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Soil bacteria producing aryl acylamidases extracellularly were isolated by a convenient

method capable of detecting the activity directly on an agar plate where colonies developed,

by overlaying successively the agar layers containing substrate acetanilide (AAN) and reagents
for coloration by aniline (AN) released. The detection ratio of colonies producing the enzymes

was 69, in Bouillon medium and 139, in a minimal medium containing AAN as a sole carbon
source. In a liquid culture of the most active bacterium, A-1, 699, of the activity existed in
the supernatant of broth and 299, was remained with sonicated cell debris. The activity of
this extracellular enzyme(s) remarkably increased under preincubation with AAN. Among
the extracellular enzymes from active colonies isolated with Bouillon medium and the minimal
medium, 609 and 429, of the enzymes, respectively, were highly activated by AAN. This
substrate activation, at least by AAN, seemed fairly general for extracellular aryl acylamidases

originated from soil bacteria.

INTRODUCTION

While many microbial hydrolases are es-
sentially intracellular enzymes, extracellular
ones are also found in soils associated with cell
debris and soil colloids.” In our previous
paper,® we have shown that such extracellular
hydrolases in soil may play an important role
in degrading pesticides and preserving the
environment. The general conception of ex-
tracellular enzymes'® and their involvement
in pesticide degradation® have been already
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reviewed, but studies on related microbial ex-
tracellular hydrolases seem still insufficient. In
our studies, microbial aryl acylamidases were
taken up because enzymes of bacteria®'® and
fungi'*?® had a broad substrate specificity
and their activities were easily induced by
various pesticidal acylanilides, carbamates or
urea derivatives. This paper reports the iso-
lation of active soil bacteria producing aryl
acylamidases and some properties of the ex-
tracellular enzymes.

MATERIALS AND METHODS

1. Chemicals and Materials

Acetanilide (AAN), N-(1-naphthyl)ethylene-
diamine dihydrochloride (NED) and tubing-
seamless 20/32-inch cellophane for dialysis
(cellophane tube) were purchased from Wako
Pure Chemical. Ehrlich’s meat extract and
peptone were purchased from Kyokuto Sei-
yaku Kogyo. Other chemicals and ma-
terials were purchased from Wako Pure
Chemical or Nakarai Chemicals. Aniline (AN)
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for calibration was used after distillation.

2. Soils

Soils were collected from the surface (5 cm
in depth) of different paddy or upland fields
and the A horizon of different forest soils at
Shimane University and the neighborhood.
The soils were air-dried, sieved with a 2-mm
screen and mixed thoroughly before use.

3. Media

Bouillon medium: 10g of Ehrlich’s meat
extract, 10 g of peptone and 5 g of NaCl were
dissolved in 1/ of distilled water.

Minimal medium supplemented with AAN
as a sole carbon source: 3.4 g of KH,PO,, 2.32
g of NasPOs, 1.0g of (NH.):SO., 0.2 ml of
5000 ppm AAN aqueous solution and 10.0 ml
of mineral solution were dissolved in 1/ of
distilled water. The mineral solution con-
tained 3.0 g of MgSOs, 0.5 g of MnSOs, 1.0 g of
NaCl, 0.1 g of CaCl,, 0.1 g of ZnSO,-7H:0,
10 mg of K2A12(504)4'24H20, 10 mg of H3BO‘
and 10 mg of Na.MoO,-2H:0 in 1/ of distilled
water.

Agar plates for bacterial isolation were pre-
pared by dissolving 1.5 to 2.09, of agar into
Bouillon or minimal medium.

4. Isolation of Active Bacterial Colonies

Bacteria were isolated by a conventional soil
dilution plate method. One-milliliter portions
of serial dilutions from 1g of each soil were
mixed with 9 ml of Bouillon or minimal agar
medium liquefied at 45°C in a 9-cm petri dish
and incubated at 30°C for 5 days.

1 a o,
N

{ L Fél“‘{

| 1

-2/ !

Fig. 1 Multiple agar layers method for detec-

tion of bacterial colonies producing aryl acyl-
amidases.

I: Soil dilution agar plate developing colonies
(thickness; ca. 1.7 mm), II, III, IV and V: Agar
layers containing subsirate AAN, NaNO;, sul-
famic acid and NED, respectively (each thick-
ness; ca. 1 mm).

Active colonies were detected by a multiple
agar layers method in which agar layers con-
taining AAN and reagents were overlaid suc-
cessively for coloration by released AN by
modifying the diazotization and coupling
method,*® as shown in Fig. 1. To an agar
plate where bacterial colonies were developing,
I ml of 37 mm (5000 ppm) ANN and 5 ml of
2%, agar (liquefied at 50°C) were added and
mixed gently to overlay a homogeneous layer.
The plate was then incubated at 30°C for 3 to
4 hr. In a similar manner, the layer of 1 ml of
0.29%, NaNO: in 209, tartaric acid and 5 ml of
2%, agar, after 10 min, the layer of 1 ml of
0.29, sulfamic acid in 209, tartaric acid and
5 ml of 29, agar, and after another 15 min, the
layer of 1 ml of 0.29, NED in 209, tartaric
acid and 5 ml of 29, agar were overlaid on the
plate, which was left standing at room tem-
perature until an appropriate color (purplish
red) developed around active colonies.

The active bacterial colonies isolated were
stored on Bouillon agar slants at 5°C.

5. Liquid Culture and Crude Enzyme Prepara-
tion

Active bacteria were inoculated in 10 ml of
Bouillon medium and precultured on standing
at 30°C for 3 to 5 days. Precultured broth
(10 ml) was added into 250 or 2500 ml! of
Bouillon medium in a 500-ml flat bottom flask
or a 5-/ Erlenmeyer flask, and the broth was
incubated on standing at 30°C for 9 days
with occasional stirring. The bacterial growth
was followed by measuring the absorbance at
550 nm. Crude enzyme preparation was made
up by centrifuging the broth at 8000 rpm at
0°C for 20 min, followed by dialysis against
water in order to remove inhibitory sub-
stances; each 10 ml of the supernatant packed
in a cellophane tube was dialyzed against 2/
of distilled water at 5°C for 24 hr with gentle
stirring.  This inner solution was employed as
crude enzyme preparation.

6. Assay of Aryl Acylamidase Activity

AAN was used as a substrate, and AN
released during incubation for 2.0 to 6.0 hr was
determined by the diazotization and coupling
method*’ as follows: One milliliter of the
crude enzyme preparation was mixed with 1.0
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ml of 0.1 m Na-phosphate buffer (pH 7.4) and
2.0ml of 37 mM AAN in a test tube, and the re-
action mixture was incubated at 25°C or 30°C
for a definite time with reciprocal shaking. To
the mixture, 1.0 ml of 1 N~ HCI, 4.2 ml of distilled
water and 0.2 ml of 29, NaNO: were added.
After standing for 5 min with occasional stir-
ring, 0.2 ml of 109, sulfamic acid was added,
and the mixture was left standing for 10 min
with occasional stirring. After 0.4 ml of 19,
NED was added, the mixture was allowed to
stand for another 2.0 hr. Released AN was
estimated colorimetrically by measuring the
absorbance at 550 nm.

7. Localization of Enzyme Activity

Ten milliliters of liquid-cultured broth was
centrifuged at 15,000 rpm at 0°C for 15 min.
The precipitated cells were redispersed in 10
ml of distilled water and destructed 10 times
for 1 min each at 38 kHz with an ultrasonica-
tion apparatus (Kaijo Denki, T-A 4280). The
suspension was centrifuged again, and the
precipitate was redispersed in 10ml of dis-
tilled water. Enzyme activity in each super-
natant and suspension was assayed as men-
tioned above.

8. Activation of Crude Enzymes

Ten milliliters of the crude enzyme prepara-
tion packed into a cellophane tube was im-
mersed into 27 of 18.5 mm AAN at 5°C for
96 hr with gentle stirring. The inner solution
was dialyzed twice against 2 / of distilled water

at 5°C for 12 hr each with gentle stirring in
order to remove AAN andfor AN. ¥t was
later used as activated enzyme preparation.

RESULTS AND DISCUSSION

1. Isolation of Active Bacteria

In order to detect active bacterial colonies
capable of producing aryl acylamidases, a
multiple agar layers method was devised. The
zone around active colonies turned purplish
red. This method was found very convenient
and advantageous for isolating active colonies
producing enzymes extracellularly, although
coloration by AN excreted from cells might be
partly included.

Isolation was done by using Bouillon
medium and minimal medium containing AAN
as a sole carbon source. The detection ratios
of active colonies against the total colonies are
shown in Table 1. Although the number of
total colonies was greater in the Bouillon
medium than in the minimal medium, the
detection ratios in the latter were approxi-
mately twice those in the former (ca. 13% Vs
ca. 6%). Active bacteria were present in
almost all the soils. Several colonies showing
relatively high activity were stored on Bouillon
medium slants at about 5°C.

2. Enzyme Excretion from Bactevial Cells

By employing the most active bacterium
A-1, enzyme production and localization inia
liquid culture were examined in . Bouillon
medium and minimal medium.

Table 1 Detection ratio of active bacterial colonies capable of hydrolyzing AAN as a
substrate.
Active colonies/Total colonies (%)
Soil Bouillon medium Minimal medium?>
1 2 3 Av. 1 2 3 Av.
Paddy soil (1) 6.5 8.5 4.1 6.4 14.3 27.7 17.2 19.7
(2) 12.5 11.1 2.6 8.7 22.2 20.0 11.8 18.0
Upland soil (1) 2.5 0 11.1 4.5 6.3 11.8 5.5 7.9 7]
(2) 7.4 5.3 0 4.2 7.4 14.3 4.2 8.6
Forest soil (1) 13.8 3.1 7.4 8.1 14.8 21.4 9.1 15.3
(2) 2.9 7.3 1.9 4.0 4.2 7.7 6.3 6.1
Total av. 6.0 12.6

2) Containing 1.0 ppm AAN as a sole carbon source and mineral salts.
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Both bacterial growth and enzyme produc-
tion were satisfactory in the Bouillon medium,
while those in the minimal medium were poor.
Enzyme activity in a cultured broth, however,
increased remarkably by dialyzing the broth
against water or phosphate buffer (pH 7.4) with
or without mercaptoethanol, suggesting that
one or another inhibitory substance might exist
in the broth, although it was left unidentified.
The activity reached maximum after dialyzing
for 24 hr and decreased thereafter, as shown in
Fig. 2. The activity before and after dialysis
is shown in Table 2. The broth supernatant
after dialysis against water was employed as
crude enzyme preparation thereafter.

The bacterium A-1 was cultured in Bouillon
medium. The bacterial growth in the broth
and the activity of crude enzyme preparation
are shown in Fig. 3. The enzyme was ex-
creted from bacterial cells into the broth, and
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Fig. 2 Effect of dialysis with a cellophane tube

on the enzyme activity in a liquid culture broth
of bacterium A-1.

Dialyzed against distilled water (O), 0.02 m
phosphate buffer (pH 7.4) (@), and 0.02 M phos-
phate buffer (pH 7.4) containing 10 mm mer-
captoethanol (A).

Table 2 Increase of the enzyme activity in a
liquid culture broth®> by dialyzing against water.

Activity (Released AN,

the activity reached nearly equilibrium on the
9th day although the bacterial growth de-
clined.

Activity distribution in the broth superna-
tant and cells was examined in order to con-
firm the localization of enzyme(s); 699, of the
activity existed in the supernatant and ca.
299, remained with the sonicated cell debris,
as shown in Table 3. These results suggested
that the enzyme might exist originally associat-
ed with the cell wall, although it was easily
excreted from living cells and released from
lysed cells.

3. Properties of Enzyme from Bacterium A-1
The A-1 was found to belong taxonomically
to the Coryneform group of bacteria. The
details will be presented in our next paper.
Crude enzyme preparation from bacterium
A-1 was prepared by dialyzing a liquid-cultur-
ed broth against water and stored at about
5°C. Although an induction period in enzyme
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Fig. 3 Growth of bacterium A-1 and the enzyme
activity excreted into broth in a liquid culture
with Bouillon medium.

O: Growth of bacterium A-1. ®: pH of the
cultured broth. @: Enzyme activity (released
AN, pmol/ml/2 hr) in the broth supernatant
after dialysis against water.

Table 3 Localization of the enzyme in a liquid

Active pmol/ml/3 hr) culture of bacterium A-1.
colony
Before dialysis After dialysis Part Activity®?  (Ratio, %)
A-1 0.04 0.90 Supernatant of broth 4.86 (69.0)
A-2 0.01 0.86 Bacterial cells 1.28 (31.0)
A-3 0.01 0.76 Sonicated cell debris 1.24 (28.7)
A-4 0.02 0.62 Extract from cells 0.10 (2.6)

2) Preculture broths were employed.

#) Released AN, umol/ml/6 hr.
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reaction was found to be 1 to 2 hr, there was a
good linear correlation between the amount of
added enzyme preparation and the amount of
AN released during the 5-hr incubation.

The optimal pH and temperature in enzyme
reaction were about 7.0 and 25°C, respectively.
The enzyme(s) was stable in the pH range of
6 to 8.5, but unstable in incubation (1 hr) at
over 30°C; about three-fourths of the activity
was lost at 35°C.  The effects of metal ions and
EDTA on the activity are shown in Table 4.
The enzyme(s) was not affected by Mn®** but
strongly inhibited by Co**, Mg?** and Fe®*.
Among sulfhydryl inhibitors, Ag®* was very
effective, while Cu** only slightly. EDTA, a
chelating agent, was also very inhibitory, sug-
gesting that a certain metal ion might play an
important role in enzyme reaction. Effects of
cations such as Li*, K* and Ca?* were not so
remarkable.

The induction period in enzyme reaction did
not disappear in optimal conditions, but it
shortened when the enzyme(s) were prein-
cubated with substrate AAN (9.25 mM) at room
temperature for 6 hr. The activity remark-
ably increased.

This substrate activation was followed by
preincubation of the enzyme(s) with a higher
concentration of AAN at a lower temperature;
the enzyme solution was packed with 18.5 mm
(2500 ppm) AAN in a cellophane tube and

Table 4 Effect of metal ions and EDTA on the
activity of crude enzyme A-1.

Relative activity (9%)

Chemical Concentration
0.25 mm 2.5 mm
None 100 100
MnCl, 100 104
ZnSOy 89 16
CoCl, 3 2
MgCl, 7 7
FeCl, 8 5
AgNO, 3 5
CuCl, 89 85
KC1 100 122
CaCl, 89 96
Li,SO, 85 78
EDTA 3 3

immersed in 18.5mm AAN solution at 5°C
with gentle stirring, and the activity was
assayed after dialysis against water to remove
AAN. For comparison, enzyme solution with-
out AAN was packed and immersed in a same

AN released (p moles/ml/3.0 hr)

] 1 1 1

0 2% 48 72 96

Time of immersion (hr)

Fig. 4 Activation of the enzyme from bacterium
A-1 with substrate AAN.

A crude enzyme preparation with (—e—) or
without (— —@—-) 18.5 mm AAN was packed in a
cellophane tube and immersed in 18.5 mm AAN
solution at 5°C with gentle stirring. Activity
was assayed after dialysis against water for re-
moving AAN.

AN released (p moles/ml)

3 4 5 6

Time of incubation (hr)

i 2

Fig. 5 Effect of substrate AAN and metabolites
AN and/or Na-acetate on activity of the enzyme
from bacterium A-1.

A crude enzyme preparation (@) was packed in a
cellophane tube and immersed in 18.5 mMm solu-
tion of AAN (0O), AN (A), Na-acetate (A) or both
AN and Na-acetate ((J) for 96 hr at 5°C with gentle
stirring. Activity was assayed after dialysis
against water for removing AAN.
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manner as above. The activity equivalently
reached maximum after preincubation for
96 hr in both cases, as shown in Fig. 4, and so
the latter method was employed thereafter.
The enzyme activity remarkably increased
after activation treatment, and the lag time
disappeared completely, as shown in Fig. 5.

The effects of AN and/or Na-acetate (18.5
mM) as metabolites were minor (Fig. 35).
Moreover, the effect of AAN concentration on
activation reached nearly maximum at 18.5
mM, as shown in Fig. 6.

AN released (p moles/ml)

1 2 3 4 5 6
Time of incubation (hr) 4. Substrate Activation of Enzymes from Soil

Bacteria
Since it became of interest whether the
A crude enzyme preparation packed in a cello- above-mentioned substrate activation occurs
phane tube was immersed in AAN solutions of generally for aryl acylamidases originated from
0 (@), 0.74 (»), 3.7 (A), 7.4 (O), 18.5 (C) and soil bacteria, the active bacterial colonies were
37.0 mM (m) for 76 hr with gentle stirring. isolated again from various soils for activa-
tion test with crude enzyme preparations.

Fig. 6 Influence of AAN concentration on the
activation of the enzyme from bacterium A-1.

Table 5 Typical patterns for the activation with substrate AAN on the crude enzymes from
active soil bacteria.

Isolates from Bouillon medium Isolates from minimal medium®’
Activity® Activity®
Type®>
Colony  before(a) after(d) Colony  before(a) after(b)
No.® activation (bla)e> No.® activation (Bla)®>
3P 0.07 6.25 91.0 7P 0.18 6.40 35.5
I 190 0.08 2.70 33.7 150 0.03 1.94 64.7
30F 0.09 3.10 34.5 28 F 0.09 3.74 41.6
10P 0.32 3.15 9.9 19U 0.18 1.38 7.7
I 18U 0.25 2.10 8.4 170 0.27 2.04 7.6
27 F 0.25 2.00 8.0 31 F 0.33 2.50 7.6
2P 1.13 4.10 3.6 11 P 1.06 1.50 1.4
II 8P 1.80 2.10 1.2 120 0.76 1.80 2.4
11U 0.83 2.70 3.3 29 F 0.97 1.74 1.8
9P 0.19 0.44 2.3 2P 0.05 0.14 2.9
III 14 U 0.19 0.60 3.2 5P 0.14 0.31 2.2
2 F 0.37 0.74 2.0 14U 0.17 0.58 3.4

2) Containing 0.1 ppm AAN and mineral salts.

b) Released AN, umol/mli/5.5 hr.

¢ I: Low initial activity & extremely high activation ratio, I’: Low initial activity & remarka-
bly high activation ratio, I1: Rather high initial activity & low activation ratio, III: Low initial
activity & low activation ratio.

4 P: Paddy soil, U: Upland soil, F: Forest soil.

¢) Activation ratio (-fold).
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Table 6 Appearance ratios of different types of
the activation with substrate AAN in the crude
enzymes from active soil bacteria.

Medium for isolation Type of the activation

of bacteria I T I 111
Bouillon medium 38 22 13 279
Minimal medium 17 25 25 33

Parameters for the type
classification

Initial activity®> — — >0.5 <0.5
Activation ratio®> >10 10-5 <5 <5

®> Released AN, xmol/ml/5.5 hr.
by -fold.

All enzymes were activated more or less by
AAN, and the activation patterns were clas-
sified into four types as shown in Table 5.
Type I was characterized by bacteria excreting
enzymes with a low initial activity and an
extremely high activation ratio and type I’,
with a low initial activity and a remarkably
high activation ratio. Type II belonged to
bacteria excreting enzymes with a fairly high
initial activity and a low activation ratio and
type III, low in both parameters.

Appearance ratios of each type of bacterial
colonies are in Table 6, in which tentative
parameter values for the classification are
shown. At least, enzymes which belong to
types I and I’ seemed to be activated by AAN.
Total appearance ratios of types I and I’
reached 609, among isolates with the Bouillon
medium and 429, among ones with the
minimal medium.

Our study showed: a large number of
bacteria extracellularly producing aryl acyl-
amidases similar to those from bacterium A-1
were present in soil; in other words, substrate
AAN generally activated extracellular en-
zymes from soil bacteria. The mechanism of
activation may be the induced-fit of the
enzymes to the substrate.
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