Catalysis Today 266 (2016) 205–211

Contents lists available at ScienceDirect

Catalysis Today
journal homepage: www.elsevier.com/locate/cattod

The role of catalase and H2 O2 in photocatalytic inactivation of
Escherichia coli: Genetic and biochemical approaches
Minghui Gao a,1 , Tsz Wai Ng a,1 , Taicheng An b,∗ , Guiying Li b , Ho Yin Yip a , Huijun Zhao c ,
Po Keung Wong a,∗∗
a

School of Life Sciences, The Chinese University of Hong Kong, Shatin, NT, Hong Kong SAR, China
State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640, China
c
Centre for Clean Environment and Energy, Grifﬁth School of Environment, Gold Coast Campus, Grifﬁth University, Queensland 4222, Australia
b

a r t i c l e

i n f o

Article history:
Received 13 April 2015
Received in revised form
16 September 2015
Accepted 6 November 2015
Available online 21 December 2015
Keywords:
Photocatalytic inactivation
Single-gene deletion mutant
Catalase
H2 O2
Photogenerated e−

a b s t r a c t
This study employed two different approaches, the inactivation of Escherichia coli single-gene deleted
mutants and addition of scavengers in partition system, to reveal the roles of catalase (CAT), photogenerated e− and H2 O2 in photocatalytic bacterial inactivation. A “parental strain” (E. coli BW25113) was
more resistant than its isogenic single-gene deleted katG− mutant (E. coli JW3914) towards photocatalytic inactivation using TiO2 irradiated by UVA lamps ( = 365 nm) in a partition system, whereas the
photocatalytic inactivation efﬁciency of both bacterial strains were similar in a non-partition system.
Addition of scavengers and CAT demonstrated the importance of superoxide radical (• O2 − ), which subsequently formed H2 O2 , in the photocatalytic inactivation. The CAT activity and concentration of H2 O2
during photocatalytic process were compared to further conﬁrm the role of H2 O2 . In addition, bactericidal
action of photogenerated e− and pH effect on the photocatalytic inactivation inferred that H2 O2 probably came from the conduction band of TiO2 . Furthermore, transmission electron microscope and atomic
absorption spectrophotometric analyses indicated the oxidative damage of the bacterial cell began from
cell envelope. The results of genetic and physiological analysis in this study provide a new insight into
the cellular defense mechanism(s) during the photocatalytic inactivation of E. coli.
© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Hydroxyl radical (• OH), either on photocatalyst surface (i.e.,
or in bulk solution (that is • OHfree ), has been widely
reported as the major ROSs responsible for the inactivation of
microorganisms or degradation of organic pollutants in both
UV-irradiated TiO2 and non-TiO2 based UV or visible light (VL)
photocatalytic systems [4,13–16]. However, recent studies have
shown that other ROSs, such as H2 O2 , also involve in visible-lightdriven (VLD) non-TiO2 based photocatalytic inactivation [17]. Some
studies even reported bactericidal activities of photo-generated
electrons (e− ) in photocatalytic bacterial inactivation systems
[17–19]. Nevertheless, the roles of superoxide (• O2 − ) and H2 O2
have not been fully elucidated in TiO2 –UV system.
It is generally believed that photocatalytic bacterial inactivation begins with the damage of cell envelop (cell membrane and
cell wall) by the photogenerated ROSs, followed by leakage of
intracellular components, and ﬁnally leads to cell death. Moreover,
different bacterial species produces different intracellular oxidative
protective enzyme(s) results in different susceptibilities towards
the attack of ROSs arising from photocatalysis [20]. A negative relationship between intracellular superoxide dismutase (SOD) activity
and cell death was established, that is, photocatalytic inactiva• OH
ads )

Photocatalysis is a promising technique for water puriﬁcation.
TiO2 –UV is the most investigated photocatalytic system which is
able to effectively degrade and detoxify a variety of organic and
inorganic compounds [1]. The earliest study of the application
of TiO2 photocatalysis in microbial inactivation was reported by
Matsunaga et al. [2] in 1985. Since then, TiO2 photocatalytic inactivation of microorganisms has been studied extensively [3–9].
Although many studies investigated the modiﬁcation and application synthetic photocatalysts [7,10–11], few of them reported
the mechanism of photocatalytic inactivation [12,13]. In addition,
the roles of bacterial cellular components and reactive oxidative
species (ROSs) in photocatalytic bacterial inactivation have not
been well-established.
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tion efﬁciency decreased with an increase of initial SOD activity
[21]. In addition, higher SOD and CAT activities imply higher tolerance of bacterial cells to ROSs generated from photocatalysis [22].
Besides, other cellular responses, such as degradation of endotoxin,
peroxidation of phospholipid, leakage of potassium ion (K+ ), and
release of protein and nucleic acid were also observed in photocatalytic inactivation [12,23–25]. Unfortunately, most of these studies
have only focused on the measurement of ultimate bactericidal
results, and they generally have not considered the process(es)
of bacterial stress responses during the photocatalytic inactivation. In particular, very few systematic and comparative studies
have been reported on photocatalytic inactivation of a series of isogenic bacterial strains [26–28]. Thus, it is of great interest to reveal
the bacterial cellular responses and their corresponding relevant
photo-generated ROSs during the photocatalytic inactivation.
The present work studied the photocatalytic inactivation of
Escherichia coli BW25113 (a “parental strain”) and its isogenic
single-gene deletion mutant, E. coli JW3914 (katG− mutant) using
a TiO2 –UV system. A recently developed partition system was
employed to separate the photocatalysts from bacterial cells to
study the role of “direct contact” between photocatalysts and bacterial cells in photocatalytic inactivation. The different intracellular
responses of the two bacterial strains towards different ROSs during
the photocatalytic treatment were compared, and the protective
roles of CAT and bactericidal action of photogenerated e− and H2 O2
were proposed. The use of different E. coli strains and partition
system in this study can provide better understanding to the role
fundamental defense mechanism of E. coli towards photocatalytic
inactivation.
2. Materials and methods
2.1. Bacterial strains
E. coli BW 25113, a parental strain, and its single-gene deletion katG− mutant, E. coli JW3914, carrying the mutation of
katG729(del)::kan, encoding catalase-peroxidase hydroperoxidase
I (HP I) were selected in this study. Both bacterial strains were purchased from the Coli Genetic Stock Center (CGSC, Yale University,
New Haven, CT, USA). The bacterial cells were cultured in Nutrient
Broth (NB, Biolife, Milano, Italy) and harvested at stationary phase
according to our previous study [26]. The composition of NB is as
follows: Beef extract: 3.0 g/L, peptone: 5.0 g/L.

Table 1
Concentrations of different scavengers used and their corresponding target ROSs.
Scavengers

Concentration (mM)

Target ROSs

Isopropanol
Potassium dichromate
Sodium oxalate
Fe-EDTA
TEMPOL

0.5
0.05
0.5
0.1
2

•

OHfree
e−
h+
H2 O2
•
O2 −

tion mixture. Isopropanol [(CH3 )2 CHOH], potassium dichromate
[K2 Cr2 O7 (Cr(VI))] and sodium oxalate (Na2 C2 O4 ) were purchased from Riedel-deHaën Chemical Co., Germany, while ferric
sulfate-ethylenediamine-tetraacetic acid [FeSO4 -EDTA(Fe(II))] was
obtained from Ajax Chemicals, Australia. 4-Hydroxy-2,2,6,6tetramethyl-piperidinyloxy (TEMPOL) was purchased from Sigma
Chemical Co., USA. The applied concentration of each scavenger
was optimized to ensure maximal scavenger effect with minimal
toxicity to the bacterial cells [18]. The concentration of different
scavengers used in this study is shown in Table 1. Catalase (CAT) was
obtained from Cayman Chemical Company (Ann Arbor, MI, USA),
and all of the chemicals were of analytical reagent grade except
isopropanol which was of HPLC grade and dehydrated. Pure argon
(≥99.995% (v/v), Hong Kong Oxygen & Acetylene Co., Ltd.) was used
to purge into the reaction solution to produce an anaerobic condition.
To study the importance of contact between the photocatalyst
and bacterial cells in the photocatalytic inactivation, bacterial inactivation was conducted in a partition system [13]. In the partition
system, a semi-permeable membrane was used to separate the
photocatalyst and bacterial cells. Only ROSs that are long lasting
and stable (that is H2 O2 ) would be able to pass through the membrane and inactivate the bacterial cells. Therefore, the role of H2 O2
in the system on bacterial inactivation can be further revealed.

2.4. Measurement of bacterial CAT activity and H2 O2
The CAT activity was determined following the instruction protocol of a CAT Assay Kit (Cayman Chemical Company, Ann Arbor, MI,
USA), and H2 O2 was ﬂuorescently measured by using the method
reported by Abbas et al. [29].

2.2. Photocatalytic performance
Detailed experimental procedures of photocatalytic inactivation
were described in our previous studies [22,26]. Brieﬂy, in the nonpartition system, photocatalytic inactivation was conducted in a
reactor as shown in Fig. S1a. In the partition system (Fig. S1b), 10 mL
of E. coli 2 × 105 colony forming unit/mL (cfu/mL) in sterilized saline
solution was pipetted into a semi-permeable membrane container.
Outside of the membrane container was 30 mL sterile saline (0.9%
NaCl) solution containing 100 mg/L TiO2 (P25, Degussa Corporation, Germany). The light intensity of UVA irradiation ( = 365 nm,
15 W, 60 Hz, Cole-Parmer, USA) was measured by an UVX digital
radiometer (UVP, Inc., Upland, CA, USA) and ﬁxed at 0.42 mW/cm2 .
A magnetic stirrer was used to provide satisfactory mixing of the
reacting solution. All glass apparatus used in the experiments were
autoclaved at 121 ◦ C for 20 min to ensure sterility, and all experiments in this study were performed in triplicates.
2.3. Scavenger study and partition system
The scavenger experiments were conducted by adding
individual scavenger to quench respective ROSs into reac-

2.5. Transmission electron microscopy
The untreated and photocatalytically treated bacterial cells were
collected and centrifuged. Harvested cells were ﬁrst preﬁxed by
2.5% glutaraldehyde and post-ﬁxed by 1% osmium tetraoxide (E.M.
grade, Electron Microscopy Sciences, Fort Washington, PA, USA).
The stained ultra-thin 65 nm sections were examined under a
Hitachi H-7650 transmission electron microscope (Tech comp Ltd.,
Tokyo, Japan). For detailed sample preparation, refer to our previous studies [30].

2.6. Measurement of K+ leakage
To investigate K+ leakage from the bacterial cells during the
photocatalytic inactivation process, TiO2 and bacterial cells in the
suspension before and after photocatalytic treatment were harvested by centrifugation, and then the supernatant was used to
measured K+ concentration by a polarized Zeeman atomic absorption spectrophotometer (AAS) (Hitachi Z-2300, Tokyo, Japan).
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3. Results
3.1. Photocatalytic performance
The photocatalytic inactivation efﬁciency of the parental strain
and the katG− mutant (Fig. S1) showed negligible decrease in bacterial cells population in the control experiments, indicating no toxic
effect of TiO2 (dark control) and UVA photolysis (light control) to
the bacterial cells. When TiO2 was irradiated by UVA, it exhibited
high photocatalytic activity to inactivate bacterial cells. There were
7.5 log reduction of E. coli cells after 40 min irradiation.
3.2. Scavenger study
To reveal the role of different ROSs in photocatalytic bacterial
inactivation, comparison experiments with the presence of different scavengers was conducted. As shown in Fig. 1, without the
addition of any scavenger, complete photocatalytic inactivation of
bacterial cells was achieved within 40 min treatment. With the
addition of isopropanol as a scavenger for • OHfree , no inhibitory
effect was observed for the bacterial inactivation. Notably, with
the addition of H2 O2 scavenger (that is, Fe(II)) and e− scavenger
(i.e., Cr(VI)), the photocatalytic bacterial inactivation was greatly
inhibited for both the parental and katG− mutant strains. The cell
population only decreased less than 2 log for both bacterial strain.
Interestingly, in the presence of TEMPOL to remove • O2 − , the cell
population of the parental strain decreased about 1 log (Fig. 1a),
but the cell population of katG− mutant remained unchanged during the inactivation processes (Fig. 1b). Although TEMPOL may also
remove • OH as well, the addition of • OH scavenger showed no
signiﬁcant inhibition (Fig. 1). Therefore, the decrease of bacterial
inactivation efﬁciency by TEMPOL should be due to the removal of
• O . To further demonstrate the role of • O − , an anaerobic experi2
2
ment was conducted. With the purging of argon into the reaction
solution to prevent the formation of • O2 − , photocatalytic activity
clearly reduced, and the population of katG− mutant strain also
decreased more slowly. With the addition of oxalate as a scavenger
for h+ , the inactivation efﬁciency moderately decreased for both
bacterial strains.
To further explore the role of e− , oxalate was added to remove h+
under anaerobic condition (that is, purging with argon). Under this
condition, only e− should remain in the system. The results show
that in the ﬁrst 20 min, the presence of e− alone resulted in 3 and
2 log reduction of the cell population for the parental strain and
the katG− mutant, respectively (Fig. 1c). The populations of both
bacterial strains did not decrease further when Cr(VI) was added at
20 min to remove e− (Fig. 1c).
3.3. Contribution of H2 O2
The effect of addition of CAT on the photocatalytic inactivation efﬁciency in the non-partition system is shown in Fig. 2.
With increase of CAT concentration, the inhibition effect on photocatalytic bacterial inactivation increased (Fig. 2a). To further
investigate the role of CAT, the effect of addition of CAT in the
partition system was also conducted (Fig. 2b). The cell density of
parental strain did not change in the dark and light controls, even
after 6 h incubation. When the photocatalytic reaction occurred, the
cell population of parental strain showed about 1.5 log reduction.
On the contrast, for the katG− mutant, in spite of the negligible toxicity of TiO2 , photolysis of the katG− mutant in light control caused
about 1.5 log cell reduction. Moreover, the cell population of katG−
mutant decreased by nearly 4 log during the photocatalytic treatment, and these results indicate that the katG− mutant is more
sensitive towards photocatalytic inactivation than the parental
strain. When CAT was added into the partition system, the photo-

Fig. 1. Photocatalytic inactivation efﬁciency of (a) E. coli BW25113 and (b)
E. coli JW3914 with different scavengers (0.5 mM isopropanol, 0.1 mM Fe(II)-EDTA,
0.05 mM Cr(VI), 2 mM TEMPOL, 0.5 mM Na2 C2 O4 ). (c) E. coli BW25113 and E. coli
JW3914 with the addition of 0.5 mM Na2 C2 O4 and 0.05 mM Cr(VI) under anaerobic
conditions. Pure argon was purged into the reaction mixture to eliminate oxygen.
Error bars represent the standard deviation of 3 independent replicates.
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Fig. 2. Photocatalytic inactivation efﬁciency of E. coli BW25113 and E. coli JW3914
(a) with addition of different concentrations of CAT in non-partition system and (b)
with and without addition of CAT in the inner compartment of the partition system.
Error bars represent 3 independent replicates.

catalytic inactivation was almost completely inhibited (Fig. 2b). The
production of H2 O2 was detected in both the non-partition and partition systems. The H2 O2 concentration increased rapidly in the ﬁrst
10 min, and after 20 min, it reached an equilibrium concentration
around 1.1 M (Fig. 3a).
3.4. Bacterial CAT activity
To further conﬁrm the attack of bacterial cells by H2 O2 , the
bacterial CAT activity during the photocatalytic inactivation was
measured in the parental and katG− mutant strains. As shown in
Fig. 3b. For the parental strain, the CAT activity increased rapidly
with time in the initial 30 min, and the maximum CAT activity
was detected at 30 min which was about 5 times higher than that
at the beginning of the photocatalytic inactivation. After 30 min
treatment, the CAT activity began to decrease. However, the katG−
mutant did not show such a signiﬁcant CAT inducible process. The
residual CAT activity that appeared in katG− mutantwas mainly due
to the expression of another catalase (KatE) by the mutant.

Fig. 3. (a) The H2 O2 measurement against the illumination time both in the
non-partition and partition systems. (b) Induction of CAT activity under the photocatalytic inactivation of E. coli BW25113 and E. coli JW3914 by TiO2 under UV
irradiation. Error bars represent the standard deviation of 3 independent replicates.

3.5. pH effect
To further investigate the role of H2 O2, the pH effect on the photocatalytic inactivation was conducted both in the non-partition
and partition systems (Fig. S2). Compared with neutral pH, the photocatalytic inactivation efﬁciency was greatly increased at acidic
pH (4.0) and reduced at alkaline pH (8.5). There was a slight reduction (about 1 log) in the non-partition system due to adsorption
between the bacterial cells and photocatalysts (Fig. S2a), while, in
the partition system, there is no reduction in the cell population
because the bacterial cells and photocatalysts were separated. Thus,
the bacterial cells did not change in dark controls and light controls
within 3 h, which suggests the bacterial cell can survive under both
acidic and alkaline conditions. However, the bacterial cells can be
completely inactivated within 3 h in photocatalytic system at pH
4.0 when the light was applied. While at pH 6.8 and 8.5, the population of bacterial cells almost did not change within 3 h under the
same photocatalytic treatment (Fig. S2b).
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Fig. 4. TEM images of E. coli BW25113 before and after photocatalytically treatment with TiO2 under UV irradiation. (a) 0 h, (b) 1 h, (c) 3 h and (d) 6 h.

3.6. Destruction model of bacterial cells
To elucidate the destruction process of bacterial cells in the
H2 O2 dominant photocatalytic system, the structure and morphology of E. coli BW25113 before and after photocatalytic treatment
were examined by transmission electron microscopy (TEM) (Fig. 4).
Before photocatalytic inactivation, the bacterial cells exhibited a
rod-shaped morphology with a good preservation of the cellular
structure. A smooth and continuous cell envelope (cell wall and cell
membrane) surrounded the cytoplasm, indicating a well-deﬁned
cell wall and cell membrane (Fig. 4a). After 1 h treatment, the bacterial cells showed some morphological damages with obviously
obscured and disorganized cell membrane (Fig. 4b). After 3 h treatment, the bacterial cells showed abnormally wavy cell envelope
and lost most of their intracellular contents (Fig. 4c). Eventually,
the bacterial cell wall was completely damaged and ruptured, the
entire part of the membrane was missing and the cytoplasmic
contents were released (Fig. 4d). These results indicate that the
destruction process of the cells begins from cell envelope towards
intracellular components. Potassium ion (K+ ), a major cation of
intracellular ﬂuids in bacterial cells involved in the regulation of
polysome content and protein synthesis, quickly leaked out from
the bacterial cells during the inactivation process (Fig. S3) because
of the signiﬁcant damage in cell membrane by the photocatalytic
treatment [31].

4. Discussion
E. coli, a common waterborne bacterium, with the best-studied
genetics and the largest number of mutants, was chosen as a model
microorganism to investigate the photocatalytic inactivation in this
study. The katG− mutant (E. coli JW3914) is a isogenic single-gene
deletion mutant derived from the parental strain (E. coli BW25113),
and both strains belonged to the Keio collection [32], which can
enable us to determine the role of intracellular enzyme, catalase
(CAT), of the bacteria in photocatalytic inactivation. Fig. S4 compares the photocatalytic inactivation efﬁciencies of the parental
and katG− mutant strains in the TiO2 –UVA system. The results indi-

cated that the katG− mutant is slightly susceptible than the parental
strain towards photocatalytic inactivation in non-partition system;
notably, the katG− mutant is much more sensitive than the parental
strain in partition system (Fig. 2b). The different susceptibilities of
these two bacterial strains towards photocatalytic inactivation are
probably due to the only genetic difference, which will be further
discussed below.
In order to clarify the contribution of different photogenerated
ROSs and the correlation between ROSs and bacterial responses
during photocatalytic inactivation, a series of scavenger addition
experiments were conducted. Based on the difference of the inactivation efﬁciency in the presence of different scavengers, it can
clarify the roles of different ROSs in this photocatalytic system.
Addition of isopropanol in the system shows that diffusing • OHfree
is not directly involved in bacterial inactivation in this TiO2 –UV
photocatalytic system, which is quite different from previous studies [4,13–16]. It is probably due to the use of different bacterial
strains, thus different responses were obtained towards photogenerated ROSs. On addition of Fe(II) and Cr(VI), the photocatalytic
inactivation activity was greatly inhibited. It suggests that H2 O2
is one of the major ROSs involved in bacterial inactivation in the
system. In addition, comparing Fig. 1a–c, most of the inactivation
efﬁciencies after the addition of scavengers on the parental and
katG− mutant strains are almost the same, except the purging of
argon into the system (Fig. 1c). In the absence of O2 by purging
with argon, no • O2 − is produced and only e− is remained, thus only
e− and H2 O2 produced by the valence band were able to inactivate
bacterial cells (Fig. 1c).
On the other hand, oxalate is an excellent scavenger for suppressing direct h+ oxidation, because oxalate shows strong afﬁnity
onto photocatalyst surface. Thus, • OHads produced by h+ will be
reduced in the presence of oxalate. The experiment of addition of
oxalate under anaerobic conditions (that is purging argon) further
demonstrates that the reductive site (e− ) is signiﬁcantly involved
in the photocatalytic inactivation. In the presence of oxalate and
argon, the formation of ROSs from both valence and conduction
band were inhibited, then only e− remained to inactivate bacterial cells (Fig. 1c). The results in the present study suggest that e− ,
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and H2 O2 , are the major ROSs responsible for the photocatalytic
inactivation in this TiO2 –UV system.
To further conﬁrm the role of H2 O2 , CAT was added in the
partition system, in which photocatalysts and bacterial cells were
separated. CAT catalyzes the decomposition of H2 O2 to water and
oxygen [33], which largely contributes to the protection of cells
from excess oxidative stress. Inhibition effect of adding CAT to
the photocatalytic bacterial inactivation in the partition system
indicates the signiﬁcant contribution of H2 O2 towards the photocatalytic bacterial inactivation (Fig. 2).
Furthermore, the semi-permeable membrane in the partition
system only allows diffusing species such as • OHfree and H2 O2 to
enter the inner compartment with bacterial suspension. In fact, it
is conceivable that the “half-length” of • OH [34], referring to its
half-life of nanoseconds, is limited to a few m in solution. Therefore, theoretically, it is impossible for • OHfree to transport across
the semi-permeable membrane with a thickness of 25–50 m [6].
There are several reports suggesting that • OH cannot permeate
through cell membranes [35], whereas H2 O2 is able do so [36]. Thus,
the addition of CAT in the partition experiments demonstrated the
crucial role of H2 O2 in this photocatalytic bacterial inactivation.
Based on the above scavenger studies, the major bactericidal
species is not • OHfree , but H2 O2 . It has been well known that, H2 O2
has two modes of bactericidal action: Mode I occurs at lower H2 O2
concentration less than 2 mM which can damage DNA and is independent with the concentration of H2 O2 , while Mode II occurs
at H2 O2 concentration greater than 10 mM and involved the formation of • OH through Fenton reaction [10,37,38]. However, in
this study, only M level of H2 O2 was detected during the photocatalysis, and this concentration falls in the lower range for Mode
I inactivation. But H2 O2 is continuously produced and depleted
dynamically, this implies that the total amount of H2 O2 in the
system should reach a dynamic equilibrium.
Furthermore, the pH effect was examined both in the nonpartition and partition systems to determine the contribution of
the reductive photocatalytic pathways. In the conduction band of
TiO2 , e− ﬁrst reacts with oxygen (O2 ) to form • O2 − , which further
reacts with proton (H+ ) to form hydroperoxyl radical (• HO2 ) and
H2 O2 ; on the other hand, the valence band-h+ can react with water
or hydroxyl anion (OH− ) to generate • OHfree , then to form H2 O2
because of short half-life, as shown below:
H+

e−

H+ ,e−

•
O2 →• O−
2  HO2 → H2 O2

h+

H2 O/OH•

→

oxidative defense system, leading to the loss of bacterial viability. However, the change of CAT activity of the katG− mutant was
not as signiﬁcant as compared with that of the parental strain. The
katG gene encodes CAT-HP I which possesses both catalase and
peroxidase activity, and mutations in katG will prevent the formation of both CAT-HP I and isoenzyme forms of the bifunctional
CAT [39–41]. Thus, it is postulated that, due to the difference in
genetic properties of the two bacterial strains, they display different sensitivities to H2 O2 in the photocatalytic system. Finally,
the experiments of TEM images and K+ leakage demonstrate the
destructive process starting from cell envelope of bacterial cells.
In general, • OH is believed to be the major ROSs responsible for
the inactivation of bacteria [42]. The low concentration of H2 O2 that
was produced in common photocatalytic system (usually <60 M)
should be unable to effectively inactive bacterial cell [43] and not
contribute much in photocatalytic bacterial inactivation system.
The results of this study showed that the low concentration of H2 O2
can also play important roles in the photocatalytic bacterial inactivation. Therefore, the role of other ROSs in photocatalytic bacterial
inactivation systems should be investigated as well in order to fully
understand the mechanisms of photocatalytic inactivation.
5. Conclusions
In conclusion, the present study provides a new aspect to
study the roles of ROSs and the corresponding bacterial cellular changes during the photocatalytic inactivation by combining
two approaches: usage of genetic (mutants), and chemical (scavenger) and biochemical (catalase activity) to reveal the important
role of catalase in the photocatalytic bacterial inactivation. The
parental and mutant strains show different sensitivity towards
photocatalytic inactivation. Moreover, the physiological responses
of parental and mutant strains are compared. Traditionally, • OH is
regarded as the major ROS that responsible for the bacterial inactivation in TiO2 /UVA system. However, the results of this study also
indicate that other ROSs, such as e− and H2 O2 , are also involved
in the bacterial inactivation processes. Therefore, the role of other
ROSs in the photocatalytic inactivation should not be underestimated. The combination of bacterial mutants, chemical scavenger
studies and biochemical enzyme assay tests used in this study
provide a new approach for the investigation of photocatalytic inactivation mechanism.
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