PCR Based Technique for Identification of Bile salt Hydrolase Positive Lactobacilli
Abstract: In the burgeoning landscape of probiotic research, the intricate interplay between the gut microbiota and host health has underscored the significance of specific enzymatic activities, notably bile salt hydrolase (BSH) produced by Lactobacilli. Harnessing the potential health benefits associated with BSH activity necessitates a meticulous identification strategy. In response, this study introduces a sophisticated PCR-based technique tailored for the rapid and precise discrimination of lactobacilli strains boasting BSH enzymatic prowess. This PCR-based approach offers a valuable tool for researchers and industry professionals involved in the selection and characterization of probiotic strains with bile salt hydrolase activity. Its speed, accuracy, and adaptability make it a promising method for large-scale screenings and applications in diverse fields, ranging from food science to the development of probiotic supplements aimed at enhancing human health through the modulation of bile acid metabolism. robiotic supplementation, where the modulation of bile acid metabolism holds promise for promoting human health and well-being.
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Introduction:
The development of a Polymerase Chain Reaction (PCR)-based technique for the rapid identification of Bile Salt Hydrolase (BSH)-positive Lactobacilli represents a significant stride in the realm of probiotic research. Lactobacilli, well-known for their potential health benefits, particularly in modulating bile acid metabolism, have gained prominence in various fields, including food science and human health. BSH, an enzymatic activity exhibited by certain Lactobacilli strains, plays a crucial role in cholesterol reduction and bile acid modification, making it a desirable trait for potential probiotic applications.

Traditional methods for identifying BSH-positive Lactobacilli are often time-consuming and labor-intensive. The advent of molecular techniques, such as PCR, offers a more efficient and targeted approach. This study focuses on the design and validation of a PCR-based technique tailored to swiftly and accurately identify lactobacilli strains harboring the BSH enzymatic activity. By honing in on specific gene sequences associated with BSH production, this technique allows for a nuanced exploration of the genetic landscape, providing a rapid and precise means of screening for strains with therapeutic potential.

The significance of this development extends beyond the laboratory, with potential applications in the selection and characterization of probiotic strains for use in functional foods, supplements, and other health-promoting products. The speed, accuracy, and adaptability of this PCR-based approach position it as a valuable tool in the ongoing quest to unravel the complexities of the gut microbiota and harness the full potential of lactobacilli in promoting human health.

Probiotics are defined as “Live microbial food supplements beneficial to health and have a positive effect in the prevention and treatment of intestinal microbial balance (Fuller, 1989). A probiotic strain should be of host origin, non-pathogenic, technologically suitable for industrial processes, acid and bile-fast, adhere to the gut epithelial tissue, produce antimicrobial substances, modulate immune responses and influence the metabolic activities of the gut (Dunne et al., 1999). 
Conventional phenotypic methods, however, are not suitable for identification of LAB, and are often ambiguous. Moreover, differentiation of these organisms at strain level is a difficult task. Genotypic methods and genetic analysis of genome sequences have paved the way for recent molecular techniques to be used for identification. The commonly used molecular techniques for identification of these organisms include Polymerase Chain Reaction with group specific primers, Dot Blot Hybridization (Dorea et al., 1998), FISH (Sghir et al., 1998), Terminal Restriction Fragment Length Polymorphism (TRFLP), Density Gradient Get Electrophoresis (DGGE) (Zoentendal et al., 1998) and so on.
Genome sequences and bioinformatics present volumes of information for rational selection of genes for identification, confirmation and characterization of functional roles of lactobacilli. The currently presumed roles associated with probiotic attributes important for colonization, survival and functionality include acid tolerance, bile tolerance, surface proteins, lipoteichoic acid, adherence factors and aggregation proteins etc.  Some of the important genes that are encoded in genome of L. acidophilus NCFM are S layer protein (SlpA and –B), Mub-9, (Mucus binding protein), BSH A and B (Bile salt hydrolases), PrLA-I and PrLA-II (phage ruminants), EPS cluster (endopolysaccharide) and Lactocin-B (bacteriocin).  Out of these, BSH seems to be a potential probiotic marker that can be expressed for screening of new probiotic lactobacilli and the short listed cultures then can be further characterized for the additional functional attributes, directly related to secure human health progress.
 This study is primarily focused to develop the primers for bile salt hydrolase genes in lactobacilli which will be helpful in mass screening of the probiotic lactobacilli with bile salt hydrolase activity. Incorporation of such genetic tools in probiotic research is expected to reveal the contribution of probiotics in general human health and well-being and will explicitly identify the mechanisms and corresponding host responses that provide the basis for their positive roles. 

Keeping all the relevant issues in mind, this project was undertaken with the following objectives:

1) To develop PCR based techniques targeted against BSH for identification of BSH positive lactobacilli.

2) To apply the aforesaid techniques for screening of indigenous probiotic lactobacilli.

3) To clone and sequence BSH gene from selected indigenous BSH positive lactobacilli isolates to explore the possibility of developing strain specific PCR.
2. Materials and methods:

2.1 Antibacterial Activity 

2.1.1 Spot on lawn method

Cultures were grown in MRS broth for 18hrs at 37oC and a fresh culture (24hr old) of indicator bacteria (0.04 ml) grown for 4hrs at their optimum growth temperature was added to 5 ml of nutrient agar (0.85%) and over laid on MRS agar (basal plate (1.8%) which had been laid one day before at 37oC).


The soft agar was allowed to solidify thus generating a potential mat of the indicator bacteria. After overlaying, an aliquot of 5(l of the culture was directly applied onto the indicator lawn and examined for the presence or absence of zones of inhibition after 24hrs at this optimum growth temperature.

2.1.2 Antimicrobial activity by agar well assay method 

The cultures were grown In MRS broth for 18 to 24hrs at 370C. The cells were removed by centrifugation at 12,000rpm for 20 min at 50C. The culture supernatant thus obtained was sterilized by passing through a 0.22µm filter and used in the assays 

A fresh culture of indicator bacteria 40µl grown for 16 to 18hrs in BHI at their optimum growth temperature was mixed with 5ml of soft agar melted and cooled to 450C and poured into a Petri dish containing 15-20ml MRS agar supplemented with β-glycerophosphate. The soft agar was allowed to solidify. The plates were refrigerated at 50C for 1hr before several wells were punched out of the agar with the sterile well maker. The wells were filled with 100µl of supernatant. The plates were once again refrigerated 50C for 3-4hr to facilitate the diffusion of supernatant and were incubated at 37oC for 24-48hrs. A clear zone of 1mm or more was considered as positive inhibition.

2.2 Antibiotic Susceptibility

For determining the antibiotic susceptibility / resistance of lactobacillus isolates against different antibiotics, the protocol as recommended by HiMedia was used.  The cultures were screened for antibiotic susceptibility by disc diffusion method. 15 ml of MRS agar was poured in petriplate and allowed to solidify. Then, it was a over laid with 4 ml of soft agar seeded with 200 (l of active culture at 45oC. Petriplates were allowed to stand at room temperature for 15 min before dispensing the antibiotic discs. The Himedia antibiotic discs were dispensed onto agar by Forceps under aseptic conditions. Plates were incubated at 37oC aerobically for 24hr without pre-diffusion or pre-incubation. Diameter (mm) of zone of inhibition diameter was measured. Using antibiotic zone scale and results were expressed in terms of resistance, moderate susceptibility or susceptibility as indicated in the standard table given below.

2.3 BSH Assays

The isolated cultures were screened for bile salt hydrolase activity on MRS agar plates supplemented with 0.5%sodiumglycocholate. The cultures grown for overnight were inoculated onto the agar medium which was then incubated for 5 days. BSH activity was present when cholic acid precipitated in the agar medium below and around a colony.

2.4 Cell Surface Hydrophobicity
Adhesion to n-hexadecane was carried out to assess the cell surface hydrophobicity.

2.4.1 Adhesion to hexadecane

The method of Rosenberg et al. (1980) with slight modification was adopted to measure the cell surface hydrophobicity.

Phosphate urea magnesium sulphate (PUM) buffer:


Ingredients


          g/litre


K2HPO4.3H2


:
O22.2


KH2PO4 


:
7.26


Urea



:
1.8


MgSO4 


:
0.2


pH



:
7.1


  
Distilled Water

:
1000ml

2.4.2 Protocol 

Harvested the bacterial cells grown in MRS broth at 370C for 18 hrs. Washed the bacterial pellet twice with PUM buffer and resuspended in PUM buffer. Adjusted the absorbance to 0.8-0.9 at 610 nm using spectrophotometer.  Added 2.4 ml of turbid bacterial suspension in acid washed test tubes followed by addition of 0.4 ml of n – Hexadecane and incubated at 370C for 10 min. The two phases were separated under controlled conditions for 2 minutes at full speed. The mixed phases were then kept at 37oC for 1 h for phase separation. Separated the aqueous phase with the help of a micropipette and measured the light absorbance of aqueous phase at 610 nm.  The fraction of adherent cells was taken as percent decrease in absorbance of the aqueous phase after mixing and phase separation as compared to that of original suspension. 

                  Percent cell surface hydrophobicity = Initial O.D-Final O.D×100

                                                                                    Initial O.D

2.5. Identification of BSH positive Lactobacilli by PCR

2.5.1 Designing of Primers

The BSH gene sequences of Lactobacilli were retrieved from NCBI nucleotide database and aligned using DNA star program as well as Clustal W (1.82) Multiple Alignment Programme.  The accession numbers of BSH gene sequences of lactobacillus are given in Table 1.  By analyzing the conserved regions of the aligned sequences, primers were designed and got custom synthesized from Imperial Biomed.  

2.5.2 Sequences of BSH primers

The primers specific for BSH gene from different organisms were got custom synthesized and the sequences are given in Table 2. 


2.6 Cloning of BSH gene from Lactobacilli
2.6.1 Vector for Cloning of BSH

The PCR product cloning vector pGEMT-easy from Promega was used for cloning of PCR product of BSH gene. 
2.6.2 PCR amplification of BSH gene from BSH positive Lactobacillus isolates

The BSH gene from two of the Lactobacillus isolates as well as Lactobacillus plantarum 201 was amplified using primer pair Lp1F and Lp975R and High Fidelity Taq Polymerase

2.7 PCR Product purification:

The PCR products obtained in all the above reactions were purified using the following kit.

2.7.1 Millipore kit:

PCR product was transferred to the upper reservoir of the column fitted with collection tube and spinned for 15 min at 4,000 rpm.  DNA binds to the membrane and other components come in flow through. The collection tube with flow through was discarded and the spin column was placed in an inverted position in a new collection tube. To this, 25(l of TE buffer/ Nuclease free water was added and spinned for 2 min at 4,000 rpm.  The bound DNA was thus eluted into TE buffer.  The DNA eluted was run on 1% native agarose gel along with molecular size marker for size conformation.

2.7.2 Ligation of PCR product of BSH gene:

The DNA purified from reaction mixture was ligated into pGEM-T easy vector (Promega) by using pGEMT-easy kit (Promega).  The reaction mixture was prepared as follows:

pGEM-T vector (50 ng/ul) 

:  
0.5 (l

MilliQ waterx  


:  
1.0(l

2X ligation buffer


:  
5.0 (l

Ligase (T4 DNA ligase, 3 U/ul)  
:  
1.0 (l

Insert DNA



: 
100-150 ng/1-2 (l 

(Depending on concentration)

Total ligation mixture

           :
10.0 (l


The ligation reaction was performed at refrigeration temperature for overnight before using it for transformation.

2.8 Transformation
2.8.1 Preparation of competent cells:

· Single colony from a plate of freshly grown E. coli DH5(  (16-20hrs at 37(C) was picked and transferred to 100 ml LB broth in a 1l flask. The culture was incubated for 3hrs at 37(C with vigorous shaking 1300 cycles/min in a rotary shaker until OD at 600 nm reached 0.3-0.5.

· The cells were then transferred aseptically to a sterile ice-cold 50ml polypropylene tube, and the cultures were kept at 0(C for 10 min.  All the procedure was carried out aseptically on ice.  The cells were recovered by centrifugation at 4,000 rpm for 10 min at 4(C.  The media was decanted and the pellet was resuspended in 10 ml of ice-cold 0.1M CaCl2 and stored on ice.

· The cells were recovered by centrifugation at 4,000rpm for 10min. The excess fluid was decanted and the pellet was resuspended in 2 ml of ice cold 0.1M CaCl2 for each 50 ml of original culture.

· Finally, 166 (l of the competent cells prepared were transferred to sterile falcon culture tubes followed by addition of 34 (l of sterile 100% glycerol giving final concentration of 17% glycerol. The competent cells thus prepared were stored in aliquots at -70(C for further use.

2.8.2 Transformation Using Competent Cells

· An aliquot of 5 (l of the ligated DNA was added to 100 (l of competent cells and mixed gently by flicking.  Positive control was also set up to check for transformation using pPUC19 DNA. The mix was incubated on ice for about 30-45 min.

· The tubes were then transferred to water bath maintained at 42(C and held for exactly 90 secs. The tubes were rapidly transferred to ice box and allowed to chill for 1-2 min.

· To the above mix, 900 (l of Luria Bertani (LB) broth was added and mixed.  The tubes were incubated at 37(C/1hr in a rotary shaker to allow the bacteria to recover and express the antibiotic resistance. After incubation, 200 (l of transformed mix were spread evenly on LB agar plates with ampicillin (100 (g/ml) and incubated at 37(C/16-20 hrs.

· The transformants obtained on LB agar plates with ampicillin were inoculated into LB broth containing ampicillin and incubated in shaking incubator at 37(C/12-16hrs after which the cells were pelleted and used for Plasmid isolation.
2.9 Plasmid Isolation
Three different protocols were followed in the present investigation to isolate recombinant plasmids from E. coli transformants (Huang et al., 2021).

2.9.1 Alkali lysis method:

Reagents

· Solution I (GTE)

50mM Glucose

25mM Tris HCl

10mM EDTA

pH 8.0

· Solution II (Freshly prepared)

0.2M Sodium hydroxide

1% SDS

· Solution III 

5M Potassium acetate pH 4.8

· RNase in TE Buffer (10 mg/ml)

· 3M Sodium Acetate

· Phenol

· Chloroform

· Chloroform: Isoamylalcohol mix (24:1)

· 70% ethanol
2.9.2   Procedure

· The cell pellet obtained was washed with sterile water to remove any traces of medium.  The pellet was resuspended in 100 (l of ice-cold solution I by vigorous shaking.

· An aliquot of 200 (l of freshly prepared solution II was added and mixed by inverting rapidly for five times and incubated at 5-10 min on ice / Room temperature. To the above mixture 150 (l of ice-cold solution III was added and vortexed to disperse solution III through viscous layer.  The tubes were stored on ice for 3-5 min.

· The mixture was centrifuged at 12,000 rpm for 5 min at 4(C in a microfuge.  The supernatant obtained was transferred to a fresh tube.

· DNA was precipitated by adding one volume of absolute alcohol at room temperature and mixed by vortexing. The mixture was allowed to stand for 30 min at -20(C and centrifuged for 5 min at 12,000 rpm at 4(C and the supernatant was discarded.

· The pellet was dissolved in 100 (l RNase solution in TE buffer and incubated at room temperature for 1hr. To this, 1/10th volume of 3M sodium acetate (pH 5.2) was added and Plasmid DNA was reextracted with equal volume of 1:1 phenol: chloroform.  The mixture was centrifuged (1200rpm/5min) and the upper aqueous layer was taken into a new eppendorf.

· One volume of 24:1chloroform: isoamylalcohol mix was added and centrifuged.  The upper aqueous layer was transferred into a new tube.  To these two volumes of chilled ethanol was added and kept at -70(C for 10 min and centrifuged 12000 rpm for 10 min.  Supernatant obtained was discarded. 

· The pellet was rinsed with 70% ethanol (100 (l) and the pellet was air dried for 5-10 min.

2.9.3 Plasmid Isolation (Sigma Kit)

2.9.3.1   Reagents 

· Resuspension solution 

· Lysis solution

· Neutralization/binding solution

· Column preparation solution

· Wash solution

· Elution solution

2.9.3.2   Procedure

· E. coli cells were harvested by centrifugation of overnight grown culture at 12,000 rpm for 1 min.  The cell pellet was resuspended in 200 (l of Resuspension solution and mixed by vortexing.  The cells in suspension solution were lysed by adding 200 (l of lysis solution.  The contents were mixed by gentle inversion until the mixture becomes clear and viscous.

· The cell debris were precipitated by adding 350 (l of the neutralization/binding solution and mixed by inversion and centrifuged at 12,000 rpm for 10 min.

· The column was assembled as per manufacturer’s instructions and washed with 500 (l of column preparation solution and centrifuged at 12,000 rpm for 1 min.  The flow through was discarded.

· The cleared lysate obtained above was transferred to the column prepared and centrifuged at 12,000 rpm for 1 min and flow through was discarded.

· An aliquot of 750 (l of the diluted wash solution was added to the column and centrifuged at 12,000 rpm for 1 min.  The column wash step removed residual salts and other contaminants introduced during the column load. The flow through was discarded and the column was again centrifuged at 12,000 rpm for 1-2 min without any additional wash solution to remove excess ethanol.

· The column was transferred to a fresh collection tube and added with 100 (l of elution solution and centrifuged at 12,000 rpm for 1 min to elute the DNA.  

· The eluted DNA was run on 1% native agarose gel for confirmation.
2.10 PCR Amplification
The plasmid DNA obtained was subjected to amplification reaction by using BSH primers Lp1F and Lp951R. The reaction mix was prepared as follows:

MilliQ



17.0 (l

10x buffer


2.5 (l

dNTPs (10 mM)

2.0 (l

Forward primer

1.0 (l

Reverse primer

1.0 (l

Taq polymerase

0.5 (l

Template


1.0 (l (1:10 diluted miniprep DNA)

Total reaction mix

25.0 (l

PCR conditions:

Initial denaturation:
94(C/4 min

Denaturation:
           94(C/30 sec

Annealing:

56(C/1 min.

Extension:

72(C/1 min

Final extension:
72(C/5 min

Number of cycles:
35

The PCR product obtained was run on 1% native agarose gel for information long with molecular size marker.
2.11 Restriction Endonuclease Digestion:
Plasmid DNA obtained was used for restriction digestion with EcoRI.
2.11.1 Procedure:

Restriction digestions of minipreps obtained from different transformants were set up using EcoRI in a 20 (l reaction mix.

· The reaction mix prepared as follows:

Components

EcoRI



MilliQ


x (l



10X Buffer

2.0 (l 



BSA (10X)

2.0 (l 




Enzyme

1.0 (l 



DNA


5.0 (l 



Total reaction mix: 
20.0 (l
· The mix was quickly spinned and incubated at 37(C/2 hrs.  The digested samples were then run on 1% native agarose gel along with undigested sample and marker for size determination.
2.12 Selection of Clones for Custom Sequencing
Based on PCR amplification and restriction digestion, the best clones were selected for custom sequencing. The minipreps were sent to Bangalore Genei for getting the sequencing data using ABI Prism.

2.13 Analysis of Sequence data
The sequences obtained were assembled using DNA Star programme and aligned using CLUSTAL W (1.82) multiple sequence alignment editor.
3. Results and Discussion:
3.1 Antibiotic Resistance / Susceptibility of lactobacillus Isolates 


Antibiotic resistance / susceptibility of probiotic cultures can also influence their survival in the human gut since antibiotic therapy use to protect the GI tract can not only disturb the normal gut flora but also the probiotic cultures implanted therein. This issue has generated lot of interest and debate in determining the antibiotic resistance of probiotic cultures including lactobacilli. To keep our interest alive in this direction, an attempt was made in this investigation also to study the antibiotic resistance / susceptibility of our lactobacillus isolates against some commonly used rugs in gut therapy. The results in regard to this aspect have been recorded in Table 3. 
A critical appraisal of the results presented therein clearly indicates that almost all the cultures were sensitive to both erythromycin and tetracycline whereas streptomycin and gentamycin were weakly to moderately effective against these cultures. However, the most interesting observation was recorded with vancomycin as majority of the isolates except Lb2, Lb3 and Lb5 were resistant to this antibiotic. Our results in this regard are in agreement with those of recorded vancomycin resistance against all the Lactobacillus and Bifiodbacterial cultures examined in his study. Based on our results and similar observations made by other investigators, it can be stated that vancomycin resistance is a widespread phenomenon among lactobacilli as was reported earlier also (Ruoff et al, 1988 and Holliman and Bone, 1988).
3.2 Antibacterial activity of Lactobacillus isolates
Antibacterial activity is yet another desirable potential attribute used for the selection of probiotic cultures. The ability to produce certain proteinaceous antimicrobial substances is an extremely beneficial property and hence can be used as a bonus to the probiotic culture to enhance its commcercial value since the production of the antimicrobial factors by the probiotic culture in the gut can not only provide a competitive edge to these beneficial cultures to survive and proliferate there but also help in the eradication of undesirable high risk pathogens and other infectious agents, the causative organisms of disease in human beings. Hence, in this investigation (Foley et al., 2021), the antibacterial activity of selected lactobacillus isolates against two high risk pathogens namely E. coli 0157:H7 and L. monocytogenes was determined. The results pertaining to the same have been presented in Table 4.  
As can be inferred from these results, almost all the selected Lactobacillus isolates examined in this study except one (Lb29) exhibited a moderate antibacterial activity against L. monocytogenes. However, only four of the cultures namely Lb26, Lb27, Lb29 and LaP were able to show weak inhibitory activity against E. coli 0157: H7. The maximum antibacterial activity against L. monocytogenes was recorded with Lb10 as revealed by big inhibition zone (28 mm) in the cut well assay. Our results in this regard are comparable to those of several other investigators who also recorded strong antibacterial activity of probiotic lactobacilli against Gram positive and gram negative bacteria (Reid et al, 1998; Kabir et al, 1997; Maciel et al, 2003). 
        
3.3 Development of PCR assays for screening of bile salt hydrolase positive Lactobacilli

Since one of the important genetic markers for selection of probiotic lactobacilli is bile salt hydrolase activity that confers bile tolerance to the organisms, we targeted the ‘bsh’ gene sequences available in the NCBI gene bank database for developing bsh-PCR assays for short listing of bsh positive lactobacilli in mass probiotic screening programmes.  With this objective in mind, a total of seven pairs of primers namely LaBSH1F/951R; LjBSHAF/AR; LjBSHBF/BR; LgBSHF/R; LaBSHF/R; LpBSHF/R and Lp1F/975R based on the available lactobacillus bsh gene sequences were designed using primer3 designing software from the internet and got them custom synthesized. The results pertaining to the use of these primers in the development of PCR assays for specific for bsh positive lactobacilli have been presented below. 
3.4 Evaluation of BSH Primers against Standard Probiotic Lactobacilli

To begin with, an attempt was made in this investigation to evaluate the suitability of the seven bsh primers designed in this study in their respective PCR assays against three known probiotic lactobacillus cultures namely Lb. johnsonii La1, Lb. acidophilus LA7 and Lb. acidophilus P. The PCR cycling conditions used in this study included 35 cycles each of denaturation at 94oC for 30 sec. followed by annealing at 56oC for 1 min and extension at 72oC for 1 min. No amplification was observed when primer pairs La BSH1F/951R; LgBSHF/R; LaBSHF/R and LpBSHF/R were used in their respective PCR assays with any of the template DNA from the three probiotic cultures used in the study, thereby, indicating that these primers were not suitable for the identification of the three selected probiotic strains.


However, the primer pairs LjBSHAF/AR and LjBSHAF/AR gave amplified products of 171bp and 168bp with Lb. johnsonii La1 only, thereby, suggesting that these primer pairs were specific for Lb. johnsonii. However, to confirm their specificity, these primers are required to be tested against some additional strains of targeted and non-targeted probiotic lactobacilli to unequivocal prove their suitability for identification of Lb. johnsonii. However, the literature pertaining to designing of primers targeted against bsh gene from probiotic lactobacilli and their exploitation in PCR based identification of such organisms draws almost a blank. To the best of our knowledge, there is only a single report by Elkins et al, 2001 wherein the primers namely Hβ675a and Hβ675a were specifically designed against cbsHβ locus from Lb. johnsonii 100-100 and were used for survey of 50 Lactobacillus isolates. With the help of PCR assays using these primers, ten of the isolates were found positive for cbsHβ. However, nine of these isolates cultured from human sources and one dairy isolate was also found positive for cbsHβ. Contrary to our findings, their primers Hβ675a and Hβ675a could also amplify cbsHβ from Lb. acidophilus, Lb. gasseri and Lb. johnsonii.  
3.5 Specificity of BSH Primers against Non-Lactobacillus Cultures


In order to rule out the possibility of false positive results, all the bsh primers in their respective PCR assays were subjected to specificity test against some non-targeted bacterial cultures belonging to enterobacteriacae family. PCR assay using primer pair LjBSHAF/AR did not result into amplification of the expected PCR product i.e. 171bp band with any of the non-targeted cultures such as E. coli 0157:H7, Enterobacter aerogenes. Salmonella, Shigella, Klebsiella pneuminae, Enterococcus faecalis, E. faecium, L. monocytogenes, Bifidobacteria etc., thereby, indicating that this bsh PCR assay was quite specific for the targeted culture only i.e. bsh positive Lb. johnsonii. Similarly, other bsh PCR assays using the remaining primer pairs except LpBSHF/LpR based on lactobacillus bsh gene were also quite specific (data not shown). The bsh PCR exploring the primer pair LpBSHF/R however gave cross reactivity with some non-targeted cultures such as Bifidobacterium bifidum, E. coli 0157:H7 and L. monocytogenes etc. also thereby, suggesting conserved sequences at these regions in the BSH genes sequences of these cultures. Our results in this regard are consistent with the observations of Elkins et al (2001) who also could demonstrate positive signal of their bsh PCR assay developed for Lb. johnsonii with Lb. acidophilus and Lb. gasseri also although they did not check their PCR assays with members of enterobacteriacae family.

3.6 Multiplexing of BSH-PCR with genes specific PCR for direct identification of bsh positive Lactobacilli

In order to explore the possibility of developing a multiplex PCR for direct screening of the isolates for bsh positive lactobacilli, we made an attempt to combine LjBSHAF/AR and LjBSHBF/BR with that of genus specific primers LbLMA1/pH-1 to evaluate the efficacy of these PCR assays with three standard probiotic cultures used in our study. A critical appraisal of the gel picture presented therein clearly demonstrates the concurrent amplification of 171, 250bp and 168, 250bp products respectively with template DNA from Lb. johnsonii La1 indicating that the combination of the two primer pairs was compatible and did not interfere in the amplification of the PCR products specific for genus lactobacillus (250bp) and bsh (168/171bp) respectively. However, only 250 bp product and a nonspecific products were detected with Lb. acidophilus La7 and Lb. acidophilus P. These results further substantiate our previous findings that the primer pairs LjBSHAF/AR and LjBSHBF/BR used in the multiplex PCR were specific for Lb. johnsonii and hence could be used for identification of bsh positive Lb. johnsonii. The aforesaid multiplex PCR can also find application in direct screening of isolates, libraries, probiotic preparations for bsh positive Lb. johnsonii. However, the validity of our results on suitability of bsh targeted primers and their multiplexing with genus specific primers used in this study cannot be substantiated. Ours is perhaps the first report wherein the specific primers have been designed and used in conjunction with genus specific primes developing bsh PCR assays for screening of indigenous lactobacillus isolates from different niches. This strategy could be extremely valuable for direct isolation of bsh positive lactobacilli in one reaction since the bsh gene sequences are highly conserved at specific locations and hence the simplex PCR based on these regions may not be able to determine the identify of such isolates at genus  level.           


During the course of this study, some additional primers namely Bb BSH1F/951R; BbBSHF/R; BIBSHF/R and BbHSHAF/AR targeted against bsh positive gene sequences of bifidobacterial strains from NCBI gene bank available in our lab were also tested in their respective PCR assays against three probiotic lactobacillus strains to check whether the targeted gene sequence were conserved in lactobacilli also. It is quite evident from the gel picture that the primer pair viz. BLBSHF/ R was able to give positive signal with all the three probiotic lactobacillus cultures in the PCR assay used in this study as indicated by the primers of 186bp band on the gel. These results clearly demonstrate that the targeted region for the BSH gene was conserved in both the probiotic genera i.e. lactobacilli and Bifidobacteria and hence the primer pair could be quite effective in the identification of bsh positive isolates belonging to both the genera. Similarly, another bifidobacterial bsh based primer pair BbBSHAF/AR could produce the desired PCR amplified product of expected size i.e. 830 bp with two of the probiotic lactobacillus cultures namely Lb johnsonii La1, Lb. acidophilus P. Both these cultures were found to be positive and produced 830bp amplified product on the gel. However, the third probiotic lactobacillus culture LA7 failed to produce 830bp product in the aforesaid PCR assay. The discrepancy could be attributed to either human error or false negative reaction. However, to resolve this issue for good, it is imperative that the PCR assay based on the aforesaid Bifidobacterial bsh primers are evaluated and checked against as many probiotic lactobacilli cultures as possible before applying these PCR assays for simultaneous identification of bsh positive probiotic lactobacilli and Bifidobacteria isolated from their natural niches. However, to further substantiate these findings, more extensive investigations are needed to determine the homology of bsh gene sequences of the two genera so that specific primers could be designed for simultaneous identification of both. 

3.7 Application of BSH-PCR Assays in Identification 
After standardization of the PCR assays developed with the help of six primer pairs targeted against different regions of lactobacillus bsh gene sequences used in this study, they were applied on all the PCR positive lactobacillus isolates recovered from different sources. A critical appraisal of these results clearly revealed that neither the primer pair LjBSHAF/ AR nor LjBSHBF/BR based on Lb. johnsonii could amplify the 171 or 168bp product in their respective PCR with any of the 35 isolates, thereby, indicating that none of these isolates belongs to probiotic Lb. johnsonii. The only positive signal in the PCR was obtained with the template from standard probiotic culture Lb. johnsonii La1 as indicated by the appearance of 168bp band on the gel.
Similarly, when the primer pair namely LgBSHF/R used in the PCR assay was applied on the lactobacillus isolates obtained in this study, the expected 220bp PCR amplified product could not be detected with any of the isolates suggesting that none of them belongs to bsh positive Lb. gasseri. However, a non-specific spurious band (>700bp) was invariably detected with some isolates, thereby, suggesting the need for further standardization from the PCR assay for selective amplification of 220bp product only. 

In an effort to find the applicability of the remaining two lactobacillus based bsh primers for identification of probiotic Lb. acidophilus and Lb. plantarum respectively, the PCR assays developed thereof were also subjected to all the lactobacillus isolates. However, the PCR assay developed in conjunction with La BSHF/R (Lb. acidophilus specific) failed to produce the expected amplified product of size 196bp with any of the isolates. This suggests that either the lactobacillus isolates did not belong to Lb. acidophilus or the primer sequences were not good enough from selective amplification of the expecting product with the PCR cycling condition used in this study. The sixth primer pair designated as LpBSHF/R specific for bsh of Lb. plantarum when used in the PCR assay was able to amplify the 230bp product with at least ten of the isolates without any ambiguity and hence all of them were identified as bsh positive Lb. plantarum.

From the foregoing results, it can be concluded that the primers targeted against bsh genes at different regions from different lactobacillus cultures behaved differently in their respective PCR assays developed in this study when applied on lactobacillus isolates recovered from different environments. Some of these primer pairs like LjBSHAF/ AR and LjBSHBF/BR were more specific and hence could not identify the Lactobacillus isolates while others such as LpBSHF/R were more conserved and hence were able to identify the isolates at high frequency. On the basis of these results, it can be inferred that the incidence of bsh positive Lb. plantarum among the Lactobacillus isolates examined in this study was much higher than other lactobacilli and majority of them came from human origin. Our results in this regard are in agreement with those of Elkins et al (2001) who also reported the majority of bsh positive isolates examined in their study on the basis of cbsHβ based PCR assay of human origin.    

3.8 Evaluation of BSH Cloning primer pair LP1F/975R FOR Identification of BSH positive Lactobacilli

Prompted by the success of our previous Lb. plantarum based bsh primers in the PCR assay for bsh positive Lactobacilli, we tested the primer pair Lp1F/975R designed for cloning of bsh gene from Lb. plantarum based on the complete bsh gene sequence of Lb. plantarum available in the NCBI database for cloning the full length BSH gene sequence that spans around 975bp. However, before attempting cloning of the entire bsh nucleotide sequence of the target organism, the aforesaid cloning primer pair was also explored in the study to develop a bsh PCR assay for identification of bsh positive lactobacilli. The bsh PCR assay developed with this particular cloning primer pair resulted into the amplification of 975bp product representing the entire bsh gene sequence with template DNA from a standard Lb. plantarum Lp201. The above PCR assay was then applied to all the lactobacillus isolates and the results pertaining to the same have been recorded. As can be evidenced from the gel picture presented therein, the 975 bp amplified product was obtained in the PCR assay with at least seven of the isolates namely Lb5, Lb6, Lb8, Lb9, Lb10, Lb16 and Lb17 which were eventually identified as bsh positive Lb. plantarum. Further attempts were then made to develop a multiplex PCR by combining the lactobacillus specific primers LbLAM1/R16-1 in the aforesaid bsh PCR and testing the same against the selected lactobacillus isolates. From the gel pictures presented therein it is quite clear that both the primer pairs used in the multiplex PCR were able to amplify the irrespective PCR products specifically and clearly with at least seven isolates as indicated by the formation of distinct bands of expected sizes 250 bp (Lactobacillus specific) and 975bp (bsh specific) on the gel. Our results in this regard using the Lb. plantarum bsh cloning primer corroborate our previous findings wherein the prevalence of bsh positive Lb. plantarum among the isolates from human faecal samples was established (Lee et al., 2022).     

3.9 Cloning of bsh gene from lactobacillus

The second part of this investigation pertained to the cloning of the complete bsh gene from potential lactobacillus cultures selected on the basis of bsh activity with the objective of sequencing the entire gene for exploring its possible application in the identification of specific bsh positive lactobacillus at species or strain level. To achieve this, the bsh gene from one reference strain of Lb. plantarum 201 and two of the bsh positive lactobacillus isolates was amplified using cloning primer pair Lp BSH 1F/ 975 R. The 975bp PCR product representing the bsh gene in the targeted bsh positive lactobacillus cultures was purified using Millipore PCR product purification kit. The purified PCR product was used as an insert and directly ligated into pGEMT -easy vector (Promega). The ligated mix was then introduced into E. coli. DH5( by calcium chloride induced transformation that resulted into a sizable number of ampicillin resistant transformants on LB agar plates containing ampicillin (100 µg/ml). Screening of some randomly selected recombinant clones by plasmid minipreps revealed the presence of approx. 4 kb recombinant plasmid on the gel. The presence of insert in the recombinant vector was further ascertained by digestion with EcoRI. EcoRI digestion of the recombinant plasmid isolated from different clones resulted into cleavage of the 975bp insert. The recombinant clones were also subjected to PCR assay using Lp1F and 975R primer pair which resulted into an amplified product of 975bp, thereby, further confirming the genuineness of the cloned product gene.

3.9.1
Nucleotide Sequencing of Cloned BSH Gene



Final confirmation of the identity of the cloned bsh gene in the recombinant plasmids from selected clones selected after ensuring the correct size of the insert in the vector by plasmid minipreps, PCR and digestion with EcoRI was done by determining the complete nucleotide sequence of the insert and its analysis. The nucleotide sequencing was carried out with the minipreps of the recombinant clones using T7 and SP6 sequencing primers for sequencing from both the strands. The sequences were then assembled using SeqMan (DNA star). The complete bsh nucleotide sequence comprising 975bp in respect of one reference culture i.e. Lb. plantarum 201 and two lactobacillus isolates Lb9 and Lb10 have been deciphered in Figs. 21a and b, 22 a and b and 23 a and b. 

Our cloning results clearly indicate the 975bp PCR product cloned in E. coli in this study represented the entire ORF of the locus BSHα in Lb. plantarum and the two lactobacillus isolates Lb9 and Lb10. To the best of our knowledge, this is the first report wherein BSHα gene from a probiotic Lb. plantarum has been cloned and sequenced. However, complete bsh encoded on two separate loci from another probiotic Lactobacillus spp. namely Lb. johnsonii 100-100 has already been cloned and expressed in E. coli by Elkins et al (2001). Lb. johnsonii 100-100 produces two distinct bile salt hydrolases α and β that combine to form homo and hetero trimetric complexes. The results of Elkins et al (2001) indicated that the three genes cbsT1, cbsT2 and cbsh β constituted an operon in one of the bsh loci in Lb. johnsonii 100-100, while the second locus cbshα of Lb. johnsonii appears to be located in a different operon. The cbshα of Lb. johnsonii 100-100 appears to be comparable to the bshα gene (975bp) from Lb. plantarum 201 which was the subject of our study. The occurrence of two distinct bsh moieties in probiotic lactobacilli is novel since other enteric bacteria are known to encode only one bsh (Coleman and Hudson, 1995; Grill et al, 1995; Tanaka et al, 2000)
3.9.2
Nucelotide Sequence Analysis of bsh Sequences 

The sequences from Lb. planatrum, Lb9 and Lb10 were aligned with the sequences of Lb. plantarum available in the NCBI data base (Acc. NO. A24002) using Clustal W multiple sequence alignment programmes. As is clearly evident from the sequence alignment data presented therein, all the three aforesaid nucleotides sequences exhibited a very high (99%) degree of homology between each other and with that of Lb. plantarum bsh sequence available in the NCBI data base (Acc. No. A24002). However, base alterations were recorded at 8 different locations at position 43, 44, 183, 216, 313, 360, 576 and 893. On the other hand, when amino-acid sequences deduced from the aforesaid bsh nucleotide sequences were aligned with each other and with that of NCBI sequence of Lb. plantarum, there was a difference of only two amino-acids at locations 15 and 288 bases, thereby, indicating very high level of sequence homology at protein level. Elkins et al (2001) also observed high level of similarity between cbsT1 and cbsT2 at nucleotide and predicted amino-acid sequence level in Lb. johnsonii 100-100.  Similarly, based on their sequence alignment studies, these workers further concluded that bsh operon identical in genomic architecture in this strain was highly conserved in Lb. acidophilus KS13 which further supported our own results on these lines.  
Conclusion: 
Almost all the cultures were sensitive to both erythromycin and tetracycline whereas streptomycin and gentamycin were weakly to moderately effective against these cultures. Majority of the isolates except Lb2, Lb3 and Lb5 were resistant to vancomycin. Almost all the selected Lactobacillus isolates examined in this study except one (Lb29) exhibited a moderate antibacterial activity against L. monocytogenes. Only four of the cultures namely Lb26, Lb27, Lb29 and LaP were able to show weak inhibitory activity against E. coli 0157: H7. The maximum antibacterial activity against L. monocytogenes was recorded with Lb10 as revealed by big inhibition zone (28 mm) in the cut well assay. A total of seven pairs of primers namely LaBSH1F/951R; LjBSHAF/AR; LjBSHBF/BR; LgBSHF/R; LaBSHF/R; LpBSHF/R and Lp1F/975R based on the available lactobacillus bsh gene sequences were designed and used in this study for screening of bsh positive Lactobacillus isolates. Initially, all the bsh primers were tested against three known probiotic lactobacillus cultures namely Lb. johnsonii La1, Lb. acidophilus LA7 and Lb. acidophilus P. No amplification was observed when primer pairs LaBSH1F/951R; LgBSHF/R; LaBSHF/R and LpBSHF/R were used in their respective PCR assays with any of the template DNA from the three probiotic cultures. The primer pairs LjBSHAF/AR and LjBSHBF/BR gave amplified products of 171bp and 168bp with Lb. johnsonii La1 only, thereby, suggesting that these primer pairs were specific for Lb. johnsonii. LjBSHAF/AR, LjBSHBF/BR, LgBSHF/R and LaBSHF/R did not result into amplification of the expected PCR products with any of the non-targeted cultures such as E. coli 0157:H7, Enterobacter aerogenes. Salmonella, Shigella, Klebsiella pneuminae, Enterococcus faecalis, E. faecium, L. monocytogenes, Bifidobacteria etc. The bsh PCR exploring the primer pair LpBSHF/R however gave cross reactivity with some non-targeted cultures such as Bifidobacterium bifidum, E. coli 0157:H7 and L. monocytogenes etc. Multiplexing of LjBSHAF/AR and LjBSHBF/BR with that of genus specific primers LbLMA1/pH-1 resulted into concurrent amplification of 171, 250bp and 168, 250bp products respectively with template DNA from Lb. johnsonii La1 only. Out of four additional primers namely BbBSH1F/951R; BbBSHF/R; BIBSHF/R and BbHSHAF/AR designed for Bifidobacteria, primer pairs BLBSHF/ R and BbBSHAF/AR also cross reacted with probiotic lactobacilli. Ten of the 35 isolates were found to be bsh positive when screened with all the sets of primers. Majority of the bsh positive isolates belonged to Lb. plantarum of human origin. The entire PCR amplified 975 bp product representing the ORF of Lb. plantarum 201 and two of the bsh positive lactobacillus isolates Lb9 and Lb10 could be cloned in E. coli. The nucleotide sequence of bsh positive clones was determined and analyzed for nucleotide and amino-acid identity (Wauters et al., 2022). High degree of homology (99%) was observed between the test cultures and the sequence from the database both at nucleotide and amino-acid level.

Table 1 Accession numbers of BSH gene sequences of Lactobacilli
	S.No
	Lactobacillus Species
	Accession. No
	Reference

	1.
	Lactobacillus johnsonii
	AF297873
	Elkins et al, 2001

	2.
	Lactobacillus gasseri
	AF305888
	Russel and Klaenhammer, 2001

	3.
	Lactobacillus johnsonii
	AF054971
	Elkins and Savage, 1998

	4.
	Lactobacillus acidophilus
	AF091248
	Savage and Moser, 1999

	5.
	Lactobacillus plantarum
	A24002
	Patent


Table 2 List of Primers for BSH based PCR assays and cloning of BSH

	S. No.
	Primer
	Sequence of primers

	1.
	LbLMA1

R-161
	5’ ctc aaa act aaa caa agt ttc 3’

5’ ctt gta cac acc gcc  cgt tca 3’ (250 bp)

	2.
	    LaBSH1F
            LaBSH951R
	5’ atg tgt act ggt tta aga ttc 3’

5’ tta ata agt aat tag ctt atc 3’(951 bp)

	3.
	           LjBSHAF
 
5’ ata gtc gcg ggt tag gga ct 3’
     This study

LjBSHAR
	5’ ata gtc gcg ggt tag gga ct 3’

               5’ cat ctg ttc cct ttg gct gt 3’ (171 bp)


(171 bp)

	4.
	            LgBSHF
 

This study

LgBSHR
	5’ tcc atc cct ttt gct tgt tc 3’

            5’ gtt cca ggc gaa cct gat aa 3’ (220 bp)


(220)


	5.
	      Lj1BSHBF
            Lj1BSHBR
	5’ tcc ttg ggg tgt agg aac tg 3’

5’ cct ttg atc atg gca aca ga 3’(168 bp)

	6.
	             LaBSHF
 

This study

LaBSHR
	5’ ttc atc gtt tgc agt tgc tc 3’

5’ gag ctg tag cgt cat gtg ga 3’ (196 bp)

	7.
	 LpBSHF

LpBSHR
	5’ atc acc gct aca ttg gtt gg 3’

             5’ agt ccg ccc att cct cta ct 3’ (231 bp)



(231 bp)

	8.
	   Lp1F


             Lp975R
	5’ atg tgt act gcc ata act tat 3’

5’ tta gtt aac tgc ata gta ttg 3’(975 bp)

	9.
	BbBSH1F 

BbBSH951R
	5’ atg tgc act ggt gtt cgt ttc 3’

           5’ tca atc ggc ggt gat cag ctc 3’ (951 bp)

	10.
	            BbBSHF
 

This study

BbBSHR
	5’ ata tgg aaa acc tgc gca ac 3’

5’ ttg ttc tgc tgc gga tag tg 3’ (124 bp)

	11.
	BlBSHF
 

BlBSHR
	5’ agg ccg atg tat ttc gac tg 3’

5’ tga acc agt gca gca gag ac 3’(243 bp)

	12.
	BbBSHAF

BbBSHAR
	5’ ctc gac tgg agc ttc tcc tac 3’

5’ gcc gga tcc tca tacgtg ttc 3’ (830 bp)


Table 3 Antibiotic resistance/susceptibility of Lactobacillus isolates
	Isolates
	Erythromycin
	Tetracycline
	Streptomycin
	Gentamycin
	Vancomycin

	
	Zone of inhibition (mm) 
	

	Lb1
	27 
	40 
	15 
	20 
	30 

	Lb2
	28 
	35 
	20 
	11 
	31 

	Lb3
	23
	29 
	18 
	14 
	R

	Lb4
	21
	30 
	15 
	12 
	R

	Lb5
	20
	25
	7 
	10 
	8 

	Lb6
	23
	24 
	12 
	12 
	R

	Lb7
	20
	35
	8 
	11
	7 

	Lb8
	20
	38
	15
	17
	R

	Lb9
	18
	35
	14
	12
	R

	Lb10
	14
	38
	15
	11
	R

	Lb 11
	18
	31
	13
	12
	R

	Lb12
	13
	22
	12
	14
	R

	Lb13
	15
	30
	11
	13
	R

	Lb14
	25
	32
	13
	15
	R

	Lb15
	24
	35
	12
	10
	R

	Lb16
	20
	31
	13
	12
	R

	Lb17
	23 
	31
	12
	15
	R

	Lb18
	24
	30
	15
	17
	R

	Lb19
	15
	27
	11
	10
	R

	     Lb20
	23
	28
	14
	12
	R

	Lb21
	15
	21
	8
	11
	R

	Lb22
	11
	26
	9
	13
	R

	Lb23
	17
	26
	13
	15
	R

	Lb24
	18
	22
	10
	9
	R

	Lb25
	18
	21
	13
	11
	R

	Lb26
	13
	25
	11
	12
	R

	Lb27
	19
	25
	9
	11
	R

	Lb28
	10
	24
	8
	10
	R

	Lb29
	17
	19
	8
	9
	R

	Lb30
	18
	24
	15
	11
	R

	Lb31
	16
	23
	8
	11
	R

	Lb32
	20
	27
	11
	13
	R

	Lb33
	15
	21
	11
	9
	R

	Lb34
	19
	25
	9
	13
	R

	Lb35
	14
	24
	10
	9
	R


Table 4 Antibacterial activity of few selected Lactobacillus isolates
	Isolates
	E. coli 0157: H7
	L. monocytogenes

	Lb1
	--
	20mm

	Lb3
	--
	13mm

	Lb5
	--
	20mm

	Lb7
	--
	23mm

	Lb10
	--
	28mm

	Lb13
	--
	12mm

	Lb24
	--
	13mm

	Lb26
	13mm
	14mm

	Lb27
	13mm
	12mm

	Lb29
	12mm
	--

	Lb32
	--
	11mm

	Lb34
	--
	12mm

	Lb38
	--
	10mm

	Lb39
	--
	13mm

	LaP
	14mm
	21mm


Fig 1a. Nucleotide sequence of bsh from L. plantarum 201    

ATGTGTACTGCCATAACTTATCAATCTTATAATAATTACTTCGGTAGAAATTTCGATTATGAAATTTCATACAATGAAATGGTTACGATTACGCCTAGAAAATATCCACTAGTATTTCGTAAGGTGGAGAACTTAGATCACCATTATGCAATAATTGGAATTACTGCTGATGTAGAAAGCTACCCACTTTACTACGATGCGATGAATGAAAAAGGATTGTGTATTGCGGGATTAAATTTTGCAGGTTATGCTGATTATAAAAAATATGATGCTGATAAAGTTAATATCACACCATTTGAATTAATTCCTTGGCTATTGGGACAATTTTCAAGTGTTAGAGAAGTGAAAAAGAACATACAAAAACTAAACTTGGTTAATATTAATTTTAGTGAACAATTACCATTATCACCGCTACATTGGTTGGTTGCTGATAAACAGGAATCGATAGTTATTGAAAGTGTTAAAGAAGGACTAAAAATTTACGACAATCCAGTAGGTGTGTTAACAAACAATCCTAATTTTGACTACCAATTATTTAATTTGAACAACTATCGTGCCTTATCAAATAGCACACCCCAAAATAGTTTTTCGGAAAAaGTGGATTTAGATAGTTATAGTAGAGGAATGGGCGGACTAGGATTACCTGGAGACTTGTCCTCAATGTCTAGATTTGTCAGAGCCGCTTTTACTAAATTAAACTCGTTGCCGATGCAGACAGAGAGTGGCAGTGTTAGTCAGTTTTTCCATATACTAGGGTCTGTAGAACAACAAAAAGGGCTATGTGAAGTTACTGACGGAAAGTACGAATATACAATCTATTCTTCTTGTTGTGATATGGACAAGGGAGTTTATTACTATAGAACTTATGACAATAGTCAAATTAACAGTGTCAGTTTAAACCATGAGCACTTGGATACGACTGAATTAATTTCTTATCCATTACGATCAGAAGCACAATACTATGCAGTTAACTAA

Fig 1b. Amino-acid sequence of bsh from L. plantarum 201    

MCTAITYQSYNNYFGRNFDYEISYNEMVTITPRKYPLVFRKVENLDHHYAIIGITADVESYPLYYDAMNEKGLCIAGLNFAGYADYKKYDADKVNITPFELIPWLLGQFSSVREVKKNIQKLNLVNINFSEQLPLSPLHWLVADKQESIVIESVKEGLKIYDNPVGVLTNNPNFDYQLFNLNNYRALSNSTPQNSFSEKVDLDSYSRGMGGLGLPGDLSSMSRFVRAAFTKLNSLPMQTESGSVSQFFHILGSVEQQKGLCEVTDGKYEYTIYSSCCDMDKGVYYYRTYDNSQINSVSLNHEHLDTTELISYPLRSEAQYYAVN.

Fig 2a.
Nucleotide sequence of bsh of Lb9    

ATGTGTACTGCCATAACTTATCAATCTTATAATAATTACTTCGGTAGAAATTTCGATTATGAAATTTCATACAATGAAATGGTTACGATTACGCCTAGAAAATATCCACTAGTATTTCGTAAGGTGGAGAACTTAGATCACCATTATGCAATAATTGGAATTACTGCTGATGTAGAAAGCTACCCACTTTACTACGATGCGATGAATGAAAAAGGATTGTGTATTGCGGGATTAAATTTTGCAGGTTATGCTGATTATAAAAAATATGATGCTGATAAAGTTAATATCACACCATTTGAATTAATTCCTTGGTTATTGGGACAATTTTCAAGTGTTAGAGAAGTGAAAAAGAACATACAGAAACTAAACTTGGTTAATATTAATTTTAGTGAACAATTACCATTATCACCGCTACATTGGTTGGTTGCTGATAAACAGGAATCGATAGTTATTGAAAGTGTTAAAGAAGGACTAAAAATTTACGACAATCCAGTAGGTGTGTTAACAAACAATCCTAATTTTGACTACCAATTATTTAATTTGAACAACTATCGTGCCTTATCAAATAGCACACCCCAAAATAGTTTTTCGGAAAAaGTGGATTTAGATAGTTATAGTAGAGGAATGGGCGGACTAGGATTACCTGGAGACTTGTCCTCAATGTCTAGATTTGTCAGAGCCGCTTTTACTAAATTAAACTCGTTGCCGATGCAGACAGAGAGTGGCAGTGTTAGTCAGTTTTTCCATATACTAGGGTCTGTAGAACAACAAAAAGGGCTATGTGAAGTTACTGACGGAAAGTACGAATATACAATCTATTCTTCTTGTTGTGATATGGACAAGGGAGTTTATTACTATAGAACTTATGACAATAGTCAAATTAACAGTGTCAGTTTAAACCATGAGCACTTGGATACGACTGAATTAATTTCTTATCCATTACGATCAGAAGCACAATACTATGCAGTTAACTAA   

Fig 2b. Amino-acid sequence of bsh of Lb9    

MCTAITYQSYNNYFGRNFDYEISYNEMVTITPRKYPLVFRKVENLDHHYAIIGITADVESYPLYYDAMNEKGLCIAGLNFAGYADYKKYDADKVNITPFELIPWLLGQFSSVREVKKNIQKLNLVNINFSEQLPLSPLHWLVADKQESIVIESVKEGLKIYDNPVGVLTNNPNFDYQLFNLNNYRALSNSTPQNSFSEKVDLDSYSRGMGGLGLPGDLSSMSRFVRAAFTKLNSLPMQTESGSVSQFFHILGSVEQQKGLCEVTDGKYEYTIYSSCCDMDKGVYYYRTYDNSQINSVSLNHEHLDTTELISYPLRSEAQYYAVN

Fig 3a.
Nucleotide sequence of bsh of Lb10    

ATGTGTACTGCCATAACTTATCAATCTTATAATAATTACTTCTTTAGAAATTTCGATTATGAAATTTCATACAATGAAATGGTTACGATTACGCCTAGAAAATATCCACTAGTATTTCGTAAGGTGGAGAACTTAGATCACCATTATGCAATAATTGGAATTACTGCTGATGTAGAAAGCTACCCACTTTACTACGATGCGATGAATGAAAAAGGATTGTGTATTGCGGGATTAAATTTTGCAGGTTATGCTGATTATAAAAAATATGATGCTGATAAAGTTAATATCACACCATTTGAATTAATTCCTTGGTTATTGGGACAATTTTCAAGTGTTAGAGAAGTGAAAAAGAACATACAAAAACTAAACtTGGTTAATATTAATTTTAGTGAACAATTACCATTATCACCGCTACATTGGTTGGTTGCTGATAAACAGGAATCGATAGTTATTGAAAGTGTTAAAGAAGGACTAAAAATTTACGACAATCCAGTAGGTGTGTTAACAAACAATCCTAATTTTGACTACCAATTATTTAATTTGAACAACTATCGTGCCTTATCAAATAGCACACCCCAAAATAGTTTTTCGGAAAAAGTGGATTTAGATAGTTATAGTAGAGGAATGGGCGGACTAGGATTACCTGGAGACTTGTCCTCAATGTCTAGATTTGTCAGAGCCGCTTTTACTAAATTAAACTCGTTGCCGATGCAGACAGAGAGTGGCAGTGTTAGTCAGTTTTTCCATATACTAGGGTCTGTAGAACAACAAAAAGGGCTATGTGAAGTTACTGACGGAAAGTACGAATATACAATCTATTCTTCTTGTTGTGATATGGACAAGGGAGTTTATTACTATAGAACTTATGACAATAGTCAAATTAACAGTGTCAGTTTAAACCATGAGCACTTGGATACGACTGAATTAATTTCTTATCCATTACGATCAGAAGCACAATACTATGCAGTTAACTAA

Fig 3b. Amino-acid sequence of bsh of Lb10    

MCTAITYQSYNNYFFRNFDYEISYNEMVTITPRKYPLVFRKVENLDHHYAIIGITADVESYPLYYDAMNEKGLCIAGLNFAGYADYKKYDADKVNITPFELIPWLLGQFSSVREVKKNIQKLNLVNINFSEQLPLSPLHWLVADKQESIVIESVKEGLKIYDNPVGVLTNNPNFDYQLFNLNNYRALSNSTPQNSFSEKVDLDSYSRGMGGLGLPGDLSSMSRFVRAAFTKLNSLPMQTESGSVSQFFHILGSVEQQKGLCEVTDGKYEYTIYSSCCDMDKGVYYYRTYDNSQINSVSLNHEHLDTTELISYPLRSEAQYYAVN.
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