Purification and biochemical characterization of a novel butyrylcholinesterase from fish serum
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Abstract

We assayed in serum of piauçu (Leporinus macrocephalus Garavello & Britski, 1988), a Brazilian Neotropical fish, a cholinesterase that catalyzes butyrylthiocholine hydrolysis with the highest activity ever described. We managed to purify this cholinesterase for the first time ever from fish serum. It is a dimer with 66 kDa subunits under reducing conditions and it shows isoelectric points in the range between pH 4.7 and pH 5.1. Its N-terminal presented homology with BChE from other sera. The enzyme was activated by high concentrations of butyrylthiocholine and presented high sensitivity to iso-OMPA and low to BW284c51. Serum BChE may avoid poisoning of fish by scavenging pesticides.

Introduction

Cholinesterases (ChE) are hydrolases found in several animals and plant species. There are two cholinesterases in vertebrates, corresponding to distinct genes: acetylcholinesterase (AChE; E.C. 3.1.1.7) and butyrylcholinesterase (BChE; E.C. 3.1.1.8). They are distinguished based on substrate specificity; AChE hydrolyzes acetylcholine faster than other choline esters, while BChE shows more hydrolyzing activity upon butyrylcholine.

Although the physiological roles of BChE remain to be definitely established, it has been suggested that BChE inhibition can function as a scavenging reaction for anticholinesterase poisons (Wolfe et al., 1987 & Doctor et al., 1993). The interaction between organophosphate and BChE splits the ester linkage in the organophosphate but leaves the phosphate moiety fastened to the active center, producing an inactive stable phosphate-BChE complex. This explains why BChE can stoichiometrically remove organophosphate molecules from blood before they reach their target, the AChE located at cholinergic synapses and myoneural junctions. Therefore, high levels of BChE in an animal might make it resists more to poisoning by organophosphorus pesticides.

Information about molecular characteristics and functions of plasma cholinesterases from fish is scarce. Owing to the increase of organophosphorus pesticides in water of rivers in South America, it is important to establish if different levels of poisoning by organophosphates among Neotropical fish could pertain to scavenger esterases. The work has been done to obtain information about a serum cholinesterase from Leporinus macrocephalus, a freshwater Neotropical fish important to fishery in Brazil. We aimed at establishing the characteristics of its inhibition to know if it had the potential for protecting piauçu from organophosphate poisoning.

Methods

ChE activity was determined according to Ellman et al. (1961) using acetylthiocholine (ASCho) or butyrylthiocholine (BSCho) as substrates. Polyacrylamide gradient gel (4 - 18%) for native electrophoresis was electrophoresed at 100 V for 20h at 4 (C. Lanes contained 0.016 U of enzyme activity. The gel was stained for cholinesterase activity (Karnovsky & Roots, 1964) or, in the case of denaturing electrophoresis, with a silver-staining technique (Morrissey, 1981). BChE was purified from piauçu serum using procainamide-Sepharose 4B-affinity column and gel filtration high-pressure liquid chromatography. Each complete purification process started with 10 mL of serum. Isoelectrofocusing gels were carried out using Phast gel (4-6.5 pH range). The samples contained between 5 and 10 (g of purified BChE from piauçu serum and the gels were revealed by the Coomassie blue staining. N-terminal sequences of the purified enzyme were analyzed on a Shimadzu PPSQ-10 Automated Protein Sequencer by Edman degradation.  

Results

Piauçu serum hydrolyzed BSCho about three times faster than ASCho. We purified the enzyme 1,700 times, with an 80% yield. BChE from piauçu, as well as human BChE, was activated by high concentrations of BSCho and presented high sensibility to iso-OMPA and low sensibility to BW284c51 (Table 1). Kinetic studies indicated that typical BChE inhibitors (Table 1) inhibit it. As seen in Figure 1-A, differently from human serum BChE, piauçu serum presented a single BChE molecular form. In the reduced SDS-PAGE (Figure 1-B) this protein had a molecular mass of 66 kDa, but 134 kDa under non-reducing conditions, which showed that piauçu’s BChE is a dimer. Isoelectric focusing analysis showed that the BChE from piauçu serum displayed a continuous smear on the gel, extending from pH 4.7 to 5.1 (Figure 1-C). N-terminal amino acid sequence of BChE of piauçu serum (LEELVVSTNKGKIRG) presented homology with BChE from sera of mammals and hens.

Table 1. IC50 inhibition values of BChE from L. macrocephalus purified serum 

	Cholinesterases inhibitors   
	IC50 - 30 min  (molar)

	Iso-OMPA
	2.1 x 10-10

	Methyl-paraoxon
	3.9 x 10-10

	Fisostigmine
	2.6 x 10-8

	Methyl-parathion
	2.3 x 10-7

	Procainamide
	8.4 x 10-4

	BW284c51
	1.8 x 10-4


Discussion

We have found that piauçu (Leporinus macrocephalus) has a single and very active cholinesterase in its serum. Piauçu presented the highest level of serum butyrylcholinesterase activity described in a wild organism; at least three times higher than BChE of human serum. The range of isoelectric point values we found for piauçu serum BChE suggests that this Neotropical fish enzyme presents an amino acid composition similar to that from humans. In addition, the enzyme showed high sensitivity to iso-OMPA, a specific BChE inhibitor, and a contrasting low sensitivity to BW284c51, a specific AChE inhibitor. Moreover, piauçu serum hydrolyzed BSCho more efficiently than ASCho.

Altogether, our findings indicate that piauçu has in fact a dimeric BChE circulating in its plasma. In addition, the enzyme inhibition characteristics support that it has the potential for protecting piauçu from organophosphorus poisoning.
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Figure 1. Biochemical characterization of serum BChE from piauçu. A - Polyacrylamide gradient gel (4-18%) native electrophoresis; B - SDS-PAGE (1) reducing conditions and (2) non-reducing conditions; C - Isoelectrofocusing gel (4-6.5 pH range).
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