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The rise in pollution cases globally is expected to increase in line with industrialization.
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Monitoring activities for pollutants have been hampered by the astronomical costs of

Accepted: 5% of May 2016 instrumental-based approach. This has resulted in the intense research on low cost

biomonitoring systems using enzymes, organisms including microorganisms. Only positive

KEYWORDS samples are sent for instrumental analysis; dramatically cutting the cost of instrumental

Ecotoxicological Tests analysis. This review attempts to outline and give due recognition to several selected bioassay

fn"eligl“““ systems that have been tested for their applicability using polluted water samples as a routine

bioassay first line-of-defense. This includes small aquatic organisms-based assays, enzymes especially

bacteria proteases and bacterial-based systems using respiratory dye or luminescence systems as a
method for toxicant detection.

INTRODUCTION environment. The use of this screening tool has the advantage of

A survey by the Malaysian Department of Environment in 2010
shows that water pollution has grown to a dangerous level. The
presence of toxicants such as heavy metals, pesticides, organic
and inorganic solvents generated from industrial and
agricultural activities is becoming worse due to Malaysia
striving to become an industrial country (DOE, 2010).
Toxicants can cause potentially harmful effects to human
beings, aquatic organisms and food webs because some of them
cannot be degraded [1]. Many of them are carcinogenic or
mutagenic. Hence, there is a need for a simple and fast
procedure to screen for the presence of toxic substances from
industrial effluents, polluted rivers and other polluted locations

(2].

Toxic compounds can be detected by the use of instruments
such as Atomic Absorption Spectrophotometer (AAS),
Inductive Coupled Plasma (ICP), Flow Injection Mercury
System (FIMS), High Performance Liquid Chromatography
(HPLC) and Gas Chromatography (GC). These instruments are
widely used for environmental monitoring but present many
limitations and hurdles such as high cost, time consuming and
logistics. Bioassays using bioluminescent bacteria show many
advantages compared to other conventional methods and are
suitable for preliminary screening of toxicants in the

indicating the real impact of all chemicals present in a given
sample or ecosystems. The top recommended bioassay system
by United States Environmental Protection Agency USEPA is
bioassay using bioluminescent bacteria as this system is
sensitive to many toxicants while being rapid and simple to
operate (USEPA, 2004). Bioluminescence is an amazing
phenomenon where living organisms have the special ability to
emit light in nature. The metabolic process involved in
bioluminescence requires several enzymes such as luciferase
(EC number: 1.13.12.7) with luciferin as substrate [3]. This
bioassay works on the principle that bioluminescence is reduced
in the presence of certain toxicants. The inhibition of
luminescence occurs when one or more enzymes involved in
this reaction are inhibited after reacting with toxicants. The
detection of toxicants using this bacterium is faster compared to
other bioassays such as using Daphnia magna, rainbow trout
and other microbial assays because the test result can be
obtained in less than 30 minutes.

An example of a commercially produced bioassay using
bioluminescent bacteria is the Microtox® system. This system
uses the bacterium Vibrio fischeri which has an optimal assay
temperature of 15°C [4]. Bioassay using V. fischeri has an
intrinsic disadvantage due to the requirement of an exact
assaying temperature of 15°C with a deviation of a few degrees

-29-




JOBIMB, 2016, Vol 4, No 1, 29-37

Celsius from the optimal dramatically affecting luminescence.
The exact assaying temperature requires a refrigerated water
bath making the assay not suitable for field applications and
making the system more expensive and instrument dependent.

Global water pollution

Water quality issues are a major challenge facing humanity in
the twenty first century. The rapid industrialization of
developing countries, though contributing to economic
development, has resulted in heavy losses to economic welfare
in terms of effects on agricultures activities, human health and
ecosystem at large through water pollution. Water pollution
poses a serious challenge due to its impact on a large number of
economic activities [5].

Water pollution is caused by a number of organic and
inorganic compounds such as pesticides, heavy metals, sodium
dedocyl sulfate (SDS) and phenol which are harmful to humans,
plants, animals and aquatic environments [6]. The presence of
these toxicants in the water basin is a result of industrial
activities. They are toxic, carcinogenic, mutagenic and
persistent because they have the ability to accumulate in the
food chain, ultimately in fish. Toxicants can easily enter the
human body by many pathways and can do harm to human
health if consumed every day or at high concentrations [7].

The most infamous case related to water pollution is the
mercury poisoning in Minamata, Japan in 1956. This tragedy
was due to the long term effects of mercury-polluted wastes
dumped into the Minamata bay [8]. Many residents developed
symptoms of methyl mercury poisoning such as numbness in
their limbs and lips, shaking in their arms and legs and
eventually some suffer brain damage [9]. More recently, China
is confronting some of the most serious environmental pollution
issues. This country has undergone exceptionally rapid
development over recent years leading to a dramatic rise in
pollution and environmental damage. The harbor area of the
coastal region in Xiamen [10] and Pearl River [11] have been
found to be contaminated by a number of metals and organic
pollutions as a result of industrialization that has been occurring
in the delta of the river.

India also experiences the same problems faced by China.
The problem has led to the deterioration of water quality in
India. Rapid industrial growth has given rise to waste discharge
into certain rivers which were responsible for the degradation of
estuarine and coastal waters [12]. The discharges of partially
treated and untreated wastes from the urban and rural area in
India is a major source of pollution of coastal waters [13].

Water pollution in Malaysia

Environmental pollution is one of the major problems as
Malaysia is shifting to a developed industrial country. Rapid
industrialization has caused detrimental effects due to the
increase in the variety of hazardous wastes generated from
many industrial outlets located near polluted locations [14].
According to the Department of Environment, Malaysia, (DOE,
2002) the sources contributing to this problem include
agriculture, agro-based industries, urbanization activities, solid
waste disposal, industrial wastes, urbanization activities,
deforestation and shipping activities.

In 2004, the major exports of Malaysia were electrical and
electronic machinery, petroleum and natural gas, chemical
products, palm oil and textiles [15]. As a result, many

Malaysian rivers have polluted due to untreated wastes being
channeled by irresponsible factories into the rivers. The river
quality index for the rivers in Malaysia showed an increasing
number of class 4 and 5 (increasing pollution) rivers while
rivers for class 1 and class 2 (decreasing pollution from class 5
to class 1) are decreasing as a result of rapid industrial activities
[16]. The lack of awareness of the Malaysian people on the
importance of rivers contributes to severe water pollution
problems.

A survey in 2010 by the Malaysian Department of
Environment showed that out of 1,055 monitoring stations, 527
(50%) were found to be clean, 417 (40%) slightly polluted and
111 (10%) polluted. The number of clean rivers decreased from
306 rivers to 293, slightly polluted rivers decreased from 217 to
203 while the number of polluted rivers increased to 74 from
54. DOE has identified the sources contributing to river
pollution in 2010, which comprise of manufacturing industries
(44.57%), sewage treatment plants (49.27% inclusive of 790
Network Pump Stations), animal farms (70%) and agro-based
industries (2.46%) [16]. The wastes products generated from
these activities were found to be dumped into drain outlets from
factories and these wastes flow into the rivers or sea. These
disposal activities caused adverse effects to rivers in Malaysia
with the Juru River being the most notorious. The Juru River
located in Penang has been classified by Department of
Environment (DOE) and World Health organization (WHO) as
the dirtiest river in south East Asia. According to the report, the
water is toxic and unsafe for drinking even after being boiled.
This river index remains in class 5 over several years indicating
that this river is much polluted and little is done to remediate
the river [17]. The sediment collected from this river contains
dangerous heavy metals such as mercury, copper, lead and zinc
[6,18,19]. These contaminants originated from the Prai
Industrial Estate that was first established in the early 1970s
([20]. Other polluted rivers in Malaysia include Sungai
Dondang and Jejawi (Penang), Kempas, Tukang Batu, Rembah,
Sungai Benut and Sungai Pasir Gudang (Johor), Sungai Kelang,
Sungai Buluh and Sungai Sepang (Selangor), Sungai Batu
(Perak), Sungai Miri (Sarawak) and Sungai Jimah (Negeri
Sembilan). Elsewhere, water analyses done by the Department
of Environment on Sungai Samit, Sungai Tuaran, Sungai Sedili
Besar, Sungai Kempas in Sabah showed the presence of high
levels of heavy metals such as cadmium, silver and zinc [16].

Organic pollution from the industrial sector also contributes
towards pollution in the form of xenobiotic pollutants such as
phenolic compounds, oil and grease [16]. Since Malaysia is an
oil and gas producer , oil pollution could not be avoided
especially since Malaysia partially owns the Straits of Malacca
which is the busiest waterway in the world. Contamination
occurs mostly because of human errors. For instance, two oil
tankers collided with each other in the coastal areas of the
Straits of Malacca spilling almost 150 tons of diesel making the
case to be one of the largest hydrocarbon spills ever reported
[21].

The Department of Environment has reported that 1,709
metric tonnes of phenol and phenolic wastes were generated in
2005. The National Guidelines for Raw Drinking Water Quality
had stated that the maximum permissible limit for phenolic
compounds in drinking water is 0.002 mg/L, and many
groundwater wells in Malaysia have phenolic levels exceeding
this limit, thus indicating a widespread pollution due to phenol
and phenolic compounds [22]. The widespread and the high
intensity of organic and non-organic pollutions in Malaysia
make monitoring an important agenda.
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Toxicity of toxicants

Toxicity is the ability of substances to cause harmful effects
towards living organisms. A chemical is considered toxic when
the amount required to give harmful effect is relatively small.
Otherwise, the chemical can be considered as non toxic when a
large amount is needed to give harmful effects [23].The
toxicants can affect a single cell, a group of cells, an organ
system, or the entire body. Toxicants can be found in many
forms such as heavy metals, pesticides, organic and inorganic
chemicals. Many of the toxic substances enter the body through
the skin, eyes, throat and nose. The internal organs most
commonly affected by toxicant are the liver, kidney, heart,
nervous system and reproductive systems. The toxicity effects
toward living organism depend on the amount ingested, inhaled
or absorbed [24].

Toxicity can be studied by measuring the effect of toxicants
on targets such as the organism, tissue and cell. Toxicity studies
can be divided in acute, sub-chronic and chronic toxicities.
Acute toxicity is referred to as the effects of toxicants in a short
term period [25]. Acute toxicity studies are defined in several
terms such as the median lethal dose; LDso (dose of substances
that kills 50% of the test animals), ICso (concentration of the
toxic compound which kills 50% of the test animal in a given
time) and ECso (concentration of toxicants or drug which
induces a response halfway between baseline and maximum
after specific exposure time) [26]. Sub-chronic toxicity is
referred to the effect of toxicants to target organisms after more
than one year but less than the lifespan of the organisms being
studied. They will be observed for changes occurring such as
food consumption and weight. Chronic toxicity is the ability of
the toxicants to give certain effects towards living organisms
over a long period of time and usually at levels far below that of
acute toxicity.

Heavy metals

Heavy metals are elements that exhibit metallic properties with
higher molecular weights. They include transition metals,
metalloids, lanthanides and actinides. Heavy metals have a
density five times greater than water. They exist naturally in the
ecosystem in many forms. There are more than 20 types of
heavy metals, but only four are classified as extremely
dangerous to human life which are mercury, lead, cadmium and
arsenic (As). These four heavy metals are toxic at very small
concentrations [27].

The growth and metabolism of living organisms can be
effected by the excessive amount of heavy metals because they
have the ability to interfere with biochemical functions of
enzymes. Heavy metals will react with enzymes and inhibit
sulthydryl (SH) enzyme systems [28]. A disruption of
enzymatic activity can seriously affect the function of organs or
tissues. Some of these metals such as copper, zinc and iron are
essential to human life and play important roles in human
metabolism. Other heavy metals can be considered as
xenobiotics because they have no significant role in human
physiology such as mercury and lead. Heavy metals can enter
the human body through a variety of routes. They can be
inhaled as tiny particulates or ingested through food or drink.
These metals tend to be deposited in bones, liver and kidney for
many years and they are capable of causing cancer,
hypertension and renal toxicity [29]. Furthermore, when the
dosage taken is high, people develop symptoms such as

headaches and weakness. Heavy metals have also been
identified as a factor affecting human reproduction systems
[30]. Exposures to different heavy metals produce cellular
impairments at structural and functional levels in male and
female reproduction system. Heavy metals could interfere with
the production of sperms in the testis, thus reducing male
fertility [31]. Babies can suffer from the effect of heavy metals
such as having low weight, heart defects, brain damage, growth
retardation and others because heavy metals can be transferred
from mother to baby through the placenta and breast milk
[6,32].

Xenobiotics

Xenobiotics (“xeno” is Greek for foreign) are man-made
chemicals that are present in the environment and they pollute
the environment if they are present at high concentrations. The
existence of these xenobiotics can cause many problems
towards the environment as well as human beings [33].
Xenobiotics can be non-xenobiotics to certain organisms but it
can be a xenobiotic to another organism. For example,
Acinetobacter sp. strain AQSNOL was able to tolerate and use
phenol as a sole carbon sole at concentration more than 1500
mg/L but at this concentration, it can inhibit and effect the
growth of other bacteria [34].

Xenobiotics can be divided into two categories which are
biodegradable and non- degradable xenobiotics. Biodegradable
xenobiotics mean that it can be degraded by the reaction of
microorganism and other related reactions. Meanwhile, non-
degradable xenobiotics cannot be degraded by biological
reactions in the environment. Examples of xenobiotics include
hydrocarbons, pesticides, synthetic polymers, synthetic solvents
and alkyl benzyls [35]. Mammals have special metabolisms to
prevent xenobiotics from giving harmful effects via xenobiotics
transformation systems by a series of enzyme reactions before
they are being eliminated through urine [36].

Pesticides

Pesticides are mixtures of substances being used for preventing
and destroying pests. From 2006 to 2007, more than one billon
kilograms of insecticides were sold to the agricultural sector
world-wide [37]. Many of these pesticides eventually enter into
the aquatic environments through rivers, the atmosphere,
agricultural run-offs and industrial point sources. They are
designed to control pests but they can also be very toxic to other
organisms such as plants and animals including humans.
Pesticide pollution can occur through the discharge of pesticides
from manufacturing plants, accidental spills and natural
processes such as dilution, surface run offs and leaching [37-
41]. Sometimes the by-product of pesticides can be more toxic
than its parent forms or be more persistent in the environment
[42].

Pesticides can be divided into families such as
organochlorines, organophosphates and carbamates. Examples
of organochlorines include dichlorophenyltrichloroethane
(DTT) and cyclodiene compounds. Organophosphates and
carbamates largely replaced organochlorines throughout the
years. Both of them react by inhibiting acetylcholinesterase.
Examples of carbamates that are widely applied in agriculture
include carbaryl (Sevin) and carbofuran (Furadan). Examples of
organophosphates include parathion (Baladan M) and malathion
(Celthion) [43-46].
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Monitoring of toxicants in the environment

The rapid development of industrial and agriculture activities
contributed to increasing environmental pollution in this world.
Since toxicants are dangerous to the environment and living
organism, the presence of these toxicants should be monitored.
In order to detect them in the environment, scientists have
developed numerous methods to monitor a variety of toxicants.
Monitoring methods can be divided into two different types:
conventional and bioindicator/bioassay methods [19,47].

Conventional detection of toxicants

Rapid and continuous detection of environment contaminant in
waterways is important for protecting the natural environments
and public health and for the management of treatment systems.
Standard analytical methods using AAS, HPLC and GC have
been traditionally applied for analyzing contaminants. These
methods are very selective and sensitive because of the ability
to detect the toxicants at very low concentrations. However,
these methods suffer from many disadvantages because the
sample water may contain thousands of different chemicals. So,
chemical analysis will be very expensive if every single
chemical needs to be analysed [48]. Moreover, most of the
conventional methods require a long time for analysis, requires
a skilled technician and not very user friendly. Therefore, fast
and simple methods with high accuracy to detect toxicants in
the environment may provide a better alternative [6].

Atomic Absorption Spectrometry and Induced Coupled
Plasma

Atomic absorption spectrometry (AAS) and Inductive coupled
plasma-optical emission spectrometry (ICP-OES) are the most
widely used instruments to measure heavy metals. These
instruments can detect heavy metals to parts per trillion. They
require skilled technicians, are expensive to purchase and
maintain and not amenable to field work analysis [32].

High performance liquid chromatography (HPLC)

High performance liquid chromatographic is a chromatographic
technique used to separate compounds. HPLC is used in
biochemistry to identify, quantify and purify individual
components from a mixture. It uses different types of stationary
phases and consists of a pump that moves the mobile phase and
analyte through the column. The detector will detect and
provide information of retention time for the analyte. HPLC is
applied for detection of certain type of compounds such as
pesticides, dyes, bioactive compounds and organic chemicals
[49].

Gas Chromatography (GC)

Gas chromatography is an instrument that can separate and
quantify volatile and hydrophobic compounds. In gas
chromatography, the mobile phase is a carrier gas. The carrier
gas is an inert gas such as helium or unreactive gas such as
nitrogen. The stationary phase is a microscopic layer of liquid
or polymer on inert solid support [50].

Bioindicators / bioassay of toxicants

Biological indicators or bioindicators can be defined as changes
that occur at the organism, population or assemblage level when
it has been exposed to toxicants [51]. Organisms in a polluted
environment accumulate certain pollutants in its tissue that
reflects the level of pollution when the organisms are subjected
to chemical analysis. Bioindicators tell us about the effects of

different toxicants in the ecosystems and about how long a
problem has been present [52]. Organisms such as crustaceans,
fish and microorganisms are monitored for changes in terms of
biochemical, physiological and behavioral patterns that may
indicate problems within their ecosystems.

A bioassay can be defined as the use of living organisms or
their products such as enzymes or antibodies to detect toxicants.
Bioassays have been widely used in ecotoxicology studies,
especially in the detection of hazardous substances such as
heavy metals, pesticides and others [53]. Bioassays are
inexpensive, rapid and sensitive to a wide range of toxicants
[54]. Examples of bioassays successful applied in ecotoxicology
studies are those that use D. magna, rainbow trout, Microtox®
based on V. fishcheri and Xenoassays™ based on the proteases
[6,55-62].

D. magna

D. magna is a standard organism used for toxicity testing. They
are among the most favourable test animals in aquatic
toxicology [63]. Daphnia is easy to culture because it only
needs water that contains bacteria. They have a very short
reproductive life cycle, giving birth to a new young within the
first week of life. The disadvantages of this method are that the
required exposure time with toxicants is more than 24 hours
compared to less than 30 minutes for microbial assays using
bioluminescent bacteria and inhibitive enzyme assays [63—

65,65].

Rainbow trout

Rainbow trout is a species of salmon native to tributaries of the
Pacific Ocean in Asia and North America. They survive in
water from 3°C in the winter until 21°C in the summer, but the
optimum temperature range is from 10 to 16°C. Rainbow trout
is used as a bioassay in many studies because it is sensitive to
heavy metals [66]. However, this method requires a rearing
system and facilities and the assay temperature is not suitable
for tropical countries like Malaysia.

Inhibitive enzyme assay using proteases for heavy metals
detection

Inhibitive enzyme assay using proteases have been developed
using casein-coomassie-dye-binding as the color development
reagent. Proteases such as papain [6], bromelain [32], trypsin
[67] and many others [57,58,61,68] have been used to detect
heavy metals in the environment. These proteases are
temperature stable, pH and solvent tolerant and suitable to be
applied in field works on polluted sites in tropical countries.
The assays collectively are sensitive to mercury (Hg?"), silver
(Ag*), lead (Pb?), zinc (Zn**), copper (Cu®*) and cadmium
(Cd?*) at the sub parts per million level. The bioassay has been
trademarked as Xenoassay™ [19,47]. Emerging new bioassays
are cholinesterases. These enzymes including
acetylcholinesterase and butyrylcholinesterase have been shown
to be sensitive to heavy metals and have been utilized for
monitoring of heavy metals in several selected water-polluted
rivers and aquatic bodies [27,69-75].

Microbial bioindicators/bioassay

Microbial bioindicators/bioassays provide a simpler, rapid and
less expensive method compared to the conventional method
using ICP-OES, HPLC and others [76]. Bioassays using
bacteria have been commercialized such as the MTT assay, the
Polytox™ and the Microtox™ assays. These commercialized
bioassays are designed to detect a broad spectrum of toxic
inorganic and organic pollutants.
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MTT assay
The assay is dependent upon the capacity of the bacterium R.
meliloti in reducing the tetrazolium dye MTT (Fig. 1) and the
inhibition of this process by many toxic chemicals [48].
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CH3
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Figure 1. Structure of MTT.

CH3

The reduced MTT exhibits and increase in absorbance at 550
nm if the dye is reduced. The color of the respective MTT-
formazan derivative is purple-blue. This reduction can be
followed with a simple spectrophotometer. MTT has a
chemical formula is CisHisBrNsS, and a molecular weight of
414.32. The disadvantages of the assay are it is time consuming
and takes almost 4 hours to be completed and since the mixture
has to be incubated at 37°C, the assay cannot be used to detect
volatile toxic compounds [48]. Studies have suggested that
MTT is reduced by the cytochromes and especially NAD(P)H
reductase [77-79]. The mechanism of inhibition is thought to
involve the electron transport system residing in the
cytoplasmic membrane of bacteria. As hydrophobic toxic
chemicals can permeate and disrupts bacterial cellular
membrane, this affects cytochrome activity.

The production of NADH is inhibited in the presence of
xenobiotics and heavy metals causing a reduction in respiratory
activity measured by the MTT assay. Two nontoxic cations;
magnesium and calcium inhibited MTT reduction in the original
Botsford’s MTT assay. As these two ions are commonly found
in the environment, the chelators EGTA (ethylene glycol-bis-(B-
aminoethyl ether) N,N,N’N’-tetraacetic acid ) and EDTA
(ethylenediamine tetraacetic acid) had to be added to prevent
this problem. The inclusion of these chelators decreases cell
viability and reduce the toxicity of heavy metals ad these two
chelators also bind to toxic metals. In order to exploit the
advantages of the MTT assay for heavy metals without the
inherent weakness of inhibition by non-toxic ions, newer
bacterial-based MTT assays system have been recently
developed that are not inhibited by these ions [80-82].

Polytox®

Polytox® is a blend of bacterial strains originally isolated from
wastewater. The principle of this assay kit is based on the
reduction of the respiratory activity of the dehydrated cultures
in the presence of toxicants such as heavy metals. It is
specifically designed to assess the effect of toxic chemicals on
biological waste treatment. However, Polytox® is expensive
and is difficult to maintain. It also needs a sophisticated
computer program to analyse data and a highly trained technical
personnel to run the tests [83].

Microtox®

The Microtox® bioassay system is originally developed by
Beckman Instruments Inc. The bioassay's strongest attribute is
its convenience as a primary screening test for a wide spectrum
of toxicants. The Microtox® procedure can be used for testing
either water (marine or fresh) or sediments [84].

Microtox® is based on bioluminescent bacteria V. fischeri
which have an optimum temperature of 15°C  for assay and
maintenance [85]. It is the most recommended bioassay system

by the United States Environmental Protection Agency
(USEPA) and hence the most reported bioassay method for
toxicants [85-89]. This assay is still relatively expensive due to
the instrumentations needed to run the test and to maintain 15°C
as temperatures fluctuations of more than 1°C has been reported
to affect strongly on the ICso of toxicants [48]. Hence,
Microtox® is not suitable to be used in real time field works
due to the precise temperature maintenance requirement.
Recently, SDIX inc., the company that produces Microtox® has
developed a field work-friendly system called Delta Tox® using
a V. fischeri strain that allows ambient temperature testing of
toxicants [90]. Delta Tox® is unpopular due its lower sensitivity
in detecting heavy metals compared to Microtox® and is rarely
reported in the literature. Thus, there is a need for the
development of bioluminescent bacteria that has a broad range
luminescence temperature stability as well as high sensitivity
towards toxicants.

Bioluminescence inhibition assay

A bioluminescent inhibition assay is often chosen as the first
screening method in a test battery experiment compared to other
bioassays. This is based on speed and cost considerations. In
addition, the assay protocol is usually simple and fast because
the result can be obtained within 15 minutes [87]. V. fischeri is
the most used luminescent strain due to its sensitivity towards a
wide range of toxicants compared to other bacterial assays and
have good correlation with the other toxicity bioassays such as
enzyme inhibition, nitrification inhibition, algae, and so on.
This bacterium is widely used for toxicity assessment of various
environmental samples in the form of a commercial
luminescence assay, Microtox® [91]. The assay temperature of
this bacterium must be maintained strictly at 15°C and a few
degree deviation from the optimal dramatically affect results. In
order to maintain the temperature, the use of an expensive
refrigeration unit is required which complicates its use on site.
Due to this limitation, many more luminescent bacteria have
been isolated and include Vibrio fischeri (DSMZ 7151/
NRRLB-11177) [92], Photobacterium leiognathi [93], Vibrio
harveyi strain 525 [94], Vibrio fischeri strain 4172 [95],
Photobacterium phosphoreum MT10204[96], Vibrio harveyi
strain 525 [95], Photobacterium sp. Lub-1 [97], Pseudomonas
fluorescens strain Shkl [98], Vibrio logei [99], Pseudomonas
Sfluorescens ATCC-13525 [100], Photobacterium phosphoreum
strain 496 [101], Photobacterium sp. strain MIE [19] andVibrio
sp. isolate MZ [102].

Bioassay using bioluminescent bacteria works based on the
reduction of luminescence in the presence of toxic compounds.
The reduction of luminescence occurs when the luciferase
enzyme and several related enzymes (e.g. electron transport
chain) are inhibited which interferes with the metabolic
processes of bioluminescent bacteria [103]. The inhibition of
luminescence depends on the concentration of the toxicants that
exist in the samples. If the polluted samples contain high
concentrations of toxicants, the bioluminescent bacteria will
lose all of their ability to produce luminescence because most of
the enzymes involved in luminescence are inhibited. The effect
of toxicants can be determined within 30 minutes or less
depending on the type of toxicants because prokaryotic
bioluminescent bacteria have short incubation times and have
faster metabolic activity compared to eukaryotic cells.

According to [104], bioluminescent species can be found in
most of the major marine phyla from bacteria to fish. For
instance, comb jellies have the highest proportion of
bioluminescent species. On the other hand, diatoms and arrow
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worms have none or a small number of luminescent
representatives. For example, microscopic plankton known as
dynoflagellates increase in population when red tide occurs
during the summer months in Southern California. These
dynoflagellates glow in the dark when disturbed by currents or
waves, resulting in a brilliant light show of turquoise glowing
waves. This occurs as they break along the shoreline at night.
During this red tide phenomenon, the dynoflagellates decrease
the levels of oxygen and light in the water. Consequently, the
organisms such as kelp, plankton, and fish die as the changing
environment is poor and unhealthy for them to live in. This
matter will cause the organic matter to decay and provide a
suitable environment for bacteria, especially for luminescent
bacteria to grow [104].

Bioluminescence and the mechanisms involved

Bioluminescent bacteria constitute a heterogeneous group of
microorganisms, mainly representing the family Vibrionacea
and they have the ability to emit light in the marine environment
[105]. Luminous bacteria are present in the sea as free-living
organisms, as saprophytes, and as symbionts in light organs of
certain marine organisms. The biochemistry of the light reaction
associated with luminous bacteria has been extensively studied,
and many reviews on the topic have been published [3,106]).
Bioluminescent bacteria are widely distributed in marine,
freshwater and terrestrial environments. All of them are Gram
negative bacteria [107]. The species usually used for
bioluminescence inhibition assay includes V. fischeri, P.
phosphoreum, Vibrio harveyi and Pseudomonas fluorescens
[108].

Luciferase enzyme is responsible for the production of
bioluminescence. A suite of genes dubbed “lux” genes code for
the enzyme and other components of the luminescent system.
Bacterial luciferase is a heterodimer composed of two different
polypeptides, called alpha and beta with molecular masses of 40
kDa and 37 kDa, respectively. Both polypeptides are encoded
by the luxA and lux B genes. [109]. Luciferase catalyzes the
oxidation of a long-chain aliphatic aldehyde and reduced flavin
mononucleotide (FMNH2) with the reduction of molecular
oxygen and the liberation of excess free energy in the form of a
blue-green light at 490 nm:

FMNH: + RCHO + Oz ----> FMN + RCOOH + H:0 + light (490 nm)

In most luminescent bacteria, cell density can prompt
luminescence. This condition is called quorum sensing and a
key factor is the number of bacteria that are present. At low cell
densities of less than 100 living bacteria per milliliter,
luminescent bacteria do not produce luminescence, whereas
luminescence is induced at high cell densities of above 1000
living bacteria per milliliter [110].

V. fischeri

V. fischeri is a gram negative rod shaped bacterium. This
bacterium was isolated from the marine environment. It is free
living or living in symbiosis with other marine organisms such
as in the bobtail squid and some species of fish. This bacterium
has the ability to produce bioluminescence and is motile by
means of flagella [109].

Photobacterium sp.

Photobacterium sp. is a gram negative bacterium living
symbiotically with other marine organisms. This bacterium
emits bluish-green light through bioluminescence reaction. P.

phosphoreum is psychro tolerant which means it can tolerate
low temperatures, typically from 4°C to 35°C [111-113].
Application of bioluminescent bacterial assay

Bioluminescence bacterial assay can be used for toxicity
measurement for almost all kinds of samples such as organic
and inorganic compounds. This assay has been applied as a
screening tool for toxicity determination of effluents, water
samples from a polluted river, dye wastewater and effluent from
paper mill [114]. A study done by [115] showed that this type of
assay has been successfully applied on sediments from a lagoon
although an extraction method was required in order to apply
this method. However, the system is limited for field works due
to instrumental mobility limitations. Hence, there is a need for a
bacterial strain that has broad optimal range for activity and at
the same time highly sensitive for toxicants is needed.

CONCLUSION

Rapid ecotoxicological tests using bioassay systems is fast
becoming the method of choice for large scale monitoring of
toxicants in the environment. Microorganisms and their
biological product such as enzyme have been successfully
utilized to monitor toxicants. The simplicity, rapidity, near real
time capability and low-skilled required to operate and use
bioassay systems are clearly an advantage over the sole used of
instrumental methods per se. More tests are needed to ensure
the reproducibility of bioassay systems. The most excellent
mode of use of the existing bioassay systems is an integration to
current instrumental approach with bioassay systems becoming
a first screening method or the first line of defense against
toxicants in the environment. Only positive samples are sent for
instrumental validation making the whole exercise a much
cheaper method.
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