






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Rapid Large-Scale Purification of Pig Heart Nucieoside

of pure nucleoside diphosphate kinase is obtained from 1 kg of heart muscle (50% yield), .... added to a volume of 2 ml of distilled water. .... Heat treatment. 

















 Télécharger le PDF 






 436KB taille
 0 téléchargements
 246 vues






 commentaire





 Report
























ANALYTICAL



BIOCHEMISTRY



113,207-211



(1981)
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Received August 7, 1980 A rapid procedure for the large-scale purification of pig heart nucleoside diphosphate kinase is described. The purification procedure involves extraction of the enzyme, absorption on Cibacron Blue 3G-A Sepharose, elution with ATP, ammonium sulfate precipitation, heat treatment, and rechromatography on Cibacron Blue 3G-A Sepharose. Typically, lo- 12 mg of pure nucleoside diphosphate kinase is obtained from 1 kg of heart muscle (50% yield), with a purification factor of 1200 over the extract. The specific activity is 1500 units/mg at 25°C with B-bromoinosine Y-diphosphate as acceptor nucleotide. This method may be easily scaled up.



The nucleoside diphosphate kinase (nucleoside triphosphate-nucleoside diphosphate phosphotransferase, EC 2.7.4.6, NDP kinase)’ is responsible for the catalytic phosphorylation of nucleoside diphosphates to the corresponding nucleoside triphosphates by ATP. The enzyme from brewer’s yeast was purified and crystallized (1) and its physicochemical (2) and kinetic (3) properties studied. The enzyme was also purified from Bacillus subtilis (4), baker’s yeast (5), pea seeds (6), human erythrocytes (7), beef heart (8), beef liver (9), and beef erythrocytes (10). All the purification procedures included several precipitation and chromatographic steps and had poor yields (4-20%). A factor which complicates purification of the mammalian enzyme is the existence of several isozymes of NDP kinase (11). The isoelectric points ’ Abbreviations used: NDP kinase, nucleoside diphosphate kinase; Blue Sepharose, Cibacron Blue 3GA Sepharose; 8-Br-IDP, I-bromoinosine Y-diphosphate; SDS, sodium dodecyl sulfate; Buffer A, 50 rnM Tris-HC1 @H 7.5), 5 mM EDTA, and 1.5 mM p-mercaptoethanol. 207



of the isozymes are quite close, so they cannot be separated by ion-exchange chromatography. The difficulty in purifying large amounts of protein explains the relatively poor physicochemical characterization of the mammalian enzyme. The interaction of the dye Cibacron Blue 3G-A with many phosphotransferases and NAD-dependent dehydrogenases opened new possibilities for enzyme purification by affinity chromatography using the immobilized dye on a solid matrix. Despite the broad specificity of the binding, by choosing suitable elution conditions many enzymes could be purified rapidly and with good yields (12-14). This paper describes the purification of pig heart nucleoside diphosphate kinase. Blue Sepharose strongly binds the enzyme, which is then selectively eluted by ATP in the presence of NaCl. MATERIALS



AND METHODS



Chemicals. Sepharose 4B was obtained from Pharmacia, Uppsala, Sweden. It was crosslinked according to Kristiansen (15), 0003-269718 l/080207-05%02.00/O Copyright All rights



8 1981 by Academic Press. Inc. of reproduction in any form reserved.
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PURIFICATION OF NUCLEOSIDE DIPHOSPHATE KINASE FROM PIG HEART”



Purification step I. Extract 2. Blue Sepharose I 3. Heat treatment 4. Blue Sepharose II



Volume (ml)



Total protein (m)



Total activityb (units)



Specific activity (units/ mg)



Furitcation factor



Yield (%)



17,lOLl



122,ca



50.760



0.42



II)



(100)



345 7.5 I28



178



35.100



197



470



69



78



32,250



415



990



63



50



24,900



495



II80



49



” A typical procedure starting with 3.75 kg of heart muscle. * Activity was measured with suboptimal concentralions of nucleotides (see Materials and Methods).



omitting NaBH, from the reaction medium. Cibacron Blue 3G-A, a product of CibaGeigy, Basel, Switzerland, was coupled to the crosslinked Sepharose according to Bohme et al. (16). Nucleotides, enzymes, and substrates were from Boehringer, Mannheim, German Federal Republic. 8Bromoinosine 5’-diphosphate was prepared by oxidative deamination of 8-bromoadenosine 5’-diphosphate (17). Analytical procedures. NDP kinase activity was measured during the purification procedure as described by Kezdi et al. (18). The reaction medium, in a final volume of 1 ml and at 25°C contained 50 mM TrisHCl (pH 7.4), 75 mM KCl, 6 mM MgClz, 1 mM phosphoenolpyruvate, 0.1 mM NADH, 0.3 mM ATP, and 2 units of lactate dehydrogenase and pyruvate kinase. The reaction was started by the addition of 0.1 mM 8-Br-IDP. These nucleotide concentrations were suboptimal. When maximal specific activities were measured, the nucleotide concentrations in the test were 2 mM (ATP) and 0.6 mM (8-Br-IDP). Appropriate controls were run in order to account for the ATPase activity of the crude extract and for the NDP kinase content of the coupling enzymes. The protein concentration was measured as described by Gornall et al. (19). In the case of chromatographic eluates containing
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ATP, the protein concentration was estimated by reading the optical density at 290 nm. At this wavelength the absorption of ATP is negligible. Polyacrylamide gel electrophoresis in the presence of SDS was performed according to established methods (20,21). The concentration of the dye coupled to Sepharose was measured under continuous stirring in a l-cm cuvette at 578 nm, using a specially built device attached to an Eppendorf spectralline photometer (22). Fifty microliters of a l/10 suspension of Blue Sepharose was added to a volume of 2 ml of distilled water. The extinction given by 50 ~1 of a l/10 suspension of Sepharose 4B was subtracted. From the spectrum of the free dye we calculated a millimolar extinction coefficient of 11.3 at 578 nm, based on the reported value of 13.6 at 610 nm (23). RESULTS



Pig hearts were freshly obtained from the local slaughterhouse. After elimination of connective tissue and fat the heart muscle was minced in a meat grinder. The purification procedure may be performed immediately or after keeping the tissue frozen at -12”C, without loss of activity. All the purification steps were performed at 0-4°C unless otherwise specified. 1. The extraction. One kilogram of minced tissue was suspended in 1 liter of distilled water, containing 5 mM EDTA and 1.5 mM P-mercaptoethanol, and dispersed with a low-speed domestic mixer, until a suspension was obtained which yielded an almost clear filtrate by the procedure described below. The speed of the mixer is quite important, because excessive speed breaks the cells and the filtrate is not clear, while too slow a speed reduces the yield of the extraction. The suspension was diluted to 4 liters with distilled water containing 5 mM EDTA and 1.5 mM /3-mercaptoethanol and extracted for 30 min by mechanical stirring. The suspension was then filtered
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through a nylon mesh, mesh size approximately 0.5 mm. The solid material was extracted again for 30 min with 2 liters of 5 mM EDTA and 1.5 mM P-mercaptoethanol. After a new filtration step, the two filtrates were pooled and allowed to stand for at least 4 h for the sedimentation of fine particles. Enzymatic activity was not decreased by storing the extract overnight at 4°C. The clear solution was carefully siphoned and filtered through glass wool for the elimination of fat particles. The remaining suspension was centrifugated for 10 min at 3000g. The supernatant was also filtered through glass wool. The two solutions were combined. This represents the extract in Table 1. 2. Affinity chromatography on Blue Sepharose. The pH of the extract was adjusted to 8.0 under glass electrode control with 1 N NaOH, by gentle stirring. Washed Blue Sepharose (100 ml) was added and the stirring continued until 90-95% of the activity disappeared from the supematant



FIG. 1. Chromatography of NDP kinase on Blue Sepharose. The Blue Sepharose with the absorbed enzyme (Step 2) was packed in a 2.6 x 25cm column. The elution rate was 120 mph. The column was washed with 50 mM Tris-HCl, 5 mM EDTA, 1.5 mM j?-mercaptoethanol, and 0.3 M NaCI, pH 7.5. Fractions of 20 ml were collected. After 450 ml, 1.5 mM ATP (final concentration) was added to the washing buffer and IO-ml fractions were collected. Protein concentration (O-O), enzyme activity (O-O), ATP concentration (---). This figure does not correspond to the data shown in Table 1.
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FIG. 2. Rechromatography of NDP kinase on Blue Sepharose. A 0.7 x 12-cm column and a pumping rate of 20 ml/h were used. Fractions of 4 ml were collected. At fraction 7 a O-l 5 mM ATP gradient in 50 mMTrisHCI, 5 mM EDTA, 0.3 M NaCI, pH 7.5, was started. Symbols are the same as shown in Fig. 1.



(usually 30-60 min). The suspension was then filtered and the Blue Sepharose was washed with small amounts of 50 mM TrisHCl (pH 7.5), 5mM EDTA, and 1.5 mM p-mercaptoethanol (Buffer A). The Blue Sepharose was packed under flow in a 2.4 x 26cm chromatographic column. The weakly bound proteins were washed with 3-4 column vol of Buffer A containing 0.3 M NaCl. The enzyme was eluted with 1 column vol of Buffer A containing 0.3 M NaCl and 1.5 mM ATP, followed by 1 column vol of Buffer A (Fig. 1). Fractions containing more than 20 units/ml were pooled and dialyzed against a saturated solution of ammonium sulfate containing 5 mM EDTA and 0.1 M phosphate buffer, pH 6.0. Precipitation by dialysis was found to be much more convenient because the precipitate from the diluted protein solution tended to form aggregates and therefore could be easily collected by centrifugation. By addition of solid ammonium sulfate a very fine precipitate was obtained, which failed to sediment completely even by high-speed centrifugation. 3. Heat treatment. The enzyme suspension in ammonium sulfate was centrifuged
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for 10 min at lO,OO@. The pellet was disThe dye molecule contains three sulfonic olved in a minimal volume of 0.1 M phos- groups; thus Blue Sepharose has ion-exphate buffer containing 5 mM EDTA. The change properties at low ionic strength in protein concentration was adjusted to lothe acidic pH range. Therefore we per20 mg/ml, as calculated from the optical formed the absorption at pH 8.0 and the densities at 280 and 260 nm in a quartz cell, washing at pH 7.5 with a buffer containing O.l-cm optical path. The solution was 0.3 M NaCl. In this manner the unspecific heated rapidly to 60°C in a water bath, binding was avoided and a 500-fold purifistirred for 15 min at this temperature, and cation was obtained with a SO-fold reduccooled in ice. The denaturated proteins tion in volume. The binding of the enzymes were eliminated by centrifugation for 15 to the affinity columns is dependent on the min at 10,OOOg. concentration of the immobilized ligand in the gel: the concentration of the free ligand 4. Rechromatography on Blue Sepharose. The enzyme solution was dialyzed which biospecifically elutes the absorbed for 6 h against 0.06 M phosphate buffer, pH enzyme, or the salt concentration which 6.8, containing 5 mM EDTA. The pH was nonspecifically elutes it, is greater if a more adjusted to 7.6 and the enzyme was applied highly substituted gel is used (25). For this to a 0.7 x 12-cm column of Blue Seph- reason, new batches of Blue Sepharose arose. After washing with 3 column vol of must be tested before a large-scale purificaBuffer A containing 0.3 M NaCl, the en- tion is started. Our preparation of Blue zyme was eluted with a linear gradient of Sepharose contained 2.8 pmol of dye/ml ATP (O-l.5 mM) in the same buffer (Fig. 2). gel. Fractions containing more than 30 units/ml It is apparent that the procedure dewere pooled and dialyzed against glycerol. scribed may be scaled up several times Data from a typical purification, starting without complications, since the manipufrom 3.75 kg of pig hearts, are given in lation of larger volumes is simple and cenTable 1. trifugation is not required at this stage. The whole procedure may be performed by a DISCUSSION single operator in 3-4 days. Partially purified enzyme from several preparations may The purification procedure described above demonstrates both the great capacity be stored as an ammonium sulfate precipiand the high resolution achievable with tate after step 2, in order to perform the following steps on a larger amount of enzyme. Blue Sepharose, by adequate experiment design. Although this affinity material is With 20 pg of protein applied, SDSwidely used and many enzymes and other polyacrylamide gel electrophoresis showed proteins have been purified by using it, its’ a single protein band. By using appropriate qualities were generally not fully exploited. molecular weight standards, we found a As homemade Blue Sepharose is cheap and molecular weight of 17,000 +- 500 for the its synthesis is very simple, it is convenient NDP kinase subunits, in good agreement to use affinity chromatography as the first with the published values of 17,300 for purification step. The batch absorption of brewer’s yeast enzyme (2), 17,000 for pea NDP kinase from the extract was preferred seed enzyme (6), and 16,000-18,000 for to the use of a large column or of a long ab- beef heart enzyme (8). The pure enzyme sorption time on a small column. This was contains less than 0.01% ATPase and less followed by column elution in order to elute than 0.05% adenylate kinase. The maximal the enzyme in a small volume. The interspecific activity at saturating concentraaction of NDP kinase with Blue Sepharose tions of nucleotides was 1500 units/mg of has been noted (24). protein. This specific activity is similar to
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published values for specific activity of mammalian NDP kinase-1000 U/mg for human erythrocyte enzyme (7), and lOOO2400 U/mg for beef heart enzyme (8)-and is considerably greater than 80 U/mg for beef erythrocyte enzyme (10). Care is necessary, however, when these values are compared, since the methods of assay were different (isotopic exchange with ADP as acceptor nucleotide, or the optical coupled test with deoxythymidine 5’-diphosphate as acceptor nucleotide). Attempts to separate NDP kinase isozymes failed. Several poorly separated peaks of activity with considerable overlapping were obtained by ion-exchange chromatography on a SP-Sephadex C25 column, with a O-O.5 M NaCl gradient at pH 5.5. Polyacrylamide thin-layer isoelectric focusing also gave poor resolution, with good focusing of marker proteins on the same slab (data not shown). This and other evidence strongly suggest a rapid dissociation-association equilibrium of NDP kinase in dilute solutions. Broad peaks were obtained probably because the subunits ‘have slightly different electric charge, but they have identical or very close molecular weights, as demonstrated by SDS-polyacrylamide gel electrophoresis. Detailed physicochemical properties will be reported elsewhere. ACKNOWLEDGMENTS The authors thank Dr. 0. Barzu for advice and critical comments, Dr. M. Kezdi for the synthesis of 8-BrIDP, Dr. 0. Popescu for participation in preliminary experiments, and Dr. H. Porumb for stimulating discussions.
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