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Bacillus subtilis-Based Colorimetric Bioassay for
Acute Biotoxicity Assessment of Heavy Metal lons

Deyu Fang®®, Yuan Yu?, Liangzhuan Wu?, Yu Wang®, Jinghua Zhang®, Jinfang Zhi®"

This paper described a novel colorimetric bioassay based on Bacillus subtilis for acute
biotoxicity assessment of heavy metal ions and real water samples. -galactosidase, which can
catalyze the hydrolysis of o-nitrophenyl-B-D-galactopyranoside (ONPG) to produce galactose
and o-nitrophenol (ONP), can be generated from Bacillus subtilis (CGMCC 1.1086) without
assistance of any inducers. When heavy metal ions exist, the activity of B-galactosidase is
inhibited due to the reaction between the sulfhydryl group in B-galactosidase and the heavy
metal ions. Accordingly, the output of the ONP, a yellow chromogenic compound exhibiting a
characteristic absorption peak at 420 nm, is also inhibited. Thus, acute biotoxicity of heavy
metal ions can be evaluated by assessing the absorption intensity of ONP at 420 nm. To obtain
an ideal colorimetric performance, working parameters such as Bacillus subtilis concentration,
temperature and incubation time of the bioassay were studied and optimized. Under the
optimized parameters, the acute biotoxicity of five heavy metal ions (Cu?*, Zn**, Ni**, Cd*",
Pb?") and three real samples were evaluated. All the results suggest that Bacillus subtilis-based
bioassay is a sensitive, economic, simple and promising alternative for acute biotoxicity

assessment.

1. Introduction

Heavy metal ions are being released to the environment through
human activities including mining operation, metal plating,
electronic waste and the use of fertilizers. Due to their high
aqueous solubility, heavy metal ions can leach into
groundwater easily, which threaten people’s health through
bioaccumulation or direct toxicity. According to the estimating
from the World Health Organization,* by the end of 2011,
almost 693 million people had suffered from drinking unsafe
water with heavy metal ions as main pollutants. Therefore,
assessing biotoxicity of heavy metal ions is of high priority for
the healthcare need and the environmental monitoring. In the
past decades, a large number of protocols have been proposed
for the acute biotoxicity assessment. Traditional acute
biotoxicity assessing methods usually use higher organisms
such as mice,? plants,® daphnia,® fish.> However, their practical
applications in emergent condition are hindered due to the high
cost, long time and potential ethical responsibilities of these
methods. Therefore, developing a rapid and economic method
for acute biotoxicity assessment is necessary.

The ubiquitous microorganisms offering an alternative for
addressing these limitations because of their short life cycle,
rapid response to toxins and low cost.® Current bacteria-based
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acute biotoxicity methodologies can be sub-divided into two
main approaches, electrochemical methods and bioluminescent
methods. Electrochemical methods rely on redox mediators,
such as potassium hexacyanoferrate®’ and benzoquinone.®®
These mediators replace oxygen as the terminal electron
acceptor in the respiration pathway of the bacteria, and the
reduced mediators can be oxidized at the surface of the
electrode generating electrochemical oxidation current.®® While
toxic substances inhibit the respiration of bacteria, mediator
reduction process will be restrained, leading to less reduced
mediators, which finally cause the decrease of oxidation current.
As a result, acute biotoxicity can be evaluated by measuring the
decline degree of the oxidation current. However,
electrochemical methods have some big flaws, including low
sensitivity and the tedious process of electrode fabrication.
Moreover, mediators itself at high concentration also have a
certain toxicity to the bacteria, which may make some
interferences on the final experiment results. Bioluminescent
methods are mainly based on saltwater bioluminescent bacteria,
such as Vibrio fischeri®®?® and  Photobacterium
phosphoreum.***® For Vibrio fischeri, when the toxic materials
exist, the bioluminescence produced by respiration of the
Vibrio fischeri fade due to the acute biotoxicity of the toxic
materials. Therefore, the acute biotoxicity can be evaluated by
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detecting the decline degree of the bioluminescence intensity. It
is also the mechanism of Mircotox® system,'® a successful
commercialized toxicity assessing system. However, luminous
bacteria are not only rare, but also expensive, and it must work
in 3% saline solution, limiting its practical application to a
certain extent.

B-galactosidase existed in E. coli is commonly recognized as an
inducible enzyme. It is well known that heavy metals ions, such
as Cu®*, Zn®", Ni?*, Cd®*, Pb®*, are potent irreversible inhibitors
of B-galactosidase due to the reaction between the heavy metal
ions and sulfhydryl group existed in B-galactosidase. However,
almost all the reported E. coli-based bioassays based on -
galactosidase need a complex and time-consuming inducing
process.'*® Moreover, isopropyl-p-D-thiogalactopyranoside
(IPTG), the widely used inducer, is expensive'® and toxic to
bacteria?® and humans.?* There are few reports on using other
bacteria that can produce pB-galactosidase to assess acute
biotoxicity of environmental pollutants.

Bacillus subtilis is a model of gram-positive bacteria?® and its
envelope structure is much simpler than that of gram-negative
bacteria (such as E. coli), rendering it more sensitive to toxic
substances.”® In addition, it is reported that, comparing with the
B-galactosidase from E. coli, the B-galactosidase coming from
Bacillus subtilis is more heat stable and more resistant to some
ions such as NH,", Ca?*, CI".Z Furthermore, Bacillus subtilis,
which is generally recognized as a kind of safe and low-cost
bacteria, has been widely used in various fields, such as
laboratory studies, fermentation industry,?**® food®® and
medicine.”’

Herein, the Bacillus subtilis-based bioassay was fabricated to
assess acute biotoxicity of heavy metal ions. In this bioassay
system, B-galactosidase could be directly generated from the
Bacillus subtilis (CGMCC 1.1086) without the assistance of
any B-galactosidase inducers, which simplified the fabrication
procedure greatly and saved the cost. The working parameters
such as cell concentration, temperature and incubation time
were studied in detail and optimized to obtain good
colorimetric performances. The optimized Bacillus subtilis-
based bioassay was finally used to assess acute biotoxicity of
five heavy metal ions (Cu®*, zn?*, Ni?*, Cd?*, Pb?") and three
practical water samples, including effluent from landfill,
electroplating wastewater and inorganic wastewater from
chemical laboratory. All the results suggested that Bacillus
subtilis-based bioassay was a sensitive, economic, simple and
promising alternative for acute biotoxicity assessment.

2. Experimental

2.1 Chemicals and reagents

Bacillus subtilis (CGMCC 1.1086) was obtained from China
General Microbiological Culture Collection Center (CGMCC).
Pb(NO3);, CuSO45H,0, 2ZnSO47H,0, Ni(NOjz),*6H,0,
Cd(NO3),, NaCl, NaOH, Na,CO; chloroform, sodium
dodcylsulfonate (SDS) (analytical grade) were provided by
Beijing Lanyi Chemical Products Co., Ltd., China. Peptone and
beef extract were obtained from Beijing Aoboxing Bio-tech Co.,
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Ltd., China. o-nitrophenyl-B-D-galactopyranoside (ONPG) was
purchased from Alfa Aesar. All reagents were used as received
without further purification. All solutions were prepared with
deionized water (18.0 MQecm, Milli-Q Gradient System,
Millipore).

The culture medium (10 g/L peptone, 3 g/L beef extract, 5 g/L
NaCl) for Bacillus subtilis was adjusted to pH=7.0-7.3 with
NaOH (2 mol/L) and sterilized by autoclaving. ONPG (4
mg/mL) and all toxicants (Cu®*, Zn?*, Cd**, Pb?* and Ni**) were
freshly prepared before use. Effluents from landfill and
electroplating wastewater were provided by Technical Institute
of Physical and Chemistry, Chinese Academy of Sciences.
Inorganic wastewater was taken from our chemical laboratory.

2.2 Composition determination of real water samples

The analysis of heavy metal ions in three water samples
(effluents from landfill, inorganic wastewater from chemical
laboratory and electroplating wastewater) were performed by
inductively coupled plasma atomic emission spectrometry
(ICP-AES) (Varian 710-ES ICP  Optical Emission
Spectrometer). The chemical oxygen demand (COD) values of
these three samples were measured by the closed reflux
colorimetric method with a spectrophotometer (HACH DRB
200).

2.3 Cultivation of microorganism

Bacillus subtilis was maintained on nutrient agar plate at 4 C
and replanted regularly to ensure its viability. A 300 mL flask
containing 100 mL medium was inoculated from an agar plate,
and grown aerobically at 37 °C on a rotary shaker at 160 rpm
for 24 h to allow the Bacillus subtilis grow into its stationary
phase. Bacterial cells were harvested by centrifuging at 6, 000
rpm for 5 min at room temperature, then washed twice with
0.85% (w/v) saline solution and finally suspended in saline
solution. Optical density at 600 nm (ODgqo) of cell suspension
was adjusted with saline solution and measured by SECOMAM
UVIKONy_ UV-vis spectrophotometer at 600 nm. The
bacterial suspension was kept at 4 °C for less than 3 h until cells
were used for assaying.

2.4 Acute biotoxicity assessment

Firstly, 350 puL of cell suspension and 50 pL of certain heavy
metal ion solutions with various concentrations were added
separately to the microcentrifuge tubes (experimental group).
As comparison, reference incubation (control group) contained
saline solution instead of 50 pL of toxicant. The obtained
suspensions were mixed thoroughly and then placed in the
thermostat incubator at 37 “C for a period of time (denoted as
t1). Then 50 pL of ONPG solution (4 mg/mL), 50 uL of SDS
solution (0.1% w/v) and 30 pL of chloroform were introduced
to each tube. The suspensions obtained were mixed well and
placed in thermostat incubator at 37 °‘C for another period of
time (denoted as t2) to make the ONPG hydrolyse to yellow o-
nitrophenol (ONP), a kind of toxicity indicator used here.
Finally, 400 uL of Na,COj3 solution (1 M) were added to each
tube to terminate the hydrolysis reaction. The final suspensions
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were centrifuged at 12, 000 rpm for 5 min, and the absorbance
of obtained supernatant solutions were measured at 420 nm for
detection of content of the ONP, the toxicity indicator, to
evaluate the biological toxicity of the added heavy metal ions.

2.5 Data analysis
The biotoxicity of heavy metal ions to Bacillus subtilis is that
heavy metal ions can inhibit the activity of B-galactosidase due
to the reaction between the sulfhydryl group existed in B-
galactosidase and the heavy metal ions. The degree of
inhibition was determined by measuring the ONP absorbance
values at 420 nm, the absorbance was then converted to
equivalent inhibitory percentage using eq. (1).

Inhibition (%)= (1- abSexp/abscen) X 100% (1)
Here, abs., is the absorbance of control group, while the abse,,
is the absorbance of sample.
Inhibition curves were plotted in terms of inhibition percent
versus various final toxicant concentrations. The half maximal
inhibitory concentration (ICso) was derived from the inhibition
curve by interpolation method under the assumption that any
adjacent two points conformed to the linear relationship. The
each entry represented the mean of three determinations.

3 Results and discussion

3.1 Feasibility of Bacillus subtilis-based bioassay to assess
acute biotoxicity

Although the whole-cell bioassays based on (-galactosidase for
the acute biotoxicity assessment have been studied for many
years, the bacteria are almost confined to E. coli.?’'3% Moreover,
in the reported studies, the inducers such as IPTG or lactose were
usually added to the culture to induce the production of B-
galactosidase. In present research, we have investigated the
feasibility of replacing the E. coli by Bacillus subtilis, a gram-
positive bacteria, to assess the acute biotoxicity of heavy metal
ions without the assistance of any B-galactosidase inducers, and
ONPG, a chromogenic substrate, can be hydrolysed by using the
B-galactosidase as catalyst to form ONP, a yellow chromogenic
compound, exhibiting a characteristic absorption peak at 420
nm.?* The ONP can be used as the toxicity indicator to evaluate
the biotoxicity of the introduced heavy metal ions (Scheme 1).
The presence of toxicants, especially heavy metal ions, can
inhibit the activity of B-galactosidase due to the reaction between
the sulfhydryl group in B-galactosidase and the heavy metal ions,
leading to the output of ONP will also be inhibited. Hence, a
decline of absorbance at 420 nm can be observed. Therefore,
according to the above discussion, if B-galactosidase can be
generated from Bacillus subtilis without the assistance of any
inducers, we can evaluate acute biotoxicity by using Bacillus
subtilis directly.

Initial studies involved the feasibility of using Bacillus subtilis-
based bioassay to assess acute biotoxicity of heavy metal ions.
Fig. 1 shows the responses of Bacillus subtilis-based bioassay to
Cu?', a target toxicant. As shown in Fig. 1A, when no Cu?'
existed, supernatant solution showed deep yellow, suggesting that
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Fig. 1 (A) Colors fading of supernatant solutions with the addition of cu?, the
cu®* concentrations from a to h: 0, 5, 10, 15, 20, 30, 40, 50 mg/L, respectively.
(B) The corresponding absorption curve of supernatant solutions from a to h.
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Scheme 1 Conceptual schematic representation of using Bacillus subtilis-based
bioassay to assess acute biotoxicity.

ONPG was hydrolysed to yellow ONP under the enzyme
catalysis of B-galactosidase.® It is worth pointing out that no
extra pure B-galactosidase was added to this system during the
experiment, consequently, the [-galactosidase appeared in
present experiment must be generated from the Bacillus subtilis
cells. As shown in Fig. 1B, with the concentration of Cu*
increased from 0 to 50 mg/L, the colors of supernatant solutions
faded gradually from deep yellow to nearly colourless, and the
absorbance (at 420 nm) of corresponding supernatant solutions
decreased from 0.46 to 0.07, revealing that Cu?* inhibited the
activity of the B-galactosidase. Therefore, the present result
clearly suggested that evaluating the acute biotoxicity of Cu?*
ions was feasible by using this Bacillus subtilis-based bioassay.
Based on the above results, we could conclude that: (1) Bacillus
subtilis (CGMCC 1.1086) could generate B-galactosidase without
the assistance of any inducers; (2) Bacillus subtilis-based
bioassay was sensitive to Cu?* ion, and for that reason, it was
feasible to apply Bacillus subtilis-based bioassay to assess acute
biotoxicity of some other heavy metal ions. Scheme 1 shows the
principle of Bacillus subtilis-based bioassay to evaluate acute
biotoxicity.

3.2 Performance of the Bacillus subtilis-based bioassay

The parameter optimization of the bioassay in terms of Bacillus
subtilis concentration, temperature and time for colour
development were studied in order to obtain a better detection
results for a variety of heavy metal ions.

3.2.1 Effect of bacterial concentration
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Fig. 2 Effect of Bacillus subtilis concentrations on the biotoxicity assessment of
cu®. At a certain ODggo, a series concentrations of Cu®* were assessed to obtain
the inhibition value with T=37 “C, t1=30 min, t2=30 min. The inset graph showed
the IC5, values obtained at different bacterial concentration. Each entry of
represented the mean of three determinations.
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Fig. 3 Effect of temperature on the acute biotoxicity assessment of Cu®* under
the condition that ODgg=2.4, t1=30 min, t2=30 min. Each entry of inhibition
represented the mean of three determinations.

In most microorganism-related biosensors, bacterial
concentration is an important parameter, since it directly
influence the sensitivity of the biosensor and reproducibility of
signal collection.®*** Optical density at 600 nm (ODgqo) has been
widely used to indicate the concentration of bacterial cell
suspension. The larger value of the ODgy means the higher
concentration of the cell suspension.®®=® In this study, the ODgqo
was also selected to indicate the bacterial concentration, and the
effect of bacterial concentration was investigated to obtain an
optimized colorimetric performance.

Fig. 2 is the dose-response inhibition curve obtained by adding
series concentrations of the Cu?" into the solutions of different
Bacillus subtilis concentrations. As shown in Fig. 2, in the range
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of the Cu?" added from 0 to 40 mg/L, the response inhibition
increased with the reduction of bacterial concentrations from
ODgo=3.0 (~1.8x10" CFU/mL), 2.7 (~1.1x10* CFU/mL) to 2.4
(~1.5x10" CFU/mI); but a slight decline of inhibition was
observed with the further reduction of bacterial concentration
from ODgg=2.4 to ODggo=2.1 (~1.1x10™ CFU/mL). Accordingly,
as shown in the insert graph, with the reduction of bacterial
concentration, the 1Csy values decreased from 16.9 mg/L
(ODggo=3.0) to 7.4 mg/L (ODgw=2.4) and then increased to 8.3
mg/L (ODgg=2.1), revealing that the bioassay fabricated with the
bacterial concentration of ODgy=2.4 became most sensitive to
Cu®". Therefore, we adopted the bacterial concentration of
ODggo=2.4 as the final concentration, which is enough to obtain a
sufficient response.

3.2.2 Effect of temperature

Since most of bacteria and enzymes are sensitive to temperature
(T), it is essential to study the influence of temperature on
Bacillus subtilis-based bioassay. The influence of T on acute
biotoxicity assessment of Cu?* is shown in Fig. 3. As can be
observed, in a fixed Cu?* concentration, inhibitions caused by
Cu?" became greater with the increase of T, suggesting that the
performance of Bacillus subtilis-based bioassay was sensitive to
temperature. At room temperature (25 °C), all the inhibition
effects were lower than 30% when concentrations of Cu?* ranged
between 0 to 40 mg/L. However, inhibition effects engendered by
Cu?" concentration at 10 mg/L raised to 30% and 60% when T at
30 C and 37 "C, respectively. 1Csq values were 7.4 mg/L at 37 C,
25 mg/L at 30 ‘C, and more than 40 mg/L at 25 C, i.e., the
highest inhibition was obtained at 37 “C. Therefore, 37 C was
chosen as the optimal temperature for the next acute biotoxicity
assessment.

[10

R I A
IC5( (mg/L)

-

6 45
t1 (min)

Fig. 4 Effect of t1 and t2 on the acute biotoxicity assessment of Cu®". ODggo=2.4,
T=37 C.
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3.2.3 Effect of incubation time

For the emergency evaluation, the required testing time is an
important factor which should be taken into consideration.
Incubation for t1 provided the time for toxicants to fully mix and
react with Bacillus subtilis. In this period, toxicants inhibited (-
galactosidase in Bacillus subtilis cells directly. Incubation for t2
aimed to ensure the inhibited B-galactosidase leave from the
cleaved bacterial cells, and further react with ONPG thoroughly.
Fig. 4 shows the influence of incubation time t1 and t2 under the
optimal experimental conditions (ODgye=2.4, T=37 ‘C) that have
been discussed above.

It can be observed that, when t2 kept constant and t1 increased,
IC5, values decreased firstly and then increased. And this
tendency was also observed when t1 were kept constant and t2
increased. This change tendency could be explained by the two
contrary effects resulted from the prolongation of incubation time:
on the one hand, toxic effect accumulated with the increase of
incubation time, the sensitivity of the bioassay was improved and
a lower ICsy values could be observed; on the other hand, the
intrinsic activity of Bacillus subtilis or B-galactosidase would
decrease with the prolongation of time, as a result, the toxic
effect could not be fully reflected and sensitivity of the bioassay
declined with the incubation time increasing. Considering the
rapidity requirement for emergency assessment and sensitivity of
the bioassay, t1=60 min and t2=30 min were the proper
combination time.

Therefore, according to the above discussing, the optimal
parameters for evaluate toxicity of Cu?* were OD=2.4, T=37 C,
t1=60 min and t2=30 min. And these optimal parameters were
employed for acute biotoxicity assessment of other heavy metal
ions and real wastewater samples.

4. Acute biotoxicity assessment of heavy metal ions
by Bacillus subtilis-based bioassay

Five typical heavy metal ions (Cu®*", Zn*, Cd**, Ni*" and Pb*")
were investigated under the optimal experimental conditions. The
responses of Bacillus subtilis-based bioassay are shown in Fig. 5.
As shown in Fig. 5, for all the metal ions studied, at lower metal
ions concentrations, the inhibitions rise rapidly; with the increase
of heavy metal concentration, the inhibitions tended slowly. The
calculated ICsq values for Cu?*, Zn?*, Cd?*, Ni?* and Pb?* were 5
mg/L, 9.3 mg/L, 27.6 mg/L, 21.3 mg/L and 101.7 mg/L,
respectively.

Furthermore, the comparisons between our Bacillus subtilis-
based bioassay to other methods are shown in Table 1. Obviously,
the Bacillus subtilis-based bioassay is more sensitive than th
reported electrochemical methods.***%**  Moreover, it is
comparable or even better than the reported toxicity bioassays
based on B-galactosidase which generated by E. coli with the
assistance of inducers.’”*® This sensitivity improvement might
result from the fact that Bacillus subtilis possess comparative
simpler cell membrane structure than E. coli, toxic substances
can diffuse into the cell of Bacillus subtilis more easily and cause
more sensitive inhibition effect. Other enzymes from Bacillus

This journal is © The Royal Society of Chemistry 2012
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subtilis, such as a-amylase, was also used for toxicity
assessment.’® However, the time for toxicity assessment basing
on a-amylase was at least eight hours, which was too time-
consuming. Furthermore, as shown in Table 1, for toxicity
assessment of Cu?* and Zn?*, the sensitivity of a-amylase was
less than B-galactosidase. On the other hand, the acute biotoxicity
order of these five heavy metal ions obtained in present
experiment is Cu®*> zZn?*> Cd®'> Ni*> Pb?*, which is in
agreement with the results obtained by Microtox® method, and
also consistent with the affinity of heavy metal ions toward the
sulfhydryl group.®”® All the results suggested that the our
bioassay would be a promising alternative for acute biotoxicity
assessment.

It is worth noting that p-galactosidase has been used for rapid
quantitative detection of heavy metal ions in the water body and
the detection limit can reach ppb region.*” In our work, although
the B-galactosidase (Bacillus subtilis)-based biosensor was also
used as the study object, the researching purposes of the two
kinds of works are totally different. The former is detecting the
concentration of the heavy metals analytically, while our purpose
is to evaluate the total biological toxicity of the water by using
the ICsy as toxicity index to provide an early warning and
response. 1Csg, a toxicity index that has been widely used to
indicate the toxicity of a substance in toxicology, is neither the
concentration value of the solution, nor the value of the detection
limit. In a word, ICs is an index that was used to evaluate the
level of toxicity of some poisons.

Although the main purpose of our research was assessing the
acute biotoxicity of heavy metal ions, the limits of detection
(LODs) of these five heavy metal ions based on the dose-
response curves were also investigated. The dose-response curve
of each heavy metal ion in low concentration was linear fitted, as
shown in the inset of Fig 5. The LODs were calculated according
to the equation: limit of ditection=30}/s, where g, is the standard
deviation of blank measures, s is the slope between inhibition
versus heavy metal ion concentration.”®* The LODs of Cu?*, Zn?*,
Cd*, Ni*" and Pb®" were 0.007 mg/L, 0.043 mg /L, 0.07 mg/L,
0.05 mg/L and 0.3 mg/L, respectively. The LODs of these five
heavy metal ions obtained by our method were compared with
that of other approaches, and the results were shown in Table 2. It
is obvious that all the ICP,* electrochemical methods**’ and
fluorescent methods*®“® show high sensitivity to hevavy metal
ions detection and meet the concentration limits of heavy metal
ions in drinking water provided by WHO.* It should be noted
that the LODs of our method is comparable with that obtained by
paper-based pure B-galactosidase bioassay.’ However, apart
from the Cu?" detection, the LODs of other four heavy metal ions
of our method were much higher than the WHO standard. The
gap between the LODs of our method and limits of drinking
water result from the fact that the purpose of our research is
assessing the acute biotoxicity of heavy metal ions rather than
detect them analytically. In a word, Our purpose was to assess
biological toxicity of the target water (usually polluted water),
rather than evaluating the concentration of the poison (such as
heavy metal ions) in pure water or drinking water. Moreover, the
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Fig. 5 Responses of Bacillus subtilis-based bioassay to different heavy metal ions with various concentrations. ODggp=2.4, T=37 °C, t1=60min, t2=30 min. The each

entry represented the mean of three determinations.

Table 1 Comparison of ICs, values by Bacillus subtilis-based bioassay with other methods.

Toxicants, 1Cso (mg/L)

References

Toxicity assays

cu* ™ Ni** cd*™ Pb™"

Bacillus subtilis-based bioassay 5 9.3 27.6 21.3 101.7 Present study
Amperometry, E. coli >150 - >150 - >150 11
Amperometry, Psychrobacter sp. 2.6 10.9 - 47.3 101.1 39
Amperometry, E. coli 44 - - 79 - 40
B-galactosidase biosynthesis, E. coli - 25* - 15% - 17
B-galactosidase biosynthesis, E. coli 341 21 - 16.7 - 18
a-amylase biosynthesis, B. subtilis 6.9 15.5 - 14.5 - 18
Nitrification inhibition, nitrifying bacteria 41.5 22.6 - 33.1 - 41
Microtox®, Vibrio fischeri 0.397 105 } 56.8 346 2

* represents the 20% inhibitory concentration

This journal is © The Royal Society of Chemistry 2013

J. Name., 2013, 00, 1-3 | 6



Page 7 of 9

RSC Advances

Table 2 Comparison of limit of detection values by Bacillus subtilis-based bioassay for Cu>*, Zn™*, Ni**, Cd** and Pb>" with other methods.

Methods

Colorimetric, Bacillus subtlis (B-galactosidase)

Guidelines for Drinking-water Quality, WHO

Inductively coupled plasma optical emission spectrometry (ICP-OES)

Colorimetric, B-galactosidase-based paper assay

Electrochemical, MWCNTs-Nafion/Bismuth Composite Electrodes

Electrochemical, multilayer Paper-Based Device

Fluorescent, graphene quantum dots—aptamer

Fluorescent, genetic enginnered E. coli

acute toxicity normally refers to the toxicity caused by high
concentrations of toxicants in a short period of time,*® which is
suitable for our method. While for the detection of trace elements
in clean water, our method is not applicable.

5. Evaluating acute biotoxicity of real samples

We have further evaluated the acute biotoxicity of three real
water samples by using our bioassay, the practical sample
including the effluent from landfill, inorganic wastewater from
chemical laboratory and electroplating wastewater. As shown in
Fig. 6, inhibitions caused by the three real samples were 19.5%
for the inorganic wastewater from chemical laboratory, 31% for
the effluent from landfill and 75.9% for electroplating wastewater,
respectively. The inhibition differences should be related to the
composition differences of these three real samples. As shown in
Table 3, both electroplating wastewater and effluent from landfill
contained much heavy metal ions and organic pollutants than
laboratory wastewater, and the electroplating wastewater had
more heavy metal ions. It is known that B-galactosidase is more
sensitive to heavy metal ions than organic compounds.® Thus, it
is reasonable that electroplating wastewater showed the highest
toxicity in the three samples, and the second one is effluent from
landfill. In conclusion, the present results suggested that it was
promising to use Bacillus subtilis-based bioassay for practical
sample assessment.

This journal is © The Royal Society of Chemistry 2012
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Fig. 6 Acute biotoxicity evaluation of three real water samples by Bacillus subtilis-
based bioassay: (a) inorganic wastewater from chemical laboratory; (b) effluent
from landfill; (c) electroplating wastewater. The each entry represented the

mean of three determinations.

Table 3 Compositions of real samples: effluent from landfill, electroplating

wastewater and wastewater from chemical laboratory.

Real samples Heavy metal ions CcoD
(mg/L)
Ni Cu Zn Cr
effluent from landfill 48 - - 0.2 19203
electroplating 30-80 30-60 50 - 5760
wastewater
wastewater from 0.7 0.4 - - 754

chemical laboratory

6. Conclusion

J. Name., 2012, 00, 1-3 | 7
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We present an acute biotoxicity bioassay based on the Bacillus
subtilis. Acute biotoxicity of Cu?*, Zn?*, Cd*", Ni*" and Pb*" were
assessed under optimized conditions, and the ICs, values
determined were 5 mg/L for Cu?*, 9.3 mg/L for Zn?*, 27.6 mg/L
for Ni%*, 21.3 mg/L for Cd®*, 101.7 mg/L for Pb?*, respectively.
Acute biotoxicity order of these five heavy metal ions was Cu*">
Zn?*> Cd?*> Ni?*> Pb*". These results obtained were comparable
or even better than those of other reported acute biotoxicity
assays. Moreover, acute biotoxicity of three real samples were
also assessed. The present bioassay offered an economic, rapid
and sensitive alternative for toxicity screening of chemicals and
environmental water monitoring.
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Graphical Abstract
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B-galactosidase generated by Bacillus subtilis (CGMCC 1.1086) catalyze the hydrolysis of
o-nitrophenyl-B-D-galactopyranoside (ONPG) to produce galactose and o-nitrophenol (ONP).
ONP is a yellow chromogenic compound and it exhibits characteristic absorption peak at 420 nm.
When heavy metal ions existed, the activity of -galactosidase is inhibited, which finally resulted
in the decrease of absorption intensity at 420 nm. Thus, acute biotoxicity of heavy metal ions can
be evaluated by assessing the absorption intensity of ONP at 420 nm.



