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ISOLATION AND PURIFICATION OF AN AMINOACYLASE FROM Aspergillus oryzae 

T. A. Solov'eva and V. M. Stepanov UDC 511.152.351 

An aminoacylase (EC 3.5.1.14) has been isolated from a surface culture of the 
fungus Aspergillus oryzae (amilorizin PIOX) with a 764-fold degree of purification, 
an activity yield of 32.7%, and a specific activity in relation to the hydrolysis 
of N-acetyl-D,L-methionine of 99.3 a.u./o.u. The scheme of the purification of 
the aminoacylase from Aspergillus oryzae includes: extraction at pH 6.7, precipita- 
tion with ammonium sulfate (30 and 80% saturation), gel filtration on Acrilex P-150 
(pH 7.5), ion-exchange chromatography on amino-Silochrom Cx-l,5 (mean pore radius 
790 ~); the sorption of the enzyme takes place at pH 6.2 and elution with 0.05 M 
borate buffer, pH 8.0; Ion-exchange chromatography on AH-Sepharose 4B at pH 8.0, 
with elution by a stepwise increase in the concentration of sodium chloride to 
0.25 M; and, finally, gel filtration on Sephadex G-200 (pH 8.0). According to the 
results of disk electrophoresis in 7.5% polyacrylamide gel in a Tris-glycine sys- 
tems of buffers with a separation pH of 8.9 in the presence of Co =+ ions (I0 -s M) 
of the Aspergillus oryzae aminoacylase, two components possessing enzymatic activ- 
ity were detected, with Rf 0.53 (major component) and Rf 0.63 (minor component). 

The use of an enzyme hydrolyzing acyl-L-(amino acids) -- aminoacylase (EC 3.5.1.14) -- 
for the separation of amino acid racemates obtained synthetically into their optical anti- 
podes is well known. Until recently, the asymmetric hydrolysis of various N-acetyl deriva- 
tives of amino acids was carried out with the aid of aminoacylase of animal origin [i]. 

A partially purified aminoacylase of microbial origin was first obtained from the 
mycelium from a mold fungus, strain No. 9 of Aspergillus oryzae [2]. The possibility was 
shown of using the Aspergillus oryzaeaminoacylase for the continuous separation of N-acetyl- 
D,L-(amino acid)s [3, 4]. Recently, it has been possible to obtain an aminoacyiase from a 
commercial preparation of Aspergillus oryzae which is homogeneous according to electrophoresis 
in polyacrylamide gel [5]. The purification of the enzyme included the thermal treatment of 
the intiial preparation, subsequent precipitation with 5% polyethyleneimine and ammonium sul- 
fate, gel filtration on Sephadex G-150, and preparative disk electrophoresis. A 201-fo!d 
purification was achieved with a yield of 14%. 

We have previously obtained an aminoacylase from a surface culture of Aspergillus oryzae 
(amilorizin PIOX) by the extraction of the initial preparation at pH 8.0, precipitation with 
ammonium sulfate (80% saturation), ion-exchange chromatography on DEAE- and ECTEOLA-celluioses, 
gel filtration on Sephadex G-200, and affinity chromatography. The specific activity of the 
preparation rose by a factor of 800, amounting to 36.5~mole of L-methionine/mg/min (N-acetyl- 
D,L-methionine was used as the substrate. We have studied some physicochemical properties 
of the enzyme preparation obtained: action pH optimum, dependence of the stability on the pH, 
dependence of the activity of the enzyme on the concentration of Co =+ ions, substrate specific- 
ity [6]. 

In the production of a highly purified preparation of the aminoacylase, we came up against 
a number of difficulties connected with the fact that a surface culture of Aspergillus oryzae 
contains, in addition to a multiplicity of pigments and a large number of products of the 
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TABLE I. 
of the Fungus Aspergillus oryzae 

Isolation of the Aminoacylase from a Surface Culture 

Stage of purifi- 
cation 

Protein, Specific 
activity. 

o.u. (E2~ 0) a.u./o.u. 

55100 0,13 

4945 1,24 

830 8.2 

83 5 32.80 

238 99,30 

Total [Degree of 
~c tiv- I purification 
lty, a.u. itimes 

7160 1 

6130 9 5  

5~70 63 

2700 248 

2340 764 

Activity 
yield, % 

100 

Extraction of the ini- 
t ial  preparation in 
0.2 M buffer 

Precipitation with 
ammonium sulfate 
(30 and 80% satu- 
ration) 

Gel filtration on 
Aertlex P-150 

Chromatography on 
amino-Szloeh~orn 
Cx-l.5 

Chromatography on 
AH-Sep~arose 4B 

I 

85.6 

72 

37,7 

32,7 

vital activity of the organisms, enzymes hydrolyzing the matrices of ion-exchange materials 
based on cellulose-- Sephadex and Sepharose-- cellulases and dextranases. This circumstance 
formed the basis for the development of a more convenient method of isolating the aminoacylase 
of microbial origin, and it is to this to which'the present communication is devoted. 

The scheme of the isolation of the aminoacylase from a surface culture of Aspergillu8 
oryzae includes extraction, precipitation with ammonium sulfate at 30% and 80% saturation, gel 
gel filtration on Acrilex P-150, ion-exchange chromatography on amino-Silochrom and AH-Sepha- 
rose 4B and gel filtration on Sephadex G-200 (Table i). 

An extract of the initial preparation was precipitated with ammonium sulfate (30% satura- 
tion), which enabled it to be freed from a number of impurities, and then the enzyme was iso- 
lated from the supernatant liquid by precipitation with ammonium sulfate at 80% saturation. 
The fractionation by ammonium sulfate prevented the development of microorganisms which con- 
siderably complicates the subsequent purification of the enzyme. Pigments were separated by 
gel filtration on Acrilex P-150, the polyacrylamide matrix of which is resistant to the ac- 
tion of cellulases and dextranases. The resulting solution of aminoacylase was chromatographed 
on amino-Silochrom Cx-l,5 -- an anion-exchange material based on macroporous silica the matrix 
of which is also resistant to the action of carbohydrases and microorganisms, The optimum 
pH for the binding of the acylase to the amino-Silochrom was 6.2, Under these conditions, 
more than 80% of the impurity proteins were not retained by the anion-exchanger and issued 
from the column when it was washed with a buffer solution at pH 6.2 (Fig. i). The enzyme 
was eluted with 0.05 M borate buffer, pH 8.0. The two subsequent stages of the purification 
of the aminoacylase -- gel filtration on Acrilex P-150 and chromatography on amlno,Silochrom 
Cx-l.5 -- enabled not only the bulk of the pigments and impurity proteins but also the carbo- 
hydrases to be eliminated, which permitted the subsequent use of the usual methods of protein 
chemistry. In the following stage, the purification of the aminoacylase was carried out by 
chromatography on AH-Sepharose 4B. The adsorption of the aminoacylase was carried out in 
0.05 M borate buffer, pH 8,0 (Fig. 2). An additional elimination of impurity proteins was 
performed by stepwise elution with a gradual increase in the ionic strength of the eluent, 
The washing of the column of AH-Sepharose 4B with a 0.12 M solution of NaCI, pH 8.0, permitted 
the elimination of small amounts of pigment still retained in the preparation, The amino- 
acylase began to be desorbed by a 0.19 M solution of NaCI, but the bulk of the enzyme was 
eluted by 0.25 M NaCI in 0.05 M borate buffer, pH 8.0 (Fig. 2), The concluding stage of 
the purification of the Aspergillu8 oryzae aminoacylase (with simultaneous desalting) was 
gel filtration on Sephadex G-200 (Fig. 3). 

The proposed scheme for the isolation of an aminoacylase from a surface culture of 
Aspergillu8 oryzae permitted a 764-fold purification of the enzyme with an activity yield 
of 32% and the achievement of a specific activity of 99.3 a.u./o.u. (Table i). The disk 
electrophoresis in 7.5% polyacrylamide gel, pH 8.9, of the preparation obtained showed two 
protein bands possessing activity in the hydrolysis of N-acetyl-D,L-methionine: a major com- 
ponent with Rf 0.53, and a minor component with Rf 0.63 (Fig. 4). 
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Fig. i. Chromatography of the Aspergillus oryzae aminoacylase 
on amino-Silochrom Cx-l,5. Column 6 × 8 cm, 4945 o.u. of amino- 
acylase with a specific activity of 1.24 a.u/o.u,, 0,i M potas- 
sium phosphate-borate buffer, pH 6.2. The arrow shows the 
beginning of the elution of the enzyme by 0.05 M borate buffer, 
pH 8.0. The hatched peak contains the active protein. 

Fig. 2. Chromatography of the Aspergillu8 oryzae aminoacylase 
on AH-Sepharose 4B. Column 2.5 × i0 cm, 470 ml of aminoacylase, 
630 o.u., with a specific activity of 8.2 a.u./o.u., 0.05 M 
borate buffer, pH 8.0. The arrows denote a stepwise increase 
in the concentration of sodium chloride: !) 0.12 M; 2) 0.14 M; 
3) 0.15 M; 4) 0.18 M; 5) 0.19 M; 6) 0.25 M. The hatched peak 
contains the active protein. 

EXPERIMENTAL 

In the experiments, a surface culture of the fungus Aspergillu8 oryzae -- amilorizin 
PIOX-- was used as the initial enzyme preparation. We also used Silochrom of type 1.5 (0.8- 
0.15 fraction) with a mean pore radius of 790 ~, y-aminopropyltriethoxysilane from Reakhim 
(USSR), N-acetyl-D,L-methionine (GFR), Acrilex P-150 from Reanal (Hungary), AH-Sepharose 4B 
and Sephadex G-200 (Sweden), and a PMR-30 ultramembrane (Holland). 

Preparation of Amino-Silochrom, Silochrom Cx-l,5 was added to 750 ml of a 5% solution 
of y-aminopropyltriethoxysilane in toluene, and the mixture was carefully stirred. Then it 
was heated in a glycerol bath (IIOQC) under reflux for 12 h with stirring every 30 min. The 
excess of y-aminopropyltriethoxysilane was eliminated by washing the amino-Silochrom succes- 
sively with toluene (2 liters), acetone (2 liters), distilled water (2 liters), i M HCI (i 
liter), and distilled water until chloride ions had been eliminated (check with AgNO3). The 
preparation was dried at 70°C. The capacity of the dry preparation of amino-Silochrom obtained 
was 0.95 meq/g [7J. 

The aminoacylase activity was determined from the hydrolysis of N-acetyl-D,L-methionine 
as standard substrate (I). A mixture containing 0.2 ml of a 0,i M solution of N-acetyl-D,L- 
methionine, pH 8.0, 0.2 ml of a 5.10 -~ M solution of Co 2+, pH 8.0, 0.5 ml of a 0.05 M borate 
buffer, pH 8.0, and 0.i ml of a solution of the enzyme was kept at 37°C for 30 min, The 
reaction was stopped by the addition of i ml of a 2% solution of ninhydrin in methylcellosolve 
and 2.10 -3 M stannous chloride in I M acetate buffer, pH 5.0, and the mixture was carefully 
stirred, kept at 100°C for 15 min, treated with 5 ml of 60% ethanol, and stirred again, and 
its optical density was measured at 750 nm. In a control sample, the enzyme was added after 
the ninhydrin solution had been added to the reaction mixture. The ninhydrin solution was 
considered suitable for use when the color of a mixture of i ml of the ninhydrin solution 
and i ml of a standard solution of L-norleucine (with a concentration of 0.5 uM of the amino 
acid in i ml of 0.05 M borate buffer, pH 8.0), after being kept at 100°C for 15 min and after 
the addition of 5 ml of 60% ethanol to the mixture gave an absorption of 1.0 at 750 nm. As 
the activity unit (a.u.) we took the amount of enzyme which, under standard conditions, gave 
an increase of 1.0 at 750 nm in i min. The specific activity was calculated as a.u/ml: 
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Fig. 3. Gel filtration of the Aspergillus 
oryzae aminoacylase on Sephadex G-200. 
Column 5 × i00 cm, 28 ml of enzyme, 27 o.u. 
with a specific activity of 43.3 a.u./o.u., 
0.5 M borate buffer, pH 8.0. The fraction 
indicated contains the active protein. 
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Fig. 4. Disk electrophoresis of 
purified Aspergillus oryzae amino- 
acylase in polyacrylamlde gel: a) 
staining of the gel with Coomassie 
Blue (20 pg of the enzyme was used 
in the experiment); b) determination 
of activity with N-acetyl-D,L-methi- 
onine as substrate. 

E=eo : a.u./o.u., where a.u./ml is the number of activity units in i ml of the enzyme solu- 
tion, and E=8o is the optical density at 280 nm of the solution of the enzyme added to the 
reaction mixture, a.u./o.u, being activity units/optical units. 

Isolation of the Aminoacylase from a Surface Culture of the Fungus Asp. o~zae. A sus- 
pension of llO g of amilorizin PIOX in 500 ml of 0.2 M borax (pH of the mixture 6.7) was 
stirred at 4°C for 19 h. The solid matter was separated off by centrifugation and discarded. 
The extract obtained, with a specific activity of 0.13 a.u./o.u, was treated with ammonium 
sulfate to 30% saturation, the pH being maintained at about 7.0 by the addition, with stirring, 
of a 2 M solution of NaOH. After 20 h at 4°C, the precipitate was separated off by centrlfuga- 
tion and was dissolved in 240 ml of 0.05 M borate buffer, pH 7.5. With the same buffer, 60 
ml of this solution was made up to i00 ml and was deposited at the rate of 65 ml/h on a column 
(5 × i00 cm) of Acrilex P-150 which was equilibrated and washed with the same buffer, Frac- 
tions containing enzymatic activity were combined, diluted with an equal volume of 0.i M 
potassium phosphate-borate buffer, pH 6.1, to give a final pH of 6.2-6.3, and deposited on a 
column (6 × 8 cm) of amino Silochrom Cx-l.5 equilibrated with 0.i M potassium phosphate-borate 
buffer, pH 6.2. The column was washed with the same buffer until the absorption in the eluate 
was 0.i. The aminoacylase was eluted with 0.05 M borate buffer, pH 8.0. The column contain- 
ing the amino-Silochrom was regenerated with a i M solution of HC1 and was then washed with 
water to a weakly acidic reaction. Where experiments were performed on a new batch of amino- 
Silochrom Cx-l.5, for the maximum desorption of the enzyme, in addition to raising the pH, 
it was necessary to increase the ionic strength of the eluting solution: for the first experi- 
ment, I M NaCI with pH 8.0, and for the second 0.15 M NaCI with pH 8.0; the desorption of the 
active protein in the subsequent experiments, as in the case under consideration, was achieved 
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wt~h g 0,05 M borate  buf~o~, pX 8 , 0 ,  The a c t i v e  ~ a c ~ i o n  obtained by chvoma~oS~aphy on ~h~ 
amino-Si lochrome ~ 470 ml = wam dapoai=ad on g column (2 ,~  ~ lO cm) o~ A~-$gphg~oaa 4~ aqut!~ 
ibra~ed wi~h 0.05 M horace buffer, pH 8,0, Solutions con~aininS 0,12, 0,I~, 0,15, and 0,18 
M N&CI in ~he ,&me buffer were pane4 ~hroush ~h~ column mucce~aivaly ~o elude ~he impurity 
pro~eing, The enJ~mo was elu=ed wi~h 0.19 &nd 0,25 M ,olu~ion~ of NaCI in 0,05 M borg~e 
buffer, p~ 8,0, Thi| save 83,5 o.u, of an en~e wi~h g m~n ,p~ci~ic a~ivi~y o~ 32,~ sou, 
g,u,/o,u, The column =on~alnins ~he A~-Sephgroee ~B was resene~aCe~ wi~h a i M solution o~ 
NaCI in 0,05 M bora~e buffer, p~ 8,0, The active fraction ob~aine~ by ch~oma~oSraphy on AH- 
Sepharo.e 4B was concen~ra=e~ on a PM-30 ultramembrano a~ 1,5 a~m to 50 ml. The concentrate 
of aminoacylase (in approximately 25-mi portion~) was ~epo.i=ed on a column (5 ~ i00 cm) of 
Sephadex G-200 (superfine) equilibrated with 0.05 M borate buffer, pH 8.0, a~ the rate of 
15 ml/h. The enzyme was eluted by the same buffer. This gave 23 o,u, of an aminoacylase 
with a mean specific activity of 99.6 a.u,/o.u. The solution of enzyme obtained was stored 
at 4eC. All the operations were performed at this temperature. 

Disk electrophoresis in 7.5% polyacrylamide gel was carried out in the Tris-glycine sys- 
tem of buffers with a separation pH of 8.9 [8] in the presence of Co ~+ ions at a final con- 
centration of l0 -s M for 1.5 h with a current strength of 3 mA per tube. The experiment 
was termined when the marker - Bromophenol Blue - was approximately 3 mm from the lower end 
of the gel. The Rf value of the protein was measured relative to the marker. To determine 
the activity of the aminoacylase, the column of gel (after the end of electrophoresis) was 
extracted from the tube, washed twice with 0.05 M borate buffer, pH 8.0 (to eliminate glycine), 
and cut lengthways into two halves, one of which was stained with a 0.5% solution of Coomasie 
Blue in 3.5% perchloric acid [9] for 15 min, the excess of dye being eliminated with 7.5% 
acetic acid. The other hald of the gel was cut into segments each 1.5 mm long. The segments 
of the gel were placed in numbered test-tubes and were washed three times with 0.05 M borate 
buffer, pH 8,0. The inner walls of the test-tubes were dried with strips of filter paper, 
and then 0.6 ml of 0.05 M borate buffer, pH 8.0, 0.2 ml of 5.10 -~ M solution of Co =+, and 
0.2 ml of 0.1 M N-acetyl-D,L-methionine were added to each tube and they were kept at 37~C 
for 2 h, after which the gel segments were extracted, and the reaction with ninhydrin was 
performed in the test-tubes as described above. 

SUMMARY 

A schema for the isolation of an aminoacylase from a surface culture of the mold fungus 
AspergiZZus oryzae has been worked out. Gel filtration on Acrilex P-150, ion-exchange chroma- 
tography on amino-Silochrome Cx-l.5 and on AH-Sepharose 4B, and gel filtration on Sephadex 
G-200 have given the aminoacylase with an activity yield of 32.7%, a degree of purification 
of 764-fold, and a specific activity of 99.3 a.u./o.u. Disk electrophoresis in polyacryl- 
amide gel has shown the presence of two components of the enzyme possessing enzymatic activity, 
with Rf 0.53 (major component) and Rf 0.63 (minor component). 
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