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Abstract: As a typical industrial model of food safety, the Bacillus Subtilis has the characteristics of non -pathogenicity, strong 
extracellular secretion protein ability, and no obvious password preferences, which have been widely used in the field of 
metabolic engineering. In recent years, with the rapid development of molecular biology and genetic engineering technology, 
various technologies have been applied to Bacillus Subtilis, thereby synthesizing biological products. This article detailed the 
application of CRISPR and CRISPR on Bacillus Subtilis, and summarized the biological products of Bacillus Subtilis in related 
fields and the outlook on its future research direction. 
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1. Bacillus Subtilis 

1.1. Introduction to Bacillus Subtilis 
Bacillus subtilis. It is a Gram-positive bacterium, which has 

flagella on its surface and endospore formation in its body that 
can survive against harsh external environments. In addition, 
Bacillus subtilis is attractive because of its broad substrate 
range and its ability to survive harsh industrial fermentation 
conditions. It digests lignocellulosic materials, produces a 
wide range of industrial enzymes, and has excellent secretion 
capabilities, thus reducing the cost of biomass pretreatment 
and minimizing the need for downstream processing [1, 2]. 
Until recently, Bacillus subtilis has been shown to be a 
potentially excellent chassis host for the production of high-
value chemicals and pharmaceuticals (e.g., shark inositol, etc.) 
[3, 4]. Bacillus subtilis is a Gram-positive bacterium, which 
is capable of forming a bacteriophage and has only one 
bacteriophage in the ascospores. Resistance Bacillus subtilis 
has been widely used and recognized as a safe host for the 
production of recombinant proteins, high-value chemicals, 
and pharmaceuticals, which contributes to the easier 
purification of heterologous proteins or metabolites [5, 6]. 

1.2. Application Products of Bacillus Subtilis 
as an Engineered Bacterium 

During the development of natural compound machine 
derivatives, they mainly rely on plant or animal extraction, or 
chemical synthesis, etc., which face problems such as high 
cost, low quantity, high difficulty of purification, and 
ecological damage, etc. Therefore, by using microorganisms 
as engineered cells for gene editing, so as to re-construct or 
optimize the synthetic pathway of the target products, the 
large-scale preparation of the products can be achieved. 
Bacillus subtilis, as an excellent host for engineering bacteria, 
is currently favored and has successfully synthesized 
numerous high-value products, such as squalene [7], 
echinocandin [8], n-acetylglucosamine [9-12], hyaluronic 
acid [13], chondroitin [14], menaquinone-7 [15, 16], 
riboflavin [16, 17], and paclitaxel [18], among others. 

2. CRISPR 

2.1. Introduction to CRISPR 
CRISPR, an acquired immune system for bacteria and 

archaea to defend themselves against invasion by foreign 
viruses, has now evolved into a powerful gene editing tool in 
genetic engineering. When a bacterium is infected by an 
exogenous phage, a fragment of the phage genome DNA is 
recognized and integrated into CRISPR, and the 
corresponding crRNA precursor (pre-crRNA) is transcribed. 
pre-crRNA is modified to generate guide RNA (gRNA, guide-
RNA). gRNA contains DNA from the phage genome, and can 
recognize the phage genome through the principle of base-
complementary pairing. The gRNA contains DNA from the 
phage genome and can recognize the phage genome through 
the base complementary pairing principle. At this time, gRNA 
and Cas protein specifically bind to recognize the phage 
genome to cut DNA. CRISPR gene editing system is to guide 
Cas protein (e.g. Cas9, Cpf1, etc.) through sgRNA to locate 
to the target gene site, and then Cas protein cuts the DNA at 
the specific site in the genome, resulting in DNA double-
stranded breaks, and in the process of homology-directed 
repair introduction of specific modified fragments into the 
genome through homology arms, resulting in gene knockout, 
insertion or mutation [19]. 

2.2. History of CRISPR Technology in Bacillus 
Subtilis 

Bacillus subtilis is a typical Gram-positive bacterium and 
has been recognized as a safe strain (GRAS) with superior 
protein secretion capacity compared to other microorganisms. 
B. subtilis has a clear genetic background and a well-
established platform for molecular modification [20-23]. The 
creation and expansion of databases such as BsubCyc, 
SubtiWiki, DBTBS, etc. have allowed us to conveniently 
query genetic and metabolism-related information of B. 
subtilis [24, 25]. In summary, Bacillus subtilis becomes a 
powerful host capable of producing platform chemicals, 
biopolymers, and proteins. Currently, Bacillus subtilis has 
been used to produce a variety of products such as riboflavin, 
chondroitin, hyaluronic acid, and poly-y-glutamic acid [26, 
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27]. As a cell factory, Bacillus subtilis needs convenient and 
efficient gene editing tools to modify its genome-related 
genes as well as to solve problems such as genetic instability 
of free plasmids. Before the emergence of CRISPR 
technology, the commonly used gene editing tools are anti-
selective marker system and site-specific recombination 
system. They are inefficient and complicated in the process of 
editing the genome [28-30]. With the gradual development of 
CRISPR-Cas technology, several efficient CRISPR systems 
have been developed in Bacillus subtilis, and their 
development will be systematically described below. 

Altenbuchner constructed a single-plasmid CRISPR-Cas9 
system, which is the first application of CRISPR system in 
Bacillus subtilis. gRNAs can be rapidly constructed into 
editing plasmids by restriction endonuclease Bsal combined 
with blue-white-spotting screening, and the function of 
CRISPR-Cas9 vectors can be performed by introduction of 
two large deletions and repair of the trpC2 mutation in 
Bacillus subtilis 168.Westbrook et al. constructed a CRISPR-
Cas9-based genome editing toolkit for Bacillus subtilis, 
which integrated the Cas9 protein and gRNA expression 
frames into the genome in an integrative manner to achieve 
single-site and two-site mutations on the genome, with 
efficiencies of up to 100% and 85%, respectively. And the 
hyaluronan synthase gene, which is 2.9 kb long, was 
integrated into the genome with an efficiency of 69% 
[31].Zhang et al. constructed a dual-plasmid CRISPR-Cas9 
system and utilized its highly efficient genome editing ability 
to knock out five genes on the genome of Bacillus subtilis 
ATCC6051a: srfC, spoIIAC, nprE, aprE and amyE, which 
solved the problems of foam production and bacillus 
production in the industrial enzyme in the production process 

[32].So et al. achieved the knockdown of pps manipulators up 
to 38 kb long with 80% efficiency using CRISPR-Cas9 
system combined with post-culture strategy [33].Liu et al. 
developed a CRISPR/Cas9n-based Bacillus subtilis multiple 
genome editing system for iterative editing of the Bacillus 
subtilis genome. This system has an efficiency of at least 80% 
for 1-8kb gene deletions, at least 90% for 1-2kb gene 
insertions, close to 100% for sentinel mutations, 23.6% for 
large segmental DNA deletions, and close to 50% for three 
simultaneous point mutations. The efficiency of multiple gene 
editing was further improved by regulating NHEJ mediated 
by the ligD gene, resulting in an efficiency of about 65% for 
the introduction of 3-point mutations on chromosomes. The 
system was also applied to simultaneously fine-tune three 
genes in the riboflavin manipulator, and riboflavin production 
was significantly improved in one cycle [34]. 

3. Summary and Outlook   
Bacillus subtilis, as a GRAS strain, has a huge application 

market and prospects in industries such as food, medicine, 
and breeding. Utilizing metabolic engineering technology to 
purposefully modify cells and construct highly efficient 
chassis cells is one of the effective strategies to enhance its 
industrial application potential and scope. Based on the 
CRISPR gene editing system, strategies such as promoter 
engineering, enzyme engineering, cofactor engineering, and 
dynamic regulation can achieve a relative unity of high yield, 
high productivity, and high production intensity of chassis 
cells. However, the current design and construction process 
of chassis cells is still rather cumbersome, and it is difficult to 
obtain universal metabolic rules after complex testing steps. 
Therefore, how to improve the efficiency of the design-build-

test-learn cycle is one of the problems awaiting a solution. 
The intersection and combination of synthetic biology, 
systems biology, and multiple disciplines will become a 
breakthrough to solve this problem. On the one hand, the 
intersection and combination of artificial intelligence, 
machine learning, and multi-omics disciplines provides 
guarantees for annotating gene functions, analyzing 
regulatory mechanisms, and revealing the laws of life. On the 
other hand, directed evolution, computational tools, or de 
novo synthesis of non-natural enzymes or regulatory proteins 
also bring new opportunities for constructing high-version 
chassis cells.  
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