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ABSTRACT

Climbing perch, or its scientific name, Anabas testudineus is one of the freshwater
fishes that inhabit river areas. The fish belongs to the family Anabantidae and in
Malaysia, its local name is “lIkan Puyu”. Cholinesterase (ChE) was partially
purified from the blood extract of A. testudineus in this study through ion
exchange chromatography with DEAE-Cellulose as column matrix. This method
of purification provided recovery yield of 47.66% and purification fold of 8.37.
Analysis of protein through Native polyacrylamide gel electrophoresis (Native-
PAGE) proves that ChE had been successfully partially purified by ion exchange
chromatography. Thus, ion exchange chromatography can be used as one of the
purification methods to partially purify ChE from A. testudineus blood extract.
The optimum conditions for ChE assay were identified to be at 30°C and pH 8.0 in
phosphate buffer with 2 mM BTC as substrate. Metal ion inhibition study was
conducted and it was found that mercury showed the highest inhibition effect
(89.94%) on ChE activity. ICso value of mercury towards the partially purified
ChE was determined to be 1.733 ppm. These findings suggest that partially
purified ChE from blood extract of A. testudineus is suitable to be used as

bioindicator for the presence of metal ions in the environment.



ABSTRAK

Climbing perch, atau nama saintifiknya, Anabas testudineus merupakan salah satu
ikan air tawar yang menduduki kawasan sungai. lkan ini tergolong di dalam
keluarga Anabantidae dan di Malaysia, nama tempatannya adalah “Ikan Puyu”.
Kolinesteres (ChE) telah berjaya disepara tulenkan dari ekstrak darah A.
testudineus di dalam kajian ini melalui kaedah kromatografi pertukaran ion
menggunakan DEAE-Selulosa sebagai matriks ruangan. Kaedah penulenan ini
memberi hasil perolehan sebanyak 47.66% dan gandaan penulenan sebanyak 8.37.
Analisis protein melalui poliakrilamid gel elektroforesis natif (Native-PAGE)
membuktikan bahawa ChE telah berjaya disepara tulenkan menggunakan kaedah
kromatografi pertukaran ion. Lantas, kaedah kromatografi pertukaran ion boleh
digunakan sebagai salah satu kaedah penulenan untuk proses penulenan separa
ChE daripada ekstrak darah A. testudineus. Kondisi optimum bagi asai ChE telah
dikenalpasti pada suhu 30°C dan pH 8.0 di dalam penimbal fosfat dengan 2 mM
BTC sebagai substrat. Kajian perencatan ion logam telah dijalankan dan didapati
bahawa merkuri menunjukkan kesan perencatan tertinggi (89.94%) terhadap
aktiviti ChE. Nilai 1Cso merkuri terhadap ChE separa tulen telah ditentukan iaitu
1.733 ppm. Penemuan ini mencadangkan bahawa ChE separa tulen dari ekstrak
darah A. testudineus adalah sesuai untuk digunakan sebagai petunjuk biologi bagi
kehadiran ion logam pada alam sekitar.
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CHAPTER 1

INTRODUCTION

Cholinesterases (ChEs) are enzymes that are found everywhere in nature.
ChEs can be found in mammalian red blood cell membranes, in blood plasma or in
haemolymph, as well as in other organs (Rickwood and Galloway, 2004). ChEs
can be classified into two groups, namely acetylcholinesterase (AChE), which
hydrolyses acetylcholine (ACh), and butyrylcholinesterase (BChE), the one able to
hydrolyse bigger molecules such as butyrylcholine (BCh) (Bajda et al., 2013).
AChE has a vital function in the working of the neuromuscular system by
avoiding continuous muscular contraction (Matozzo et al., 2005).

The structure of AChE was initially discovered in 1991 by Sussman, who
achieved to crystallise the enzyme from the electric organ of electric ray, Torpedo
californica (Bajda et al., 2013). X-ray structures of AChE co-crystallised with
different ligands gave perceptives into the fundamental structural elements and
motifs vital to its mechanism of catalysis and ACh processing mode (Berg et al.,
2011).

Climbing perches, also known as climbing gouramis are a species of fish in
the Anabantidae family, a family of perciform fishes. Climbing perches are well
known for their ability to breathe air, and their resiliency to survive out of water in
moist air for up to six days.

ChE is useful for detecting the presence of heavy metals. ChE assays are
simple and rapid, making it suitable to be used outside in the field. ChE from fish
is even more useful as there are a lot of freshwater bodies and also due to the

substantial aquaculture industry in Malaysia (De La Torre et al., 2002).


http://en.wikipedia.org/wiki/Climbing_gourami
http://en.wikipedia.org/wiki/Species
http://en.wikipedia.org/wiki/Family_(biology)
http://en.wikipedia.org/wiki/Perciform
http://en.wikipedia.org/wiki/Fish

In this study, crude ChE was extracted from the blood of climbing perch
(Anabas testudineus), one of the local freshwater fishes, also known as “Ikan
Puyu”. Through ion exchange chromatography, crude ChE was partially purified.
Native polyacrylamide gel electrophoresis (Native-PAGE) was conducted for the

separation and protein analysis of the sample.

Thus, in this study, three major objectives will be accomplished. They are:

1. To extract and purify ChE from the blood extract of Climbing Perch (A.
testudineus).

2. To determine the optimum pH and temperature conditions as well as substrate
specificity of partially purified ChE sample.

3. To study the effects of various metal ions on the enzymatic activity of ChE.



REFERENCES

Assis, C.R.D., Bezerra, R.S. and Carvalho Jr, L.B. 2011. Fish cholinesterases as
biomarkers of organophosphorus and carbamate pesticides. Pesticides in the
Modern World - Pests Control and Pesticides Exposure and Toxicity Assessment,
13: 253-278.

Bajda, M., Wieckowska, A., Hebda, M., Guzior, N., Sotriffer, C.A. and Malawska, B.
2013. Structure-based search for new inhibitors of cholinesterases. International
Journal of Molecular Sciences, 14(3): 5608-5632.

Berg, L., Andersson, C.D., Artursson, E., HOornberg, A., Tunemalm, A.K., Linusson, A.
and Ekstrom, F. 2011. Targeting acetylcholinesterase: Identification of chemical
leads by high throughput screening, structure determination and molecular
modeling. PloS ONE, 6(11): e260309.

Bradford, M.M. 1976. A rapid and sensitive for the quantitation of microgram quantitites
of protein utilizing the principle of protein-dye binding. Analytical Biochemistry,
72(1): 248-254.

Cabezas-Herrera, J., Moral-Naranjo, M.T., Campoy, F.J. and Vidal, C.J. 1994. G4 forms
of acetylcholinesterase and butyrylcholinesterase in normal and dystrophic mouse
muscle differ in their interaction with Ricinus communis agglutinin. Biochimica et
Biophysica Acta (BBA) - Molecular Basis of Disease, 1225(3): 283-288.

Cameron, C., Windmeijer, A., Gramajo, F.A.G., Cane, H. and Khosla D.E. 1997. An R-
squared measure of goodness of fit for some common nonlinear regression
models. Journal of Econometrics, 77(2): 1790-1792.

Chaube, R., Joy, K.P. 2002. Effects of ovariectomy and oestradiol-17 replacement on
brain tyrosine hydroxylase in the catfish Heteropneustes fossilis: Changes in in
Vivo activity and kinetic parameter. Journal of Endocrinology, 175: 329-342.

Chuiko, G.M., Lapkina, L.N. and Podgornaya, V.A. 2011. Substrate-inhibitory analysis of
the cholinesterase in the freshwater oligochaete Lumbriculus variegatus (O.F.
Miller, 1773; Lumbriculidae, Oligochacta). Biochemical Systematics and
Ecology, 39(3): 169-174.

Copeland, R.A. and Retey, J. 1996. Enzymes: A practical introduction to structure,
mechanism, and data analysis. VCH Publishers, New York, pp 187-223.

De La Torre, F.R., Ferrari, L. and Salibian, A. 2002. Freshwater pollution biomarker:
Response of brain acetylcholinesterase activity in two fish species. Comparative
Biochemistry Physiology, 131(3): 271-280.

Durrant, A.R., Tamayev, L. and Anglister, L. 2012. Serum cholinesterases are

differentially regulated in normal and dystrophin-deficient mutant mice. Frontiers
in Molecular Neuroscience, 5: DOI: 10.3389/fnmol.2012.00073.

37



Ellman, G.L., Louriney, D.K., Andres, V. and Gmelin, G. 1961. A new and rapid
colorimetric  determination of acetylcholinesterase activity. Biochemical
Pharmacology, 7(2): 88-95.

Fildes, K., Szabo, J.K., Hooper, M.J., Buttemer, W.A. and Astheimer, L.B. 2009. Plasma
cholinesterase characteristics in native Australian birds: Significance for
monitoring  avian  species  for  pesticide  exposure. Emu:  Austral
Ornithology, 109(1): 41-47.

Frasco, M.F., Colletier, J.P., Weik, M., Carvalho, F., Guilhermino, L., Stojan, J. and
Fournier, D. 2007. Mechanisms of cholinesterase inhibition by inorganic
mercury. FEBS Journal, 274(7): 1849-1861.

Green, A.A. and Hughes, W.L. 1955. Protein fractionation on the basis of solubility in
aqueous solutions of salts and organic solvents. Methods in Enzymology, 1: 67-90.

Halmi, M.L.E., Johari, W.L.W., Amir, S., Sulaiman, R., Azlina, A., Shukor, M.Y. and
Syed, M.A. 2013. Monitoring of heavy metals level in fish using Photobacterium
sp. strain MIE. Bioremediation Science and Technology Research, 1(1).

Idriss, A.A. and Ahmad, A.K. 2013. Heavy metals nickel and chromiumin sediments in
the Juru River, Penang, Malaysia. Journal of Environmental Protection, 4: 1245-
1250.

Kato, Y., Tanaka, T. and Miyata, T. 2004. Comparison of kinetic properties of a
hydrophilic form of acetylcholinesterase purified from strains susceptible and
resistant to carbamate and organophosphate insecticides of green rice leaf hopper
(Nephotettix cincticeps). Pesticide Biochemistry and Physiology, 79(2): 64-73.

Keane, S. and Ryan, M.F. 1999. Purification, characterisation, and inhibition by
monoterpenes of acetylcholinesterase from the waxmoth, Galleria mellonella.
Insect Biochemistry and Molecular Biology, 29(12): 1097-1104.

Kieffer, J.D. and Tufts, B.L. 1998. Effects of food deprivation on white muscle energy
reserves in rainbow trout (Onchorynchus mykiss): The relationships with body size
and temperature. Fish Physiology and Biochemistry, 19(3): 239-245.

Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature, 227(5259): 680-685.

Lev-Lehman, E., Deutsch, V., Eldor, A. and Soreq, H. 1997. Immature human
megakaryocytes produce nuclear-associated acetylcholinesterase. Blood, 89(10):
3644-3653.

Lionetto, M.G., Caricato, R., Calisi, A., Giordano, M.E. and Schettino, T. 2013.
Acetylcholinesterase as a biomarker in environmental and occupational medicine:
New insights and future perspectives. BioMed Research International, 2013: DOI:
10.1155/2013/321213.

38



Liu, H.F., Ma, J., Winter, C. and Bayer, R. 2010. Recovery and purification process
development for monoclonal antibody production. mAbs, 2(5): 480-499.

Lu, S.H., Wu, J.W., Liu, H.L., Zhao, J.H., Liu, K.T., Chuang, C.K., Lin, H.Y., Tsai, W.B.
and Ho, Y. 2011. The discovery of potential acetylcholinesterase inhibitors: A
combination of pharmacophore modeling, virtual screening, and molecular
docking studies. Journal of Biomedical Science, 18(8): DOI: 10.1186/1423-0127-
18-8.

Massoulié, J., Perrier, N., Noureddine, H., Liang, D. and Bon, S. 2008. Old and new
questions about cholinesterases. Chemico-Biological Interactions, 175(1): 30-44.

Matozzo, V., Tomei, A. and Marin, M.G. 2005. Acetylcholinesterase as a biomarker of
exposure to neurotoxic compounds in the clam Tapes philippinarum from the
Lagoon of Venice. Marine Pollution Bulletin, 50(12): 1686-1693.

Mehta, M., Adem, A. and Sabbagh, M. 2011. New acetylcholinesterase inhibitors for
Alzheimer's disease. International Journal of Alzheimer’s Disease, 2012: DOI:
10.1155/2012/728983.

Nooralabettu, K.P. 2014. Optimisation of ammonium sulphate precipitation method to
achieve high throughput concentration of crude alkaline phosphatase from Brown
shrimp (Metapenaeus monoceros) hepatopancreas. International Journal of
Analytical Bio-Science, 2(1).

Pohanka, M., Hrabinova, M., Kuca, K. and Simonato, J.P. 2011. Assessment of
acetylcholinesterase activity using indoxylacetate and comparison with the
standard Ellman’s method. International Journal of Molecular Sciences, 12(4):
2631-2640.

Richetti, S.K., Rosemberg, D.B., Ventura-Lima, J., Monserrat, J.M., Bogo, M.R. and
Bonan, C.D. 2011. Acetylcholinesterase activity and antioxidant capacity of
zebrafish brain is altered by heavy metal exposure. NeuroToxicology, 32(1): 116-
122.

Rickwood, C.J. and Galloway, T.S. 2004. Acetylcholinesterase inhibition as a biomarker
of adverse effect: A study of Mytilus edulis exposed to the priority pollutant
chlorfenvinphos. Aquatic Toxicology, 67(1): 45-56.

Sabullah, M.K., Sulaiman, M.R., Shukor, M.Y.A., Syed, M.A., Shamaan, N.A., Khalid,
A. and Ahmad, S.A. 2014. The assessment of cholinesterase from the liver of
Puntius javanicus as detection of metal ions. The Scientific World Journal, 2014:
10.1155/2014/571094.

Sakawi, Z., Ariffin, M.R., Sharifah Mastura, S.A. and Mat Jali, M.F. 2013. The analysis
of heavy metal concentration per distance and depth around the vicinity of open
landfill. Research Journal of Applied Sciences, Engineering and Technology, 5:
5619-5625.

39



Santos, C.S., Monteiro, M.S., Soares, A.M. and Loureiro, S. 2012. Characterization of
cholinesterases in plasma of three Portuguese native bird species: Application to
biomonitoring. PloS ONE, 7(3): e33975.

Senisterra, G., Chau, I. and Vedadi, M. 2012. Thermal denaturation assays in chemical
biology. Assay and Drug Development Technologies, 10(2): 128-136.

Siddiqui, M.M., Rais-Bahrami, S., Truong, H., Stamatakis, L., Vourganti, S., Nix, J.,
Hoang, A.N., Walton-Diaz, A., Shuch, B., Weintraub, M., Kruecker, J., Amalou,
H., Turkbey, B., Merino, M.J., Choyke, P.L., Wood, B.J. and Pinto, P.A. 2013.
Magnetic resonance imaging/ultrasound—fusion biopsy significantly upgrades
prostate cancer versus systematic 12-core transrectal ultrasound biopsy. European
Urology, 64(5): 713-719.

Singh, A., Jaiswal, S.K. and Sharma, B. 2013. Effect of low temperature stress on
acetylcholinesterase activity and its kinetics in 5th instar larvae of Philosamia
ricini. Journal of Biochemistry Research, 1(2): 17-25.

Snyder, S.E., Gunupudi, N., Sherman, P.S., Butch, E.R., Skaddan, M.B., Kilbourn, M.R.,
Koeppe, R.A. and Kuhl, D.E. 2001. Radiolabeled cholinesterase substrates: In
vitro methods for determining structure-activity relationships and identification of
a positron emission tomography radiopharmaceutical for in vivo measurement of
butyrylcholinesterase  activity. Journal of Cerebral Blood Flow and
Metabolism, 21(2): 132-143.

Struvay, C. and Feller, G. 2012. Optimization to low temperature activity in psychrophilic
enzymes. International Journal of Molecular Sciences, 13(9): 11643-11665.

Tajam, J. and Kamal, M.L. 2013. Marine environmental risk assessment of Sungai Kilim,
Langkawi, Malaysia: Heavy metal enrichment factors in sediments as assessment
indexes. International Journal of Oceanography, 2013: DOI:
10.1155/2013/482451.

Tecles, F., Panizo, C.G., Subiela, S.M. and Ceron, J.J. 2002. Effects of different variables
on whole blood cholinesterase analysis in dogs. Journal of Veterinary Diagnostic
Investigation, 14(2): 132-139.

Teng, T.L., Harpst, J.A., Lee, J.C., Zinn, A. and Carlson, D.M. 1976. Composition and
molecular weights of butyrylcholinesterase from horse serum. Archives of
Biochemistry and Biophysics, 176(1): 71-81.

Tham, L.G., Perumal, N., Syed, M.A., Shamaan, N.A. and. Shukor, M.Y. 2009.
Assessment of Clarias batrachus as a source of acetylcholinesterase (AChE) for
the detection of insecticides. Journal of Environmental Biology, 30(1): 135-138.

Valbonesi, P., Brunelli, F., Mattioli, M., Rossi, T. and Fabbri, E. 2011. Cholinesterase
activities and sensitivity to pesticides in different tissues of silver European eel,
Anguilla anguilla. Comparative Biochemistry and Physiology, Part C: Toxicology
and Pharmacology, 154(4): 353-359.

40



Zhou, Q.Z.K. and Chen, X.D. 2001. Effects of temperature and pH on the catalytic
activity of the immobilized-galactosidase from Kluyveromyces lactis. Biochemical
Engineering Journal, 9(1): 33-40.

41





