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Abstract 

Regular use of  certain drugs and other antibiotics has led to 
the development of  many side effects and drug resistance in the 
humans. But researchers have already started to find out various 
other alternatives to combat the negative effects. Among these, 
probiotics are being used up as an alternate and are consumed to 
great extent by humans in day to day life. Lactobacillus is the most 
common bacterial strain that is commercially used in various probiotic 
products. These LABs must bind to the human epithelial gut in order to 
perform their activity. For binding, mucin binding protein plays a major 
role by providing the attachment sites to the bacteria. In this paper we 
have analyzed the mucin- binding proteins in Lactobacillus plantarum 
using computational tools. L plantarum was chosen due to its ability to 
show strong binding towards epithelial surface. The FASTA sequences 
were extracted from UniProtkb database and were used for further 
comparison based on different parameters. Physicochemical analysis 
was done by ProtPARAM software, followed by secondary structure 
prediction (CFSSP software) and tertiary structure prediction (CASTp 
software). The MUBs motifs were also compared with the motifs of 
gut pathogens using TOMTOM tool. Moreover, the particular motifs 
responsible during adhesion were being searched in MUBs using 
Motif  Finder. These motifs showed some similarity with the binding 
motifs of  pathogens present in human gut. Physicochemical analysis 
showed that these mucin binding proteins are thermostable. GRAVY 
value indicates that these are soluble proteins which are hydrophilic 
in nature. These proteins do not have any effect of  cellular proteases 
and hence are able to survive in the small intestine. These chosen 
strains have conserved sequences determined by their secondary 
structure analysis using the CFSSP server. Moreover, it was found 
that these mucin binding proteins has some of  the motifs having 
the same sequences as present in that of  pathogens. Hence, these 
are able to show the competitive adherence against the pathogens 
by blocking the binding sites for pathogens and resulting in their 
elimination. The study conducted showed the presence of  MUBs 
in Lactobacillus plantarum and also same motifs were found in 
pathogen which proved the competitive adherence of  L. plantarum 
against pathogens hence providing some light to the host- microbes 
interactions for other future studies too.
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Introduction

Probiotics are defined as the live microorganisms which impart 
some health benefits to the consumer when consumed in appropriate 
amounts. The healthy microbes are known to reside in human 

intestinal gut and help the individual in numerous ways. There are 
several health benefits of  these probiotics which are reported in the 
literature [1]. The food which contains probiotics in it is known as 
the functional foods. These functional foods share a great place in 
the modern market [2]. With the expansion of  the modern market 
and with increasing awareness among people regarding the health 
benefits of  these probiotics, there is more research work being 
conducted upon the usage of  these organisms into several varieties 
of  food products [3]. The incorporation of  these living organisms is not 
an easy task and requires a great use of  techniques. The stability of 
these organisms is a big issue while delivering the probiotics into any 
food item. Probiotics generally belong to the species Bifidobacteria 
and Lactobacillus [4]. They can also be naturally found inside the 
human intestinal gut. There are basic characteristics of  probiotics 
like- the organism must of  intestinal origin, should be able to survive 
under acidic conditions, must remain active and viable in intestine of 
humans, and should be able to remain alive for longer durations of 
time [5]. 

Fermented food had always been a potent source of  many 
probiotic bacteria. Lactic acid bacteria are one of  the bacteria with 
probiotic characteristics, majorly found in fermented food items [6-7]. 
LAB is able to produce many health benefits [8]. They are known to 
behave as the major components of  functional foods. Also they can 
be used in other areas. They can be used as the starter cultures for 
both dairy and non dairy products in order to carry out fermentation 
as well as the hydrolysis process [9]. These can also be used as 
antimicrobial agents who can result in elimination of  pathogenic 
species [10]. As we know, these organisms are able to produce the 
lactic acid in large amount and are able to increase the pH of  the food 
items, hence the pathogenic bacteria mostly does not survive in this 
unfavorable environment [11]. They are also sometimes used as low 
caloric sweeteners in variety of  food products. As during hydrolysis, 
they results in secretion of  various peptides, which later on are added 
as a sweetening agent. Besides this, the other uses lies in the area 
of  medicine, feed industry and chemical industry like antimicrobial, 
antitumor etc [12]. 

To perform its function, any probiotic must be able to colonize 
itself  on the human gut epithelia. The epithelial surface of  the human 
gut is known to made up of  the mucus secreting cells or epithelial 
cells [13]. These cells have been greatly known for their secretion of 
mucin. These mucins are high molecular weight proteins playing a 
major role in adhesion of  bacteria [13]. The bacteria have the special 
proteins present on their surface which results in its binding with the 
mucins. These special glycosylated proteins are called as mucin 
binding proteins. There are some special receptor interactions and 
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hence the bacteria gets adhere to the epithelial surface with strong 
affinity [14]. When attached, these probiotic bacteria are known to 
show the competitive adherence to the gut pathogens and hence 
results in their elimination by several other ways [15]. The result of  this 
is the gut pathogens do not find any free surface to bind and hence the 
acidic environment created by the LAB will result in their elimination 
[16]. Here in our study we analyzed the mucin binding proteins in 
LAB with the help of  computational tools. The Lactobacillus strains 
were found having the highest number of  mucin binding proteins in 
it. The L. plantarum was further chosen as the base for this study. 
The FASTA sequences were extracted from UniProt kb database and 
were used for further comparison based on different parameters. The 
MUBs motifs were also compared with the motifs of  gut pathogens. 
This study focused on showing the relation between probiotics and 
pathogens on the basis of  competitive adherence.

Materials and Methods:
Sequence Retrieval 

UniprotKb is the platform for collection of  accurate information 
on proteins. This server was used for searching the strains of  Lactic 
acid bacteria having the mucin binding proteins [17]. Different strains 
of  Lactobacillus with different number of  mucin binding proteins 
were retrieved. Total 11 strains were available showing the presence 
of  Mubs. Out of  these, single strain was chosen for further in silico 
studies on the basis of  strong affinity towards human gut epithelium 
and presence of  maximum number of  Mubs. 
Physicochemical Properties

For analyzing the Physicochemical Properties of  retrieved 
sequences, ProtPARAM software was used, from the Expasy website 
[18]. The properties included were Amino acid composition of  the 
mucin binding proteins, molecular weight of  the protein, Theoretical 
pI or isoelectric point- this is critical parameter to analyze the function 
of  the protein. Instability indexes which states the stability of  proteins, 
its functions and also the interactive patterns of  protein with other 
molecules [19]. Aliphatic index is defined as the volume of  whole 
protein captured by the aliphatic side chains present in the protein. 
This parameter gives an idea about the thermo stability of  the protein 
[20]. GRAVY or Grand Average Hydropathy is defined as sum of 
all hydropathy values of  all the amino acids divided by number of 
residues in a sequence [21].

Secondary Structure Prediction: 
The secondary structures of  chosen mucin binding protein 

sequence were analyzed using the CFSSP server [22]. This Chou 
and Fasman Secondary Structure Prediction tool usually gives an 
idea about the presence of  sheets, helices and turns in the protein 
[23]. The secondary structures of  proteins will lead to the formation of 
tertiary structures and hence will determine the function of  a protein.

Tertiary Structure Prediction
Tertiary structure is defined as the three dimensional structure 

of  the protein. It involves the joining of  all the functional parts of 
proteins together which helps the protein to become an active 
functional element. The tool which was used to predict the tertiary 
structure was CASTp- Computed Atlas of  Surface Topography of 
Proteins web server [24 which helps to locate and measure gaps in 
interior of  proteins and pockets which are present on the surface of 
proteins [25].

Motif  Search
Motifs are the super secondary structures which are present in 

the proteins. These can be a part of  a domain and generally exists 
in combinations of  β- sheets, α- helix and turns. For searching the 
active motifs present in the protein having the mucin binding regions, 
the online tool – Motif  Search was used (www.genome.jp/tools/motif/) 
[26]. 

Motif  Comparison
TOMTOM is an online comparison tool, which compares the 

query motifs against the list of  the existing motifs which are present 
in its database. During our search, the FASTA sequence of  one 
chosen motif  from each protein was inserted in the search box to 
compare the results [27].

Results and Discussions:

Sequence Retrieval

After searching the strains of  Lactic acid bacteria having 
the mucin binding proteins, this resulted in 11 different strains of 
Lactobacillus with different number of  mucin binding proteins present 
in them. Out of  these, initially 2 strains were chosen having highest 
number of  mucin binding proteins (mubs), namely, Lactobacillus 
fermentum and Lactobacillus plantarum. Further reported data was 
searched and it was found that Lactobacillus fermentum shows 
either no or very less attachment to the cell surface whereas the 
other strain shows the strong attachment [28]. Hence, we preceded 
our work with Lactobacillus plantarum. Further full length protein 
sequences were downloaded for the in silico study. Total 4 sequences 
were retrieved for different Lactobacillus plantarum species which are 
mentioned below in table 1. Moreover, several reported studies also 
show the analysis of  the mucin binding proteins in LAB, and their 
ability to show association with intestinal proteins during adhesion 
through docking [29].					   
	

Physicochemical Analysis:

	 After entering the FASTA sequences in the ProtPARAM 
online software, the physicochemical properties of  the query 
sequences were generated. The data showed that LAB strain 1 has 
highest of  the molecular weight and LAB strain 4 has the lowest 
molecular weight. pI value was in the range of  4 for the first three 
strain while the last strain has pI value of  11. The instability index 
values were in the range of  15-69. Whereas the aliphatic index 
values were in the range of  73-111. LAB strain 1 has total 527 amino 
acids, LAB strain 2 has 462 amino acids, LAB strain 3 has 394amino 
acids and LAB strain 4 has only 35 amino acids. The GRAVY values 
of  the first three LAB strains were negative while the GRAVY value of 
the last strain is positive (Table 2).

According to the data obtained, it can be concluded that the 
proteins are stable as the all the values of  instability index obtained 

Table1. Lactobacillus plantarum strains

Lactobacillus plantarum            A0A0S2Z342
Lactobacillus plantarum            A0A0S2Z2N2
Lactobacillus plantarum A0A0S2Z2J1
Lactobacillus plantarum A0A0A8J814
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are below 40, except the last one whose value is above 60 which 
indicates that this particular protein is not stable [30]. The molecular 
weights of  the three proteins are in the range of  40-60kDa. However, 
last protein shows the molecular weight of  3.901kDa. Since aliphatic 
indexes are the good indicator of  thermostability, hence high values 
of  these index shows that protein is thermostable in nature [31]. The 
pI obtained for the first three proteins is near to 4 and above and the 
pH of  the small intestine is between 5 to 7, therefore the proteins that 
fall near this range would be able to survive and colonize in the small 
intestine to show their beneficial effects. The GRAVY data tells us 
about the hydrophobicity of  the protein and the value below 0 i.e. a 
negative value indicates that the protein is hydrophilic in nature [32].

Secondary structure prediction: 

The secondary structures of  the selected strains were analyzed 
using CFFSP online server. The FASTA sequences were entered into 
the query box and the results were generated. It was found that the 
most of  the part of  the mucin binding protein was being covered by 
the β- sheets, followed by the α- helix and then the turns. All of  the 
retrieved sequences under study were found to have almost similar 
secondary structure composition stating that these protein structures 
are highly conserved by nature and may hence play an important role 
in the determining the functional activity. However, the last protein 
showed some variation (Table 3). The crystal structure determination 
in of  these mucin binding proteins in probiotics has put more light 
upon the mechanisms of  how human pathogens with associate with 
these gut probiotics [33].

Table2. Physicochemical properties of selected Mubs in LAB strains

LAB strain
No. of  
Ami-

noAcids
GRAVY pI Mol. Weight

Instability

Index

Aliphatic

index

Lactobacillus plantaru-
mA0A0S2Z342

527 -0.431 4.84 56.6kDa 15.43 73.17

Lactobacillus plantaru-
mA0A0S2Z2N2

462 -0.439 4.71 49.7kDa 19.48 72.75

Lactobacillus plantaru-
mA0A0S2Z2J1

394 -0.457 4.54 42.1kDa 22.13 71.98

Lactobacillus plantaru-
mA0A0A8J814

35 0.180 11.72 3.901kDa 69.29 111.43

Table3. Secondary structure composition of  selected Mubs in LAB

LAB Strain Amino Acids Helix Sheet Turn

Lactobacillus plantarum 
A0A0S2Z342

527 47.2% 78.4% 14.6%

Lactobacillus plantarum 
A0A0S2Z2N2

462 50.6% 78.6% 14.1%

Lactobacillus plantarum 
A0A0S2Z2J1

394 52.8% 71.8% 14.0%

Lactobacillus plantarum 
A0A0A8J814

35 34.3% 62.9% 14.3%

Tertiary Structure Analysis: 

	 Tertiary Structure Analysis was done to calculate the 
volume as well as the surface area of  the mucin binding proteins. The 

FASTA sequences of  the chosen strains were used to generate the 
values. It was found that CASTp online tool generated the results for 
the first two strain of  LAB 

Table4. Tertiary structure composition for selected Mubs in LAB

LAB strain Volume Surface Area

Lactobacillus plantarum  

A0A0S2Z342
68.906 145.038

Lactobacillus plantarum 

A0A0S2Z2N2
570.283 371.627
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It was found that the first strain has total volume of  68.906 and surface 
area of  145.038, whereas the second strain has volume of  570.283 
and surface area value of  371.627. It has been reported that the sites 
with the largest volume and surface area are known to be regarded 
as the active sites. Hence, the more volume and surface are of  the 
protein, the more tightly it will fit to the receptor through its active site, 
as a result it will show a great binding [34].

Motif  Search:

The FASTA sequence for the target proteins was entered in the 
in the search box and later the lists for the active motifs present in the 
proteins were generated. It was reported that Lactobacillus plantarum 
bacteria contain the motifs which are leucine rich in nature. These 
leucine rich motifs are important for protein- protein interactions, 
hence making possible the binding of  MucBP with mucins [35]. The 
generated results for the available motifs present in mucin binding 
proteins are shown below:

The above results showed the presence of  different mucin 
binding motifs present in the protein. The first strain shows that this 
protein has the 2 different motifs and first type of  motif  is present at 
seven different positions, which are specified in the result data only. 
Likewise, the second protein also shows the presence of  two motifs- 
MucBP and TGIID_30kDa. The MucBP is present at 6 different 
positions, which is implied by different amino acid positions. The third 
protein also has two active motifs –MucBP (present at 5 different 
positions) and MucBP_2. Whereas the last protein which is highly 
unstable do not have any active mucin binding motif, according to the 
results, as compared to others. Other studies were also conducted 
to study the complete domains of  these mucin binding proteins. It 
is known that the domains like flagelin domain in association with 
pfam00669 and 700 are present. In addition to these, there are 
several other important peptides too which are present in these mucin 
proteins. The complete study on mucin binding proteins encoding 
genes was performed by Buntin and others in 2017 [36].

Motif  Comparison 

Once the active motifs were searched in the selected proteins, 
these were then compared with other motifs using an online 
comparison tool. TOMTOM was used as an online comparison tool 
and results which were generated are shown below:

Figure1. Motifs present in L plantarum (A0A0S2Z342)

Figure2. Motifs present in L plantarum (A0A0S2Z2N2)

Figure3. Motifs present in L plantarum (A0A0S2Z2J1)

Figure4. Compared motif  of  L plantarum (A0A0S2Z342)

Figure5. Compared motif  of  L plantarum (A0A0S2Z2N2)

Figure6. Compared motif  of  L plantarum (A0A0S2Z2J1)

The query sequence was taken from the motif  finder tool 
where motif  sequence which was present in the mucin binding 
proteins of  the specific LAB bacteria. These small FASTA sequences 
were entered into the query box and generated the above mentioned 
results. These results explains that the motifs which were present 
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in our target proteins has the similar sequences present in the 
other bacterial species like S. pyogenes, P. aeruginosa, V. cholera, 
L. monocytogenes, P.putida, E.coli etc. Hence, it can be concluded 
that if  probiotics enriched with Lactobacillus plantarum strain is taken 
with normal diet, can help in elimination of  these above mentioned 
pathogenic bacteria species [37]. Since Lactobacillus plantarum has 
the mucin binding proteins, hence these have positive effects on 
showing the competitive adhesion against the pathogenic bacteria 
[38]. Once probiotics bind to the gut surface in the host, these blocks 
the binding site of  the pathogenic bacteria and hence conveying the 
advantage to the host by reducing chances of  occurrence of  many 
diseases [39-40].

Conclusion

Mucin Binding Proteins are usually found in all the strains of 
LAB. These proteins play a vital role in adhesion and help the bacteria 
to attach itself  to the inner membrane of  human intestine. Lactobacillus 
plantarum had the maximum number of  mucin binding proteins and 
hence was chosen further for the study. Physicochemical analysis 
showed that these mucin binding proteins are thermostable. GRAVY 
value indicates that these are soluble proteins which are hydrophilic 
in nature. These proteins do not have any effect of  cellular proteases 
and hence are able to survive in the small intestine. These four strains 
have conserved sequences determined by their secondary structure 
analysis using the CFSSP server. These forms the motifs which are 
formed by the combinations of  the secondary structures and these 
were found by using the online tool –Motif  Search. These motifs were 
further analyzed and were found in pathogenic bacterial strains. It 
was found that these mucin binding proteins has some of  the motifs 
having the same sequences as present in that of  pathogens. Hence, 
are able to show the competitive adherence against the pathogens 
by blocking the binding sites for pathogens and resulting in their 
elimination. These types of  studies will further clarify the microbes 
and hosts interactions and will lead to more research in this area. 
With more insights on these mechanisms will lead to development of 
more novel concepts and will result as a great help in order to prevent 
and treat gastrointestinal illness.
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