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ABSTRACT

Heavy metals that are discharged through industrial and agricultural activities cause contamination,
especially to the water sources, and bring about negative impacts on the flora and fauna in the
ecosystem. The monitoring of heavy metals in the environment requires high technical skills with
sophisticated equipment and is also time-consuming. In this study, the potential of using natural
photosynthetic microorganism consortiums collected from natural water bodies as bioindicators for the
screening of heavy metals was explored. The photosynthetic microorganism consortiums were first
cultured in lab, immobilized, and then exposed to different heavy metals (Cd, Cu, Ni and Co) at different
concentrations (0.01 mg.L™", 0.05 mg.L™", 0.10 mg.L™", 0.50 mg.L"", 1.00 mg.L™" and 5.00 mg.L™"). The
fluorometric responses before and after the exposure to heavy metals were measured. The results
revealed that consortium cells responded to a wide range of heavy metals within a short period of
exposure. The responses showed that the consortium cells can detect the presence of Cd, Cu, Ni, and
Co within the range of 0.05-5.00 mg.L™". The study confirmed that the photosynthetic microorganism
consortiums collected from natural water bodies could be used as bioindicators for the screening of
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heavy metals.

INTRODUCTION

Rapid urbanization and population increase result in sig-
nificant water demands to meet varied development needs,
with lakes and rivers serving as the primary supplies of water
for domestic, industrial, and agricultural activities. Indus-
trial, manufacturing, and agricultural sectors are the major
contributors to economic development for many countries.
Products generated from these industries discharge tonnes
of waste-containing metals into the environment (Afroz &
Rahman 2017). The most commonly found metals include
cadmium, chromium, copper, lead, nickel, and zinc (Jais-
hankar et al. 2014). This has become a serious environmental
problem that left toxic effects on the flora and fauna and even
threatening human life.

Several studies have shown the involvement of microor-
ganism consortiums (algae, cyanobacteria, bacteria) in the
degradation of a toxic substrate, thiocyanate (Ryu et al. 2015)
as well as in the treatment of organic pollutants (Mahdavi et
al. 2015). Multiple species that co-exist in the ecosystem may
provide robustness to environmental variation, stability for
the species, ability to share metabolites and weather periods
of nutrient limitations, and resistance to invasion by other
species. Therefore, photosynthetic microorganism consor-
tiums which are present abundantly in the environment and
are sensitive to any environmental changes might be good

indicators of heavy metals by providing biological responses
upon contact with these heavy metals.

In this paper, the fluorometric responses of photosynthetic
microorganism consortiums after exposure to heavy metals
are reported. The potential of the responses to be used as
bioindicators for the presence of heavy metals is discussed
as well.

MATERIAL AND METHODS
Chemicals and Cell Cultures

Copper in the form of CuSO,, cadmium in the form of
Cd(NOj3),, nickel in the form of Ni(NOj),, and cobalt in the
form of CoCl, were procured from Sigma-Aldrich, Malaysia.

Bold Basal medium (50x stock) was obtained from
Sigma-Aldrich, Malaysia, and Jaworski medium was pre-
pared according to the information provided by the Culture
Collection of Algae and Protozoa, United Kingdom. To
provide nutrients to different species of photosynthetic mi-
croorganisms, 1 mL of Jaworski medium and 1 mL of Bold
Basal medium were added to 98 mL of deionized water to
produce 100 mL of medium.

The consortium of photosynthetic microorganisms was
collected from two different locations in Malaysia, namely
Taman Tasik Titiwangsa, Kuala Lumpur (L1) and Taman
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Metropolitan Kepong, Selangor (L2). These two locations
were selected for sample collection as they are surrounded
by large water body which contains good populations of
photosynthetic microorganisms. The consortium of micro-
organisms collected from different locations were cultured
separately.

The cultures were placed on an orbitals shaker at a
temperature of 20 + 2°C with continuous aeration at 95
rpm to minimize cell clumping. Photoperiods of 16 hours
in light and 8 hours in dark conditions were applied (Wong
et al. 2012). The microalgae and cyanobacteria were iden-
tified through a simple light microscope (Eclipse E-100
LED, Nikon) at 400x magnification. The cell growth was
determined for 15 days using a hemocytometer (Neubauer,
Marienfeld) and a light microscope.

Heavy Metal Exposure

Cell density was determined with a spectrophotometer
(GeneQuant 1300, GE) at a wavelength of 700 nm. The
intensity of the fluorescence emission of the consortium
cells was determined using a spectrofluorometer (Glomax
Multi Jr., Promega).

A volume of 2 mL of cells from the day-10 culture with
OD = 0.30 (4 = 700 nm) was exposed to different concen-
trations of Cd (0.05, 0.10, 0.50, 1.00, and 5.00 mg.L'l). The
fluorescence emission intensity was measured at wavelength
=648 nm, with excitation wavelength = 526 nm (Khishamud-
din et al. 2018). Before and after the exposure, the intensity
of the fluorescence emission was measured at t = 30, 60,
120, 240, 360, and 480 minutes. Cu, Ni, and Co were used
in the same experiments. The reaction of cells that had not
been exposed to heavy metals served as a negative control.
For all of the exposure tests, a medium without any cells
was employed as a blank. All of the exposure experiments
were done three times.

RESULTS AND DISCUSSION

Before reaching the stationary phase, the cells in consortiums
grew over the first 10 days in the culture (Fig. 1). Due to nu-
trient depletion and waste accumulation in the culture system,
microbial growth generally reached a stationary phase. The
cells from the consortiums on day-10 were selected for the
exposure tests. The correlation between the OD measured
with A = 700 nm and cell density is portrayed in Fig. 2. The
experimental results showed cells in consortiums with OD
= 0.3 A yielded the highest fluorescence emission, with an
average number of cells of 7.9 x 10° per 1 mL of culture.
‘When the number of cells exceeded OD = 0.3 A, the fluores-
cence emission reduced, possibly due to non-photochemistry
quenching, in which emitted fluorescence was reabsorbed
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by nearby cells, lowering the fluorescence intensity (Wong
et al. 2013).

The changes in fluorescence emission of the cells in
consortiums caused by the presence of Cd, Cu, Ni, and
Co are illustrated in Fig. 3 and Fig. 4. The presence of Cd
disrupted the photosynthesis system, which caused changes
in the fluorescence emission from chlorophyll. Mera et al.
(2016) and Cheng et al. (2016) reported that Cd reduced the
chlorophyll concentration in microorganism cells, and this re-
sult is consistent with their findings. Furthermore, long-term
exposure to Cd inhibits the proliferation of microalgae cells
and causes their decrease. Photosynthetic microorganisms
require modest amounts of copper as a nutrient. Cu in high
quantities, on the other hand, interferes with the metabolic
functions of cells, producing disruptions in ATP production,
pigment synthesis, and cell division suppression (Kumar et
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Fig. 1: Growth of consortium culture from L1: Taman Tasik Titiwangsa,
L2: Taman Metropolitan.
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Fig. 2: The correlation between optical density measured at A = 700 nm
with cell density calculated using haemocytometer and light microscope
for consortium cultures from L1: Taman Tasik Titiwangsa (linear equa-
tion: y = 20978x + 1564.3, R* = 0.9402), L2: Taman Metropolitan (linear
equation: y = 17765x + 1737.3, R> = 0.9761).
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al. 2015). The presence of Cu was found to affect the fluores-
cence emission by the chlorophyll as well (Wong et al. 2017).

According to Martinez-Ruiz et al. (2015) and Guo et al.
(2017), the presence of Ni caused a reduction of chlorophyll.
It disrupted the active site of the oxygen-evolving complex
by reducing electron transport activity, which could impact
photosynthetic bacteria’ fluorescence emission (Boisvert et
al. 2007). Co, like Ni, affects the concentration of chlorophyll
(Guo et al. 2017). The presence of Ni affects the production
of photosynthetic enzymes and the synthesis of macromol-
ecules in photosynthetic organisms as well.

Despite the relevance of some heavy metals as nutrients
for photosynthetic microorganisms, the presence of high
concentrations (greater than 0.05 mg.L'l) of Cd, Cu, Ni,
and Co reduced the fluorescence emissions by photosyn-
thetic microbes in consortiums. In general, heavy metals
increased the number of reactive oxygen species (ROS) in
photosynthetic microorganisms, which could disrupt the
electron transport chain (Devi & Mehta 2014). After 120
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minutes of exposure, the change in fluorescence emission
intensity was dose-dependent. The research found that
the natural consortium of photosynthetic microorganisms
can be employed as a bioindicator for Cd, Cu, Ni, and Co
screening.

CONCLUSION

This study reported the changes in fluorescence emission
intensity due to the exposure of photosynthetic microbes in
consortiums to heavy metals. The presence of heavy metals
generally caused a decrease in fluorescence emission. The
fluorescence responses by the photosynthetic microbes in
the consortium confirmed the potential of these microbes to
be used for screening Cd, Cu, Ni, and Co.

ACKNOWLEDGEMENTS

This work was supported by funding from the Ministry
of Higher Education Malaysia (Grant No. FRGS/1/2020/

20

A~ ‘
100 200

00 50044 o5

: g

< 5}

2 o S

S 5< 20

= = 2 0.1
o g 0 £ &

£ g = 5 -40 - L ——0.5
5 2 &2

g 00 E 0 !
= O

Q —e=5

-80 - -80 -
Exposure duration (min) Exposure duration (min)
(a) (b)
O | T T T 1

3 0 200 300 400 500 8

5 >

S 20 - ——0.05 2 =

i i
= £ =2
= %'40 1 —4—0.5 g g

o ——1 &5

= (=}
g -60 5 £

@) @)

-80 - ) )
Exposure duration (min) -80 - Exposure duration (min)

(c)

(d)

Fig. 3: Exposure of consortium of cells collected from L1 to (a) Cd, (b) Cu, (c) Ni and (d) Co.
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Fig. 4: Exposure of consortium of cells collected from L2 to (a) Cd, (b) Cu, (c) Ni, and (d) Co.

STGO3/INTI/01/1), and funding from INTI International
University, Malaysia (Grant No. INTI-FHLS-01-01-2016).

REFERENCES

Afroz, R. and Rahman, A. 2017. Health impact of river water pollution in
Malaysia. Int. J. Adv. Appl. Sci., 4(5): 78-85.

Boisvert, S., Joly, D., Leclerc, S., Govindachary, S., Harnois, J. and
Carpentier, R. 2007. Inhibition of the oxygen-evolving complex of
photosystem II and depletion of extrinsic polypeptides by nickel.
Biometals, 20(6): 879-889.

Cheng, J., Qiu, H., Chang, Z., Jiang, Z. and Yin, W. 2016. The effect of
cadmium on the growth and antioxidant response for freshwater algae
Chlorella vulgaris. Springer Plus, 5(1): 1-8.

Devi, YM. and Mehta, S. 2014. Changes in antioxidative enzymes of
cyanobacterium Nostoc muscorum under copper (Cu®) stress. Sci.
Vision, 14:207-214.

Guo, L., Ding, Y., Xu, Y., Li, Z., Jin, Y., He, K., Fang, Y. and Zhao, H.
2017. Responses of Landoltia punctata to cobalt and nickel: Removal,
growth, photosynthesis, antioxidant system, and starch metabolism.
Aqua. Toxicol., 190: 87-93.

Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B.B. and Beeregowda,
K.N. 2014. Toxicity, mechanism, and health effects of some heavy
metals. Interdiscip. Toxicol., 7(2): 54-61.

Khishamuddin, N.A., Wong, L.S., Chai, M.K. and Voon, B.W.N. 2018.
Fluorometric response of photosynthetic microorganism consortium as

potential bioindicator for heavy metals detection in water. Environment
Asia, 11(1): 80-86.

Kumar, K.S., Dahms, H.U., Won, E.J., Lee, J.S. and Shin, K.H. 2015. Mi-
croalgae—A promising tool for heavy metal remediation. Ecotoxicol.
Environ. Safety, 113: 329-352.

Mahdavi, H., Prasad, V., Liu, Y. and Ulrich, A.C. 2015. In situ biodegradation
of naphthenic acids in oil sands, tailings pond water using indigenous
algae—bacteria consortium. Bioresour. Technol., 187: 97-105.

Martinez-Ruiz, E.B. and Martinez-Jer6nimo, F. 2015. Nickel has biochem-
ical, physiological, and structural effects on the green microalga Ank-
istrodesmus falcatus: An integrative study. Aqua. Toxicol., 169: 27-36.

Mera, R., Torres, E. and Abalde, J. 2016. Influence of sulfate on the reduc-
tion of cadmium toxicity in the microalga Chlamydomonas moewusii.
Ecotoxicol. Environ. Safety, 128: 236-245.

Ryu, B.G., Kim, W., Nam, K., Kim, S., Lee, B., Park, M.S. and Yang, J.W.
2015. A comprehensive study on algal-bacterial communities shifts
during thiocyanate degradation in a microalga-mediated process.
Bioresour. Technol., 191: 496-504.

Wong, L.S., Judge, S.K., Voon, B.W.N., Tee, L.J., Tan, K.Y., Murti, M. and
Chai, M.K. 2017. Bioluminescent microalgae-based biosensor for metal
detection in water. IEEE Sensors J. 18(5): 2091-2096.

Wong, L.S., Lee, Y.H. and Surif, S. 2012. The fluorometric response of
cyanobacteria to short exposure of heavy metal. Adv. Environ. Biol.,
6(1): 103-108.

Wong, L.S., Lee, Y.H. and Surif, S. 2013. Performance of a cyanobacteria
whole cell-based fluorescence biosensor for heavy metal and pesticide
detection. Sensors, 13(5): 6394-6404.

Vol. 21, No. 2, 2022 ® Nature Environment and Pollution Technology



