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Abstract: The synthesized antibacterial nano-composite which includes TiO2, hydroxyapatite, Ag, and AgBr as
photocatalyst, is nontoxic and shows bacteria-static properties in the dark media. In this work the rotational motion of
bacteria in the dark at a fixed position in the presence of the nano-composite is reported for the first time. The same
bacteria-static effect of synthesized nano-composite on all types of bacteria (Gram-positives and Gram-negatives) in
the dark is another result that introduced the new antibacterial mechanism. Transmission Electron Microscopy (TEM)
and optical microscopic observation in the dark indicated that the nano-composite, only traps the bacteria by chemical
bonding and the rotational motion begins when the bacteria becomes heavier due to adhering of catalyst particles to its
surface which causes it to have circular motion in a fixed position.
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I. INTRODUCTION
The various interactions between the chemical, biological and environmental agents and bacteria are very important
for a better understanding of its mechanism. Bactericides have been extensively investigated for the killing of bacteria
with various antibacterial mechanisms [1,2]. The main drawbacks are that most bactericides only affect a specific type
of bacteria [3] and furthermore, many of them have not been applied due to their toxic characterization and
environmental degradation [4,5]. Antibacterial effect on modified TiO2 [6-8] has been investigated as a result of
photocatalytic properties. The mechanism of the antibacterial photocatalyst has been extensively studied and has been
shown that reactive oxygen species are responsible for photokilling mechanism [9-12]. In an earlier work, [13] we
introduced the antibacterial composite with two mechanisms that can affect on various bacteria in different conditions.
This composite affects on the E.coli as a photocatalyst and bacteria-static agent in the visible and dark respectively. In
this communication the effect of nano-composite on the motion of bacterium as one of the biological activity was
considered.
Bacillus subtilis, and Escherichia coli that are a Gram-positive bacterium and Gram-negative bacteria, respectively,
were used as the photo typical micro-swimmer in this study.
II. MATERIALS AND METHODS
Apatite-coated Ag/AgBr/TiO2, was prepared as a sample of synthesized antibacterial group, through deposition of
hydroxyapatite, as adsorption bioceramic, and AgBr, as photosensitive material. The preparation procedure has been
explained elsewhere [5].
To measure the catalytic activity under dark media, 24 mg of photocatalyst was added to bacterial suspension. The
Escherichia coli (ATCC, 8739) and Bacillus subtilis (ATCC, 6633) were prepared in 1×10 7 colony-forming units
(CFU/ml) bacteria cell concentration. The reaction mixture was stirred with a magnetic stirrer to prevent the
precipitation of the photocatalysts, and in certain time intervals, 2 ml of the reaction mixture was diluted with 0.9%
saline. Then 1 ml of diluted solution was incubated at 37°C for 24 h on sybeen caseion digest agar, and the colonies
were counted.
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For the TEM analysis the sample were prepared according to the standard procedure [10]. A photo camera coupled
with optical microscope was used to follow the motion of bacteria.
III. RESULT AND DISCUSSION
The effect of apatite-coated Ag/AgBr/TiO2 on growth of E.coli and B.sub were evaluated in the dark. Results
indicated that after 3h nano-composites can inhibit the growth of two types of the bacteria (Figure 1).

Figure 1: Average of the E.coli and B.sub inactivation (1 ×107, 30 mL) in aqueous dispersions containing 24 mg of
nano-catalysts apatite (5%) Ag/AgBr/TiO2 (P-25) under dark condition.
The multi composite cannot be toxic due to the fact that the deposition method to make the composite included
deposition of hydroxyapatite on Ag/AgBr/ TiO 2 which is not toxic as well [10, 13], The Transmission Electron
Microscopy (TEM) investigation showed that the catalyst nanoparticles adhere to the outer membrane of the cell with
possible hydrogen and covalent bonding (with dehydration). This linkage between outer membrane of bacteria,
peptidoglycan and lipopolysacarid from Gram-positive and Gram-negative respectively, and phosphate group of
apatite were formed. As shown in TEM image of E.coli after photocatalytic test (Scheme1) the outer membrane of the
cell was not damaged because the colored interior of the cell did not become white [10].
The motion of bacteria in certain time intervals was followed as complimentary investigation which demonstrated
that the motion of bacteria was still continued after 3 h. this serves as the other reason for the bacteria-static effect of
nano-composite. However, this motion is circular which is different from natural motion of bacteria (running and
tumbling) (Figure 2). Thus, the apatite-coated Ag/AgBr/TiO2 does not kill the bacteria but only traps and inhibit them
from the growth in the dark.

Figure 2: The microscopic image of B.sub in (a) first time (in absent of photocatalyst), (b) final time (after 3h in
presence of photocatalyst), and E.coli in (c) first time, and (d) final time.
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Bacteria swim in a random walk by the action of rotary motors embedded in the cell wall. If all the motors of
bacteria rotate counter-clock wise the bacteria cell swims forward, when one or more motors rotate clock wise, the
bacteria reorient rapidly and swim in the opposite direction [14].
Berg and Turner [15] reported that E.coli does not have straight runs near solid surfaces but they observed a
clockwise circle, when viewed from above which is due to the flagellar bundle rotates counter-clock wise.
This rotational motion is different from circular trajectory near solid boundaries and glass surface which can be
summarize as follows; (a) New motion observed in a fixed position, (b) both clockwise and counter-clockwise
circular motion were observed due to tumbling force, and (c) the speed of the rotational motion is very slow
(approximately 1Hz) compared to the circular trajectory which rotates at speeds of 10 Hz (see supporting information).
This motion is due to the asymmetrically adhering of nano-composites on the bacterium surface. Therefore, we
proposed the bacterium becomes heavier unequally due to this adherence, and thus, the rotary motors cannot power
the bacteria forward and consequently, the bacterium is forced to a rotational motion in a fixed position (Scheme 1).

Scheme 1: Various kind of E.coli motion.
Supplementary Information
Movie 1 and movie 2: These movies show the initial (without catalyst) and final (after 3 hours in presence of catalyst)
motion of E.Coli in dark operation condition.
Movie 3 and movie 4: These movies show the initial (without catalyst) and final (after 3 hours in presence of catalyst)
motion of B. Sub in dark operation condition.
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The samples were diluted in movie 1, 3 to follow the motion of one bacterium. No dilution was performed in sample
of movie 2, 4 to emphasise that all of bacteria motion was changed. This thorough investigation demonstrated that
synthesized composite has inactivation effect on bacteria in the dark or traps them in a circular motion in vivo. The
proposed mechanism introduces the new kind of antibacterial composites that affect on all type of bacteria similar to
each other.
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