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Characterization of Acidic Nucleotidase from Aspergillus niger
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Aspergillus niger2| Acidic Nucleotidase2|
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Abstract — Acidic nucleotidase from Aspergillus niger has been partially purified by Sepharose
CL-6B gel filtration and DEAE-Sephacel ion exchange chromatography. The optimum pH and
temperature for the enzyme reaction with 5-AMP or 3'-AMP as a substrate were 4.5 and
55C, respectively. However, the optimum temperature became 70C when p-nitrophenyl phos-
phate was used as a substrate. The enzyme was stable at acidic pH. The enzyme activity
was not affected by addition of various nucleotides, nucleosides and inorganic phosphates.
Ferric, aluminium, vanadate and molybdate ions inhibited the enzyme activity dramatically.
In kinetic studies, K,, values for 3'-AMP, 5-AMP and p-nitrophenyl phosphate were 1.39 mM,
1.5mM and 5.77 mM, respectively. The substrate efficiency (V,./K,) shows 3’-AMP is the
prefered substrate for the enzyme among tested substrates.

Nucleotidase can hydrolyze nucleotide into nuc-
leoside and inorganic phosphate. The hydrolyzed
nucleoside can be transformed inoto nucleotide by
specific kinase. Therefore, nucleotidase and kinase
form a substrate cycle (1). The two enzyme activi-
ties are important to determine the anabolic or ca-
tabolic state of cell (2).

Several studies have been performed on phos-
phatases of Aspergillus niger (3-6). The phosphata-
ses are grouped as acidic or alkaline phosphatase
depending on pH optima. In addition to p-nitro-
pheny! phosphate, the phosphatase can hydrolyze
nucleotides, sugar phosphates and inorganic poly-
phosphates. The fungal phosphatase has a prefere-
nce toward p-nitrophenyl phosphate as a substrate.
During studies on culture of Aspergillus niger, an
acidic nucleotidase has been identified, which
shows slight different properties compared to phos-
phatase from the fungus. It shows higher substrate
efficiency (V,./K,) toward 3'-AMP. This paper de-
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scribes the partial purification and properties of
acidic nucleotidase from Aspergilius niger.

Materials and Methods

Materials

5-AMP, 3'-AMP, p-nitrophenyl phosphate, Na-
phytate, pB-glycerophosphate,
phate, Na-metavanadate, and p-methylaminophenol
were obtained from Sigma Chemical Co. DEAE-Se-
phacel and Sepharose CL-6B were from Pharmacia
Fine Chemicals. All other reagents used were of
analytical grade.

a-D-glucose-1-phos-

Microorganism and cultivation

Organism used was Aspergillus niger which was
isolated from soil (7). The solid medium consisted
of wheat bran (25g) and water (25 m/), and cultiva-
tion was carried out by addition of seed culture
(inoculum size: 1%) to the culture vessel (250 m/
Erlemeyer flask) and incubated for 7 days at 35C.

Wort broth was used in case of liquid culture
(8). The medium contained (g/liter) malt extract,
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15; peptone, 0.78; maltose, 12.75; dextrin, 2.75; gly-
cerol, 2.35; dipotassium hydrogen phosphate, 1.0;
and ammonium chloride, 1.0. The final pH was 4.8.

Crude enzyme preparation

250 m/ of distilled water was added to wheat bran
kop and mixture was stirred with a glass rod to
extract the enzyme completely. The mixture was
kept at 4C overnight and filtered through Toyo No.
2 filter paper. The filtrate was centrifuged at 3,000
rpm for 30 min. The supernatant was used as a
crude enzyme solution. In case of liquid culture,
the culture broth itself was used as a crude enzyme
preparation.

Enzyme assay

The reaction mixture consisted of 0.35m/ of 0.2
M Na-acetate buffer (pH 4.5), 0.1 m/ of 10 mM 5'-
AMP, 3'-AMP or p-nitrophenyl phosphate, and 0.05
m/ of enzyme. The enzyme reaction was initiated
by addition of 0.05 m/ of enzyme and incubated at
55C for 20 min. The liberated inorganic phosphate
was measured by the method of Fiske-Sabburow
(9) with modification. The released p-nitrophenol
was measured at 410 nm. The amount of released
inorganic phosphate was calculated by using phos-
phate standard curve with potassium dihydrogen
phosphate as a standard. The molar extincition co-
efficient of p-nitrophenol is 19.5mM 'em ™' at 410
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Fig. 1. Sepharose CL-6B gel filtration of acidic nucleo-
tidase.

5-AMP was used as a substrate.
Enzyme activity, (@); Protein (O).
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nm (10), which was used to calculate the amount
of released p-nitrophenol. One unit of enzyme acti-
vity 1s defined as the amounts in pmole of released
inorganic phosphate or p-nitrophenol per min under
the defined conditions.

Determination of protein concentration

Protein concentratton was measured by the me-
thod of Lowry ef al. (11) using bovine serum albu-
min as a standard protein.

Resujts and Discussion

Enzyme purification

7.5 m/ of crude enzyme was loaded to Sepharose
CL-6B column (2.5X58 cm), which was equilibrated
with buffer (10 mM Tns-HCI buffer, pH 7.0). Elu-
tion was carried out with same buffer and the elute
was collected in 5.7 m/ fraction (Fig. 1). The active
fractions (17.1 m/) after gel filtration were collected,
and loaded to DEAE-Sephacel ion exchange chro-
matography column (2.5X15cm), which was pree-
quilibrated with the buffer. The column was washed
with the same buffer and eluted with 600 m/ of
linear gradient of 0~0.5M NaCl in the buffer. Each
fraction of 5.7 m/ was collected (Fig. 2). The purifi-
cation procedures of the enzyme is summerized in
Table 1. The enzyme was partially purified about
10.3-fold with an overall vield of 54.6%. The elution
pattern and purification fold are same when 3'-AMP
or p-nitrophenyl phosphate was used as a substrate.

Protetn (mg)

Enzyme activity (unit/m/)

10 20
Fraction number

Fig. 2. DEAE-Sephacel ion exchange chromatography
of acidic nucleotidase.

The active fractions after Sepharose CL-6B column
were pooled, and loaded to DEAE-Sephacel ion excha-
nge column. 5-AMP was used as a substrate.
Enzyme activity, (@®); Protein (C); NaCl conc. (----).



Table 1. Summary of enzyme purification procedure
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St Volume  Total activity Total protein Specific activity Yield  Purification
P (mf) (unit) (mg) (unit/mg) (%) fold
Crude extract 7.5 3.48 15.7 0.22 100.0 1.0
Sepharose CL-6B 17.1 2.6 4.55 0.57 74.7 2.59
gel filtration
DEAE-Sephacel ion 34.2 1.9 0.84 2.26 54.6 10.3
exchange chromatography
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Fig. 3. Effect of pH on activity of acidic nucleotidase.
The assay conditions were same as described in Me-
thods except pH of the reaction. The buffers (0.14 M)

used were as follow: pH 3.0~6.5, Na-acetate; pH 7.0~
8.0, Tris/HCl; pH 9.0~ 10.0, boric acid.
3-AMP (m), 5-AMP (@), p-nitrophenyl phosphate (a).

Effect of pH on activity and stability

The effect of pH on activity of the enzyme was
examined over pH 3.0 to 9.0. Regardless of substra-
tes used the enzyme showed maximal activity at
pH 4.5 as shown in Fig. 3. Therefore, it seems to
be acidic nucleotidase. The pH stability of the enz-
yme was measured by standard assay conditions
after preincubation of the enzyme at a given pH
values at 30C for 18 hrs. The enzyme was stable
at acidic pH, and the stability of the enzyme was
decreased sharply at alkaline pH. As shown in Fig.
4, the profile for activity and stability of the enzyme
is similar when 3'-AMP, 5-AMP or p-nitrophenyl-
phosphate was used as a substrate.

Fig. 4. Effect of pH on stability of acidic nucleotidase.
The enzymes of various pH values were preincubated
for 18 hrs at 30C, and the residual activities were as-
saved under the standard assay conditions. |
3-AMP (m), 5-AMP (@), p-nitrophenyl phosphate
(a).

Effect of temperature

The effect of temperature on activity of the enz-
yme was investigated at various temperatures ra-
nged from 30C to 80C (Fig. 5). The enzyme exhibi-
ted the maximal activity at 55C when assayed using
5-AMP or 3'-AMP as a substrate. But optimal tem-
perature became 70C when p-nitrophenyl phos-
phate was used as a substrate.

The activation energy of the enzyme was measu-
red by replotting Fig. 5 as log velocity versus recip-
rocal absolute temperature. From the slope obtai-
ned, the activation energy of the enzyme was calcu-
lated to 6.95 kcal/mole for 5'-AMP, 4.76 kcal/mole
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tidase.
The assay conditions were as described in Methods

except reaction temperature.
3-AMP (m). 5'-AMP (@), p-nitrophenyl phosphate (a).

Table 2. Substrate specificity of the enzyme
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Substrate (2 mM) Enzyme activity (Unit/m/)

ATP 0.09
5'-ADP 0.22
5-AMP 0.62
3"-AMP 0.83
PNPP 0.12
Phytic acid 0.04
B-Glycerophosphate 0.24
a-D-Glucose-1-phosphate 0.21

for 3'-AMP as a substrate. When p-nitrophenyl pho-
sphate was used as a substrate, the activation ene-
rgy became 11.82 kcal/mole. It is similar to that of
wheat germ acidic phosphatase, which 1s reported
to be 12.3 kcal/mole at pH 5 (12). This result shows
the 3'-AMP is the prefered substrate among them.

Substrate specificity of the enzyme

The relative activities of the partially purified
acidic nucleotidase to a number of phosphorylated
compounds are summarized in Table 2. The enzy-
me found to be non-specific, hydrolyzing synthetic
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Table 3. Kinetic parameters using variable substrates

K?.‘H (InM ) V”Jr‘ﬁl‘ (Unit/ le} V?Hl’.u’ / Kﬂ‘!
3-AMP 1.39 1.15 0.83
5-AMP 1.5 0.83 0.55
PNPP 0.77 0.66 0.11

Table 4. Effect of metal ions on activity of acidic nuc-
leotidase

-y

Relative activity (%)

Metal i1ons (20 mM)

Control 100

NiClL 07.7
AlCl, 50.0
CaCl, 97.7
Mn(Cl, 97.7
CuCL 90.9
ZnCl, 100.0
BaC(l, 72.7
HgCl: 95.4
CoCl; 97.7
FeCl; 6.8
MgClg 100.0
EDTA 102.2
EDTA +MnCl, 93.1
NavVO; (1 mM) 46,0
(N H4)5M07O:34 (01 mM) 0.0

3'-AMP was used as a substrate.

substrate, sugar phosphates, nucleotides. However,
it is most active against 3'-AMP. The substrate spe-
cificity of the purified enzyme 1s completely diffe-
rent from recently reported 4-nitrophenylphospha-
tase from Aspergillus wniger (13), but it 1s similar
to 5'(3')-nucleotidase from human placenta (2).

Kinetic properties

Table 3 shows the effect of varying substrate on
kinetic parameter of acidic nucleotidase. From dou-
ble reciprocal plots for 3'-AMP, 5-AMP and p-nit-
rophenyl phosphate, the K, and V,,, values of the
enzyme for the substrates were measured at pH 4.5
and 55C. When p-nitrophenyl phosphate was used
as a substrate, the K,, values of wheat germ acidic
phosphatase, 4-nitrophenyl phosphatase of Aspergil-
lus niger and 5'(3")-nucleotidase of human placenta
were 0.99 mM (12), 37 uM (13), and 1.3 mM (2), re-
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Table 5. Effect of various nucleotides, nucleosides, ba-
ses and inorganic polyphosphates on the activity of aci-
dic nucleotidase

Relative activity (%)

0.1 mM 0.5 mM
Control 100 100
ATP 109 100
5-ADP 109 96
Adenosine 97 100
Adenine 102 100
Ribose a3 104
Inosine 97 104
P; 115 86
PP, 105 108
PPP; 89 104

3-AMP was used as a substrate.

spectively. The K., value of the purified acidic nuc-
leotidase with p-nitrophenyl phosphate exhibited
mgher K, value than those of other enzymes. The
enzyme shows the highest substrate efficiency
(Viar/Ky) toward 3'-AMP, which demonstrates that
3'-AMP is the prefered substrate.

Effect of metal ions

The effect of various metal ions on the enzyme
activity was determined by adding metal ions to
the standard assay mxiture (Table 4), The enzyme
activity seems not to be affected by divalent cations
and EDTA, but inhibited by metal ions such as fer-
ric, aluminium, vanadate and molyhdate ions. The
enzyme was strongly inhibited by molybdate ion,
which is regarded as transition state analog.

Regulation of acidic nucleotidase

Many enzymes of nucleotide metabolism are sub-
ject to activation or inhibition by nucleotides, nuc-
leosides or inorganic phosphates. Therefore, effect
of various nucleotides, nucleosides, bases and inor-
ganic polyphosphates on the activity of acidic nuc-
leotidase was investigated. As shown in Table 5,
the enzyme activity is not inhibited or activated
by various tested compounds. Therefore, the acidic
nucleotidase from Aspergillus niger is not regulated
by nucleotides, nucleosides, bases and inorganic po-
lyphosphates. Therefore, it seems to be no allosteric

Kor. | Appl. Microbiol. Biotechnol.

effectors for the enzyme. This result is similar to
that of 5'(3)-nucleotidase from human placenta (2),
but different from 4-nitrophenyl phosphate from
Aspergillus niger (12).
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Aspergillus niger = %€ acidic nucleotidaseE Se-
pharose CL-6B gel o{x}e} DEAE-Sephacel o] &3
Faals o] &3l BEAA sl 5-AMP2} 3'-
AMPE 71HE AHEES Ao &9 HA pHE
45, 281 HAHEr+= 55C90ck. a2}, penitro-
phenyl phosphateZ 7] 2 AL£3& Ao HA
pH+= W37} gldod, HHese 70Csich 549
A stef A= 3'-AMP, 5-AMP 18] 3% p-nitrophe-
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kcal/mole, 6.95 kcal/mole L8] 7. 11.82 kcal/mole<d
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vanadate 12|31 molybdate ©]&-2 &40 AL
Asfsldcl E4e 3-AMP, 5-AMP % p-nitrophe-
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(VoK)= 3 -AMP7} 7}3F =9pc),
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