










 Categoria
 Top Downloads




Entrar
Registrar
Recobrar











Pesquisar












	
Categoria

	
Top Downloads

	
	
Entrar

	
Registrar







Pesquisar











	
Home

	A continuous coupled enzyme assay for bacterial malonyl-CoA:acyl carrier protein transacylase (FabD) 

 A continuous coupled enzyme assay for bacterial malonyl-CoA:acyl carrier protein transacylase (FabD) 


July 5, 2017 | Autor: Roland Lange | Categoria: Analytical Chemistry, Kinetics, Escherichia coli, Enzyme, Fatty Acid, Analytical Biochemistry, Biochemistry and cell biology, Analytical Biochemistry, Biochemistry and cell biology 



 BAIXAR PDF 



 Share
 Embed



 Denunciar este link














Descrição do Produto


ANALYTICAL BIOCHEMISTRY Analytical Biochemistry 319 (2003) 171–176 www.elsevier.com/locate/yabio



A continuous coupled enzyme assay for bacterial malonyl–CoA:acyl carrier protein transacylase (FabD) Juliette Molnos,1 Rana Gardiner, Glenn E. Dale, and Roland Lange* Morphochem AG Basel, Schwarzwaldallee 215, Bldg. WRO-1055, CH-4058 Basel, Switzerland Received 31 March 2003



Abstract Bacterial malonyl–CoA:acyl carrier protein transacylase catalyzes the transfer of a malonyl moiety from malonyl–CoA to the free thiol group of the phosphopantetheine arm of acyl carrier protein. Malonyl–ACP, the product of this enzymatic reaction, is the key building block for de novo fatty acid biosynthesis. Here, we describe a continuous enzyme assay based on the coupling of the malonyl–CoA:acyl carrier protein transacylase reaction to a-ketoglutarate dehydrogenase (KDH). KDH-dependent consumption of the coenzyme A generated by malonyl–CoA:acyl carrier protein transacylase is accompanied by a reduction of nicotinamide adenine dinucleotide, oxidized (NADþ ) to nicotinamide adenine dinucleotide, reduced. The rate of NADþ reduction is continuously monitored as a change in ﬂuorescence using a microtiter plate reader. We show that this coupled enzyme assay is amenable to routine chemical compound screening. Ó 2003 Elsevier Science (USA). All rights reserved. Keywords: Fatty acid biosynthesis; Malonyl–CoA:acyl carrier protein transacylase; Coupled enzyme assay; Acyl carrier protein; Fluorescence



Fatty-acid biosynthesis is an attractive target pathway for the development of antibacterial chemotherapeutics [1,2]. Inhibition of key enzymes or inactivation of their corresponding genes can result in loss of bacterial viability [3,4]. The natural products cerulenin and thiolactomycin are potent antibiotics which inhibit aketoacyl–acyl carrier protein synthases, enzymes involved in the initiation and elongation steps of fatty acid biosynthesis [5–7]. Triclosan, a broad-spectrum antibacterial agent which is widely used in contemporary consumer products targets enoyl-[acyl carrier protein] reductase (FabI, EC 1.3.1.9) [8]. More recently, novel FabI-enzyme inhibitors which display good antibacterial activity have been identiﬁed [9].



Malonyl–CoA:acyl carrier protein transacylase (MCAT;2 FabD; EC 2.3.1.39) encoded by the fabD gene is a key enzyme in the fatty-acid biosynthesis pathway of bacteria [10]. MCAT catalyzes the transfer of a malonyl moiety from malonyl–CoA to holo-ACP, generating malonyl–ACP and free CoASH. Kinetic studies using a radioactive assay indicated an ordered ping-pong type of enzyme mechanism for Escherichia coli MCAT and it has been shown that the enzyme is transiently malonylated at the active site Ser-92 [11,12]. One product of the MCAT reaction, malonyl–ACP, is a substrate for the elongation steps in the fatty-acid biosynthesis, thus representing the building block of the cycle. An E. coli strain with a fabD mutation rendering the enzyme temperature sensitive is not capable of de novo fatty-acid biosynthesis at the nonpermissive
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Abbreviations used: ACP, acyl carrier protein; BSA, bovine serum albumin; CoASH, coenzyme A; DTT, dithiothreitol; EDTA, ethylendiaminetetraacetic acid; IPTG, isopropyl-b-D -thiogalactoside; KDH, a-ketoglutarate dehydrogenase; MCAT, malonyl–CoA:ACP transacylase; NAD, b-nicotinamide-adenine dinucleotide; OD, optical density; RFU, relative ﬂuorescent unit; TPP, thiamine pyrophosphate chloride; TCEP, Tris(2-carboxyethyl)-phosphine; DMSO, dimethyl sulfoxide.
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temperature and the genetic inactivation of fabD has been shown to be lethal in all major pathogens investigated so far [3,4,13]. Despite its key role in the pathway, MCAT has not been exploited as an antibacterial target, and, as yet, no speciﬁc inhibitors have been discovered. The commonly used assay for measuring MCAT activity is a discontinuous radioactive ﬁltration assay. [14 C]-labeled malonyl–CoA is provided as a substrate and the reaction product, [14 C]-labeled acylated ACP, is measured as acid-precipitable radioactivity bound to a ﬁlter [11]. This assay is technically laborious and is not ideal for kinetic analysis due to its discontinuous nature. We therefore aimed to develop a nonradioactive continuous assay for routine chemical compound screening. The assay that we describe continuously measures the amount of CoASH generated by the MCAT reaction (Eq. (1)), by using a coupled enzyme system with KDH (Eq. (2)) (EC 1.2.4.2; 2.3.1.61; 1.8.1.4). The CoASH-dependent oxidation of a-ketoglutarate is accompanied by the reduction of NADþ to NADH catalyzed by the dihydrolipoamide dehydrogenase (EC 1.8.1.4) component of KDH. The rate of NADH production can be monitored either spectrophotometrically at 340 nm or ﬂuorometrically (k Ex 340 nm, k Em 465 nm). malonyl–CoA þ holo-ACP ¢ malonyl–ACP þ CoASH ð1Þ CoASH þ NADþ þ a-ketoglutarate ! succinyl–CoA þ NADH þ CO2



ð2Þ



Materials and methods Materials and reagents Malonyl–CoA, CoA, KDH (porcine heart), a-ketoglutaric acid, TPP, and IPTG were purchased from Sigma. BSA (albumin, fraction V) was from Boehringer Mannheim. EDTA, TCEP, and DMSO were from Fluka. NADþ was from Roche Applied Science. The agarose gel-extraction kit was from Qiagen and the plasmid DNA isolation kit was from Promega (WizardPlus). Electrocompetent E. coli XL-1 Blue and M15 [pREP4] cells were from Stratagene and Qiagen. Cloning of E. coli fabD, acpS, and acpP (ACP, holoACP) PCR and cloning were performed according to standard protocols [14]. E. coli fabD, acpS, and acpP were PCR ampliﬁed from genomic DNA of K-12 strain



MC4100 [F araD139 D(argF-lac)U169 rpsL150 (Strr ) relA1 ﬂbB5301 deoC1 ptsF25 rbsR] using the following primers: fabD (forward, 50 -GGATTAACATATGACG CAATTTGC; reverse, 50 -CATGAGGATCCTCTTT TAAAGCTC); acpP (forward, 50 -ATTTAAGCATA TGAGCACTATCGAAG; reverse, 50 -GGCGGTGGA TCCACCACCGCCTGGAG); and acpS (forward, 50 -C GCGTGGCATATGGCAATATTAGGTTTAG; reverse, 50 -GATAAGTACACAGATCTATAAATCGCT G). The nucleotides underlined indicate NdeI, BamHI, and BglII restriction sites used for cloning the PCR products. Respective PCR products were cloned into the NdeI and BamHI sites of pDSNdeI [15,16]. The E. coli strain XL-1 [F-::Tn10 proA+B+ lacIq D(lacZ)M15/recA1 endA1 gyrA96(Nalr ) thi hsdR17 (rK mK ) glnV 44 relA1 lac] was used for propagation of the plasmid constructs: pDSNdeIfabDEc, pDSNdeIacpPEc, and pDSNdeIacpSEc. Sequences were veriﬁed by applying the dye terminator cycle sequencing technology on an ABI PRISM sequencer. Expression and puriﬁcation of E. coli fabD Escherichia coli MCAT was overexpressed in E. coli M15 [pRep4] cells grown at 30 °C. Protein expression was induced with 1 mM IPTG, then cells were harvested by centrifugation, washed in 25 mM Tris–HCl, pH 7.5, and stored at )80 °C. Bacterial cell paste (10– 20 g) from 2 l of cell culture was resuspended in 25 mM Tris–HCl, pH 7.5, 25 mM NaCl, 1 mM EDTA, 2 mM DTT, 10% glycerol, and 0.02% NaN3 (Buﬀer A) containing 0.2 mg/ml DNase and protease inhibitor cocktail Complete (Roche Molecular Systems). Cells were disrupted using the Constant cell disruption system (Constant Systems Ltd., Daventry, UK). After cell disruption, centrifugation, and ﬁltration the supernatant was applied to a Q-Sepharose FF XK26/60 column equilibrated with buﬀer A. Proteins were eluted with a gradient of Buﬀer A + 1 M NaCl (Buﬀer B). Fractions containing MCAT were pooled and dialyzed against A before being loaded onto a Fractogel-TMAE XK26/30 column equilibrated with A. MCAT-containing fractions identiﬁed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS–PAGE) and Coomassie blue staining were pooled, concentrated, and applied to a Superdex 75 XK26/100 column equilibrated with A + 100 mM NaCl. The protein eluted as a single peak with an apparent molecular mass of 35 kDa. Analytical gel ﬁltration experiments were done with 50 lg of puriﬁed protein using an HPLC device (Agilent 1100) with a Superdex 75 PC3.2/30 column (Pharmacia) equilibrated with 25 mM Tris, pH 8.0, 100 mM NaCl, and 5% glycerol. The calibration standards (Pharmacia) were ribonuclease, chymotrypsin, ovalbumin, albumin, aldolase, catalase, and ferritin.
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Preparation of E. coli holo-ACP



Fluorometric coupled MCAT assay



To obtain enough starting material for the puriﬁcation of holo-ACP, holo-[acyl carrier protein] synthase of E. coli (EC 2.7.8.70) was coexpressed with ACP. Coexpression ensures eﬃcient in vivo phosphopantetheinylation of ACP by AcpS [17]. This was achieved using a two-plasmid system. One plasmid carrying acpS under the control of the lac promotor was constructed by combining a XhoI–NheI fragment (acpS) of pDSNdeIacpSEc with DNA fragments (SalI, 1238 bp [lacIq ]; NheI–SalI, 2430 bp [p15a origin, Knr ]) isolated from pREP4 (Qiagen). This plasmid was compatible with pDSNdeIacpPEc. ACP and AcpS were overexpressed in E. coli BL21 (F ompT hsdSB rB mB gal dcm) grown in a 15-L fermenter at 28 °C (Trenzyme GmbH). Protein expression was induced with 1 mM IPTG at OD 43 (578 nm); then cells were harvested after 4.5 h at OD 75 (578 nm) by centrifugation and stored at )80 °C. Bacterial cell paste (250 g) was resuspended in 25 mM Tris–HCl, pH 7.5, 100 mM NaCl, 2 mM EDTA, 2 mM DTT, and 0.02% NaN3 (Buﬀer A) containing 0.2 mg/ml DNase and protease inhibitor cocktail Complete (Roche Molecular systems). Cells were disrupted using the Constant cell disruption system. After cell disruption, centrifugation, and ﬁltration the supernatant was applied to a Q-Sepharose FF XK26/60 column equilibrated with buﬀer A. Holo-ACP-containing fractions were identiﬁed by SDS–PAGE analysis and measurement of MCAT activity. Proteins were eluted with a gradient of Buﬀer A + 1 M NaCl (Buﬀer B). The active fractions containing holo-ACP were pooled and dialyzed against A before being loaded onto a FractogelTMAE XK26/30 column equilibrated with A. The active fractions were concentrated and applied to a Superdex 75 XK26/100 column equilibrated with 25 mM Tris–HCl, pH 7.5, 100 mM NaCl, 2 mM EDTA, 2 mM TCEP, and 0.02% NaN3 (Buﬀer C). The protein eluted as a single peak with an apparent molecular mass of 12 kDa. Analytical gel ﬁltration experiments were done using an HPLC device (Agilent 1100) with a Superdex 75 PC3.2/30 column (Pharmacia) equilibrated with buﬀer C using 50 lg of puriﬁed protein. The purity of holo-ACP was judged by SDS–PAGE in combination with the coupled MCAT enzyme assay. The calibration standards (Pharmacia) were ribonuclease, chymotrypsin, ovalbumin, albumin, aldolase, catalase, and ferritin.



All enzymatic reactions were in a ﬁnal volume of 100 ll and performed in 96-well microtiter plates (EIA/ RIA black, ﬂat bottom, half area plates, Costar). MCAT was diluted to twice the ﬁnal assay concentration in 50 mM phosphate buﬀer, pH 6.8, 1 mM EDTA, 1 mM DTT, and 0.1 mg/ml BSA. Malonyl–CoA was prepared at four times the ﬁnal assay concentration in 50 mM phosphate buﬀer, pH 6.8, 1 mM EDTA, and 1 mM DTT. ACP and KDH were diluted together at four times their ﬁnal concentrations in the same buﬀer supplemented with 8 mM a-ketoglutaric acid, 1 mM NAD, and 0.8 mM TPP. The ﬁnal concentrations of all ingredients were 50 mM phosphate buﬀer, pH 6.8, 1 mM EDTA, 1 mM DTT, 2 mM a-ketoglutaric acid, 0.25 mM NAD, 0.2 mM TPP, 0.03 nM MCAT, 60 lM ACP, 15 mU/100 ll KDH, and 25 lM malonyl–CoA. The components were pipetted in the following order: 50 ll MCAT solution, 25 ll ACP/KDH mix, and then 25 ll malonyl–CoA solution to start the reaction. NADH ﬂuorescence was immediately measured as described below for a minimum of 5 min using the minimal interval between measurements. All solutions and the microplate reader were pre-equilibrated at 28 °C. The concentrations of ACP and malonyl–CoA and the volumes of their corresponding mixes were individually varied as required in the saturation kinetic experiments. For routine compound screening, 46.25 ll MCAT solution was preincubated with 3.75 ll of DMSO (controls) or compound dissolved in DMSO for 30 min at 28 °C before continuing the reaction as described above. The concentration of malonyl–CoA was adjusted to 15 lM. NADH-dependent ﬂuorescence was measured using a microtiter plate reader (Spectraﬂuor plus, TECAN GmbH) equipped with an excitation ﬁlter at 340 nm (bandwidth 20 nm) and an emission ﬁlter at 465 nm (bandwidth 35 nm). The ﬂuorescence signal was set to an integration time of 40 ls (no lag time) and three ﬂashes per well. The experiments were run at 28 °C. A linear increase of relative ﬂuorescence units (RFU) over 0–30 lM NADH diluted in assay buﬀer was observed at gain settings between 50 and 110. Our assay experiments were performed at a gain setting of 110. Enzymatic reaction velocities are given as RFU per min. To facilitate evaluation, initial reaction velocities were approximated by calculating the slopes by linear regression through the ﬁrst 12 timepoints (2 min). Based on a NADH/ﬂuorescence yield calibration curve we calculated the speciﬁc activity of E. coli MCAT in this assay to be 846 lmol/mg/min at 28 °C. This compares to literature values of 1850 lmol/mg/min and 653 lmol/mg/ min at 25 °C [11,12]. For the analysis of compound screens of entire plates, where the interval between readings was increased, the slopes were calculated by linear regression over 5 min.



Determination of protein concentration Protein concentrations were determined by absorption at 280 nm (absorption 1 g/L at 280 nm (1 cm): 0.978 for E. coli MCAT; 0.148 for E. coli ACP).
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Fluorometric KDH assay The KDH assay was performed as follows: 3.75 mU KDH was diluted in 75 ll 50 mM phosphate buﬀer, pH 6.8, 1 mM EDTA, 1 mM DTT, 2.67 mM a-ketoglutaric acid, 0.33 mM NAD, 0.267 mM TPP and added to 3.5 ll DMSO (controls) or compound dissolved in DMSO. A 60 lM CoA solution was prepared in 50 mM phosphate buﬀer, pH 6.8, 1 mM EDTA, 1 mM DTT. All solutions and the microplate reader were prewarmed at 28 °C; 21.5 ll CoA solution was added to start the reaction which was measured immediately over 5 min. The ﬁnal concentrations were 50 mM phosphate buﬀer, pH 6.8, 1 mM EDTA, 1 mM DTT, 2 mM a-ketoglutaric acid, 0.25 mM NAD, 0.2 mM TPP, 3.75 mU/100 ll KDH, and 15 lM CoA. Initial reaction velocities were approximated by calculating the slopes by linear regression over the ﬁrst 2 min.



Fig. 1. Progress curves of the complete MCAT/KDH reaction (ﬁlled diamonds) and control reactions without MCAT (open squares), malonyl–CoA (ﬁlled triangles), ACP (open triangles), or KDH (open diamonds). Assays were conducted as described under Materials and methods.



Results and discussion Both pyruvate dehydrogenase and KDH are commonly used in coupled enzyme systems for the detection of CoA [18,19]. KDH has a reported Km for CoA of 
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