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ABSTRACT 

 

Climbing Perch or its scientific name, Anabas testudineus is classified as one of the 

freshwater fishes belonging to the family of Anabantidae. It is locally known as „Ikan 

Puyu‟ and is widely distributed in ponds, swamps and estuaries in Asia. In this study, 

cholinesterase (ChE) was partially purified from the liver of A. testudineus through ion 

exchange chromatography. This purification method provided recovery yield of 5.35% 

with a purification fold of 6.6. The optimum conditions for ChE assay were identified to 

be 2.5 mM butyrylthiocholine iodide (BTC) with pH 8.0 in 0.1 M Tris-HCl buffer at 

40°C. Substrate specificity profile also indicated that ChE favours BTC as substrate 

because it records the highest catalytic efficiency (Vmax/Km). Metal ion inhibition tests 

were conducted and mercury (Hg) was found to show the highest inhibition effect 

(87.30%) whereas lead (Pb) showed the lowest inhibition effect (28.01%). The half 

maximal inhibitory concentration (IC50) value of mercury for partially purified ChE was 

0.071 ppm. Result obtained from protein analysis through Native-PAGE has shown ion 

exchange chromatography as an effective method in partially purified ChE.  All these 

findings showed that partially purified ChE from the liver of A. testudineus is suitable to 

be used as a bioindicator to detect the presence of metal ions. 
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ABSTRAK 

 

Ikan Puyu atau nama saintifiknya Anabas testudineus diklasifikasikan sebagai satu jenis 

ikan air tawar yang tergolong dalam keluarga Anabantidae. Ikan Puyu ini boleh didapati 

secara meluas di kolam, paya dan muara di Asia. Dalam kajian ini, kolinesteres (ChE) 

daripada hati ikan A. testudineus telah berjaya ditulenkan separa melalui kaedah 

kromatografi pertukaran ion. Melalui kaedah penulenan ini, hasil perolehan adalah 

sebanyak 5.35% dengan faktor penulenan sebanyak 6.6. Keadaan optimum untuk assay 

ChE telah dikenalpasti di 2.5 mM Butirilthiokolin Iodide (BTC) dengan pH 8.0 dalam 

penimbal Tris-HCl di suhu 40°C. Profil spesifikasi substrat menunjukkan bahawa ChE 

lebih menggunakan BTC sebagai substrat kerana substrat ini menunjukkan kecekapan 

pemangkinan (Vmax/Km) tertinggi. Ujian perencatan logam ion telah dijalankan dan 

merkuri (Hg) didapati menunjukkan kesan perencatan tertinggi iaitu sebanyak 87.30% 

manakala plumbum (Pb) menunjukkan kesan perencatan terendah iaitu sebanyak 

28.01%. Nilai kepekatan perencatan separuh maksimum (IC50) merkuri untuk ChE 

separa tulen ialah 0.071 ppm. Keputusan yang diperolehi daripada analisis protein 

melalui poliakrilamide gel elektroforesis natif (Native-PAGE) membuktikan 

kromatografi pertukaran ion ini sebagai kaedah yang berkesan dalam penulenan separa 

ChE.  Semua penemuaan dalam kajian ini menunjukkan bahawa penulenan separa ChE 

dari hati A. testudineus sesuai untuk digunakan sebagai biopenanda untuk mengesan 

kehadiran logam ion.   
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CHAPTER 1 

INTRODUCTION 

Cholinesterases (ChE) are important enzymes that are present in both 

vertebrates and invertebrates. It is a family of enzymes that comprise of 

Acetylcholinesterase (AChE; EC 3.1.1.7), Butyrylcholinesterase (BChE; EC 3.1.1.8) 

and Propionylcholinesterase (PChE; EC 3.1.1.8). 

In biochemistry, cholinesterases especially AChE readily hydrolyses 

acetylcholine, a neurotransmitter into choline and acetic acid (Mayberry et al., 2015). 

According to Ashani et al., (1991), BChE could act as a useful prophylaxis against 

soman poisoning in mice. Besides, BChE can degrade cocaine into inactive 

metabolite (Larrimore et al., 2013). The function of ChE in the liver is to act as 

detoxifier. Liver performs an important role in biosynthesis and the ChE activity is 

an assessment indicator for liver function in patients with liver diseases (Meng et al., 

2013).  

Heavy metals especially mercury, cadmium, lead, zinc, arsenic, chromium, 

copper and silver are known to cause abnormalities in fish. According to Fatima et 

al., (2014), heavy metals lead to an altered physiology in fish and nuclear damage. 

Moreover, study from Zheng et al., (2003) stated that toxic heavy metals do have the 

ability to interrupt normal functioning of the animal central nervous system (CNS). 

Therefore, to access the implication of heavy metals toward living organisms, ChE 

enzyme present in fish was used for the detection of heavy metals. 

In this study, crude ChE was extracted from the liver of Climbing Perch 

(Anabas testudineus) or locally known as “ikan puyu”. Next, crude ChE was partially 

purified using ion-exchange chromatography with diethylaminoethyl-cellulose 

(DEAE-cellulose) as matrix. The partially purified ChE was analysed for various 
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parameters. The inhibitive test of heavy metals toward ChE was carried out to study 

the effect of heavy metals on ChE activity. Lastly, native polyacrylamide gel 

electrophoresis (Native-PAGE) was conducted to analyse and separate the protein in 

the sample.  

The objectives of this study include: 

1. Extraction and partial purification of cholinesterase (ChE) from the liver of 

A. testudineus using ion exchange chromatography. 

2. Determination of the optimum pH and temperature of ChE 

3. Determination of the inhibitory effects of metal ions toward ChE activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

36 
 

REFERENCES 

Altamirano, C.V. and Lockridge, O. 1999. Association of tetramers of human 

butyrylcholinesterase is mediated by conserved aromatic residues of the 

carboxy terminus. Chemico-Biological Interactions, 120: 53–60. 

Alves, L.M., Lemos, M.F.L., Correia, J.P.S., da Costa, N.A.R. and Novais, S.C. 2015. 

The potential of cholinesterases as tools for biomonitoring studies with sharks: 

Biochemical characterization in brain and muscle tissues of Prionace glauca. 

Journal of Experimental Marine Biology and Ecology, 465: 49–55.  

Andreescu, S. and Marty, J.L. 2006. Twenty years research in cholinesterase 

biosensors: From basic research to practical applications. Biomolecular 

Engineering, 23(1): 1–15.  

Ashani, Y., Shapira, S., Levy, D., Wolfe, A.D. and Raveh, L. 1991. 

Butyrylcholinesterase and acetylcholinesterase prophylaxis against soman 

poisoning in mice. Journal of Biochemical Pharmacology, 41(1): 37-41. 

Babu, V., Mariadoss, S., Ipek, C.E., Serbest, B. and Ali, S. 2014. Surface structures 

of gill, scale and erythrocyte of Anabas testudineus exposed to sublethal 

concentration of cypermethrin. Environmental Toxicology and Pharmacology, 

37(3): 1109–1115.  

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: 248-254.  

Cabecinhas, A.S., Novais, S.C., Santos, S.C., Rodrigues, A.C.M., Pestana, J.L.T., 

Soares, A.M.V.M. and Lemos, M.F.L. 2015. Sensitivity of the sea snail 

Gibbula umbilicalis to mercury exposure - Linking endpoints from different 

biological organization levels. Chemosphere, 119: 490–497.  

Campanha, H.M., Carvalho, F. and Schlosser, P.M. 2014. Active and peripheral 

anionic sites of acetylcholinesterase have differential modulation effects on cell 

proliferation, adhesion and neuritogenesis in the NG108-15 cell line. 

Toxicology Letters, 230(2): 122–131.  

Carmona, G.N., Schindler, C.W., Greig, N.H., Holloway, H.W., Jufer, R.A, Cone, 

E.J. and Gorelick, D.A. 2005. Intravenous butyrylcholinesterase administration 

and plasma and brain levels of cocaine and metabolites in rats. European 

Journal of Pharmacology, 517(3): 186–190.  

Casida, J.E. and Quistad, G.B. 2005. Serine hydrolase targets of organophosphorus 

toxicants. Chemico-Biological Interactions, 158: 277–283.  

Chan, W.K.B., Chen, V.P., Luk, W.K.W., Choi, R.C.Y. and Tsim, K.W.K. 2012. N-

linked glycosylation of proline-rich membrane anchor (PRiMA) is not required 



© C
OPYRIG

HT U
PM

37 
 

for assembly and trafficking of globular tetrameric acetylcholinesterase. 

Neuroscience Letters, 523(1): 71–75.  

Cokugras, A.N. 2003. Butyrylcholinesterase: Structure and physiological importance, 

Turkish Journal of Biochemistry 28(2): 54-61. 

Delacour, H., Lushchekina, S., Mabboux, I., Ceppa, F., Masson, P., Schopfer, L.M. 

and Lockridge, O. 2014. Characterization of a novel butyrylcholinesterase 

point mutation (p.Ala34Val), “silent” with mivacurium. Biochemical 

Pharmacology, 92(3): 476–483.  

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 and Physiology, 131: 271–280. 

Duong-Ly, K.C. and Gabelli, S.B. 2014. Chapter seven - Salting out of protein using 

ammonium sulfate precipitation. Methods in Enzymology, 541: 85-94. 

Dvir, H., Silman, I., Harel, M., Rosenberry, T.L. and Sussman, J.L. 2010. 

Acetylcholinesterase: From 3D structure to function. Chemico-Biological 

Interactions, 187(1-3): 10–22.  

Dziri, L., Boussaad, S., Tao, N. and Leblanc, R.M. 1998. Effect of pH on 

acetylcholinesterase Langmuir and Langmuir – Blodgett films studied by 

surface potential and atomic force microscopy. Thin Solid Films, 329: 56–59. 

Ellman, G.L. 1958. A colorimetric method for determining low concentrations of 

mercaptans, Archives of Biochemistry and Biophysics, 74: 443–450. 

Ellman, G.L., Courtney, D.K., Andres, V. and Featherstone, R.M. 1961. A new and 

rapid colorimetric determination of acetylcholinesterase activity. Biochemical 

Pharmacology, 7: 88-95.  

Fatima, M., Usmani, N., Mobarak Hossain, M., Siddiqui, M.F., Zafeer, M.F., Firdaus, 

F. and Ahmad, S. 2014. Assessment of genotoxic induction and deterioration 

of fish quality in commercial species due to heavy-metal exposure in an urban 

reservoir. Archives of Environmental Contamination and Toxicology, 67(2): 

203–213.  

Godavarthy, P., Kumari, Y.S. and Bikshapathy, E. 2012. Starvation induced 

cholesterogenesis in hepatic and extra hepatic tissues of climbing Perch, 

Anabas testudineus (Bloch). Saudi Journal of Biological Sciences, 19: 489-494. 

Green, A.A and Hughes, W.L. 1955. Methods in enzymology. Academic Press New 

York, 1: 67-90.   

Hammond, G.G., Huber, J.L., Greenlee, M.L., Laub, J.B., Young, K., Silver, L.L., 

Balkovec, J.M., Pryor, K.D., Wu, J.K., Leiting, B., Pompliano, D.L. and Toney, 

H. 2000. Inhibition of IMP-1 metallo-β-lactamase and sensitization of IMP-1-



© C
OPYRIG

HT U
PM

38 
 

producing bacteria by thioester derivatives. Federation of European 

Microbiological Societies Microbiology Letters, 459: 289–296. 

Khan, P.P. and Maitra, S. (2013). Participation of cAMP-dependent protein kinase 

and MAP kinase pathways during Anabas testudineus oocyte maturation. 

General and Comparative Endocrinology, 181: 88–97.  

Láng, G., Kufcsák, O., Szegletes, T. and Nemcsók, J. 1997. Quantitative 

distributions of different cholinesterases and inhibition of acetylcholinesterase 

by metidathion and paraquat in alimentary canal of common carp. General 

Pharmacology, 29(1): 55–59.  

Larrimore, K.E., Barcus, M., Kannan, L., Gao, Y., Zhan, C.G., Brimijoin, S. and Mor, 

T. 2013. Plants as a source of butyrylcholinesterase variants designed for 

enhanced cocaine hydrolase activity. Chemico-Biological Interactions, 203(1): 

217–220.  

Larsen, N.A, Turner, J.M., Stevens, J., Rosser, S.J., Basran, A., Lerner, R.A, Bruce, 

N.C. and Wilson, I.A. 2002. Crystal structure of a bacterial cocaine esterase. 

Nature Structural Biology, 9(1): 17–21.  

Lebel, J., Mergler, D., Branches, F., Lucotte, M., Amorim, M., Larribe, F. and 

Dolbec, J. 1998. Neurotoxic effects of low-level methylmercury contamination 

in the Amazonian Basin. Environmental Research, 32(79): 20–32. 

Leticia, A.G. and Gerardo, G.B. 2008. Determination of esterase activity and 

characterization of cholinesterases in the reef fish Haemulon plumieri. 

Ecotoxicology and Environmental Safety, 71(3): 787–797.  

Li, H., Tong, L., Schopfer, L.M., Masson, P. and Lockridge, O. 2008. Fast affinity 

purification coupled with mass spectrometry for identifying organophosphate 

labeled plasma butyrylcholinesterase. Chemico-Biological Interactions, 175: 

68–72.  

Lockridge, O. 2014. Review of human butyrylcholinesterase structure, function, 

genetic variants, history of use in the clinic, and potential therapeutic uses. 

Pharmacology and Therapeutics, 148: 34-46.  

Masson, Patrick., Schopfer, L.M. and Bartels, C.F. 2002. Substrate activation in 

acetylcholinesterase induced by low pH or mutation in the  π-cation subsite. 

Biochemistry and Biophysics, 1594: 313-324. 

Mayberry, C., Mawson, P. and Maloney, S.K. 2015. Plasma cholinesterase activity 

of rats, western grey kangaroos, alpacas, sheep, cattle, and horses. Journal of 

Pharmacological and Toxicological Methods, 72: 26–28.  

Mehrani, H. 2004. Simplified procedures for purification and stabilization of human 

plasma butyrylcholinesterase. Process Biochemistry, 39(7): 877–882.  



© C
OPYRIG

HT U
PM

39 
 

Meng, F., Yin, X., Ma, X., Guo, X.D., Jin, B. and Li, H. 2013. Assessment of the 

value of serum cholinesterase as a liver function test for cirrhotic patients. 

Biomedical Reports, 1(2): 265–268.  

Mis, K., Matkovic, U., Pirkmajer, S., Sciancalepore, M., Lorenzon, P., Mars, T. and 

Grubic, Z. 2013. Acetylcholinesterase and agrin: different functions, similar 

expression patterns, multiple roles. Chemico-Biological Interactions, 203(1): 

297–301.  

Nicolet, Y., Lockridge, O., Fontecilla-camps, J.C., Nachon, F. and Masson, P. 2003. 

Enzyme Catalysis and Regulation : Crystal Structure of Human 

Butyrylcholinesterase and of Its Complexes with Substrate and Products. 

Journal of Biological Chemistry, 278(42): 41141-41147.  

Nunes, B. 2011. The Use of Cholinesterases in Ecotoxicology. Reviews of 

Environmental Contamination and Toxicology, 212(1): 29–60.  

Oku, H., Koizumi, N., Okumura, T., Kobayashi, T. and Umino, T. 2006. Molecular 

characterisation of lipoprotein lipase, hepatic lipase and pancreatic lipase genes: 

Effects of fasting and refeeding on their gene expression in red sea bream 

Pagrus major. Comparative Biochemistry and Physiology, 145: 168-178. 

Pfeifer, S., Schiedek, D. and Dippner, J.W. 2005. Effect of temperature and salinity 

on acetylcholinesterase activity, a common pollution biomarker, in Mytilus sp. 

from the south-western Baltic Sea. Journal of Experimental Marine Biology 

and Ecology, 320(1): 93–103.  

Picciotto, M.R., Higley, M.J. and Mineur, Y.S. 2012. Acetylcholine as a 

neuromodulator : Cholinergic signaling shapes nervous system function and 

behavior. Neuron, 76(1): 116–129.  

Rajeshkumar, S., Mini, J. and Munuswamy, N. 2013. Effects of heavy metals on 

antioxidants and expression of HSP70 in different tissues of Milk fish (Chanos 

chanos) of Kaattuppalli Island, Chennai, India. Ecotoxicology and 

Environmental Safety, 98: 8–18.  

Rakhi, S.F., Hakim, A., Mohsinul, M. and Hossen, M.S. 2013. Alterations in 

histopathological features and brain acetylcholinesterase activity in stinging 

catfish Heteropneustes fossilis exposed to polluted river water. International 

Aquatic Research, 5: 1-18.  

Rautenberg, G.E., Amé, M.V., Monferrán, M.V., Bonansea, R.I. and Hued, A.C. 

2015. A multi-level approach using Gambusia affinis as a bioindicator of 

environmental pollution in the middle-lower basin of Suquía River. Ecological 

Indicators, 48: 706–720.  

Rodríguez-Fuentes, G. and Gold-Bouchot, G. 2004. Characterization of 

cholinesterase activity from different tissues of Nile tilapia (Oreochromis 

niloticus). Marine Environmental Research, 58(5): 505–509.  



© C
OPYRIG

HT U
PM

40 
 

Romani, R., Galeazzi, R., Rosi, G., Fiorini, R., Pirisinu, I., Ambrosini, A. and Zolese, 

G. 2011. Anandamide and its congeners inhibit human plasma 

butyrylcholinesterase. Possible new roles for these endocannabinoids? 

Biochimie, 93(9): 1584–1591.  

Salles, J.B., Cunha Bastos, V.L.F., Silva-Filho, M.V, Machado, O.L.T., Salles, 

C.M.C., Giovanni de Simone, S. and Cunha Bastos, J. 2006. A novel 

butyrylcholinesterase from serum of Leporinus macrocephalus, a Neotropical 

fish. Biochimie, 88(1): 59–68.  

Sezgin, Z., Biberoglu, K., Chupakhin, V., Makhaeva, G.F. and Tacal, O. 2013. 

Determination of binding points of methylene blue and cationic phenoxazine 

dyes on human butyrylcholinesterase. Archives of Biochemistry and Biophysics, 

532(1): 32–38.  

Sinko, G., Calić, M., Bosak, A. and Kovarik, Z. 2007. Limitation of the Ellman 

method: cholinesterase activity measurement in the presence of oximes. 

Analytical Biochemistry, 370(2): 223–227.  

Silva, K.C.C., Assis, R.D., Oliveira, V.M., Carvalho, L.B. and Bezerra, R.S. 2012. 

Kinetic and physicochemical properties of brain acetylcholinesterase from the 

peacock bass (Cichla ocellaris) and in vitro effect of pesticides and metal ions. 

Aquatic Toxicology, 126: 191-197. 

Somero, G.N. 2004. Adaptation of enzymes to temperature: searching for basic 

“strategies”. Comparative Biochemistry and Physiology, 139(3): 321–333.  

Świergosz-Kowalewska, R., Molenda, P. and Halota, A. 2014. Effects of chemical 

and thermal stress on acetylcholinesterase activity in the brain of the bank vole, 

Myodes glareolus. Ecotoxicology and Environmental Safety, 106: 204–212.  

Taylor, P., Radic, Z., Hoseaa, N.A., Camp, S., Marchota, P. and Bermanb, H.A. 1995. 

Structural bases for the specificity of cholinesterase catalysis and inhibition. 

Toxicology Letters, 82: 453-458. 

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. 

Topczewski, J.J., Lodge, A.M., Yasapala, S.N., Payne, M.K., Keshavarzi, P.M. and 

Quinn, D.M. 2013. Reversible inhibition of human acetylcholinesterase by 

methoxypyridinium species. Bioorganic and Medicinal Chemistry Letters, 

23(21): 5786–5789.  

Trevino, S.R., Scholtz, J.M. and Pace, C.N. 2007. Amino acid contribution to protein 

solubility: Asp, Glu, and Ser contribute more favorably than the other 

hydrophilic amino acids in RNase Sa. Journal of Molecular Biology, 366(2): 

449-460. 



© C
OPYRIG

HT U
PM

41 
 

Union, I. and Duffus, J.H. 2002. “ Heavy metals ” - A meaningless term ? Pure and 

Application Chemistry, 74(5): 793–807. 

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, 154(4): 353–359.  

Vieira, L.R., Gravato, C., Soares,  M.V.M., Morgado, F. and Guilhermino, L. 2009. 

Acute effects of copper and mercury on the estuarine fish Pomatoschistus 

microps: linking biomarkers to behaviour. Chemosphere, 76(10): 1416–1427.  

Zheng, W., Aschner, M. and Ghersi-Egea, J.F. 2003. Brain barrier systems: a new 

frontier in metal neurotoxicological research. Toxicology and Applied 

Pharmacology, 192(1): 1–11.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Thesis A (Cover)
	Thesis B (Pengesahan)
	Thesis C (Chapter 1 - 5)



