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Purification of arginase from Aspergillus nidulans*
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Arginase (EC 3.5.3.1) of Aspergillus nidulans, the enzyme which enables the fungus
to use arginine as the sole nitrogen source was purified to homogeneity. Molecular
mass of the purified arginase subunit is 40 kDa and is similar to that reported for the
Neurospora crassa (38.3 kDa) and Saccharomyces cerevisiae (39 kDa) enzymes. The
native molecular mass of arginase is 125 kDa. The subunit/native molecular mass ratio

suggests a trimeric form of the protein.

The arginase protein was cleaved and partially sequenced. Two out of the six
polypeptides sequenced show a high degree of homology to conserved domains in

arginases from other species.

Arginase (arginine amidinohydrolase, EC
3.5.3.1) catalyses hydrolysis of arginine to orni-
thine and urea. There are two arginase isoenzy-
mes in ureotelic organisms. The liver enzyme
participates in the urea cycle and the kidney
enzyme probably enables the organism to use
arginine as a source of proline or glutamate [1].

In storage tissues of numerous plants, ar-
ginine constitutes a large part of the nitrogen
reserve. Arginase enables its use as a carbon
and nitrogen source during germination
(seeds) or sprouting (tubers or bulbs) [2].

In lower organisms, such as yeasts and
filamentous fungi, arginase enables the use of
arginine as a nitrogen source. In A. nidulans
exogenousarginine causes a several fold induc-
tion of arginase. Homoarginine, citrulline, ca-
navanine and lysine can also act as arginase

inducers [3]. Kinetic studies showed that the
induction of arginase in A. nidulans was de-
pendent on synthesis of mRNA and its sub-
sequent translation. The functional half-life of
arginase mRNA was estimated to be 2.7 min [4].

Here we report the purification and partial
characterisation of the A. nidulans arginase. (A
preliminary report of this work has appeared
[51)

MATERTALS AND METHODS

The arginase from A. nidulans was purified as
follows:
—1, Crude extract. Mycelium of the gmhﬁ , pa-
baA9, biA1l strain was grown at 30°C in mini-
mal medium supplemented with proline, PA-
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Bﬁi, biotin [6] and 10 mM arginine as the sole
nitrogen source. Under these conditions we
observed 15-fold induction of arginase above
the basal level. About 100 g of mycelium was
ground in a mortar with glass powder and
buffer A containing 50 mM Tris/HCI, pH 7.5,
20 mM arginine, 1 mM EDTA, 1 mM 2-met-
captoethanol, 1 mM PMSF and 5 mM MnCl2
(15 ml per 100 g of mycelia). The crude extract
was obtained by centrifugation at 8000 x g for
20 min at 4°C.

—2. Heat treatment. The crude extract was di-
vided into 3 ml aliquots and heated for 10 min
at 50°C. The solution was immediately cooled
on ice for 20 min and denatured proteins were
removed by centrifugation at 8000 x g for 15
min at 4°C.

=3, Ammonium sulfate precipitation. The solu-
tion from step 2 was diluted with 2 volumes
of buffer A and solid (NH4)2504 was added
to 0.5 (w/v) saturation. The solution was stir-
red for 30 min at 0°C. The precipitated pro-
teins were removed by centrifugation at 8000

. % g for 15 min at 4°C. To the supernatant solid
(NH4)2504 was added to 0.6 (w/v) saturation
and stirred again for 30 min at 0°C. After
centrifugation at 8000 x g for 15 min at 4°C,
the pellet was resuspended in 1 ml of buffer B
containing 40 mM Tris/HCI, pH 7.5, 1 mM
EDTA, 1 mM 2-mercaptoethanol, 0.1 mM
PMSF and 20% (v/v) glycerol. The resuspen-
ded precipitate was stored at-20°C. Steps 1-3
were repeated until a total of about 400 mg of
protein was obtained.

—4. Bio-Gel P-60 gel filtration. Combined ma-
terial from step 3 (32 ml) was desalted and
purified from proteins smaller than 60 kDa on
a Bio-Gel P-60 column (100-200 mesh). The
material was applied at 4°C to a 2.6 cm x 50
e¢m column equilibrated with buffer B. Pro-
teins were eluted with the same buffer.

—5. DEAE-cellulose salt gradient chromato-
graphy. The enzymatically active fractions
from step 4 were applied at 4°C to the 1.6 cm
% 30 em DE-52 (Whatman) column equilibra-
ted with buffer B. The column was washed
with 30 ml of buffer B containing 0.05 M KCL
Arginase was eluted with 400 ml of a 0.05-0.3
M KCl linear gradient in buffer B.

—6. Extraction from polyacrylamide gels. The
enzymatically active fractions from step 5
were loaded on polyacrylamide gels (4.5%
w/v stacking gel and 6% w/v resolving gel)

containing 20% glycerol (v/v) under non-de-
naturing conditions [7] and subjected to elec-
trophoresis. Gel pieces containing a single
protein band were extracted by overnight in-
cubation with buffer B. Acrylamide was re-
moved by centrifugation and the sample
containing arginase was identified by the en-
zymatic reaction. After elution, the samples
were concentrated on membrane cones Cen-
triflo CF25 (Amicon).

During the whole purification procedure pro-
tein was assayed according to Bradford {8] and
arginase by the procedure of Bartnik [9].

The purified arginase was digested and par-
tially sequenced as follows:

— A. Protein digestion, Protein (1 nmole) was
digested overnight at 37°C by 1 pg of endo-
proteinase Asp N (Boehringer Mannheim) in
10 mM Tris/HCI buffer, pH 7.8.

- B. Peptide purification. A140B Solvent deli-
very system (ABI Foster City) was used for
separation of peptides which were then detec-
ted using a photo diode array detector (990
Waters). They were separated on a C8 RP300
reverse phase (ABI) column (2.1 mm x 22 e¢m).
Column was elutad by a linear gradient of
acetonitrile (1%—80% ) for 70 min, at a flow-
rate of 200 pl/min.

— C. Peptide sequencing. Peptides were sequen-
ced in a 470 A gas-liquid protein sequencer
(ABI). Phenylthiohydantoin derivatives of
amino acids were analysed on a 120A PTH
analyser (ABI).

RESULTS AND DISCUSSION

Salt gradient chromatography of arginase on

. DEAE-cellulose is presented in Fig. 1.

Purification of arginase is summarized in
Table 1 and illustrated in Fig. 2. Arginase of A.
nidulans was purified to homogeneity. Yield of
purification is very low (0.1%). The aim of ex-
periment was to obtain the protein as pure as
possible. Because of that we used only one of
the most active fractions after the DEAE-cellu-
lose chromatography for the further gel extrac-
tion.

The sequence of six sequenced arginase poly-
peptides is presented in Fig. 3.

Molecular mass of the purified arginase sub-
unit determined by SDS-polyacrylamide gel
electrophoresis (Fig. 4) is 40 kDa. It is similar to
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protein (mg/fml)
yrea produced (mmole/ml)

I vy 2! 31 401 51 680 M1
fraction number

Fig. 1. DE-52 salt gradient chromatography.

- -= Arginase activity assayed as reported by Bartnik [9];
—, protein content assayed as reported by Bradford [8]
The arrow marks the beginning of the 0.05-03 M KCl
linear gradient,

that reported for N. crassa arginase, 38.3 kDa
[10], and for the 5. cerevisiae enzyme, 39 kDa
[11]. It is also close to the values reported for

§ 43 21

Fig. 2. Purification of arginase and determination of
its native molecular mass by electrophoresis on po-
lyacrylamide gel under non-denafurating condi-
tions.

1, Ammonium sulfate precipitate {50 pg protein ); 2,
enzymatically active fractions after Bio-Gel P-60 column
(50 pug protein); 3, the most active fraction after DE-52 salt
gradient chromatography (10 pg protein); 4, arginase
extracted from the polyacrylamide gel; 5, high molecular
weight calibration kit (Pharmacia). The molecular weight
of standards is indicated (x lﬂ_a'j.

F19: DLVEVNFSLEA(V)IG(A)

FI: IMTYPAY F1T: DIKDPQ

QrI ELIYE
Fi5: DFFCESVHE F13J: DYETHEND
iL L E

Fig. 3. The sequence of the six isolated A. nidulans
arginase polypeptides.

arginase subunits from other organisms such
as Bacillus licheniformis, 33 kDa [12], Iris hollan-
dica, 36.5 kDa [13), rat liver, 30 kDa [14], rabbit
liver, 36.5 kDa [15] and human liver, 35 kDa
[16]. Only for soybean arginase a much larger
subunit of 60 kDa was reported [17].

The native molecular mass of purified argi-
nase determined by polyacrylamide gel elec-
trophoresis under non-denaturating condi-
tions as described above is 125 kDa (Fig. 2). The
subunit/native molecular mass ratio indicates
a trimeric form of the enzyme.

Two out of the six sequenced A. nidulans argi-
nase polypeptides (F18 and F19) show a high
degree of homology to the conserved domains
in human and S. cerevisiae arginases (Fig. 5).

It is possible to classify other hitherto purified
arginases into two groups. The first consists of

112

L
-

—13

=1l

L]

Fig. 4. The arginase subunit molecular mass deter-
mination by SDS-polyacrylamide gel electrophore-
sis.

1, Purified arginase; 2, low molecular weight calibration

kit (Pharmacia). The molecular weight of standards is
indicated (x 107).
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Table 1
Purification of the A. nidulans arginase
. Volume | Total protein a;i?f::v i;’:ﬂ: Puriication Yield

(mi) (mg) (L) U/mg | (%)
Crude extract 514 6107 18243 in 1 100
Heat treatment 446 1607 13939 8.8 29 764
o B 32 429 3861 9 3 212
Bio-Gel P-60 38 281 3962 14.1 4.7 21.7
DE-52° 2.8 1.2 129 100 33.3 0.7
Gel extraction 1.85 0.1 15 150 50 .1

a, 1 unit (UU) — one activity unit is the arginase activity which produces 1 pmole of urea per minute under the standard conditions;
b, only one of the most active fractions (po. 34) was used for the gel elution.

proteins of smaller molecular mass (about 120  larger proteins as a rule hexamers [10, 12, 13] of

kDa) which have a trimeric or tetrameric struc-  molecular mass about 200-250 kDa.

ture [11, 14-16). The second group consists of The other two so far characterised fungal ar-
ginases belong to two different groups. The 5.

human - MSAKSRTIGI ICAPFSKGQPRCGVEEGPTVLREAGL-~=~-==~==--LEKLKEQE
% ¥ SESE EE WEE 8K " an .

yeast - METGPHYNYYKNRELSIVLAPFSGGOGELGVEKGPKYHLKHGLOTSIEDLGWSTELEFSHDEA

human - CDV-KDYGDLFFADIPNDSFFQIVKNPRS--VGKASEQLAGKVAQVEKNGRISLYLGGDHSLA
L] L B L LI B B SEEsE E
yeast - QFVCKLKMEKDSTTCGGSSVMIDGVKAKRADLVGEATKLVYNSVSKVVQANRFPLTLCCDHSIA

human - IGSISGHARYHPDLGYIWVDAHTDINTPLTTTSGHLHGQPVSFLLKELKGKIPDVPGFSHYTP
n ® R O W BN EEEE W BANEEE SRR * (1]

yeast - IGTVSAYLDKYPDAGLLWIDAHADINTIESTPSGNLHGCPVSFLMGLNKDVPHCPESLEWVPG

human - CISAKDIVYIGLRDVDPGEHYILKTLGIKYFSHTEVDRLGIGKVME--ETLSYLLGREKRFPIH
o N GEEESEAEE BN SEE BEE SER BN AE & & e

yeast — NLSPKKIAYICLRDVDAGEKKILKDLGIAAFSMYHVDKYGINAYIEMAMKAVHPETNGEGPIH

human - LSFDVDGLDPSFTPATGTPVYGGLTYREGLYITEEIYKTGLLSGLDIMEVNFSLGKTPEEVTR

E ABEN &R SEANESE NNN SREE ¥ aE 8 BN *

yeast = CSYDVDGVDPLYIPATGTPVRCGLTLREGLFLVERLAESCGNLIALDVVECNPDLAIHDINVSN

Asp - DPQUAPSTGTPVRG DLVEVNPSLEAVGA
(F18) (F19)

human - TVNTAVAITLACFGLAREGNHKPIDYLNPPK
" L1 L

yeast - TISAGCAIARCALGETLL

Fig.5. Comparison of amino-acids sequence of the human liver [18] and yeast [19] arginases. Two A. nidulans
arginase polypeptides (F18 and F19) are shown.
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cerevisiae arginase is a trimer of molecular mass
114 kDa [11] similarly as the enzyme from A.
nidulans, whereas the N. crassa enzyme is a
hexamer of molecular mass 266 kDa [10).
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