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For a sophomore student, new to microbiology lab, most of the microbial colonies look alike — kind of a
toddler’s view on a dog or a cat; both have 4 legs and a tail, and now what?! The students level of
confidence increases within a few weeks as they learn to identify the morphology — the form, the elevation,
the margin and the list goes on, followed by the same protocol of testing antimicrobial susceptibility using
antibiotic discs and measuring the zone of inhibition with a ruler. My question: Why not include a more
relevant approach to learn techniques which demonstrates that the same microbe responds differently based
on the form in which they exist; planktonic or biofilm - either relating to clinical biomaterials like stents in
human body and its antibiotic treatments or biofilms in Lake Ontario water supply channels and chlorine/
disinfectant treatment as related to the environment.This will enhance their learning on current real world
applications, as in medical, scientific or pharmaceutical settings. This paper discusses a study based on
determining the Minimum Inhibitory Concentration, Minimum Biofilm Eradication Concentration using
the antibiotics neomycin sulfate and co-trimoxazole on the opportunistic pathogens Citrobacter freundii
and Aeromonas hydrophila as model organisms, using cost effective 96 wells plates. The results showed a
trend indicating higher antibiotic concentrations and increased biofilm elimination, concluding the
need of a higher concentration for biofilm eradication rather than the bare minimum concentration of 1mg
mL-! antibiotics used in the study.
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Introduction

Recognized as the predominant form of bacteria in
nature, the biofilm is a surface adherent, irregularly
structured community of microorganisms encased in an
extracellular polymeric matrix (Lawrence et al.
1991), which are controlled by various genetic and
environmental factors compared to its distinctive
counterpart, the free-floating planktonic forms. This
section of the current study was focused on enhancing
the course based undergrad learning experience similar to
CURE (Course Based Undergraduate Research
Experiences). Biofilms present with a well-known
10-100-fold increase in tolerance to antibiotics
relative to the planktonic form (De Beer et al.1994;
Donlan and Costerton 2002; Olson et al. 2002;
Costerton et al. 1999; Keren et al. 2004). To augment the

learning concept, why not include a more
relevantapproach to learn recent techniques which
demonstrates that the same microbe responds
differently based on the form in which they exist;
planktonic ~ or  biofilm - either relating to
clinical biomaterials like stents in human body and its
antibiotic treatments or biofilms in Lake Ontario
water  supply channels and chlorine/disinfectant
treatment as related to the environment. Over more,
the minimal inhibitory concentrations (MIC) of
antibiotics are routinely determined using planktonic
bacteria and do not match the concentrations that are
required to prevent, inhibit, diminish or eradicate
biofilms (Macia et al. 2014). This will enhance their
learning on  current real-world applications, as
in medical, scientific or pharmaceutical settings.
This paper discusses a study based on
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determining the Minimum Inhibitory Concentration
(MIC), Minimum Biocidal Concentration (MBC) and
Minimum BiofilmEradication Concentration (MBEC)

using two antibiotics, Neomycin sulfateCo-
trimoxazole and  (Sulfamethoxazole and
Trimethoprim) on Citrobacterreundii  (CF) and

Aeromonas  hydrophila (AH) as model organisms,
using cost effective 96 wells plates.
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Student OQutline

Objectives
e Compare antibiotic susceptibility between biofilms and planktonic forms of bacteria
e  Determine the Minimum Inhibitory Concentration (MIC), Minimum Biocidal Concentration (MBC) and

®  Minimum Biofilm Eradication Concentration (MBEC) using two antibiotics, Neomycin sulfate Co-

trimoxazole (Sulfamethoxazole and Trimethoprim) on Citrobacter freundii (CF) and Aeromonas
hydrophila (AH)

Introduction

This study will attempt to shed light on the impact of biofilms on IMD’s (Indwelling Medical Devices),
environmental water systems and other industries and the challenges faced in the eradication of biofilms. The investigation
focused on the biofilm eradication concept using the cost-effective 96 well plate MBEC assay. The high- throughput
method of biofilm MIC, MBC and MBEC determination using Neomycin Sulfate Co-trimoxazole (Sulmethoxazole-
Trimethoprim) at the concentration of 1mg/ml on the two gram negative bacteria, A. hydrophila and C. freundii allows
us to determine their biofilm formation and eradication rates at the specified growth conditions.

Methods and Data Collection

Bacterial Strains and the MBEC Assay Device

Second sub-cultures of two gram negative bacteria viz., Citrobacter freundii and Aeromonas hydrophila grown in
TSB media were adjusted to a cell density of 100 cfu/ml and were used in the high throughput screening MBEC assay to
determine the efficacy of antimicrobials against biofilm and its Minimum Inhibitory Concentration in a short period of time.
The device from Innovotech, the MBEC assay inoculator with a corresponding trough base and 96 pegs lid on which the
biofilms establish were used in the current study (Fig.1). The materials needed for this study are presented in a flow chart

(Fig. 2).

Figure 1. MBEC assay biofilm inoculator trough with 96 peg lid from Innovotech.

Antibiotics

Neomycin sulfate and co-trimoxazole (trimethoprim/sulfamethoxazole), serially diluted with the highest
concentration at 1mg/ml each were used as antibiotics. The MBEC, MBC and MIC were analyzed following the standard
protocol as per Innovotech’s MBEC assay.

The MBEC assay workflow is presented in Fig. 3. The protocol was minimally modified for this assay. The
antibiotic concentrations used in each of the 8 rows of the 96 well plate are presented in Table 1.
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Biofilm Formation and Biofilm Growth Check

Cultures of both A. hydrophila and C. freundii at the above-mentioned cell density were added to two individual
trough bases and incubated at 37°C on a rocking platform. The established biofilm peg lids were transferred to a series of 96
well plate for testing the MBEC, MBC and MIC, alongside sterility control wells.

A serial dilution of 100 to 10-7 was prepared by transferring 20uL to each of the 8 rows of the 96 well plate. 20uL
were removed from each well and spot plated onto the TSA plates. The 96 well plate was then incubated on a rotary shaker at
37°C for 16 hours. Biofilm growth check was performed and immediately following incubation, specified pegs were
removed from the lids using flame-sterilized pliers and each were placed in a new 96 well plated with recovery media. The
plate was sonicated for 30 minutes to recover the biomass. The cell density was confirmed by serially diluting and spot
plating.

(1) MBEC peg

and vay (5) 96-well plates
A A
Per (1) bacteria Pipettes,
Dusposables
(gloves, tips) “&:ﬂe h::luut.m

A A

y A
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Common, Mems specific to
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Figure 2. Schematic representation of the materials needed for the cost effective MBEC assay.
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Figure 3. Schematic representation of the high thru’ put In Vitro antimicrobial testing model to evaluate efficacy of Co-
trimoxazole (Sulfmethoxazole and Trimethoprim) and Neomycin Sulfate on the MIC, MBC and MBEC on C. freundii and
A. hydrophila (MBEC 2019). (Protocol modified minimally from the Innovotech MBEC assay).

Table 1. Levels of antibiotic concentrations used in each row of the 96 well plate
in the determination of MIC, MBC and MBEC on 4. hydrophila and C. freundii.

Rows in .
Concentration

96 well (ug/mL) Percentage

plate g

A 1000.0 100.00

B 500.0 50.00

C 250.0 25.00

D 125.0 12.50

E 62.5 6.25

F 31.3 3.13

G 15.6 1.56

H 7.8 0.78

The Challenge Plate

The challenge plate was prepared by diluting a 1mg/ml stock solution of Neomycin sulfate and co-trimoxazole in each
row. TSB, sterile neutralizer and water were added to 3 specific wells, which are sterility, neutralizer and neutralizer effective
control plate. The challenge plate was freshly prepared and used within 30 minutes.
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The Rinse Plate

The rinse plate was prepared by adding 180 uL of 0.9% sterile saline to a new 96 well plate. The peg lid was rinsed
by setting the lid into rinse plate for 10 seconds. The peg lid was transferred to the challenge plate and incubated as per
protocol.

The Recovery Plate
The recovery plate was prepared by adding 200uL of neutralizer media to a new plate and after appropriate time the
peg lid was transferred to the recovery plate. The device was again sonicated to remove the attached biofilm.

MBEC Determination

100uL of sterile media was added to each well of recovery plate and incubated at 37°C for 24 hours to determine the
MBEC via a microtiter plate reader at 650 nm. The MBEC value is the minimum concentration of antibiotic that inhibits
growth of biofilm as indicated by the control wells with no turbidity.

Scanning Electron Microscopy Analysis

The A. hydrophila and C. freundii biofilms covered pegs treated with co-trimoxazole and neomycin were gently
rinsed with phosphate buffer and 2% glutaraldehyde and various grades of ethanol ranging from 50-100%. The fixed samples
were then visualized for colonization via 5kV voltage scanning electron microscope.

Statistical Analysis
The results were statistically analyzed using ANOVA with with a= 0.05 and Fishers 95% confidence interval.
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Notes for the Instructor

Results are summarized in Table 2.

Table 2. Overall results of the MIC, MBC and MBEC assays

to evaluate the efficacy of
Neomycin Sulfate (N) on A. hydrophila (AH)
C.freundii (CF).

Co-trimoxazole (C) and

Assay Antibiotic (ug/ml ) A C.
hydrophila freundii
MIC | Cotrimoxazoleoxazole | 1000 15.6 and
ug/ml and 500 | 7.8
pg/mL | pg/mL
Neomycin 62.5 and| 31.3 and
323 7.8
pg/mL | pg/mL
MBC | Cotrimoxazoleoxazole | 125 and | 31.3 and
ug/ml 62.5 7.8
pg/mL | pg/mL
Neomycin 125 and | 62.5 and
62.5 31.3
pg/mL | pg/mL

The MIC of 4. hydrophila when challenged with
the antibiotic co-trimoxazole was found to be between
1000 and 500 ug/mL; whereas the MIC with neomycin
sulfate for this same bacterium was found to be between
62.5 and 32.3 ug/mL (P<0.05). (Table 1). An exact
numerical value could not be determined due to the nature
of the protocol as concentrations decreased per row by a
factor of 2. Values shown in MIC range were determined
as the lowest concentration of the antibiotic where
microbial growth was inhibited. The rest of the values for
MIC and MBC are presented in table 2 and shows a
significant difference between antibiotic concentration and
biofilms (P<0.05) for both the organisms and the 2
antibiotics. In Aeromonas, acquired resistance increases
the level of antibiotic resistance in both environmental
clinical strains (Esteve et al. 2015).

MBEC on the other hand, being the Biofilm
Eradication  Concentration, for both AH with
cotrimoxazole and neomycin (Fig. 4 & 5) and CF with co-
trimoxazole and neomycin (Fig. 6 & 7) showed that the
concentration of the tested antibiotics at the range of 1000
to 7.8 ug/mL, were able to eradicate biofilm formation to a
certain extent but did not exhibit a total eradication, which
could be due to the highest concentration being as low as

and
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Img mL-1. Studies have shown that biofilms may have
greater than a one hundred-fold increase in tolerance to
antibiotics when compared to the same bacteria in a
planktonic state (ASTM; Ceri et al.1999.) This is thought
to be due to the physiological alteration of a
microorganism upon attachment to a surface, as well as to
cell specialization that may occur within biofilms.

Biofilms are much efficient to produce antibiotic
defense than their planktonic forms (DeBeer et al. 1994).
However, a trend indicating higher antibiotic
concentrations and increased biofilm elimination was
observed, concluding the need of a higher concentration of
antibiotics for total biofilm eradication.

The scanning electron microscope revealed lesser
number of cells in higher concentration of antibiotics and
vice versa with lower concentration of antibiotics (Figs.
8,9,10, and 11). SEM has the level of magnification and
resolution necessary to enable the observation of the
overall shape of microorganisms composing the biofilm, as
well as their spatial organization. This type of spatial
analysis provided by SEM makes it an interesting method
to assess the biofilm growth on mixed surfaces (in which
there is a junction between two materials), unlike the
traditional methods that provide a bulk quantification.

Citrobacter  freundii  (Fig. 11) revealed
morphological changes under the influence of
co-trimoxazole; especially at lower concentrations

where, the biofilm formation can be visualized with
colonies towering over the other. Along with the
morphological changes of the cells, the SEM based
analysis also revealed structurally modified cellular
products surrounding the biofilm clusters (Astan et al.
2013).

Conclusion
In the current study, despite utilizing
lower concentrations of antibiotics, the data on

MBEC determination of the two antibiotics on the
opportunistic pathogens indicated a partial eradication of
biofilm based on both the antibiotics. It can be concluded
that this MBEC assay is a cost effective method that
can be adopted by laboratories with ease to impart
concept based hands on activity to learn the efficacy
of an array of antibiotics, disinfectants and biocides
with varying concentrations on biofilm eradication
within a minimal time period. The results showed
a trend with higher antibiotic concentrations and
increased biofilm elimination, which concludes the need
of a higher concentration of antibiotics for biofilm
eradication,  corresponding to  the  distinctive
physiological states of the organism as in biofilms.
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Figure 4. Fisher individual confidence for AH Neutralizer plate with co-trimoxazole MBEC
assay.
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Figure 5. Fisher individual confidence for AH Neutralizer plate with neomycin. Moderate
trend.
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Figure 6. Absorbance readings at 590 nm for CF Neutralizer MBEC plate with co-trimoxazole.

Fisher Individual 95% Cls
Difference of Means for CF Neomycin MBEC
L]

M MMMMOC0000000NDRIEDEP>PB > B>

Rows of 96-well Plate
Izoxov|10'_!lm19nv_!|°:ommuo=¢_>'nm09w

-0.10 -0.05 0.00 0.05 0.10

If an interval does not contain zero, the corresponding means are significantly different.

Figure 7. Fisher individual confidence for CF Neutralizer with MBEC plate with neomycin.
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Figure 8. Scanning electron micrographs of AH biofitm inoculation pegs atA)
highest and B) lowest concentrations of the antibiotic neomycin sulfate. The
resolutions are 6 47 and 6 54 ko respectively.

Figure 9. Scanning electron micrographs of AH biofilm inoculation pegs at
highest (A) and lowest (B) concentrations of the antibiotic co-trimoxazole. The
resolutions are 7.05 and 7.07 ko, respectively.
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Figure 10. Scanning electron micrographs of CF biofilm inoculation pegs at
highest (A) and lowest (B) concentrations of the antibiotic neomycin sulfate.
The resolutions are 4 88 and 3.60 kx respectively.

T0 um<;

Figure 11. Scanning electron micrographs of CF biofilm inoculation pegs a
t highest (A} and lowest (B) concentrations of the anfibiotic co-trimoxazole.
The resohitions are21.3 and 18.7 kx respectively.
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