Study of bacterial attachment on the rough surfaces

Haritha Senthilraj', Banu Pradheepa Kamarajan'2, Muthusamy Ananthasubramanian'*
{biosubramanian@gmail.com' ,haribioteck@gmail.com?, banul50888@gmail.com’}

Department of Biotechnology, PSG College of Technology, Coimbatore, India', Department of
Biomedical Engineering, Sri Ramakrishna Engineering College, Coimbatore, India?

Abstract. Bacterial attachment is a menace in medical implants that inevitably demands
revision surgery, increasing the patient morbidity and cost involved. Numerous strategies
such as use of antibodies, combination of antibiotics, contact killing surfaces, coatings
with functional DNase I, glycoside hydrolase, surface derivatization and
functionalization are practiced to combat biomaterial associated infections. Generally,
coatings with bioactive compounds have limited shelf-life and require cold-chain. This
study aims to develop nano-scale architectures on two-dimensional surface and, test their
efficiency in reducing bacterial attachment. In this study, surface architectures were
generated on the glass coverslip by rasping with different grits of silicon carbide paper,
and were characterized using Atomic Force Microscope. Common human pathogens
such as Staphylococcus aureus, Pseudomonas aeruginosa and Staphylococcus
epidermidis were tested for their attachment on the coverslips. The results indicate that
the nano-scale surface architecture developed by rasping the coverslip with p1000 grit
reduced bacterial attachment by 50-80% compared to control (unmodified coverslip).
Ironically, surface architecture developed by rasping the coverslip with p80 grit increased
the bacterial attachment under both static and dynamic conditions to about 30-40%
compared to control. The study suggests that knowledge on bacterial attachment on
different surface architectures would facilitate fabrication of medical implants with
defined surface structures that restricts bacterial colonization..
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1 Introduction

Bacteria attaches to almost all the surfaces. Bacterial attachment could be beneficial or
detrimental depending on the surface of attachment. Bacterial biofilms on the microbial fuel
cell or treatment plants are beneficial, whilst the biofilms on the ship hull and bioreactor
vessels, medical implants and prosthesis are regarded notorious. Bacterial biofilms on the ship
hull significantly increases fuel consumption and, biofilms on bioreactor vessels are difficult
to clean and consequently affects the efficiency of the process and purity of the product.

Bacterial colonization on the orthopedic implants causes implant failure and aseptic
loosening. Infections in bone implants occur mainly due to Staphylococcus aureus, 20-25%
[1], Staphylococcus epidermidis, 36-45% [2] and Pseudomonas aeruginosa 8-11% [3].
Biomaterial associated infection besides causing patient morbidity, requires a revision surgery,
increasing the cost involved [4]. Biomaterials with surface modification to prevent bacterial
attachment are desired. Conventional modifications involve coating the implant material with
antibiotics [5], functional DNase I [8], glycoside hydrolase [9], surface derivatization and
functionalization [10], developing contact-killing surfaces [6] or impregnating antibiotics into
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the electrospun [7] implant material for sustained release. Such coatings with bioactive
compounds besides having limited shelf-life and cold-chain requirement, might likely fail
when bacteria develop resistance. Physical modification of the implant surface is desirable as
the bacteria developing resistance against the physical structures is most unlikely.

Controlled rough surfaces could be generated using SiC grit paper which requires neither
technical expertise nor high energy/cost. For initial studies on bacterial attachment to surfaces
with different roughnesses, SiC rasped surfaces would be a good alternative. This study aims
to understand the bacterial behavior on the rough surfaces generated by rasping with different
grades of grit paper.

2. Materials And Methods

A. Bacterial cultures

Four bacterial cultures namely, Pseudomonas aeruginosa PAO1 (MTCC 3541),
Pseudomonas aeruginosa (MTCC 1688), Staphylococcus aureus (MTCC 7443) and
Staphylococcus epidermidis (MTCC 3615) were procured from Microbial Type Culture
Collection (MTCC), Chandigargh, India. Bacteria were maintained in glycerol stock at -80°C
and, cultured on nutrient broth kept at 37°C under shaking condition.

B.  Surface roughness

Microscopic glass cover slips (Blue star) were cleaned with millipore water (Resistivity
18.2 MQ.cm) and air-dried. Surface roughness was generated by rasping the coverslip surface
using different grades of silicon carbide paper (p80, p600 and p1000) in one direction. The
roughnesses generated were imaged and measured using Atomic Force Microscopy (NT-
MDT, Russia) by contact mode. Unscratched glass coverslip was kept as control.

C. Surface hydrophobicity
The water contact angles of the untreated and rasped coverslips were measured using the
goniometer (Digidrop GBX, France) by contour mode. 5 pL of water was used.

D. Bacterial attachment

The glass coverslips were rasped with p80, p600 and p1000 and, unscratched coverslip
(control) was stuck to the bottom of the 6-well plate using double-sided adhesive. Single
colonies of the bacteria were inoculated separately in nutrient broth and cultured at 37°C at
shaking condition for overnight. The cultures were centrifuged for 7,000 rpm for 6 min to
pellet down the cells. The cells were resuspended in fresh medium and the OD600 was
adjusted to 1.0 using nutrient broth and, added to the glass coverslips stuck in 6-well plate.
The plates were incubated at 37°C for 5 min, 10 min, 15 min and 20 min to study initial
bacterial attachment. Similar experimental setup incubated for 24 h, 48 h and 72 h at 37°C
were also studied. The plates were incubated under static and shaking conditions.

After the incubation time, coverlips were rinsed gently in Millipore water, stained with
0.5% methylene blue and visualized under light microscope (40X). The images captured were
enumerated using Image J software.

Percentage of bacterial reduction on the scratched coverslips was calculated as
(number of cells on control)—(number of cells on rasped coverslip)

% Bacterial reduction = x 100

number of cells on control



3 Results And Discussion

A.  Surface Roughness

The surface roughness generated on the glass coverslips were investigated using Atomic
Force Microscope. The images of the scratched coverslips had ridges and grooves with
varying roughnesses as represented in figure 1.

a)

Figure 1. Representative image of glass cover slip control (a), coverslip scratched with
silicon carbide paper p80 (b), p600 (c) and p1000 (d). The scanned area is 7x7 sq.um.

The average surface roughness, root mean square, symmetry of distribution, variation in
peak values and other measured parameters are provided in table 1. From the table 1, it could
be observed that control has the lowest average surface roughness of 0.711, while coverslip
scratched with p80 grit had the coarse surface with average surface roughness of 1.439.
Increasing the grit number eventually decreased the peak height and roughness.

Table 1. Roughness parameters of the glass cover slips obtained using Atomic Force

Microscopy
Peak-to- Ten
Average surface  Root Mean Surface
ISO grit Coefficient of peak point
roughness (Ra) Square (Rq) skewness
designation kurtosis (nm) distance height
(nm) (nm) (nm)
(nm) (nm)
Control 0.582 1.669 13.228 271.567 78.58 38.48
p80 1.439 1.792 0.428 -0.039 19.096 8.853
p600 0.879 1.056 -0.349 -0.559 8.101 3.935
p1000 0.711 0.848 -0.075 -0.481 6.481 3.217

Variation in the surface hydrophobicity of the control and rasped coverslips were studied
using water contact angle. From the figure 2, it could be observed that unscratched glass



coverslip (control) is least hydrophobic with the water contact angle of 57.27+1.4 and lowest
average surface roughness, whilst the coverslip scratched with pl1000 grit was highly
hydrophobic having the water contact angle of 71.00+3.21. Scratching the glass coverslip with
increasing grades of grit paper proportionately decreases the roughness. However, no
correlation between roughness and its relative hydrophobicity were observed. From the results
it could be observed that, except for the coverslip rasped with p1000 grit, all other coverslips
including the control had water contact angle from 55-63. Surfaces with water contact angle
between 40 and 70 tend to enhance cell adhesion and growth [11]. Though surface
hydrophobicity is not the only parameter that affects bacterial adhesion, water contact angle of
the coverslip scratched with p1000 grit could also have played a role in restricting bacterial
attachment.
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Figure 2. Water contact angle of control (a) glass coverslip scratched with p80 (b), p600
(c) and p1000 (d)

B. Bacterial attachment

Bacteria attached to the coverslips under both static and dynamic conditions were
enumerated after 5, 10, 15 and 20 min. From figure 3 and 4, it could be observed that bacterial
reduction (lower bacterial attachment) is observed on the coverslip scratched with p1000 grit
compared to the control, under both static and dynamic conditions. The percentage of
reduction in the bacterial attachment on the coverslip scratched with p1000 grit is nearly 2-3
times lesser than the bacteria attached to the coverslip scratched with p600 grit. In addition,
lower bacterial reduction (higher bacterial attachment) is observed on the coverslip scratched
with p80 grit. Similar study carried out on PMMA reported a significant decrease in bacterial
adhesion on nano-scale roughness created by pl1200 grit, while micro-scale roughness
produced by p400 and p120 had a significant rise in bacterial adhesion [12].
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Figure 3. Reduction in bacterial attachment on the scratched coverslips p80 ( g p600( A)
and p1000 (&) with reference to the unscratched coverslip (control) under static condition
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Figure 4. Reduction in bacterial attachment on the scratched coverslips p80 ( w), p600 ( 4)
and p1000 ( ¢) with reference to the unscratched coverslip (control) under dynamic condition

C. Bacterial multiplication

Besides bacterial attachment, bacterial multiplication on the coverslips under both static
and dynamic conditions was enumerated after 1, 2 and 3days. From figure 5 and 6, it could be
observed that higher percent of bacterial reduction (lower bacterial multiplication) was
observed on the coverslip scratched with p1000 grit compared to the control, under both static
and dynamic conditions compared to the rest of the test slips. It could also be observed that,
despite minor variations, higher number of bacteria attachment and multiplication were



observed on the coverslip scratched with p80 grit, suggesting that it encourages bacterial
attachment and less likely supports bacterial reduction.

The coverslip scratched with p1000 grit, despite possessing greater hydrophobicity among
the test coverslips, has the average peak height of 3.2 nm that are approximately 6 nm apart.
The dimensions were likely less conducive for the bacteria to adhere. On the contrary, the
coverslip scratched with p80 grit has the average peak height of 8.8 nm that are spaced
approximately 19 nm apart, which favoured bacterial attachment and multiplication.
Lorenzetti et al, reported that macro-scale roughness encourages bacterial attachment between
the grooves, while the closer peaks in the nano-scale roughness hinders bacteria from
developing minimum focal adhesions [13].
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Figure 5. Reduction in bacterial multiplication on the scratched coverslips p80 ( o), p600
(m) and p1000 ( 4 with reference to the unscratched coverslip (control) under static condition.
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Figure 6. Reduction in bacterial multiplication on the scratched coverslips p80 ( ¢), p600
(m) and p1000 ( a) with reference to the unscratched coverslip (control) under dynamic
condition.

In the previous study carried out on the sodium fluoride etched glass surface also
suggested that nano-rough surface restricted the attachment of common bacteria such as
Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and Bacillus subtilis [14].

Generally, bacteria selectively attach to specific surface topography [15]. Nano-rough
surface significantly reduced the attachment of both Gram positive, Gram negative cocci/rod
shaped bacteria. This could be due to bacterial shape and size [16], texture modification [17],
entrapped air between the peaks that repels bacteria/readily detaches attached bacteria during
washing [11] or the relation between roughness dimensions and size of bacteria [18].
Interestingly, Yuan et al. reports that those bacteria that succeeded in the initial attachment to
specific surface roughness were detached during washing [11]. Ironically, Perera-Costa et al
reported that defined micro-scale surface architecture developed on polydimethylsiloxane
restricted bacterial attachment by 30-45% compared to the smooth control surface [16].
Surface roughness developed using sand paper abrasion is desirable and are less susceptible to
bacterial attachment [17].

Conclusion

In conclusion, employing surface roughness to restrict bacterial attachment avoiding
antimicrobials seems promising to combat bacterial colonization and subsequent biofilm
formation. Since the proposed strategy utilizes physical components majorly rather than
depending on the surface chemistry, chances of bacteria developing resistance against fie-
tailored surface roughness is most unlikely. This art of generating desired surface patterns and
roughness when bespoke could be used to in wide range of applications such as bioreactor
vessels, orthopaedic implants, ship hulls and as self-cleaning means on frequently touched
surfaces.
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