10

11

12

13

14

15

16

17

bioRxiv preprint doi: https://doi.org/10.1101/100214; this version posted January 13, 2017. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC 4.0 International license.

An Improved Crystal Violet Assay for Biofilm Quantification in

96-Well Microtitre Plate

Sudhir K. Shukla®®, T. Subba Rao®"”

4Biofouling & Biofilm Processes Section, Water & Steam Chemistry Division,
BARC Facilities, Kalpakkam, 603 102 India
bHomi Bhabha National Institute, Mumbai 400094, India

Phone: +91 44 2748 0203, Fax: +91 44 2748 0097

*Corresponding Author: T. Subba Rao

Affiliation: Biofouling & Biofilm Processes Section,
Water & Steam Chemistry Division,
BARC Facilities, Kalpakkam-603 102, India.
Telephone: +91 44 2748 0203; Fax: +91 44 2748 0097

Email: subbarao@igcar.gov.in



mailto:subbarao@igcar.gov.in
https://doi.org/10.1101/100214
http://creativecommons.org/licenses/by-nc/4.0/

10

11

bioRxiv preprint doi: https://doi.org/10.1101/100214; this version posted January 13, 2017. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

Abstract

Microplates are essential tools for biofilm research since it allows high throughput
screening of biofilm forming strains or in the assay of anti-biofilm drugs. However, 96 well
microtitre plate based assays share the issue of “edge effect”. The primary cause of the “edge
effect” phenomenon is evaporation. As edge effect causes a significant increase in plate
rejection rate by introducing experimental error, we improvised the classical crystal violet
assay to reduce water loss from the peripheral wells. The improvised method showed a

significant reduction in edge effect and minimised error in crystal violet assay.
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Introduction

Biofilms are surface-attached microbial communities wherein microbial cells are
embedded in self-produced extracellular polymeric substances!. Biofilms cause severe
problems in clinical as well as industrial settings?. On the other hand biofilms are used in some
of the advantageous applications such as bioremediation of toxic agents and degradation of
xenobiotic compounds®. In both the cases biofilm production capacity of microbes need to be
evaluated in order to use them in bioremediation or to devise strategies against it. Over the last
couple of decades, a number of model systems have been tested for in vitro study of biofilms®.
In many assays biofilms are quantified by conventional culture plating method to get colony
forming units/count, which is an intensive procedurel. Whereas other assays do use 96 well
microtiter plates for biofilm quantification as microtitre plate offers comparatively high
throughput screening (96 isolates at a time) and it also allows to do screening in multiple sets.
Such assays include biofilm biomass assays which are based on staining of matrix including
living and dead cells, for example, crystal violet® assay and viability assays that are based on
the quantification of only viable cells such as Fluorescein di-acetate assay®. On the other hand
matrix specific quantification assays involves definite dyes, which bind to the specific matrix
components such as living cells, proteins, polysaccharides and eDNA’.

A microtiter plate based crystal violet assay is an indirect method of biofilm
quantification and was first described by Christensen et al.8 Since then several modification are
made to increase its accuracy ® 1°. However, micro-titre plate based assays share the issue of
“edge effect”. The “edge effect” occurs mainly due to two reasons; first, peripheral wells are
more ventilated thus can provide more O for bacterial growth. Secondly, water evaporates
quickly from peripheral wells thereby providing the planktonic cells to stick to the walls, which
in turn binds the crystal violet dye and gives a false reading as biofilm biomass. The “edge

effect” poses serious concerns when determination of antimicrobial or anti-biofilm efficacy of
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compounds has to be tested since evaporation increases the concentration of “testing
compound” and the experiment end up with wrong crystal violet absorbance values. In this
study, some improvisation was made in the crystal violet assay to reduce water loss from the
peripheral wells and to reduce the edge effect. The improved method showed a significant

reduction in edge effect and minimized the error in crystal violet assay.
Material and methods

Microtitre plate assay for biofilm quantification

Staphylococcus aureus V329 biofilm was formed on pre-sterilized 96 well flat bottom
polystyrene micro-titre plates in triplicates as described elsewhere 12, Briefly, A 10 pl of cell
suspension having 0.5 O.Desoo was inoculated in 190 pl TSB medium in each well and 200 pl
of autoclaved distilled water was added in peripheral wells to reduce the water loss. Then micro-
titre plate was incubated for 16 h at 37°C. After aspiration of planktonic cells biofilms were
fixed with 99% methanol. Plates are washed twice with phosphate buffer saline or sterile saline
water and air-dried. Then, 200 pl of crystal violet solution (0.2%) was added to all wells. After
5 min, the excess crystal violet was removed and plates were washed twice and air dried.
Finally, the cell bound crystal violet was dissolved in 33% acetic acid. Biofilm growth was
monitored in terms of O.Ds7o nm using micro plate reader (Multiskan, Thermo Labsystems).

Statistical Analysis

All data are expressed as mean standard deviation (SD) of the triplicate experimental data.
A two-tailed Student’s t-test was used to determine the differences in biofilm formation
between the control and each group. The P value of < 0.005 was taken as significant.

Result and Discussion

Micro-titre plate results showed that when S. aureus biofilms are grown in 96 well
micro-titre plates for more than 12 h, it is observed that biofilms grown in peripheral wells

were thicker (with higher crystal violet absorbance at 570 nm) (Figure 1). CV is a basic dye
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that binds non-specifically to negatively charged surface molecules such as polysaccharides
and eDNA in the extracellular matrix'®. Because it binds cells as well as matrix components it
is generally used to evaluate biofilm biomass in toto*. However, in practical experience, one
needs to take care of some of the experimental artefacts to avoid un-intended errors in our
observations/results. As shown in Figure 1, biofilms grown in circumferential wells were
grown thicker as compared to biofilms grown in inner wells due to the phenomenon, called as
“edge effect”, which primarily occurs mainly due to two reasons; first, peripheral wells are
more ventilated thereby provides more O> for bacterial growth. Secondly, water evaporates
quickly from peripheral wells enhancing the planktonic cells to stick to the walls, which bind
to CV and give false reading as bioflm biomass. The “edge effect” poses serious concerns when
we need to determine antimicrobial efficiency or anti-biofilm efficacy of compounds as due to
evaporation concentration of “testing compound” increases and we end up with wrong CV
absorbance values. In animal cell cultures experiments, this problem is somewhat managed by
using wet incubation chambers that maintains 95% humidity in the incubation chamber.
However, normal shaker-cum-incubator which is generally used to grow bacterial cultures does
not have this facility. Therefore, to avoid such experimental errors we introduced a simple

improvisation in crystal violet method.

As said that the primary cause for the “edge effect” phenomenon is evaporation, to
reduce excessive water loss and to maintain humidity when we added plain autoclaved water
in circumferential wells as indicated in Figure 2. Results showed that adding plain sterile water
significantly reduced the edge effect (n=30; p<0.05). As shown in Figure 2, the results showed
relative homogeneity in biofilm formation in 96 well microtitre plates with reduced standard
deviation in CV absorption values.

In order to keep the time, cost as well as experimental error involved in such

microbiological/bioflm assays minimum, it is a prerequisite that the methods used are
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optimised to produce the best results. Our improvised method shown to give minimum
variability in results. This improvisation was highly critical and helpful when biofilm assay

was needed to perform with long incubation time involving more than 24 h?®,
Conclusion

This improved crystal violet assay method was shown to give minimum variability in
our results. This small improvisation in classical crystal violet assay will allow researchers to
rapidly screen for biofilm forming bacteria and also to screen anti-biofilm compounds with

minimal error and significantly cut down time and money by reducing plate rejection rate.
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Figure 2. Image showing homogenously formed Staphylococcus aureus biofilm when side

wells were filled with sterile double distilled water.


https://doi.org/10.1101/100214
http://creativecommons.org/licenses/by-nc/4.0/

Table 1: Table showing variability in average biofilm growth along the columns in terms of absorbance at 570 nm (mean value * standard deviation

given in parenthesis). First row shows the data for Figure 1 representing the classical method. Second row shows the data for the improved method

as shown in Figure 2. *NU = Not used for calculation.

Column numbers
(Mean absorbance values *+ Standard deviation)

Method 1 2 3 4 5 6 7 8 9 10 11 |12
Original 057 | 077 | 111 | 151 | 150 | 152 | 156 | 157 | 159 | 166 | 1.87 NU
method | (£0.31) | (£0.25) | (£0.84) | (1.44) | (£1.27) | (£1.09) | (£0.99) | (¢1.10) | (+1.39) | (x1.19) | (£1.22)
Improved | NU* | 096 | 122 | 1.05 | 124 | 112 | 129 | 133 | 126 | 098 086 | NU
method (+0.23) | (£0.26) | (+0.28) | (+0.38) | (£0.52) | (0.35) | (+0.22) | (+0.09) | (+0.37) | (+0.05)
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