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ABSTRACT


A method of polyacrylamide gel electrophoresis is proposed to characterize enzymes in several biological systems including: Trypanosome and Leishmania isolates; phlebotomine sandflies; triatomine bugs and several bat species. The method has also been applied to  characterize  glycosomal enzymes of Trypanosoma cruzi. In addition, the method has been used in enzyme characterization in different growth stages of the parasite in cultured medium and detection of enzymes in purification procedures. 


The method consists of a polyacrylamide slab gel prepared with MgCl2 as an enzyme activator and the use of only one gel buffer, one reservoir buffer and one developing buffer system. This allows the visualization of  enzymes of the following groups: isomerases, dehydrogenases, transferases, lyases, hydrolases, oxido-reductases and hemoproteins. Enzymes such as peroxidase, fumarase, esterase and alkaline phosphatase require other visualization buffers.
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UN MÉTODO SIMPLIFICADO �PARA LA CARACTERIZACIÓN DE ENZIMAS �EN VARIOS SISTEMAS BIOLÓGICOS


RESUMEN


Se propone un método simplificado de electroforesis en geles de poliacrilamida para la caracterización enzimática en varios sistemas biológicos, que incluye diferentes aislados de Trypanosoma y Leishmania; flebotominos; triatominos y diferentes especies de murciélagos. Además, el método es útil para la caracterización de enzimas glicosomales de Trypanosoma cruzi, en procesos de purificación enzimática y en caracterización de enzimas en las diferentes etapas de crecimiento del parásito en medios de cultivo.


El método consiste de un gel de poliacrilamida preparado con MgCl2 como un activador enzimático y la utilización de un solo buffer de gel, un buffer de reservorio y un buffer de visualización que permite revelar todas las enzimas ensayadas pertenecientes a los grupos isomerasas, deshidrogenasas, transferasas, liasas, hidrolasas, oxido-reductasas y hemoproteínas. Las enzimas peroxidasa, fumarasa, esterasa y fosfatasa alcalina requieren de otros buffer de visualización.


Palabras Clave: 	isoenzimas, gel de poliacrilamida, electroforesis, Tripanosomas, Leishmanias, flebotominos, triatominos, murciélagos, detección específica de enzimas.


INTRODUCTION


Since the advent of the starch gel electrophoresis technique (Smithies, 1955), electrophoresis has been increasingly used to provide information on a wide range of biological systems and medical situations. These include genetic analysis for individual identification, population structure analysis, zymodeme, alloenzymes and phylogenetic reconstruction (Richardson et al., 1986; Miles et al., 1980). Moreover, its application has allowed the detection of: i) specific enzymes as markers of certain cellular organelles; ii) enzyme purification; iii) enzymes at different stages of development in certain organisms and iv) variant or abnormal proteins in disease conditions. 


At present, enzyme electrophoresis technique is a common tool used at different laboratories to identify and/or characterize living organisms from plant and animals, including humans, and parasites (Hopkinson & Harris, 1971; Harris & Hopkinson, 1976; Selander et al., 1971; Lewontin & Hubby, 1966; Toledo & Maghalaes, 1973; Scandalios, 1969; Tibayrenc, 1980; Tibairenc, Echalar & Carlier, 1981; Tibayrenc & Breniere, 1988; Galler, Narang & Narang, 1979; Chataing et al., 1996; Bagster & Parr, 1973; Godfrey, 1977).


However, the commonly used starch and polyacrylamide gel electrophoresis systems have some drawbacks. The first technique has permitted a wide range of enzymes to be separated but the type and batch of starch used and its method of preparation may affect pore size and reproducibility (Gardener, 1982). Moreover, this method requires a variety of tank and gel buffers (Gibson et al., 1978; Aljeboori & Evans, 1980; Evans et al., 1984) and at least four different buffers and variable conditions for the development of the enzymes (Miles et al., 1980; Evans et al., 1984). On the ther hand, the polyacrylamide gel technique has the advantage that pore size can be adjusted and a greater resolution can be achieved. The method, however, has been developed for few enzymes and requires similar conditions as those described for starch gel (Gardener et al., 1974; Gardener, 1982; Richardson et al., 1986). Although the starch gel electrophoresis has been the classical method of choice for separating isozymes (Murphy et al., 1996), the use of polyacrylamide gel electrophoresis is acquiring at present increasing popularity due to the facility of  reproducible preparations, manipulation, storage and improved equipment construction by which it seems to be a confortable technique to work up.


The simplified method of electrophoresis proposed here in polyacrylamide gels allows the visualization of enzymes of the groups isomerases, dehydrogenases, transferases, lyases, hydrolases, oxido-reductases and hemoproteins in several biological systems. This method use only gel buffer, one reservoir buffer and one developer buffer (except for peroxidase, fumarase, esterase and alkaline phosphatase). These conditions have been applied for zymodeme characterization of Trypanosoma and Leishmania, differentiation of enzymatic patterns of sandflies; bugs and bats species as well as to detect specific enzymes in the glycosome and other compartments of Trypanosoma cruzi.


Details of the proposed technique are given, and the possible advantages over other methods, are discussed.


MATERIALS AND METHODS


Parasites stocks


The isolates M/HOM/Br/50/Y; M/HOM/VE/68/EP; M/DID/VE/84/DMI; M/DID/VE/84/DMII of Trypanosoma cruzi; M/CAN/VE/82/DOG/82; I/Rho/VE/82/PALM-82; M/SCI/VE/87/SQUIRREL-87 of Trypanosoma rangeli and M/RAT/VE/87/LEW-87 de Trypanosoma lewisi; I/FLA/Br/68/ph-8 of Leishmania mexicana amazonensis; MHOM/VE/78/JFT-78; MHOM/VE/78/TG-78; MHOM/VE/78/La-78; of Leishmania braziliensis and MHOM/VE/76/JAP-76; MHOM/VE/84/AM-84; MHOM/VE/79/LMR-79; MHOM/VE/81/RM-81 of Leishmania garnhami were used to standardize the electrophoretic conditions. Trypanosoma cruzi was grown as epimastigote in liver infusion- tryptose (LIT) medium at 28ºC, as described by Camargo (1964). The concentration of epimastigotes forms was about 2 x 107 parasites ml-1 at harvesting time. The metacyclic trypomastygote forms were harvested in the stationary phase. The trypomastigotes were further purified throught a DEAE-cellulose column. Leishmania species were cultured in NNN-plus 199 medium and harvested after 15 days in the exponential phase.


Purification of glycosomes. 


Glycosomes were prepared following a modification of the differential centrifugation procedure described by Misset, Borst and Opperdoes (1986) and Taylor and Gutteridge (1987). Epimastigotes (2 x 107 cells.ml-1) were collected from the culture medium by centrifugation at 1000 g for 10 minutes and washed twice in 10 mM KH2PO4, 20 mM Tris.HCl, 20 mM KCl, 5 mM MgCl2, 1 mM Na2EDTA, 1 mM dithiothreitol (DTT) and 0.225 M sucrose (pH 7.2) [Buffer A].The parasites were resuspended in a breakage medium and disrupted with silicon carbide in a proportion 1.5:1 by weight with respect to the wet washed cell pellet. The degree of cell rupture was followed microscopically until about 90 % of cell rupture was attained. The paste was suspended in 60 ml of 25 mM Tris.HCl, 1 mM Na2EDTA, 0.25 M sucrose (pH 7.6) [Buffer B], and centrifuged twice at 1000 g x 5 minutes in order to remove silicon carbide. The large granule fraction was removed at 5000 g for 15 minutes and an enriched fraction in glycosomes was obtained at 33.000 g for 45 minutes (5ºC). This fraction was washed twice in buffer B containing a protein inhibitor cocktail (5 mM leupeptin, 500 mM PMSF, 100 mM TLCK, 3 uM E-64, 0.2 mM antipain, 1 mM pestatine A). Glycosomal enzyme latency was determined by the addition of Triton X-100 and NaCl to a final concentration of 0.1 % (w/v) and 150 mM, respectively.


Isolation of hemoproteins from the glycosomal membrane of Trypanosoma cruzi


The treatment of glycosomes was as follow: purified glycosomes were diluted 100 times with 100 mM Na2CO3 (pH 11.5) in an ice bath during 30 minutes followed by ultracentrifugation at 233.000 g for 1 h. The membranal pellet was resuspended in cold distilled water and centrifugated again. The membrane fraction was resuspended in 62 mM Tris, 2% SDS and 50 mM DTT (pH 7.4), dialyzed overnight at 4°C against 10 mM Tris, 150 mM NaCl (pH 7.4) buffer containing 1% SDS and 10mM Tris, 150 mM NaCl (pH 6.8) buffer during 3 hours at 4°C. The peripheral and glycosomal matriz proteins isolated in the sobrenadant fraction obtained in the first centrifugation were precipitated with addition of 0.15 % sodium deoxicolate (0.1 ml per ml sample) followed by the addition of trichloroacetic acid (0.1 ml per ml sample). The sample was centrifugated at 30.000 g per 15 min and the pellet was dialyzed against 10 mM Tris, 150 mM NaCl (pH 7.4) buffer. 


Fosfoglucose isomerase purification


Glycosomal and cytosolic fosfoglucose isomerases (PGI) were purified as described by Concepción, Chataing & Dubourdieu (1993).


Phlebotomine sandflies and triatomine bugs


Adult triatomine bugs of the species Rhodnius prolixus and Rhodnius robustus were used. They were obtained from colonies maintained at 26°C in the laboratory “Herman Lent” at Facultad de Ciencias, Universidad de Los Andes, Venezuela, kindly supplied by Dr. A. Valderrama.. The phlebotomines were caught from coffee plantations from locations at different altitude of the state of Mérida, Venezuela using a Shannon light trap or by aspiration in glass tubes from resting places (Añez et al., 1988).


Bat species


Bat species were supplied from their natural habitat in Mérida state, Venezuela by Dr. Jesús Molinari. The bat species used were Esturnira lilium, Dermanura glauca, Carollia brebicaudia, Rhogeesia minutilla, Desmodus rotundus, Artibeus jamaicensis and the vampire Platyrrhinus helleri. The specimens were killed by anestesia and the liver, muscle, heart and other tissues were extracted and maintained in ice until further treatment for protein extraction for electrophoretic enzyme detection. 


Extract preparations and proceeding


A.- Parasites stocks


The collected flagellates were spun at 3.500 g for 30 minutes (4°C) and washed 3 times with phosphate saline buffer solution (PBS) under the same conditions. The pellet was resuspended in PBS containing 20 mM benzamidine. HCl, washed and further suspended in 0.03 M Tris.HCl buffer (pH 7.6) containing 20 mM benzamidine.HCl. They were treated 7 times by succesive cycles of freezing and thawing. The soluble extracts of the parasites were obtained by centrifugation of the samples at 27.000 g for 60 min (4°C), followed by a low speed centrifugation at 2.000 g for 30 min (4°C), using centriflo cones CF-25 to concentrate the samples. The parasite extract obtained in this way showed concentrations of 1.0 to 1.5 mg proteins per ml, estimated by the Lowry’s method as modified by Schacterle & Pollack (1973).


B.- Phlebotomine sandflies and triatomine bugs


The phlebotomine sandflyes and triatomine bugs were cut eliminating legs and head. They were then homogenized in a potter at 4°C containing 0.03 M Tris.HCl (pH 7.6) buffer containing 20 mM Benzamidine in a proportion 60 mg/ml followed by succesive freezing and thawing cycles as indicated above.


C.- Bat tissues


The bats tissues were extracted, cut in small pieces and washed in 0.03 M Tris.HCl (pH 7.6) buffer and homogenized in 0.03 M Tris.HCl buffer containing 20 mM benzamidine in a proportion 1 g / 3 ml, followed by freezing and thawing cycles as described above. 


Electrophoresis


The polyacrylamide electrophoresis system consisted of:


 1.- A 0.75 mm slab gel, prepared at 7% by mixing one part solution A with one part solution B and 2 parts distilled water containing 0.6 mg per ml of ammonium persulfate. The composition of solutions A and B is shown in the Table I. The gel was stored overnight before use. 


2.- A reservoir buffer consisting of 5mM Tris.glycine (pH 8.3).


To run the electrophoresis, the sample consisting of 40 mg extract mixed with sampler buffer was layered on the gel top.and the electrophoresis performed at a constant current of 3 mAmp/cm2 during two and half hours at 22°C.


Enzyme development


Enzyme activity was detected using 0.3 M Tris.HCl buffer (pH 7.6) as  developer buffer in most of the enzymatic systems. Even when some resolution could be lost in some enzyme developments, most of the enzymatic profiles are quite sharp. The  use of a unique buffer as Tris is not new (Smith, 1976; Hames and Rickwood,1981). Tris is basically a common buffer in most enzymatic systems, particularly at low concentrations, with a pH close to the maxima pH of many enzymes. In the case of esterases, hydrolases, peroxidases and hemoproteins the developing buffers were 0.2 M NaH2PO4 (pH 4.6), 0.2 M Na2HPO4 (pH 8.8); 0.2 M Tris (pH 10.6) and 0.1 M Tris.HCl (pH 8.5) and 0.05 M or 0.25M Sodium acetate buffer (pH 5.0).


Even when a single type of gel is used and the electrophoresis polyacrylamide system conditions are unique for running the enzymatic samples to be developed, each sample is stained individually on a single gel or several samples could be stained cutting the gel in several sections, each of them for each enzyme to be visualized. Samples were stained with Nitroblue tetrazolium (NBT) as has been described by Gabriel (1971), using a blank without enzyme extract or with specific inhibitors or comercial enzyme preparations as a control. Also, controls for diaphorase activity were used. For the enzymes aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), hemoproteins, phosphatases, esterases and peroxidase visualization was obtained by using the fast blue BB salt, UV method, 3, 4’5, 5’tetramethyl benzidine(TMBZ), fast blue RR and 3�amino 9-ethyl carbazole, respectively. Overstain was eliminated placing the slabs in a ethanol-acetic acid-glycerine-water (5/2/1/4 v/v) solution for 5 to 10 min and then kept in a glycerine-water (1/1 v/v) solution at room temperature. The banded slab gels were dried in a dryer for 60 min and photographed.


Details on reagent concentrations and conditions for developing each enzyme are shown in the Tables II and III.


RESULTS


We obtained a simplified active protein isolation and electrophoretic method which allowed getting good and quick results with 24 enzymes assayed in different isolates of T. cruzi, T. rangeli, Leishmania spp., glycosomes from T.cruzi, phlebotomine sandflies, triatomine bugs and diverse bat species.


Sharp bands indicating enzymatic activity were detected in most cases. Figures 1 and 2 show some enzyme patterns obtained for different isolates of the parasites used in this work. Figure 3 shows the stage -dependent expression of some enzymes in Trypanosoma cruzi and Figure 4 shows the detection of PGI and Hemo proteíns in the glycosome of T. cruzi. The data obtained has permitted characterization of the enzymatic pattern of some Trypanosoma and Leishmania species as indicated in the Figures 5 and 6.


For phlebotomine sandflies and triatomine bugs several enzymes were detected as shown in Figure 7. The PGI pattern obtained with different triatomine species is an example of the utility of the technique as a taxonomic tool (Figure 8).


On the other hand, the isoenzyme patterns detected in bats is an indication of the versatility of the technique for different biological systems (Figure 9).


DISCUSSION


It is generally accepted that inter specific differences result from inherited genetic variations developed during the course of evolution, which could be expressed as structural changes in the proteins of the species under consideration (Bagster & Parr, 1973). On the other hand, the intra specific differences are manifestations of less profound modifications which affect a limited number of proteins. It is evident that if analogous proteins from different isolates of a given species could be characterized by some biochemical technique, such as electrophoresis which could detect small structural differences, the biochemical clasification of them could be possible. Several researchers have suggested that biochemical techniques provide confident markers to distinguish species from subspecies, particularly in protozoas (Newton, 1976). The isoenzime patterns in these isolates have been widely used as taxonomic tool (Shaw, 1965; Smith, 1968). 


When the present methodology is compared with those techniques developed by different researchers to determine enzymic activity in different biological isolates, several advantages are evident:


1.- Fast and simple treatment of the biological samples; 2.- Fast and simple preparation of the gel by mixing only two simple solutions, which can be used as a kit when determination of enzymes in series is required; 3.- The use of one reservoir buffer and only one gel type, which is preferable to those methods using starch gel (Smith, 1968) where these components are chosen according to the enzyme to be visualized; 4.- The visualization of most of the enzymes using only one developer buffer is easier and cheaper than those methods using the starch gel technique or polyacrylamide technique in only few enzymatic systems. 


These advantages permit the determination of enzymic patterns under the same conditions of gel, reservoir and developer buffer, together with a sample extraction procedure that simplifies the analysis and, at the same time, allows comparison of mobility values for different enzymes. It is interesting to note that using the proposed methodology we are able to detect enzymes, not only in parasite isolates but in other systems as insects, mammals and cellular structures. Also, the method could be applied to other enzymatic systems, particularly for dehydrogenases detection.
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�
TABLE I


ELECTROPHORESIS GEL AND RESERVOIR BUFFER COMPOSITION





SOLUTIONS	COMPOSITION	FINAL CONCENTRATION





A	HCl 1N	48 ml  0.12 M 


	MgCl2.6H2O 1.28 g	0.015 M


	TRIZMA base	36.6 g  0.75 M


	TEMED 0.23 ml	0.058 % 


	pH 8.9 in 100 ml 	


	distilled deionized water 	





B	Acrylamide 28 g	7.0 %


	N,N’methylene bis-acrylamide	0.18 %


	0.735 g in 100 ml 	


	distilled deionized water	





	Mix 1 volumen solution A with


	1 volume solution B and 2 volumen


	distilled deionized water containing


	0.06 mg/ml amonium persulphate.


		


RESERVOIR BUFFER	0.05 M TRIZMA base (6 g)	5 mM Tris.HCl


	0.38 M Glycine (28.8 g)	38 mM glycine


	pH 8.3 adjusted with HCl	pH 8.3


	in 1 liter. Dilute 1/10 v	


		


SAMPLER BUFFER	0.5 ml glycerol


	0.5 ml reservoir buffer


	0.05 % Bromo Phenol Blue


�
TABLE II


SPECIFIC ENZYME VISUALIZACION SYSTEMS





Enzyme	Water	Visualization	Activators	Coenzymes	Coupled	Substrates	Visualization


	(ml)	buffer (ml)			enzymes	Components	


		0.3 M Tris.HCl,					


		pH 7.6 (ml)					


							


Malate 	2	7		NAD+		1M Sodium	NBT(2mg/ml) 1.5 ml


dehydrogenase				(10 mg/ml) 2 ml		DL-malate (pH 70) 5 ml	PMS(1mg/ml) 1.5 ml


(MDH) E.C. 1.1.1.37							


							


Malic enzyme	3.5	4	0.1 M MgCl2	NADP+		1M Sodium	NBT (2mg/ml) 2 ml


(ME) E.C. 1.1.1.40			2 ml	(10 mg/ml) 2 ml		DL-malate (pH 7) 5 ml	PMS (1mg/ml) 1.5 ml


							


Phosphogluco	6	7	0.1 M MgCl2	NADP+	G6PD	Glucose 1-	NBT 1.5 ml


mutase			2 ml	2 ml	(5000 U/ml)	phosphate	PMS 1.5 ml*


(PGM) E.C. 2.7.5.1					10 ml	30 mg	


							


Phosphoglucose	6	7	0.1 M MgCl2	NADP+	G6PD	Fructose 6-	NBT 1.5 ml


isomerase			2 ml	2 ml	10 ml	phosphate 20 mg	PMS 1.5 ml*


(PGI) E.C. 5.3.1.9							


							


Glutamate		8	KCl 50 mg	NAD+		1M Sodium	NBT 2 ml


dehydrogenase			EGTA 20 mg	2 ml		glutamate	PMS 2 ml


(NAD+-dependent)						pH 7.0	


E.C. 1.4.1.2						5 ml	


							


Glutamate		8	KCl 50 mg	NADP+		1M Sodium	NBT 2 ml


dehydrogenase			EGTA 20 mg	2 ml		glutamate	PMS 2 ml


(NADP+-dependent)						pH 7.0	


E.C. 1.4.1.4						5 ml	


							


Glucose -6	6	7	0.1 M MgCl2	NADP+		Glucose 6-	NBT 1.6 ml


phosphate			2 ml	2 ml		phosphate	PMS 1.5 ml


dehydrogenase						25 mg	


(G6PD) E.C. 1.1.1.49


							


Hexokinase	7	6	0.1 M MgCl2 2 ml	NADP+	G6PD	glucose	NBT 1.5 ml


(HK) E.C. 2.7.1.1			ATP 25 mg	2 ml	20 ml	30 mg	PMS 1.5 ml


							


Adenylate kynase 	6	8	0.1 M MgCl2	NADP+	HK	glucose	NBT 3 ml


(AK) E.C. 2.7.4.3			1 ml	20 ml	(2500 U/ml) 40 ml 	75 mg	


					G6PD 25 ml		


							


Isocitrate	7.8	5.7	0.25 M MnCl2	NADP+		Sodium	NBT 2 ml


dehydrogenase (ICD)			0.5 ml	2 ml		isocitrate	PMS 2 ml


E.C. 1.1.1.42						50 mg	


							


6-phosphogluconate 	6	4	0.1 M MgCl2 1.5 ml	NADP+		Sodium	NBT 3 ml


dehydrogenase 			0.1 M Cysteine.	2 ml		6-phosphogluconate	PMS 2 ml


(6PGD) E.C. 1.1.1.44			HCl 1.5 ml			30 mg	


							


Alcohol dehydrogenase		8		NADP+		Ethanol 70 % 	NBT 3 ml


(ADH) E.C. 1.1.1.1				2 ml		5 ml	PMS 2 ml


							


Lactate	3	7		NAD+		1M Sodium	NBT 4 ml


dehydrogenase				2 ml		lactate (pH 7)	PMS 2 ml 


(LDH)  E.C. 1.1.1.27						2.5 ml	


							


Xantine		17		NAD+		Hipoxantine	NBT 0.5 ml


dehydrogenase (XD)				0.5 ml		25 mg	PMS 0.5 ml


							


a-glycero phosphate	8	0.1 M Phosphate		NAD+		Sodium	NBT 1.5 ml


dehydrogenase		buffer (pH 7.6)		1.5 ml		a-glycerophosphate	PMS 1 ml


(a-GPD) E.C. 1.1.1.8		5				50 mg	


							


Aldolase		15		NAD+	Glyceral-	Fructose	NBT 2 ml


(ALD)				2 ml	dehyde 3-phosphate	1,6-bisphosphate,	PMS 2 ml


E.C. 4.1.2.13					dehydrogenase 40U	sodium salt 115 mg	


							


Alanine	17	3		NADH	LDH	a-ketoglutaric	UV


amino transferase				10 mg	(5600 U/mg)	acid 30 mg	filter


(ALAT) E.C. 2.6.1.2					2 mg	L-alanine 120 mg	paper


							


Aspartate		18				L-aspartic acid 100 mg	Fast Blue BB salt


amino transferase						a-ketoglutaric acid 50 mg	(25 mg/ml) 1 ml


(ASAT) E.C. 2.6.1.1.						Piridoxal phosphate 10 mg	





							


�
TABLE II


(CONTINUATION)





Enzyme	Water	Visualization	Activators	Coenzymes	Coupled	Substrates	Visualization


	(ml)	buffer (ml)			enzymes	Components	


							


phosphatase,		0.2 M Tris	0.25 M MnCl2			Sodium	Fast Blue


Alkaline		(pH 10.6).20	0. 7 ml			a-naphtyl	RR


(AP) E.C. 3.1.3.1		Incubate 30 min 	0.1 M MgCl2			acid phosphate	


		Transfer to	1.7 ml			35 mg	


		M Tris.HCl 	NaCl 100 mg				


		(pH 8.5) 35					





Peroxidase		0.05 M Sodium	0.1 M CaCl2			3% H2O2	


(PER)		acetate (pH 5)	2 ml			1 ml	


E.C. 1.11.1.7		92.5	3-amino-9-				


			ethyl carbazole				


			in DMF 				


			(10 mg/ml)				


			5 ml.				


			Incube 30 min				


			Wash with				


			distilled				


			water and fix in 				


			0.5M Sodium				


			acetate buffer 				


			(pH 5 )-glycerol				


			(1/1 v)				


							


Fumarase		0.1M Tris.HCl		NAD+	MDH	Sodium	NBT 1 ml


(FUM)		(pH 8.5)		1 ml	50 U	fumarate	PMS 1 ml*


 E.C. 4.2.1.2		17				40 mg	


							


Esterases	25	0.2 M NaH2PO4				a-naphtyl	Fast


(EST)		(pH 4.6) 20 ml				acetate	Blue


E.C. 3.1.1.1.		0.2M Na2HPO4				2 ml	RR 25 mg


		(pH 8.8) 5 ml					


							


Hemoproteins		0.25 M Sodium				3,3’,5,5’- tetramethyl	H2O2


(HEMO)		acetate (pH 5.0)				benzidine	30 mM


		14				6.3 mM in Methanol 6 ml	


							


Pyruvate kinase	9	5	0.1 M MgCl2 6 ml	NADH	LDH	Phosphoenolpyruvate	UV


(PK)			ADP 150 mg	10 mg	2 mg	20 mg	


E.C. 2.7.1.40			KCl 300 mg				


�
TABLE III


REAGENTS COMPOSITION AND PREPARATION


REAGENT	COMPOSITION	FINAL CONCENTRATION


		


1M Na-DL-Malate pH 7.0	6,7 g DL-malic acid, 6.08 g Na2CO3	1 M


	in 25 ml distilled water.Adjust al pH 7,0	


		


1M Sodium lactate pH 7.0	8.8 ml sodium lactate 50% in 50 ml H2O	1M


 	Adjust at pH 7 with 1M Na2CO3 solution	


		


1M Sodium l-glutamate pH 7.6	7,355 g L-glutamic acid in 50 ml H2O	1M


 	Adjust at pH 7.6 with 1 M Na2CO3	


		


0.1M MgCl2.6H2O	5.0828 g in 250 ml H2O	0.1 M


		


0.25 M MnCl2	2,4739 g in 50 ml H2O	0.25 M


		


2 mg/ml NBT	20 mg NBT in 10 ml H2O	2 mg/ml


		


1 mg/ml PMS	10 mg PMS in 10 ml H2O	1 mg/ml


 		


NADP+	100 mg NADP+ in 10 ml H2O	10 mg/ml


		


NAD+	100 mg NAD+ in 10 ml H2O	10 mg/ml


		


0.1 M cysteine.HCl	175.6 mg cysteine.HCl )monohydrate)	0.1 M


	in 10 ml 0.1 N NaOH	


		


3-amine-9-ethyl carbazole	50 mg 3-amino-9-ethyl carbazole in 5 ml DMF	10 mg/ml


		


0.3 M Tris.HCl (pH 7.6)	36,33 g Trizma base in 1 l H2O. adjust at pH	0.3 M


	7.6 with concentrated HCl	


		


a-naphtyl acetate	1 g a-naphtyl acetate in	2%


	25 ml acetone and 25 ml H2O	


		


0.2 M Na2HPO4 (pH 8)	7,1 g Na2HPO4 in 250 ml H2O	0.2 M


	Adjust at pH 8 with HCl 1 N	


		


0.2 M NaH2PO4 pH 4.6	6 g NaH2PO4 in 25o ml H2O	0.2 M


	Adjust at pH 4.6 with NaOH	


		


M Phosphate buffer (pH 7.6)	13.6 g KH2PO4 in 1 l H2O	0.1 M


	 Adjust pH with 1 M NaOH	


		


Fast Blue BB salt	25 mg in 1 ml H2O	25 mg/ml


		


Sodium a-naphtyl acid phosphate	1 g dissolved in 25 ml acetone 	2%


	and 25 ml H2O


		


0.1 M Sodium acetate (pH 5.0) buffer	 6.8 g sodium acetate (monohydrate)	0.1 M


	 in 500 ml H2O. 


	Adjust at pH 5.0 with HCl 0.1 N 





0.2 M Tris (pH 10.6) buffer	 24,2 g Trizma in 1 l HxO.	0.2 M 


	Adjust pH with NaOH 0.1 N	


		


0.1 M Tris. HCl (pH 8.5) buffer	12,2 g Trizma in 1 l H2O	0.1 M


		


TMBZ	0,1522 g in 100 ml methanol	1.5 mg/ml





