
ACTION OF THE TP~NSFERASE ACTIVITY OF PHOSPHOLIPASE D 

ON RAT LIVER MITOCHONDRIA 

Zo S. Evtushenko and T° V. Vlasenko UDC 577.154.52+577.153.1 

The action of phospholipase D on rat liver mitochondria in the presence of methanol, 
glycerol, and ethanolamine has been studied. The phospholipid compositions of the 
modified and native mitochondria have been determined. Incubation of the mitochon- 
dria with phospholipase D led to a considerable decrease in the activities of cyto- 
chrome c oxidase and NADH-cytochrome reductase. 

A considerable number of enzymes and enzyme systems function only in the presence of 
phospholipids. Such lipid-dependent enzymes change their activity under the influence both 
of individual phospholipids (phosphatidylcholine, phosphatidylethanolamine, etc.) and of in- 
dividual components of the phospholipids (fatty acids, lyso derivatives). The action of dif- 
ferent phospholipases is most frequently used to investigate the influence of phospholipids 
"on enzymatic activity [1-3]. It has been established that many enzyme systems of mitochon- 
dria are lipid-dependent, and a change in phospholipid composition considerably affects the 
activities of cytochrome c oxidase, succinate-cytochrome c reductase, and NADH-cytochrome c 
reductase [4-6]. In all the investigations use was made of hydrolytic phospholipases remov- 
ing from phospholipid molecules either the polar bases under the action of phospholipases C 
and D or fatty acids from position 2 Of glycerol under the action of phospholipase A2. 

The reactivation by various phospholipids of cytochrome c isolated without lipids showec 
a clear dependence of the increase of the activity of the enzyme on the addition of many 
phospholipids, particularly cardiolipin [7]. The aim of our work was to investigate the ef- 
fect of a change in the phospholipid composition of mitochrondria under the action of the 
transferase activity of phospholipase D on the cytochrome c oxidase and the NADH-cytochrome c 

reductase activities of rat liver mitochondria. 

The change in the phospholipid composition of the mitochondria under the action on them 
of phospho!ipase D in the presence of a donor capable of replacing the alcohol residue of 
phosphoglycerol is shown in Table i. The treatment of the mitochondria was carried out in 
0.05 M Tris-HCl buffer,'pH 7.5, under the conditions most favorable for the retention of the 
native state of the mitochondria and not the optimum conditions for the action of the phos- 
pholipase Do When a suspension of mitochondria was diluted tenfold with 0.05 M Tris-HCl buf- 
fer, pH 7.5, the concentrations of lysophosphatidylcholine and of lysophosphatidylethanol- 
amine increased, which is connected with a marked increase in the activity of the endogenous 
phospholipase A of the mitochondria, the activity of which is fairly high [8]. 

In the presence of methanol, phospholipase D appreciably changed the phospholipid com- 
position of the motochondria. The amount of phosphatidylcholine fell sharply and the concen- 
tration of phosphatidylmethanol rose, this being particularly appreciable under the action 
of phospholipase D with methanol in the presence of 5 ~M of calcium. The presence of glyc- 
erol in the incubation medium led to greater hydrolysis of the phosphatidylethanolamine than 
of the phosphatidylcholine, and the concentration of lysophosphatidylethanolamine rose 
sharply while the formation of phosphatidylglycerol was slight -- 2.8-4.1% of the total amoun 
of phospholipids. The results of the action of phospholipase D on the phospholipid composi- 
tion of mitochondria in the presence of ethanolamine are difficult to interpret, since the 
formation of phosphatidylethanolamine by base substitution is superposed on the hydrolysis 
of the mitochondrial phosphatidylethanolamine by the endogenous phospholipase, as is con- 
firmed by the high concentration of lysophosphatidylethanolamine, particularly under the ac- 

tion of the enzyme in the presence of calcium. 
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We give the results on the activities of cytochrome c oxidase and NADH-cytochrome c re- 
ductase in rat liver mitochondria treated with phospholipase D (cytochrome c oxidase: ~mole 
of cytochrome c oxidized/min/mg of protein, NADH-cytochrome c reductase: ~mole of cytochrome 
c reduced/min/mg of protein); 

Treatment of the Cytochrome NADH-cytochrome 
mitochondria c oxidase c reductase 

0.05 M Tris-HCl buffer, pH 7.5 
Native mitochondria 33.9 98.5 
Mitochondria in 0.05 M tris HCI buf- 

fer, pH 7.5 26.5 91.9 
Mitochondria + phospholipase D + 10% 

methanol 23.0 97.5 
Mitochondria + phospholipase D + 10% 

methanol + 5 ~M Ca + 17.5 73.2 
Mitochondria + phospho!ipase D + 10% 

glycerol 23.7 
Mitochondria + phospholipase D + 10% 

glycerol + 5 ~M Ca 2+ 26.9 

0.02 M Acetate buffer, pH 6.0 
Native mitochondria 29.3 75.0 
Mitochondria in 0.02 M acetate buffer, 

pH 6.0 38.2 41.2 
Mitochondria + phospholipase D + 10% 

methanol 29.3 12.0 
Mitochondria + phospholipase D + 10% 

methanol + 5 ~M Ca 2+ ~ 17.7 12.7 
Mitochondria + phospholipase D + 10% 

glycerol 15.2 23.6 
Mitochondria + phospholipase D + 10% 

glycerol + 5 DM Ca 2+ 18.7 22.1 

~qe activities of the cytochrome c oxidase and the NADH-cytochrome c reductase decreased 
when the mitochondria were added to 0.05 M Tris-HCl buffer and the conditions were created 
for the working of the endogenous phospholipases. A change in the phospholipid composition 
of the mitochondria did not lead to an appreciable loss of activity of the enzymes and this 
remained, particularly in the presence of glycerol, the same as in the manifestation of the 
working of the inherent phospholipases A of the mitochondria. However, the appearance in the 
mitochondria of phosphatidylmethanol, a phospholipid not characteristic of mitochondria, 
lowered the activity of the cytochrome c oxidase more considerable, while the activity of the 
NADH-cytochrome c reductase scarcely changed in comparison with a native preparation of mito- 

chondria. 

It is known that the activity of cytochrome c oxidase from ox heart mitochondria depends 
on the amount of phospholipids in the following sequence: phosphatidylethanolamine > cardio- 
lipin > phosphatidyicholine [9]. The treatment of mitochondria with phospholipase D in 0.02 
M acetate buffer, pH 6.0, under conditions more favorable for the action of phospholipase D 
led to a more considerable formation of phosphatidylmethanol in the reaction with methanol 
and of phosphatidylglycerol in the reaction with glycerol than at pH 7.5 (Table 2). In this 
case, as well, the amount of lyso derivatives was fairly considerable, particularly that of 
lysophosphatidylethanolamine, and it reached 21% of the total amount of phospholipids on the 
reaction of phsopholipase D in the presence of glycerol and calcium. Such marked changes in 
phospholipid composition strongly affect the activities of cytochrome c oxidase and NADH-cy- 
tochrome c reductase. The activity of the NADH-cytochrome c reductase fell sharply, particu- 
larly on treatment with phospholipase D in the presence of methanol; the formation of 22-24% 
of phosphatidylmethanol lowered the activity 3.5-fold in comparison with the activity of the 
enzyme in mitochondria in acetate buffer. The formation of phosphatidylglycerol and a large 
amount of lysophosphatidylethanolamine in mitochondria on the reaction of phospho!ipase D in 
the presence of glycerol also decreased the activities both of cytochrome c oxidase and of 
NADH-cytochrome c reductase. The more considerable fall in the activities of the enzymes on 
incubation with phospholipase D at H 6.0 is due mainly to the greater change in the phospho- 
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lipid composition of the mitochondria. Thus, the activity of cytochrome c oxidase, which is 
increased in 0.02 M acetate buffer, pH 6.0, without the addition of phospholipase D as com- 
pared with the native mitochondria, fell when the mitochondria were treated with phospholip- 
ase D in the presence of 10% of glycerol. The sensitivity of NADH-cytochrome c reductase to 
a change in the lipid composition was higher, its activity in acetate buffer amounting to 
half of the activity in the native mitochondria and 1/3 of the initial activity when the 
mitochondria were treated with phospholipase D in acetate buffer in the presence of glycerol 
and calcium. 

~en cytochrome c oxidase from ox heart mitochondria that had been freed from lipids 
was reactivated with synthetic phospho!ipids it was found [7] that the greatest activating 
capacity was possessed by lysophosphatidylcholine with oleic or palmitic fatty acids, by di- 
palmitoylphosphorylcholine, and by lysooleoylphosphatidic acid° The heterogeneity of the 
phospholipid composition in our experiments did not enable us to find such a clear situation 
with regard to activation or inhibition by individual phospholipids of the activities of the 
enzymes of the mitochondria, but having analyzed our results we can make the following ob- 
servations: 

i) the dilution of a native preparation of mitochondria with Tris-HCl buffer, pH 7.5, 
or acetate buffer, pH 6.0, considerably changes the phospholipid composition because of the 
activation of endogenous phospholipases; 

2) the incubation of mitochondria with phospholipase D in the presence of methanol, 
glycerol, and ethanolamine causes a marked change in the phospholipid composition of the 
mitochondria, leading to the formation of phospholipids foreign to the mitochondria -- phos- 
phatodylmethanol, phosphatidylglycerol, and high concentrations of lysophosphatidylethanol- 
amine; and 

3) the incubation of the mitochondria with phospholipase D considerably changes the ac- 
tivities of the cytochrome c oxidase and NADH-cytochr0me c reductase. A greater change in 
the phospholipid composition corresponds to a more considerable decrease in the activity of 
the mitochondrial enzymes. 

The method of changing the phosphoiipid composition of mitochondria that we have used 
is one more example of the use of transferase activity of phospholipase D for modifying mem- 
brane phospholipids. Gercken and Witt [I0] have used phospho!ipase D (transferase activity) 
to modify the phospholipid composition of erthyrocyte ghosts and have established a depen- 
dence of the change in the activity of ATPase on the phospholipid composition of membranes. 

EXPERIMENTAL 

The rat liver mitochondria were isolated by the method of Johnson and Lardy [ii] and 
phospholipase D was isolated from cabbage leaves by the method of Davidson and Long [12]. 
The cytochrome c oxidase activity was determined by the method of Wharton and Tzagoloff [13] 
and the NADH-cytochrome c reductase activity by the Fleishers' method [14]. The quantitative 
analysis of the phospholipids was carried out after two-dimensional chromatography by Vas- 

kovsky's method [15]. 

Treatment of the Membranes with Phospho!ipase D. A mixture was made of 0.i ml of a 
suspension of mitochondria (7.2 mg of protein/ml) in 0.05 M Tris-HCl-~.25 M sucrose-0.001 M 
EDTA solution; 0.16 ml of a solution of phospholipase D in 0.05 M Tris-HCl buffer, pH 7.5, 
or in 0.02 M acetate buffer, pH 6.0; 0.24 ml of the corresponding buffer; and 10% of the 
total volume of methanol, glycerol, or ethanolamine. Incubation was carried out at 23=C for 
30 min. The mitochondria were separated by centrifugation at I0,000 rpm for i0 min, the de- 
posit was washed with 0~05 M Tris-HCI-O.25 M sucrose--0.001 M EDTA solution, and was recen- 
trifuged under the same conditions, and the mitochondria were then suspended in 1.0 ml of 
solution for the isolation and storage of the mitochondria. The phospholipids were extracted 
with chloroform-ethanol (2:1) and aliquots of the chloroform layer were deposited on a chro- 
matographic plate. Protein was determined by Lowry's method [16] using serum albumin as 

standard. 

SU~fl~ARY 

The endogenous phospholipases of mitochondria are activated in tris-HCl or acetate buf- 
fer, which leads to the formation of 2-3% of lyso derivatives of phospholipids. The incuba- 
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tion of mitochondria with phospholipase D in the presence of methanol, glycerol, or ethanol- 
amine changes the phospholipid composition of the mitochondria and leads to the formation of 
phosphatidylmethanol, phosphatidylglycerol, and high concentrations of lysophosphatidyleth- 
anolamine. The incubation of mitochondria with phospholipase D causes mainly a considerable 
decrease in the activities of cytochrome c oxidase and NADH-cytochrome c reductase. 
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ISOLATION AND CHARACTERIZATION OF AN L-AMINO ACID 

ACYLASE FROM Aspergillus oryzae 

M. K. Malinka, V. M. Stepanov, 
and L. S. Lobareva 

UDC 577.154.52 

A scheme of isolating a highly purified L-amino acylase from Aspergillus oryzae is 
described which excludes extraction of the enzyme from the preparation "Ami!orizin," 
fractionation with ethanol, chromatography on DEAE-cellulose, and gel filtration 
through Sephadex G-200 and Bio-Gel P-300. The enzyme, as purified 1240-fold, has 
a molecular weight of 118,000, apparently consists of two subunits with a molecular 
weight of 60,000, is stable in the pH range of 7-10 and has an optimum pH of 8.9 
and a pI of 4.0. Its amino acid composition has been determined and its substrate 
specificity has been studied. The acylase is a metalloenzyme: Co =+ ions in con- 
centrations of I0-~-5.10 -s M increase the rate of hydrolysis of N-acetyl-L-amino 
acids three- to fourfold. It shows differences in its molecular and functional 
properties from acylase I obtained from porcine kidney. 

L-Amino acid acylase (E.C. 3.5.1.14) hydrolyses the amide bonds of N-acetyl-L-amino 
acids. This enzyme has been detected in various microorganisms -- fungi, bacteria, and 
yeasts [i, 2], The acylases of microscopic fungi are used for the isolation of L-amino acids 
from the racemates obtained by chemical synthesis. Unpurified or partially purified prepar- 
ations of Aspergillus oryzae are used for this purpose [3-5]. However, hitherto there has 
been no information on the properties of pure acylases of microscopic fungi. The purifica- 
tion of fungal acylases is made difficult by the fact that the initial preparations contain 
a multiplicity of other proteins, enzymes, and pigments. For example, a surface culture of 
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