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Photosynthesis is one of the most prominent bioenergetics processes, 
where the energy from the sun is trapped and converted into 
carbohydrates. The process occurs in autotrophic organisms, such as 
plants, algae, and cyanobacteria not only producing O2 through light 
reaction, but fixes CO2 to produce carbohydrates in dark reaction [1]. 
Tapping on 1% of the total light energy from the sun that reaches earth, 
photosynthesis fuels the energy needed by living organisms on earth.

First step in photosynthesis, the light from the sun is captured by 
chlorophyll and other photosynthetic pigments. When the light is 
absorbed, electrons are promoted to higher orbital, thus increases 
the possibility of these electrons to be transferred to other acceptors. 
The moving of electrons from one acceptor to another is a continuous 
oxidation-reduction chain reaction, which at the end, the energy 
received from the light is converted into chemical energy- carbohydrate.

However, not all the energy captured by photosynthetic pigments 
is channeled into carbohydrate synthesis. A portion of the energy is 
converted to heat and been released into environment [2] on the other 
hand a small amount of energy dissipated in the form of fluorescence 
emission. All the channels that the photosynthetic organisms used to 
dissipate the energy absorbed from the sun affect each other e.g. reduce 
in photosynthesis might causes the increase of fluorescence emission 
[3].

The presence of heavy metals interferes photosynthesis pathway 
through several mechanisms [4-7]. Although a few heavy metals 
e.g. Cu and Zn are required in low concentration to maintain the
normal metabolism of the photosynthetic organisms, the inhibition of
photosynthesis is obvious at high concentration of heavy metals.

The inhibition of photosynthesis can be indicated by reduce in oxygen 
production and the increase in fluorescence emission. Both of these 
physiological changes have been utilized by scientists as indicators of 
the presence of heavy metals in environment [8-12].

These biological integrated indicators are commonly being referred as 
biosensor. Biosensor is defined as analytical tools combining biological 
component, transducer, and reader together [13]. The biological 
components ranges from cells to biological molecules e.g. amino 
acids and deoxyribonucleic acids, which responses to specific target 
compounds, with the transducers responsible to translate the biological 
responses to electronic signal that can be captured and displayed 

through the readers.

To date, several cell-based biosensors has been developed, with the 
interference of bioenergetics in photosynthesis has been utilized 
as signal-generating parameter. Nevertheless, the connection of 
photosynthesis to the sensing application has become one of the 
important stepping stones in the exploration to use other bioenergetics 
pathways to serve the sensing purposes.

References

1. Garret RH, Grisham CM (2010) Biochemistry: Cengage Learning. (5th edn),
Brooks/Cole, Boston, USA.

2. Voet D, Voet JG, Pratt CW (2012) Principles of Biochemistry. (4th edn), John
Wiley & Sons, New York, USA.

3. Campbell D, Hurry V, Clarke AK, Gustafssson P, Oquist G (1998) Chlorophyll
fluorescence analysis of cyanobacterial photosynthesis and acclimation. 
Microbiol Mol Biol Rev 62: 667-683.

4. Clijsters H, Assche F (1985) Inhibition of photosynthesis by heavy metals.
Photosynthesis Research 7: 31-40.

5. Prasad MNV, Strzałka K (1999) Impact of Heavy Metals on Photosynthesis: 
Heavy Metal Stress in Plants. Springer Berlin Heidelberg.

6. Babu NG, Sarma PA, Attitalla IH, Murthy SDS (2010) Effect of selected heavy
metal ions on the photosynthetic electron transport and energy transfer in
the thylakoid membrane of the cyanobacterium Spirulina platesis. Academic
Journal of Plant Sciences 3: 46-49.

7. Nagajyoti PC, Lee KD, Sreekanth TVM (2010) Heavy metals, occurrence and
toxicity for plants. a review. Environmental Chemistry Letters 8: 199-216.

8. Wong LS, Lee YH, Salmijah S (2012) The fluorometric response of 
cyanobacteria to short exposure of heavy metal. Adv Environ Biol 6: 103-108.

9. Wong LS, Lee YH, Surif S (2013) Whole cell biosensor using Anabaena 
torulosa with optical transduction for environmental toxicity evaluation. Journal
of Sensors 2013: 8.

10.	Wong LS, Surif S, Lee YH (2008) Toxicity biosensor for the evaluation of
cadmium toxicity based on photosynthetic behavior of cyanobacteria Anabaena 
torulosa. Asian Journal of Biochemistry 3: 162-168.

11. ChayTC, Surif S, Heng LY (2005) A Copper Toxicity Biosensor Using
Immobilized Cyanobacteria, Anabaena Torulosa. Sensor Letters 3: 49-54.

12.	Nguyen-Ngoc H, Durrieu C, Tran-Minh C (2009) Synchronous-scan
fluorescence of algal cells for toxicity assessment of heavy metals and 
herbicides. Ecotoxicol Environ Saf 72: 316-320.

13.	Su L, Jia W, Hou C, Lei Y (2011) Microbial biosensors: a review. Biosens
Bioelectron 26: 1788-1799.

*Corresponding author:  Wong Ling Shing, Faculty of Science, Technology,
Engineering and Mathematics, INTI International University, Negeri
Sembilan, Malaysia, Tel: +606-7982000; Fax: +606-7997536; E-mail:
lingshing79@yahoo.com.sg; lingshing.wong@newinti.edu.my

Received October 21, 2013; Accepted October 23, 2013; Published October 25, 
2013

Citation: Shing WL (2013) The Interference of Bioenergetics in Photosynthesis 
and the Detection of Heavy Metals. Bioenergetics 2: e115. doi:10.4172/2167-
7662.1000e115

Copyright: © 2013 Shing WL. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

The Interference of Bioenergetics in Photosynthesis and the Detection of 
Heavy Metals
Wong Ling Shing*

Faculty of Science, Technology, Engineering and Mathematics, INTI International University, Malaysia

Bioenergetics: Open Access Bi
oe

ne
rgetics: Open Access

ISSN: 2167-7662

http://books.google.co.in/books?id=IiEr5FbGdiIC&pg=PA470&dq=Biochemistry/garrett+rh&hl=en&sa=X&ei=45BnUvnjLqSZiAfOhIHoDQ&ved=0CDcQ6AEwAQ#v=onepage&q=Biochemistry%2Fgarrett%20rh&f=false
http://books.google.co.in/books?id=IiEr5FbGdiIC&pg=PA470&dq=Biochemistry/garrett+rh&hl=en&sa=X&ei=45BnUvnjLqSZiAfOhIHoDQ&ved=0CDcQ6AEwAQ#v=onepage&q=Biochemistry%2Fgarrett%20rh&f=false
http://www.amazon.com/Principles-Biochemistry-Donald-Judith-Charlotte/dp/1118092449
http://www.amazon.com/Principles-Biochemistry-Donald-Judith-Charlotte/dp/1118092449
http://mmbr.asm.org/content/62/3/667.full.pdf
http://mmbr.asm.org/content/62/3/667.full.pdf
http://mmbr.asm.org/content/62/3/667.full.pdf
http://link.springer.com/article/10.1007%2FBF00032920
http://link.springer.com/article/10.1007%2FBF00032920
http://link.springer.com/chapter/10.1007/978-3-662-07745-0_6
http://link.springer.com/chapter/10.1007/978-3-662-07745-0_6
http://www.idosi.org/ajps/3%281%2910/7.pdf
http://www.idosi.org/ajps/3%281%2910/7.pdf
http://www.idosi.org/ajps/3%281%2910/7.pdf
http://www.idosi.org/ajps/3%281%2910/7.pdf
http://link.springer.com/article/10.1007%2Fs10311-010-0297-8
http://link.springer.com/article/10.1007%2Fs10311-010-0297-8
http://www.aensiweb.com/aeb/2012/103-108.pdf
http://www.aensiweb.com/aeb/2012/103-108.pdf
http://www.hindawi.com/journals/js/2013/567272/
http://www.hindawi.com/journals/js/2013/567272/
http://www.hindawi.com/journals/js/2013/567272/
http://docsdrive.com/pdfs/academicjournals/ajb/2008/162-168.pdf
http://docsdrive.com/pdfs/academicjournals/ajb/2008/162-168.pdf
http://docsdrive.com/pdfs/academicjournals/ajb/2008/162-168.pdf
http://www.researchgate.net/publication/233570781_A_Copper_Toxicity_Biosensor_Using_Immobilized_Cyanobacteria_Anabaena_Torulosa
http://www.researchgate.net/publication/233570781_A_Copper_Toxicity_Biosensor_Using_Immobilized_Cyanobacteria_Anabaena_Torulosa
http://www.ncbi.nlm.nih.gov/pubmed/18556067
http://www.ncbi.nlm.nih.gov/pubmed/18556067
http://www.ncbi.nlm.nih.gov/pubmed/18556067
http://www.ncbi.nlm.nih.gov/pubmed/20951023
http://www.ncbi.nlm.nih.gov/pubmed/20951023

	Title
	Corresponding author
	References

