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Bacillus Probiotics: Spore
Germination in the Gastrointestinal
Tract

Gabriella Casula and Simon M. Cutting
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ABSTRACT

Spores of Bacillus species are being used
commercially as probiotics and competitive exclusion
agents. Unlike the more commonly used
Lactobacillus-type probiotics, spores are dormant life
forms. To address how spare probiotics might function
we have investigated whether spores can germinate in

the gastrointestinal tract by using a murine model.
Using a genetically engincered chimeric gene, fief-
tac, which is strongly ap!ased only in vegeu:we
cells, we have developed

reverse transcription-PCR assay which has enabled
detection of as few as 107 vegetative bacteria in the
mouse gut. Using this method we have administered
doses of fisH-lacZ spores 1o groups of mice and
shown that spares can germinate in significant
numibers in the jejurum and ileum, The levels of
detection we obtained suggest that spores may
colonize the small intestine, albeit briefly.

Bacterial spores are dormant life forms which can

exist in o desi and state i

‘The process of spore formation has been extensively
studied as a simple model for understanding cellular
differentiation and is ane of the primary reasons for

the interest in spores and spore formation (7).
Intriguingly though, spores of Bacillus subiilis are
being used as probiotics and competitive exclusion
(CE) agents for both human and animal consumption
(18). For humans they are available cither as over-the-

counter prophylactics for mild g inal
disorders such as diarrhea or as health foods or
it In ies though

(e.g., Viemam), bacterial spores are being used for
ornl hacteriotherapy of gastraintestinal disarders often
under clinical supervision. In the agricultural industry
spores are also receiving increasing attention as
potential allernatives to antibiotics as growth
promoters. The use of probiotics andlor CE agents
seems likely to increase as public awareness of their
potential benefits increases.

While spores are being sold as probiotics, an
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Natto extract, a Japanese fermented
soybean food, directly inhibits viral
infections including SARS-CoV-2

in vitro
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Abstract

Cardiovascular disease (CVD) is the leading cause of
death in the world and our approach to the control and
management of CVD mortality is limited.

consumption of Natto has been linked to a reduction
in CVD mortality. Recent research has demonstrated
that NK. hzspmcm ﬁhnnulyuc activity,

ihyp heroscl and lipid-
lowering, antiplatelet, and neuroprotective effects.
This review covers the major pharmacologic effects of
NK with a focus on its clinical relevance to CVD. Tt
cutlines the advantages of NK and the outstanding
issues ining to NK ph kineti ilubl
evidence suggests that NK is a unique natural

pound that several key cardi I
beneficial effects for patients with CVD and is
therefore an ideal drug candidate for Il\epmwmnun
and of CVD. Nattoki isa

atherosclerosis

Introduction

Cardiovascular discases (CVDs) are the most
prevalent cause of deaths worldwide. In 20135, the
number of CVD-related deaths represented 31% of all
deaths globally

(www.who.i di To date,

there are limited approaches available for the control
and/or management of CVD-related mortality.!

Natto, a ch like food made of soyb fe d
with Bacillus subtilis, has been consumed as a
ditional food in Asian for more than

alternative in the management of CVD,

(NK}, the most active ingredient of natto, possesses a
variety of favourable cardiovascular effects and the

natto, cardi discase,

Associated Data

* Supplementary Materials

Abstract

Natto, a traditional Japanese fermented soybean food,
is well known to be nutritious and beneficial for
health. In this study, we examined whether natto
impairs infection by viruses, such as severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) as
well as bovine herp: 1 (BHV-1), "
our results show that both SARS-CoV-2 and BHV-1
treated with a natto extract were fully inhibited
infection to the cells. We also found that the
glycoprotein D of BHV-1 was shown to be degraded
by Western blot analysis and that a recombinant
SARS-CoV-2 receptor-binding domain (RBD) was
proteolytically when i with the
natto extract. In addition, RBD protein carrying a
point mutation (UK variant N501Y) was also
degraded by the natto extract, When the natto extract

was heated at 100 °C for 10 min, the ability of both
SARS-CoV-2 and BHV-1 to infect to the cells was
restored. Consistent with the results of the heat
inactivation, a serine protease inhibitor inhibited anti-
BHV-1 activity caused by the natto extract. Thus, our
findings provide the first evidence that the natto
extract contains a protease(s) that inhibits viral
infection through the proteolysis of the viral proteins.

Keywords: BHV-1, Glycoprotein D, SARS-CoV-2,
Receptor binding domain, Bacillus subtilis, Antiviral
effect

1. Introduction

There are no signs of an end to the ongoing pandemic
caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Ropons reunhng it
have been

since

Myum Nauooommpmnlsbelwvedmbea
1k to the longevity of the Japanese

lation.” Recent studies d d that a high
natto intake was associated with decreased risk of
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