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Abstract

Triose phosphate isomerase is one of the bacterial genes that plays a role in basic metabolic
processes involving conversion of complex form of chemicals to other simpler forms. This gene
codes for an enzyme essential for a bacteria to convert fructose and glucose into simple
components and ATP by the cells. Lack of this enzymes leads to an inability of strains to utilize
these sugars from the environment. The present work involves the study of transformation of
this gene from wild bacterial strains to the mutants that lack the gene. The detailed insilico
analysis of the gene was also included in the study. In addition to this the study involves
isolation and identification of Lactobacillus delbrukii from milk and curd samples aiming at the
amplification of their TPI gene. The isolated gene is targeted to be transformed into selected
bacteria. The transformation was performed using vector plasmid pAS 100 by the process of
conjugation with mutants of E coli. These mutants are known for their inability to grow on
fructose and glucose due to the lack of Triose phosphate isomerase activity. These trans
conjugates recovered were known to possess the ability to grow on fructose and glucose. Major
active sites were predicted using insilico tools and docking of TPI with EGFR protein as the
cancer receptor was analyzed.
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Introduction

Lactobacillus, which is also commonly known to be Dd&derlein's bacillus, is a gram-positive
bacteria which is facultative anaerobic or microaerophilic rod-shaped bacteria widely
distributed in nature [10]. They form the major group of the lactic acid bacteria. They are named
as Lactobacillus group due to their ability to convert lactose and other sugars to lactic acid [2].
Apart from natural environment these bacteria are also known to be common inhabitants of
human body and are included in the group of friendly bacteria. In humans these bacteria are
localized in organs like vaginaand the gastrointestinal tract where they constitute the normal gut
flora. They are usually benign, except in the mouth where they have been associated with
cavities and tooth decay (dental caries) [6]. In order to obtain them as pure culture for the study
they can be easily isolated from milk and other dairy products.

Some of the species of Lactobacillus are used at industrial scale in the production of dairy
products like yoghurt, cheese and other fermented foods like saukraut, pickles, beer, wine,
cider, kimchi etc [8]. Sourdough bread is made using a “starter culture”, which is a symbiotic
culture of yeast and lactic acid bacteria growing in a water and flour medium [1]. Lactobacilli,
especially L.casei and L.brevis are some of the most common organisms involved in the
spoilage of beer [5].

Among the lactobacillus group Lactobacillus delbrueckii is a rod shaped bacteria which is gram
positive and a non-motile bacterium with a common sugar fermentation ability producing final
product to be lactic acid anaerobically [4]. Except L. delbrueckii subsp. delbruecki all the other
species are naturally present in milk and dairy products [7]. L. delbrueckii subsp. delbruecki is
mostly present in vegetable sources.

Triose-phosphate isomerase (TPI or TIM) is one of the protein enzymes which is responsible for
the reversible conversion of the triose phosphate isomers dihydroxyacetone phosphate to D-
glceraldehyde 3-phosphate [3]. TPI has a vital role in glycolysis and is necessary for the
production of energy efficiently. TPI being a universal enzyme in all organisms can be isolated
and engineered from any organism. This gene can be used in several therapeutic procedures [9].
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Triose phosphate isomerase is a highly efficient enzyme which can perform the reaction several
times faster than any other natural processes.

Materials and Methods

Isolation and Identification of L. delbrueckii from milk sample

All the standard microbiology protocols were used to isolate the lactobacillus species from milk,
which include initial maser plate preparation on nutrient agar media followed by streak plate
method on MRS media. The isolated colonies were subjected for gram’s staining, microscopy
followed by biochemical tests. Pure cultures of L. delbrueckii were further inoculated in liquid
broth for multiplication and further study.

Genomic DNA extraction from bacterial cells in broth [11]

1ml of overnight bacterial culture was collected in a small graduated centrifuge tube and was
spin at 10000 rpm for 10 minutes. The pellet obtained was further mixed with 100ul of T.E
buffer(1x) to which 10ul of lysozyme was added. The tubes were incubated at 37°C for 30
minutes. Later 20ul of 10% SDS and 15ul proteinase k were added to the same tube and re
incubated at 60°C for an hour. To the above tubes 400ul of 6M ammonium acetate was added
and votexed thoroughly. The solution was centrifuged at 10000rpm for 6 minutes. The
supernatant was collected to which equal volume of chilled isopropanol/ ethanol was added for
precipitation of DNA. The sample was incubated at -20°C for 30 minutes or alternatively
incubation can be performed at 40°C overnight. The tubes were centrifuged at 10000 rpm for 10
minutes. Pellet thus obtained was subjected for 70% ethanol wash followed by air drying. The
pellet is again dissolved in 1X T.E buffer until use.

Agarose gel electrophoresis

Before performing the gel run agarose gel electrophoresis tray and chamber were cleaned and
wiped with ethanol followed by air dry. The gel tray/ mold was sealed with cellophane tape and
tested for leakage. To the tray 50 ml of 0.7% agarose prepared in TAE buffer and dissolved in
an oven was added. In order to settle the gel it was cooled to 45°C and 18pl Ethidiun bromide a
DNA staining dye was added. It was mixed and poured into agarose gel tray. The comb was
inserted based on the no of samples used for separation and was left for setting. The tray should
not be disturbed until complete solidification. After setting, the comb was removed carefully
without puncturing the wells. The seal was removed and the gel tray was placed in the
electrophoresis chamber. The gel was covered with TAE buffer. Bacterial genomic DNA
samples were prepared for loading into the wells as mentioned below :

10ul of DNA + 5l of loading dye

The bacterial genomic DNA extracted cab be loaded carefully. The power supply can be
switched on and gel is allowed to run till the bands reaches 3/4th of the gel at 50V. The gel was
observed for visualization of genomic DNA bands in UV transilluminator

Primer designing

One of the prerequisites for Primer designing is the knowledge about target gene sequence. Thus
the gene sequence of TPI was retrieved from NCBI public data base, which is redundant and
free. While selecting the gene sequence it is important to check that the sequence is 100%
homologous to the bacteria which was used for DNA extraction. Additionally it must be cross
checked that the sequence specifies only one distinct gene. Primer 3 tool can be used which is
available online at https://primer3.ut.ee/. Parameters have to be specified and thus primer can be
generated. Some of the important points considered during primer designing include GC content,
melting temperature and product length. The primers obtained would be of 20bp length and in
pair containing a forward primer and a reverse primer to amplify the target gene region.

Amplification of TPI gene by PCR

For the amplification of TPl gene from the genomic DNA extracted, primers developed as
above were used. A pair of primers one forward and other reverse with other inputs which are
specified further are added in PCR mix and subjected for amplification. All the components used
for PCR amplification are:
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Template — 4ul, Forward primer -2ul, Reverse primer-2ul, Tag DNA polymerase -1ul, DNTPs -
2ul, MgCI2 — 1ul, PCR Buffer — 5ul, Distilled water-9ul

The programme used in thermocycler is as follows with the specified conditions:

® Pre PCR Cycle: Initial denaturation of template DNA at 94°C for 5 minutes

® PCR Cycle: Denaturation for 1min at 94°C. Primer annealing for 1min at 55°C .
Extension at 72°C for 1min. Number of cycles to be set for 35.

® Post PCR Cycle:  Final extension at 72°C for 5 minutes

Agarose gel electrophoresis for PCR products
Amplified DNA samples were run for electrophoretic analysis on 1.2% agarose gel containing
Ethidium bromide and analysis of gel was done under UV light.

Transformation of TPI gene into E coli cells

® The amplicons of TPI were transformed into mutated strains of E coli that lack the TPI
gene. Following steps were involved in this transformation;

Preparation of recombinant vector (pAS 100)

Competent cell preparation of E coli

Conjugation of recombinant vector in competent cells

Screening for TPI expression in E coli

Preparation of Recombinant pAS 100 and ligation

Recombinant pAS 100 was prepared by following 2 basic steps. Initial restriction digestion of
DNA with EcoRI followed by TPI amplicons ligation of L delbrukii with the digested vector.
Initially the pAS 100 vector was subjected for restriction digestion and later subjected for
ligation. The ligation was carried out as shown below: All the components specified are added
to a PCR or Eppendorf tube and are incubated at 37°C for lhr (to accelerate enzyme
activity). Vector DNA-2.5 uL, Insert DNA-7.5uL, 10X Ligase Buffer-2.5uL, T4 DNA
Ligase-2ul, water to make up the volume to 25uL. These recombinant plasmids were
transferred by conjugation to mutants of E coli which were unable to grow on fructose and
gluconate due to the lack of Triose Phosphate isomerase activity.

Initially E coli cells were imparted the competency by chemical treatment and later subjected for
transformation.

Procedure for recombination

To the pellet of competent cells 2ul of recombinant plasmid pAS 100 was added carefully. This
was followed by flicking the tubes 4-5 times to mix cells and DNA. Vortexing should be
avoided. Mixture was placed on ice for 30 minutes followed by heat shock at 42°C for 30
seconds.

The tube is placed on ice for 5 minutes to which 1ml of sterile LB broth was added. This was
kept in shaker incubator at 37°C at 250rpm for 1 hour.

Screening for TPI expression in E coli

50ml of LB agar medium was prepared in which tryptone was substituted with glucose as the
carbon source. Incubated culture suspension was inoculated onto solidified LB agar plates.
Transformed colonies were observed after overnight incubation. If colonies were successfully
transformed it can be indicated by the utilization of glucose by E.coli cells which were initially
incapable. This can be tested by their growth on Minimal Salt media with Glucose as carbon
source.

Insilico analysis

This study included the Sequence retrieval of TPI gene from NCBI public data base followed by
its sequence and structural study. Apart from its basic structural annotation the study focused on
testing its ability against cancer cell proliferation based on docking studies with cancer cell
receptor EGFR. The docking studies were performed in MOLEGRO SOFTWARE and 3D
structure was visualized in Argus lab.
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Results and Discussion
Isolation of Lactobacillus delbrueckii from milk and curd

Fig 1, 2 below shows the isolated colonies of curd and milk on master plate:

Inference: The above plate shows isolated colonies on NAM and the markings indicating the
colonies to be sub cultured.

Fig 3, 4: Pure culture plate of above selected colonies:

Inference: The colony morphology was observed as White coloured, powdery form, circular
colonies for milk sample and white coloured, small dot like colonies for curd.

Fig 5: Gram staining of colonies from milk
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Inference: Gram positive rods were observed for the above test colonies under 100x oil
immersion objective.
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Table 1: Results of biochemical tests performed for the test culture

S.NO BIOCHEMCIAL TEST RESULT
1 Gas from Glucose Negative
2 Acid from Galactose Positive
3 Acid from Lactose Positive
4 Acid from Maltose Positive
5 Acid from Mannitol Negative
6 Nitrate Reduction Negative
7 Growth at 45°C Positive
8 Indole utilization Negative
9 Motility Mostly Negative
H2S prodction Negative
11 Catalase Negative
12 Citrate Negative

Inference: The above table shows the list of biochemical tests that can be considered as
reference for the identification of Lacobacillus delbreuckii

Primers designed for TPI Amplification

Forward primer: GGTAAGCTGCCAGATCCAAG
Reverse primer: ACCGATAGCCCAATTGGTT

Fi

6: Agarose gel electrophoresis with amplicons after PCR amplification:

Inference: The above pictures shows the Amplicons in he 2, 3 and 4" well loaded in replicas
and the 1% well showing the ladder.

Fig 7: Growth of transformed cells on MSA media with glucose as Carbon source
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Inference: Above picture shows the successful growth of transformed E coli cells on MSA with
glucose as sole carbon source.
In silico Sequence analysis of TPI gene:

TPI Protein sequence from NCBI

>Qi|67473567|sp|POA858.1|TPIS_ECOLI RecName: Full=Triosephosphate isomerase;
Short=TIM; AltName: Full=Triose-phosphate isomerase
MRHPLVMGNWKLNGSRHMVHELVSNLRKELAGVAGCAVAIAPPEMYIDMAKREAEGSHIM
LGAQNVDLNLSGAFTGETSAAMLKDIGAQY IIIGHSERRTYHKESDELIAKKFAVLKEQGLTPV
LCIGETEAENEAGKTEEVCARQIDAVLKTQGAAAFEGAVIAYEPVWAIGTGKSATPAQAQAV
HKFIRDHIAKVDANIAEQVIIQYGGSVNASNAAELFAQPDIDGALVGGASLKADAFAVIVKAA
EAAKQA

Based on the above sequence PDB BLAST and PHYRE tool were used to select the best 3D structure
for TPI sequence. The PDB Id selected as structure representative for TPl was 1WY 1. This was further
used for docking with the EGFR structure, which was selected as target receptor for studying the
inhibitory effect of TPI on cancer.

Fig 8: 3D structure of TPI in 1Argus lab
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Inference: The 3D structure is shown in wireframe model with all the water molecules shown in red
color.

Docking of TPI with EGFR using MOLGRO software:

Docking is one of the confirmatory step to conclude the inhibitory effect of TPI on EGFR receptor. The
structure of EGFR was retreival from PDB. The 3D structures were used for docking using MOLGRO
software and the results were analyzed.

© 2022 The Author (s); Helix E-ISSN: 2319-5592; P-ISSN: 2277-3495 6



Helix (2022) 12 (4):1-8

Fig 9: Docking of TPI with EGFR receptor in MOLGRO
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Inference: The above picture shows the docking image of EGFR shown in blue color to TPI shown in
ball an stick model. The results of dockign indicate that the best docking pose for the above pair is the
pose 00 with its score of -126.705. Thus proving the potential of TPl gene in inhibiting cancer cell
receptor EGFR thus controlling cell proliferation.

Conclusion

Based on the above studies it can be concluded that Microbial TPl up regulates the proliferation of
human cancer cells based on docking studies. This regulation is facilitated by its docking with EGFR as
the cancer receptor with which it shows good docking score of -126.705. Isolation and identification of
Lactobacillus delbrukii was done from milk and curd source following several biochemical tests and
Gram’s staining. A successful transformation of Lactobacillus delbrukii TPI into mutated E coli strain
was also accomplished in this work by virtue of which the strains became able to grow in glucose
media.
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