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General introduction

Vibrio cholerae is a Gram negative aquatic bacterium. Until now more than
200 serogroups of V. cholerae are known and among them toxigenic O1 and 0139
serogroups are mainly responsible for cholera epidemics. Cholera is a devastating
diarrheal disease in many developing countries and claims several thousand lives
every year. V. cholerae O1 serogroup divided into two biotypes, El Tor and classical.
In the recent history of cholera seven distinct pandemics have been traced. The first
six pandemics (1817-1923) were presumably caused by O1 classical biotype whereas
the current seventh pandemic that started in 1961 is due to O1 El Tor biotype. The
0139 serogroup emerged as epidemic strain in 1992. V. cholerae strains belonging to
other serogroups are collectively known as non-O1/non-0139 and only very few of
these strains are toxigenic and can cause sporadic cases of diarrhea. However, all

the toxigenic V. cholerae strains possess two major virulence factors: cholera toxin



(CT) and toxin-coregulated pilus (TCP).

The CT is composed of one ‘A’ subunit encoded by ctx4 gene and five ‘B’
subunits encoded by the ctxB gene. The ‘B’ subunit of CT of El Tor differs from that
of classical in two amino acid residues. Recent cholera outbreaks are caused by O1
El Tor biotype which possesses classical ctxB gene and designated as El Tor variants.
The TCP helps the bacterium during colonization in human intestine and its major
structural subunit is encoded by tcpA gene. Expressions of CT and TCP are
regulated by ToxT, the master regulator of virulence gene expression. On the other
hand, ToxT expression can be activated by coupling of ToxR/ToxS and TepP/TcpH. In
addition, a global prokaryotic gene regulator known as histone-like nucleoid
structuring protein (H-NS) encoded by Ans gene, has been shown to repress the
transcription of several virulence genes including tox7, ctxAB and tcpA.

Like many other bacteria, genetic recombination events in V. cholerae have
aided in the emergence of multi drug resistance (MDR) strains. The use of
antimicrobial agent targeting bacterial viability can be expected to impose selective
pressure on the development of antimicrobial resistance. On the contrary, targeting
virulence regulatory process like interference in quorum sensing (process of
bacterial cell-to-cell signaling through chemical molecules known as autoinducer),
inhibition of virulence genes expression etc. has advantage by nullifying the chance
of developing resistance against antimicrobial agents. Commonly used natural
products like spices, herbs, fruits, etc. have many kinds of beneficial effects to our
health. Spices and herbs have also been used to treat diarrheal diseases since
ancient time. As these kind of natural products have fewer side effects, much
attention has been paid for developing antimicrobial drugs from these products.
However, the effects of natural compounds have been examined targeting the
viability of some pathogens whereas little is known about their specific influence on
bacterial virulence regulation.

The objective of this study was to examine the potentiality of spices to inhibit
the CT production in V. cholerae without affecting the growth and to explore its
specific regulatory mechanism at transcriptional level. The research was divided

into three parts: 1) checking the effect of spices extracts on the growth and CT



production in V cholerae strains, 2) identification and purification of spice extract
fractions which are most active against CT production in V cholerae and 3)
determination of possible regulatory mechanism for the inhibition of CT production

by using active components of spice.

Chapter 1. Effect of different spice extracts on the cholera toxin production in

Vibrio cholerae

Six spices were selected such as red chili (Capsicum annuum L.), sweet
fennel (Foeniculum vulgare Miller var. dulce), white pepper (Piper nigrum 1.),
cassia bark (Cinnamomum aromaticum), red pepper (Piper nigrum L.) and star
anise (/Ilicium verum). All these spices have medicinal properties and are commonly
available in South East Asia, where cholera outbreaks are frequent. The selected
spices were extracted with 99.9% methanol (MeOH) and used as crude extract. A
total of 52 V, cholerae strains including O1 El Tor (= 40), O1 classical (n=5), 0139
(n = 5) and nonO-1/non-0139 (2 = 2) were selected. All strains were ctxA gene
positive. Preliminary results revealed that in many strains (20 out of 52) the growth
was not affected with white pepper MeOH extract (100 pg/ml). Among them four
high CT producing (determined by bead ELISA) O1 El Tor strains were selected for
further study. Effect of all six crude spices extract on the quorum sensing of these
strains was examined by measuring autoinducers production [Cholera
auotinducer-1 (CAI-1) and autoinducer-2 (AI-2)]. No clear-cut influence of spice
extract on autoinducers production was observed. However, all six spices MeOH
extract were able to inhibit the CT production in these strains without affecting
their growth. Methanol alone was used as a control, did not show any inhibitory
effect on the growth as well as CT production. Red chili, sweet fennel and white
pepper MeOH extracts showed more than 90% inhibition of CT production in the
four V. cholerae strains. Among these three spices, red chili MeOH extract was able
to inhibit the CT production most strongly with all the tested doses (10, 50, 100
pg/ml) against these strains. Red chilies from various countries (China, Japan,

Turkey) were also able to inhibit the CT production indicating that the active



components in this spice are innate. Hence red chili was selected for further
purification to obtain the active ingredients responsible for inhibition of CT

production.

Chapter 2. The effect of purified fractions and compounds from red chili and other

spices on the cholera toxin production in Vibrio cholerae

Red chili was extracted with MeOH and filtrate was evaporated under
reduced pressure to obtain MeOH extract. The MeOH extract was partitioned into
H20/EtAcO mixture and EtAcO soluble portion was concentrated and further
partitioned into n-hexane/90% aq MeOH mixture. H2O soluble portion was further
partitioned with n-butanol. Each soluble portion was evaporated under reduced
pressure to give n-hexane, 90% aq MeOH, n-butanol and Hz20 extracts, respectively
and was applied to examine the effect on the CT production in a V. cholerae O1 El
Tor, CRC41 strain. The CT production in this strain was inhibited more than 90%
with n-hexane and 90% aq MeOH extracts, respectively whereas the aqueous and
n-butanol extracts were able to inhibit the CT production in lesser extent,
respectively. These results indicated that the active components of red chili against
CT production are hydrophobic in nature. Next the n-hexane extract was separated
by SiOz column (n-hexane/EtAoc solvent system) to furnish two fractions, namely F'r.
A and Fr. B. Fr. A and Fr. B were confirmed to mainly include fatty acids mixture
and capsaicin, respectively, by TLC analysis. 90 % aq MeOH extract was also
separated by SiO:2 column (n-hexane/EtAcO solvent system) to furnish four fractions
(Fr. 1 to Fr. 4). Fr. 1 was confirmed to be fatty acids mixture and Fr. 3 was confirmed
to be capsaicin by TLC analysis. All these fractions were also examined against the
CT production. Fr. A and Fr. B of n-hexane and Fr.1 of 90% aq MeOH extract
inhibited the CT production exceedingly in all tested doses (10, 50, 100 pg/ml). From
mixture of fatty acids, one saturated fatty acid (palmitic acid) and two unsaturated
fatty acids (linolenic and arachidonic acids) were selected and also examined
against the CT production in CRC41 strain and linolenic acid was observed to

inhibit the CT production most efficiently.



Since Fr. 3 contained capsaicin, which is one of the most abundant
ingredients in red chili, the effect of capsaicin on the CT production was examined
in detail using 23 V. cholerae strains of different serogroups including El Tor
variants (classical CT producer, n = 12), El Tor (n = 5), classical (n=2), 0139 (n=2)
and non-O1/non-139 (n = 2) strains. Capsaicin (100 pug/ml) was able to drastically
inhibit the CT production in all tested El Tor, 0139 and non-O1l/non-0139 strains
without affecting their growth. Whereas, in case of two classical strains the CT
production was inhibited with 50 pg/ml of capsaicin (at higher concentration growth
inhibition was observed) without affecting their growth. Up to our knowledge this
might be the first report showing the inhibition of CT production in V. cholerae
strains by capsaicin. The major components of sweet fennel such as trans-Anethole
and 4-Allylanisole were also able to inhibit the CT production in sub-bacteriocidal
concentration whereas piperine from white pepper was relatively less effective
against the CT production in CRC41 strain. All these results indicate that the active
components from red chili, sweet fennel and white pepper are potential natural
sources for inhibiting CT production in V. cholerae.

Furthermore, to see if the inhibitory activity of red chili extract on CT
production is observed in vivo, rabbit ileal loop assay was performed with V
cholerae 01 El Tor CRC41 strain (107 cfu/loop) in the presence (5 mg/loop) or
absence of red chili 90% aq MeOH extract. Fluid accumulation was reduced with
red chili 90% aq MeOH extract after 6 h in comparison to control. It was also
observed that in accumulated fluid the CT production was 71% inhibited with red
chili 90% aq MeOH extract in comparison to control. This data suggested that the
red chili 90% aq MeOH extract could inhibit the CT production not only in vitro but

also in vivo.

Chapter 3. Possible mechanisms for the reduction of virulence genes transcription

with red chili fractions and capsaicin in Vibrio cholerae

Possible mechanisms behind the inhibition of CT production with different

fractions of red chili (100 pg/ml) were examined at transcriptional level in a V



cholerae E1 Tor CRC41 strain. Initially, ctxA gene transcription was analyzed
through real-time quantitative reverse transcription-PCR (qRT-PCR) using TagMan
probe method. Furthermore, transcription of another virulence gene #cpA as well as
other regulatory genes such as tox7 toxR, toxS, tcpE tcpH, and hns were also
analyzed. For qRT-PCR specific primers and probes were designed by Primer
express 3.0, software. The housekeeping gene recA, was used as an internal control.
Total RNA was purified from the CRC41 strain cultured up to late log phase in the
absence and presence of crude red chili methanol extract, red chili 90% aq MeOH
extract, Fr. 1 (obtained through SiOs chromatography), linolenic acid and capsaicin,
and subjected to the qRT-PCR. The transcription of ctxA and tcpA genes was
drastically repressed with above mentioned red chili fractions. The tox7 gene
transcription was also repressed by all these fractions. In contrast, the Ans gene
transcription was enhanced by red chili fractions. Whereas other regulatory genes
such as toxR, toxS, tepF tcpH was apparently less affected with red chili fractions.
These data suggested that the enhancement of Ans gene transcription by all red
chili fractions might be responsible for the repression of ctxA, tcpA and toxT genes

in O1 El Tor CRC41 strain.

Conclusions

1. Red chili, sweet fennel and white pepper MeOH extracts could strongly inhibit
the CT production in sub-bacteriocidal concentration in V. cholerae O1 El Tor

strains.

2. The n-hexane and 90% aq MeOH extracts of red chili were able to inhibit the CT
production in a V. cholerae O1 El Tor strain in vitro. Besides, the red chili 90% aq
MeOH extract was also able to reduce the fluid accumulation as well as CT

production in vivo.

3. Capsaicin and mixture of fatty acids, such as linolenic acid, arachidonic acid and
palmitic acid were able to drastically inhibit the CT production in V. cholerae

strains belonging to various serogroups and biotypes including O1 El Tor, O1



classical, 0139, non-O1/non-0139 and newly emerged O1 El Tor variant strains.
The major components from sweet fennel such as ¢rans-Anethole, and
4-Allylanisole were also able to inhibit the CT production in sub-bacteriocidal
concentration. To the best of our knowledge this is the first report demonstrating
that red chili, sweet fennel and white pepper can inhibit the CT production in V.

cholerae without affecting their growth.

4. The ctxA, tepA and toxT genes transcription was drastically repressed by red
chili 90% aq MeOH extract, Fr. 1 (obtained through SiO: chromatography),
linolenic acid and capsaicin. In contrast, Ans gene transcription was enhanced
with these red chili fractions indicating that inhibition of the CT production
might be due to the repression of ctxA, tcpA and toxT genes by H-NS.

Thus, routine intake of natural spices may be an alternative approach to

prevent cholera.
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