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COVID-19 pandemic has claimed too many human lives in recent years due to the unavailability of vaccines in time.
Many different strategies have been explored for COVID-19 vaccines such as the mRNA vaccine etc. However,
irrespective of the vaccine strategy, side effects have been complained about in abundance so far. In this study we tested
the feasibility of preparing an edible probiotic vaccine for COVID-19 using Lactobacillus bacteria that are transformed
with a plasmid containing the SARS CoV-2 spike protein receptor binding domain (RBD). The expression levels of RBD
in the Yogurt prepared by using the transformants was tested qualitatively and quantitatively using SDS-PAGE and
ImagJ software, respectively. Our results suggest that RBD is expressed in selected transformants in measurable
quantities thus offering a promising new approach to edible probiotic yogurt vaccines in the future.
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COVID-19 vaccines were designed using different
strategies and were used during the pandemic [1]. However,
none of them were edible and safe with negligible side
effects [2]. Edible vaccines are often not only safe for
consumption but also provide an alternative to painful oily
injections for vaccine shots with a clinician’s supervision [3].

Edible vaccines were designed for consumption in several
ways in the past such as plant-based, etc. but a
probiotic-based edible vaccine is still rarely seen across the
globe [4, 5]. Probiotic bacteria such as Lactobacillus can be
used for probiotic edible vaccines [6].
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Figure 1. Colonies of Lactobacillus isolated from the natural
homemade yogurt. These colonies were obtained by streaking the
yogurt on an MRS agar plate without any antibiotics followed by
overnight incubation at 37℃.

In this study, we isolated the Lactobacillus spp. from
natural homemade yogurt and transformed them to check
whether it is possible to express the antigenic proteins such
as the SARS CoV-2 spike protein receptor binding domain
(RBD) in this bacteria through transformation and analyzed
the protein expression both qualitatively (SDS-PAGE) and
quantitatively (pixel quantification using ImageJ software)
[7]. Lactobacillus bacteria were isolated from the natural
homemade yogurt by streaking on a freshly prepared and
autoclaved De Man–Rogosa–Sharpe (MRS) agar plate
without any antibiotics. After incubation at 37 ℃ overnight,
the colonies were obtained as shown in Figure 1. Bacterial
minicultures were prepared using MRS liquid broth without
antibiotics. These cultures were further used to prepare
competent cells using the standard CaCl2 method. The
freshly prepared competent cells were then transformed with
a plasmid containing RBD coding gene along with the
ampicillin-resistance gene (Ampr). This plasmid was
prepared previously [8]. Transformation was performed
using the standard Heat-shock method in which the
competent cells were briefly incubated at 42 ℃ in the
presence of the plasmid and were quenched on ice [9]. The
transformants were then plated on MRS agar plates
containing 50 μg/ml ampicillin as a selection marker. A
master plate shown in Figure 2 was prepared to screen the
transformants for RBD expression using SDS-PAGE. RBD
bands were further quantified using ImageJ software [10].

Freshly prepared competent cells always yielded multiple
colonies of transformants compared to frozen and thawed
ones that showed relatively lesser transformation efficiency.
Multiple transformant colonies were obtained from which
random colonies were selected and plated on the master plate
shown in Figure 2. A total of 16 colonies were plated in a
grid drawn on the master plate for further evaluation for the
RBD expression. Whole cell lysates were prepared from the
minicultures of these selected colonies from the master plate
for RBD expression analysis using SDS-PAGE. Among the
lysates of 16 colonies, 2 colonies showed expression of RBD
protein in reasonably good quantities that were sufficient for
the pixel quantification method for estimating the RBD
expression. These two colonies were further propagated in
the presence of ampicillin to retain the plasmid. The data
from pixel quantification of the 2 bands from the SDS-PAGE
(Figure 2) was found to be 6,500 units compared to the
background which was found to be <1,000 units as described
previously [10]. These results suggest that the 2 chosen
colonies expressed reasonable amounts of the RBD protein
and that they can be used further for the preparation of future
yogurt-based vaccines for COVID-19. The glycerol stocks of
the two colonies selected were used for the expression of
RBD protein at least two more times to test the consistency
of RBD expression and were found to be efficiently
consistent. Additionally, we tested new batches of
Lactobacillus bacteria that were isolated from additional
samples of natural homemade yogurt and were transformed
with the RBD plasmid to test the reproducibility by different
people in the laboratory. The results in this study were
reproducible irrespective of the person who conducted the
experiment and various batches of yogurt samples that were
used to isolate the Lactobacillus bacteria.

In conclusion we have shown in this study that viral
antigenic proteins such as the RBD in the current study can
be conveniently expressed in the common probiotic bacteria
such as Lactobacillus that can be used further to prepare
probiotic edible vaccines with almost no side effects. Such
probiotic vaccines due to their edible nature would be easily
administered without painful oily injections, especially to the
kids of all ages. The RBD expression in Lactobacillus will be
further optimized in future to produce more amounts of RBD
to meet the vaccine criteria that can elicit a successful
immune response upon consumption. Animal studies are yet
to be performed to test the antigenicity of RBD produced
from the yogurt to test whether it can produce measurable
antibody titers before starting the human trials. Based on
these current studies, an edible probiotic vaccine will be
prepared in the future for COVID-19 followed by other
infectious diseases. In addition to the regular yogurt taste,
various flavors such as vanilla, strawberry, chocolate, etc.
will be tested to improve the palatability of the yogurt
vaccines.
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Figure 2. Master plate showing colonies of Lactobacillus transformants and SDS-PAGE analysis of RBD expression. The master plate has a
grid in which the transformed colonies were grown in the presence of 50 μg/ml ampicillin. These colonies were further tested for the RBD
protein expression. The SDS-PAGE gel shown on the right side contains protein ladder in the first lane (left most lane) followed by the whole
cell lysates from the transformants from the master plate. Evidently, colonies 4 and 5 in lanes 5 and 6, respectively show the RBD expression
highlighted by red box.
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