria is a group of bacteria with potential for biotechnological applications, 

particularly in the detergent industry. In this study, an extracellular protease-producing bacterium strain 

CR4 was isolated from mangrove soil at Tanjung Piai National Park in Johor, Malaysia. The strain CR4 

was identified as a member of the genus Microbulbifer via 16S rRNA gene sequencing analysis, with 

close sequence similarities (98.67%) to Microbulbifer rhizosphaerae strain Cs16bT. The genome of strain 

Cs16bT was examined to identify genes associated with proteolytic ability. Gene mining discovered 32 

genes in its genome are related to proteolytic ability. Among these genes, 22 and 10 genes encode for 

endopeptidases (2 aspartic-, 14 serine- and 6 metallo-proteases) and exopeptidases (6 amino- and 4 

carboxy-peptidases) respectively. This genome analysis combined with qualitative proteolytic ability 

screening may aid in the exploration of this genus for its proteinaceous stain removal application in the 

detergent industry. 
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Introduction 

Halophilic microorganisms have piqued the interest of many researchers as a potential source of 

industrial enzymes (Lam et al., 2018; Zakaria et al., 2020). A total of 60% production of proteolytic 

enzymes were applied in various industries, with 30% of the production of the protease contributed to 

the detergent industry (Haddar et al., 2009; Homaei et al., 2016). Microbulbifer is a genus that belongs 

to the family Microbulbiferaceae of the order Cellvibrionales (Spring et al., 2015). At the time of this 

writing, according to the List of Prokaryotic names with Standing in Nomenclature (LPSN), there are 25 

members with validly published names in the genus Microbulbifer. Within this genus, the genome 

sequences with the elucidation of their algicidal, polysaccharides-degrading abilities, cold-adapted 

enzymes, agarolytic and comparative studies on the number of CAZymes presence were reported 

(Chen et al., 2019; Imran et al., 2019; Jung et al., 2018; Lee et al., 2016; Sun et al., 2014; D. Wang et 

al., 2021; J. Wang et al., 2022). However, to date, no genome analysis related to their proteolytic ability 

have been reported from this genus. This study explores the proteolytic ability of Microbulbifer for its 

potential application in the detergent industry. 

 
Materials and methods 

In this study, strain CR4 was isolated from the mangrove soil samples at Tanjung Piai National Park, 

Johor, Malaysia via serial dilution method on Marine agar 2216 (MA) (BD Difco, New Jersey, USA) and 

incubated at 30°C for 2 days. The strain was qualitatively screened for its ability to hydrolyse the peptide 

bonds that make up the casein protein on MA supplemented with 10% (v/v) of skim milk (Vashist et al., 

2013). To identify the bacterium, the genomic DNA of strain CR4 was extracted using the Wizard® 

Genomic DNA Purification kit (Promega, Wisconsin, USA) following the manufacturer’s instructions. 
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The extracted genome was subjected to a polymerase chain reaction (PCR) amplification process 

using the universal primers (27F and 1525R) (De Lillo et al., 2006). The PCR products were then purified 

and sent to Apical Scientific Pte. Ltd. (Seri Kembangan, Malaysia) for Sanger sequencing. The nearly 

full-length 16S rRNA gene sequence of strain CR4 was aligned and searched using the Basic Local 

Alignment Search Tool (BLAST) program on the EzBioCloud database (Yoon et al., 2017). 

To investigate the genes related to proteolytic abilities in the genome of Microbulbifer, a genome 

sequence from this genus (Microbulbifer rhizosphaerae strain Cs16bT =CECT 8799T under NCBI 

accession number JACHWZ000000000) was retrieved from National Center for Biotechnology 

Information (NCBI) genome portal. The retrieved genome data was analyzed using NCBI Prokaryotic 

Genome Annotation Pipeline (PGAP) version 5.2 (Tatusova et al., 2016). All genes related to proteolytic 

ability were subjected to both SignalP version 6.0 (Teufel et al., 2022; Zakaria et al., 2020) and TMHMM 

Server version 2.0 (Möller et al., 2001) to predict the presence of signal peptides and the transmembrane 

helices in the proteins respectively. Then, the genes related to proteolytic abilities were further cross- 

checked using InterProScan version 87.0 (Jones et al., 2014). 

 
Results and discussion 

The strain CR4 was grown on an MA-skim milk medium and the bacterial colony was morphologically 

observed to be a coccus-shaped, brown-pigmented bacterium after 2 days of incubation (Figure 1A). 

The qualitative screening of its ability to hydrolyse the peptide bonds of protein molecules was tested 

positive through the formation of a clear halo zone around the bacterial colonies on the MA-skim milk 

medium. This indicates that strain CR4 was able to produce extracellular protease to degrade the casein 

(Figure 1B). The 16S rRNA gene sequence of strain CR4 has 98.67% similarities with Microbulbifer 

rhizosphaerae strain Cs16bT. Based on these considerably high 16S rRNA gene sequence similarities, 

strain CR4 was identified as a member of the genus Microbulbifer. 

 

Figure 1 (A) The morphological characteristics of Microbulbifer sp. strain CR4 on MA after 

2 days of incubation at 30°C and (B) the formation of a clear halo zone around 

Microbulbifer sp. strain CR4 on MA-skim milk medium after 2 days of incubation. 

 
For the investigation of the key genes related to proteolytic ability in the genome of Microbulbifer, 

the genome sequence of Microbulbifer rhizosphaerae strain Cs16bT (=CECT 8799T) was used for 

analysis. A total of 32 genes were predicted to be involved in the production of extracellular proteases 

(Table 1). In detail, 22 and 10 genes encode for endopeptidases (2 aspartic-, 14 serine- and 6 metallo- 

proteases) and exopeptidases (6 amino- and 4 carboxy-peptidases) respectively. Collectively, both 

endo- and exo-peptidases played crucial roles in cleaving the peptide bonds at either N- or C-termini and 

within the polypeptide chains, respectively (Sharma et al., 2019). The activity of detergent-containing 

proteases was proven to be enhanced when both endo- and exo-peptidases were combined during the 

proteinaceous stain removal process (Valls et al., 2011). Therefore, the finding of this study showed that 

encoded proteolytic enzymes from Microbulbifer provide valuable information for future characterization, 

optimization and production of the proteases. It could serve as a potential candidate to be applied in the 

detergent industry. 
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Table 1: List of potential annotated genes related to proteolytic ability. 

Category Encoded Enzyme Locus Tag 

Endopeptidase Aspartic protease FHS09_RS03130 
  FHS09_RS08125 
 Metalloprotease FHS09_001509 
  FHS09_RS11935 
  FHS09_RS15340 
  FHS09_RS03955 
  FHS09_RS15480 

  FHS09_RS20860 
 Serine protease FHS09_RS02955 
  FHS09_RS05445 
  FHS09_RS01650 
  FHS09_RS01980 
  FHS09_RS02210 

  FHS09_RS02750 
  FHS09_RS05645 

  FHS09_RS06245 
  FHS09_RS06770 

  FHS09_RS07090 
  FHS09_RS11540 
  FHS09_RS12045 
  FHS09_RS16330 
  FHS09_RS20505 

Exopeptidase Aminopeptidase FHS09_RS07945 
  FHS09_RS14575 
  FHS09_RS14585 

  FHS09_RS17040 
  FHS09_RS20320 

  FHS09_000630 
 Carboxypeptidase FHS09_RS02805 
  FHS09_RS10105 
  FHS09_RS18315 
  FHS09_RS20285 

 
Conclusion 

The findings of this study demonstrated Microbulbifer could hydrolyse protein molecules by producing 

extracellular proteases. The genome of Microbulbifer sp. strain CR4 could be sent for whole-genome 

sequencing and the proteolytic genes encoded in its genome could be further characterized and 

potentially beneficial to the detergent industry for effective proteinaceous stain removal. 
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