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Abstract-NADP-dependent malic enzyme from grape berries is associated with NAD-dependent malate 
dehydrogenase. A two step procedure, involving affinity chromatography on 2’,5’-ADP-Sepharose 4B, followed by gel- 
permeation on Bio-Gel A- 1.5 m, was used to separate malic enzyme from malate dehydrogenase and other proteins. The 
yield was ca 60 “1;. Malic enzyme and malate dehydrogenase migrated respectively as three bands and one band during 
disc electrophoresis in polyacrylamide gel. The MW resulting from gel-permeation was 220000 for malic enzyme and 
53 000 for malate dehydrogenase. 

INTRODUCTION 

Several NADP-dependent enzymes have been purified by 
affinity chr.omatography on an immobilized form of the 
inhibitor N6-(6-aminohexyl)-adenosine 2’,5’-bisphos- 
phate [l 1. By the same procedure malic enzyme was 
purified from chicken liver by Kwok Kam Yeung and 
Carrico [2], and also the glucose-6-phosphate dehydro- 
genase from mouse and Drosophila by Chi-Yu-Lee et 
al. [3]. Malic enzyme (EC 1.1.1.40) from plant sources was 
found [4-61 to be often associated with malate 
dehydrogenase (MDH, EC 1.1.1.37). Even after affinity 
chromatography on 2’,5’-ADP-Sepharose 4B, NADP- 
dependent malic enzyme from grape berries was 
associated with NAD-dependent MDH and wasdevoid of 
allosteric properties [7]. The purpose of the present study 
was to improve purification of malic enzyme by using 
affinity chromatography followed by gel-permeation. 

dependent MDH appeared at the bed volume, whereas 
the NADP-dependent malic enzyme together with a small 
amount of associated MDH were eluted from the column 
with the buffer containing mM NADP and MNaCl. 
Pooled fractions of NADP-dependent enzymes were 
submitted to gel-permeation; MDH and malic enzyme 
emerged from the gel each as a single peak. By 
electrophoresis in polyacrylamide gel and staining for 
protein, 3 bands from malic enzyme and one band from 
MDH were obtained. The corresponding bands in 
parallel electrophoresis experiments stained also for the 
enzyme activity. The results of gel-permeation runs of the 
two purified enzymes suggested that, in terms of enzyme 
activity, they behaved as a single component, with an MW 
of ca 53 000 for MDH and ca 220 000 for malic enzyme. 
These values agree with previous data obtained in 
experiments on animal and plant sources [3,8,9]. 

RESULTS DISCUSSION 

The final recovery of enzyme activity was ca 63 “4 and 
represented a 700-fold increase in purity (Table 1). NAD- 

Malic enzyme from plant sources [5,8, lo] has been 
purified ca 200-, 1200- and 2500-fold by conventional 

Table 1. Purification of malic enzyme from grape berries 

Fraction 

Total 

units 

Units/mg 
protein 

Yield 
(%) 

Increase in 

purity 

Crude homogenate 19.2 0.016 100.0 

(NH4)2S0, precipitate 17.3 0.240 90.0 15 

Affinity chromatography 157 9.250 81.8 578 

Gel-permeation 12.1 11.200 63.1 700 

*This research was supported by the Consiglio Nazionale 
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methods with recoveries ranging from I to 14”,,. We 
obtained over 80 ‘lo yield by affinity chromatography of 
the malic enzyme extracted from grape berries (Table 1). 

Brodelius it ~1. [ 11 chromatographed a yeast extract on 
immobilized :V”-(h-aminohexyl)-adenosine 7’,5’-bisphos- 
phate and isolated several NADP-dependent dehydro- 
genases by development of the chromatogram with a 
gradient of NADP. Malic enzyme from animal sources 
was purified by affinity chromatography followed b) 
biospecific elution on .Y”-substituted 2’,5’-ADP- 
Sepharose 4B [1] and on X-substituted 2’,5’-ADP- 
Sepharose 4B [?I. In our experiments, starting from a 
plant bource. the biospecific elution of malic enzyme with 
either 2mM and IOmM NADP, or 2rnM and IOmM 
NADPH. led to lower yields (3X0”,,). Malic enzyme 
could be desorbed with higher recovery by adding to the 
buffer mM NADP and M NaCl. 

Nevertheless a small NAD-dependent MDH activity 
was still present. On the other hand. by using a 5’-AMP- 
Sepharose 4B column, which should be specific for 
isolation of NAD-dependent MDH. we obtained the 
same results. In this respect. MDH from grape berries 
behaved like cytoplasmic isoenzymes ofM DH from water- 
melon and pig heart [ 1 I 1. which were not fixed by 5’-AM P- 
Sepharose 4B. 

A bet-y strong interaction between malic enzyme and 
2’.5’-ADP-Sepharose 4B could bring about the partial 
immobilization of MDH in assoiiation with malic 
enzyme. The above behaviour could be explained by 
din‘erences in the conformation of the binding sites or bq 
structural changes of MDH preventing its immobilization 
on the 5’-AMP-ligand. The alternative hypothesis of two 
separate enzyme activities located on the same protein is 
in contrast Lvith the results ofgel-permeation showing the 
presence of two enzymes with different MW. 

Mature grapes. V’ir15 rin~feru cv Raboso, from a local vineyard. 

were washed. packed and \tored according to the procedure of 

ref. r12]. 

C’/wnic~n/\. NAD. NADP. malx acid. phenazine methosulfate. 

nitro blue tetrazolium uere purchased from Sigma: Bio-Gel A- 

1.5 m. acr)lamide and bis-xrylamide from Bio-Rad; 2’,5’-ADP- 

Sepharose 48 and .5’-AMP-Sepharose 4B ft-om Pharmacia: 

Coomaasie Brillsnt Blue R 250 and htandard enzymes from 

Serka. 

Aw~v ol <VIZ\ mew ~rw/ proreitr. Malic enzyme and MDH were 

evaluated by spectrophotometr) at 340nm and 35 of the 

reduced NADP and NAD respectibel). The asi)s were carried 

out on 0.2ml of enzyme extract in a reaction mixture (3ml) 

containing 0.1 ml of 4.9mM MgC12, 0.2 ml of 0.2 M K-L-malate. 

0.1 ml of 3.9mM NADP and 2.4ml of S mM TI-is-HCI pH 7.1, in 

the case of malic enz) me: 0.2 ml of 0.2 M K-L-malate. 0. I ml of 

4.5 tn M NAD and 2.5 ml of 50 mM Tris-HCI pH 9.5. in thecase of 

MDH. Protein i\as determined accol-ding to the method of 

ref. [l-11 using bovine >erum albumin as htandard. 

EU:ww /“rti/rctrriolr. The extraction procedure was as 

de&bed in ;L pre\lou\paper [7]. Solid (NHa)2SOIfiasadded to 

the crude c\tr;tct up to 90”,, cow. After stirring for I hr at 4 _ the 

ppt. ~a> collected b! centrifugation at 17OOOg for I5 min. 

dissolved in 80ml of 25mM Trih-HCI pH 7.1, IOmM M&I:. 

10 mM P-mercaptoethanol (standal-d bufrel-), and dialyzed 

overnight against 5 I. of the same but%. The dialqred win \\a5 

applied to a I x l5cm column containing l?ml of 2’.5’-ADP- 

Sepharose 4B equilibrated at 4 uith the bnmc burer. After 

washing with 70ml of standard buffer. malic enqme \\as eluted 

with 3Oml of 25 mM Tris-HC‘I pH 7.1. containing mM NADP 

and M NaCI. Fraction3 (2.2 ml) at 0.6 ml,min were collected and 

assayed for activity of both rnr!me\. The a&c fractions eluted 

from 3’.5’-ADP-Sepharobe 4B column were pooled. coned to a 

final \ol of (“1 4ml in an Amlcon ultrafiltration cell \lith Diaflo 

CM- IO membrane and applied to a I.6 x 7Ocm column of Bw- 

Gel A-1.5m. pre\lou\l! equilihl-ated at 4 with standard huli’cr. 

Fractions (1.X ml) at 0.36 ml min \+erecollected and \ubmitted to 

cnrymc assays. The MW of the purlfed enzymes \\as determined 

b] gel-permeation on Rio-Gel A- I.5 m. The follo\llng 

commerciall) availahlc cn/>mc\ \rere employed d\ standardh: 

myoglohin IMW 17 8001. albumin (M W 67000). alhaline 

phoaphatase ( M W I IOOOO). catal;w (M W 2400001 and ferr-ltln 

( M W 480 000 ). 

Elrc,t~o/‘ho~r\i\ In 5.5 “,, polyacr)lamide gel ~a5 carried out at 

3mA ‘tube. according to the method of I-cf. [I4 Gel, we!-e 
stalned for protein with Coomo~sir Brillant Blue R 350. and fol 

malic enzyme actlvitl b) the method of ref. jl5] with some 

modifications: ME’- instead of Mn‘+. and 75mM Tris-HCI pH 

7.4 instead of 0.1 M glycme. MDH activity was ah\a)ed in the 

same buffer pH 8.5 with NAD instead of NADP. Gel.\ used ab 

control were treated with HZ0 :rt 100 for IO min. 

A(,h,lol~,/~,dgc,,rro~r We thank Professor Ci. Fe]-rarl for his 

helpful advice. 
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