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Materials and Methods

Dose-dependent effect of inhibitors on biofilm
We determined the inhibitory effect of quercetin and naringenin on biofilm of V. cholerae
strains N16961 and VC287. The phytomolecules were added at concentrations 25µg/ml,
50µg/ml, 75µg/ml, 100µg/ml, and 125µg/ml to determine their effect on the biofilm. The
plates were incubated for a total of 24 hrs at 37°C under static condition and the wells were
treated with inhibitors and allowed to incubate for next 24 hrs.

Time Point Inhibition Assay
We added quercetin, naringenin and pyrogallol to the wells containing V. cholerae strains
N16961 and VC287 at 0, 8, 12, 16, 20 and 24 hrs to see the effect on biofilm formation at
sub-MBIC concentration determined from the above-mentioned experiments. All wells were
incubated for a total of 24 hrs at 37°C under static condition and were further incubated for
another 24 hrs after the addition of the inhibitors.

Comparative analysis of inhibitors
The effect of the inhibitors was tested in the V. cholerae strains in comparison to terrein and
Furanone C-30 which are well known quorum sensing blockers for several bacterial species.
The comparative inhibitory effects were tested against C. violaceum CV026. The violacein
pigment were extracted and quantitatively analyzed. The inhibitors were then tested against V.
cholerae biofilms and q-RT PCR was performed to determine the effect of inhibitors on the
QS associated genes (Rodríguez et al., 2021).

Results
Dose dependent inhibition of biofilm formation

Supplementary Figure 1. Effect of different concentrations of quercetin and naringenin on biofilm formation
(expressed as percentage of inhibition) on V. cholerae strains (A) N16961 and (B) VC287. The effect of
quercetin and naringenin on biofilm formation by V. cholerae strains at different time points (C) N16961 and (D)
VC287.



CLSM analysis biofilm formed by V. cholerae strains

Supplementary Figure 2. Scanning electron microscopy of V. cholerae strains N16961and VC287 in the
absence and presence of quercetin and naringenin. Orthogonal views obtained by confocal laser scanning
microscopy of 24-hr grown culture of N16961 and VC287. The z-stacks were acquired for each chamber with
Leica TCS SP5 confocal scanning system (Leica Microsystem, Mannheim, Germany) using 63× oil objective
lens. CLSM analysis represented as mean thickness of biofilm formed by V. cholerae strains.



Comparative analysis of inhibitors

Supplementary Figure 3. Quorum sensing of C. violaceum CV026 by quercetin and naringenin (A) The zone
of inhibition at 50 µg/ml concentration of inhibitors with DMSO as control. (B) Quantitative estimation of
violacein production (%) with and without the inhibitors. (C) Percentage of biofilm inhibition in the presence
and absence of inhibitors (D) Relative expression of quorum-sensing genes measured by real-time qPCR. (D)
cqsA; (E) aphA; (F) luxO; (G) hapR; The V. cholerae strains VC287 and N16961 cells were tested in the
absence (control) and presence of inhibitors; pyrogallol, quercetin, naringenin and commercially available QS-
blocker Furanone C-30 and terrein for 24 hrs. The fold changes of QS gene expression were normalized to the
level of gyrB gene expression and then quantitated relative to gene expression of control was normalized to 1
using the comparative Ct method. Results represent the means and SD from triplicate experiments. *P < 0.05
and **P < 0.01 indicate statistically significant differences between treated and control.
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