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Production of Hydantoinase from Streptomyces sp.
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In order to investigate hydantoinase-producing strain of the genus Streptomyces, 523 strains of Strep-
tomyeces sp. isolated from soils were cultivated in various media and conversion activity of the enzyme
was measured to DL-5-phenylhydantoin. A number of strains producing hydantoinase were detected
and among them, the strain of Streptomyces sp. Y-183 was selected as a most powerful strain to producing
the enzyme. The optimal culture conditions for the production of hydantoinase of the strain were studied,
and it was found that almost all hydantoinase activity was produced in the cell fraction. The maximum
activity of the enzyme, 17.8 units/g of dried cells weight, was obtained when the strain was cultured
at 30°C for 72 hr in a medium containing 1.0% of glycerol, 0.5% of yeast extract, 0.5% of soytone,
0.5% of beef extract, 0.6% of KCl, 0.002% of K;HPO,, 0.25% of CaCO;, 0.0002% of ZnSO,, 0.0002%
of FeS0,, and 0.4% of uracil as an inducer, and the pH of culture broth was adjusted ranging from

7.0 to 7.5.

Several D-amino acids, for example, D-p-hydro-
xyphenylglycine, D-phenylglycine and their derivatives
are known to be important components of semisyn-
thetic penicillin or cephalosporin antibiotics (1-3).

As an amino acid nonexisting in nature, D-p-hy-
droxyphenylglycine, and D-phenylglycine are chem-
ically synthesized as racemic mixture and next sepa-
rated into enantiomers by chemical or enzymatic me-
thods. Chemical methods employed selected chiral
agents for isolation of optically pure D-p-hydroxyph-
enylglycine or D-phenylglycine (4-8).

Hitherto, several enzymatic methods have been re-
ported for the conversion of DL-5-substituted hydan-
toins into N-carbamyl-amino acids and to D-amino
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acids (9-12).

It was found that S-substituted hydantoins were
hydrolyzed by hydantoinase isolated from Pseudo-
monas striata and Agrobacterium radiobacter (13, 14).

Recently, it has been reported by Yamada er al.
(13) on Streptomyces almguisti ATCC 618 and Strep-
tomyces griseus ATCC 10137. With the purpose of
producing hydantoinase by enzymatic conversion of
DL-5-substituted hydantoins, the authors searched
for microorganism producing higher hydantoinase
activity, which stereospecifically hydrolysis DL-5-
substituted hydantoins to yield N-carbamyl amino
acids and now found a strain Strepromyces sp. Y-183
from soil.

In this report, the authors wish to described the
screening method of the strain and optimal culture
conditions of the strain to produce hydantoinase.
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Materials and Methods

Chemicals

S-substituted hydantoins were prepared from the
corresponding amino acids according to the procedure
of Suzuki et al. (15).

N-carbamyl-amino acids were prepared by the re-
action of amino acids with potassium cyanate (16).

DL-amino acids were purchased from Sigma che-
mical company. All other culture media were obta-
ined from Difco laboratories and the other chemicals
were commercial products of analytical grade.

Screening method of microbe capable of produc-
ing hydantoinase

The independent isolates designated Strepromyces
sp. were isolated from soils by the isolation methods
of International Streptomyces Project (I.5.P.) (17).

The first screening for hydantoinase-producing
strains was performed as follows.

Spores of each strain grown for 1 to 2 weeks on
[.S.P. No.5 agar slant medium were inoculated to
20 m/ of medium containing 1.5% of glucose, 0.5% of
yeast extract, 0.5% of soytone, 0.5% of beef extract,
0.6% of KCI, 0.25% of CaCQO,, 0.002% of K, HPO,,
0.0002% of FeSO,, 0.0002% of ZnSO, and 0.3% of
DL-5-(2-methylthicethyl)-hydantoin as an inducer,
culture broth pH was adjusted to 7.0.

The cultivation was carried out at 30°C in 125
m/ flasks with a rotary incubator shaker {(G-25R, N.
B.S., U.S.A.) at 220 rpm.

After the cultivation was continued for 48 hr and
then the grown cells were separated from the culture
broth by centrifuge and washed with saline. The col-
lected cells were suspended in 20 m/ of 100 mg of
DL-5-phenylhydantoin dissolved in 0.02 M of pota-
ssium phosphate buffer (pH 8.0) was added to the
cell of each strain, while each supernatant solution
was mixed with an equal volume of 100 mg of DL-35-
phenylhydantoin dissolved in same buffer.

These suspension and mixed solution were reacted
for 40 hr at 30°C by water bath shaker (G-76D,
N.B.S., U.5.A.) with gentle shaking.

After reaction, cells in the suspensions were re-
moved by centrifugation for 10 min at 8000 x g and the
supernatant solutions were analyzed by thin-layer
chromatography.

While, in the case of mixed solutions, the solutions
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were directly subjected to thin-layer chromatography.

Thin-layer chromatography was carried out on
Kiesel Gel Fyq (type 60, E. Merck, W. Germany)
~ihouae following solvents system; n-butanol: acetic
acid: water (4:1:1).

After the chromatograms was sprayed with p-
dimethylaminobenzaldehyde reagent and heated 1n
an oven tor 5 min at 100°C, the relative amounts of
producing N-carbamyl-phenylgiycine were read with
TLC chromatoscanner (CS-930, Shimadzu, Japan) by
comparison with the known amount of authentic N-
carbamyl-phenylglycine.

The secondary screening was carried out by the
following method. Strains which appeared to produce
hydantoinase were cultivated again in 20 m/ of the
above mentioned aqueous medium in 125 m/ flasks at
30°C for 48 hr on a rotary incubator shaker ope-
rating at 220 rpm then the harvested cells were sus-
pended in 20 m{ of 0.02 M of potassium phosphate
buffer (pH 8.0), disrupted by the ultrasonic cell dis-
ruptor {(Virsonic, Virtis, U.S.A.) for 60 min at 20
KHz and at 4°C, centrifuged for 10 min at 12000 x g,
and hydantoinase activities in the supernatant solution
were determined.

Determination of hydantoinase

As almost all the hydantoinase activity produced
by Streptomyces sp. was found in the cell fraction,
the enzyme activity in the extract from the cells was
determined as follows. The harvested cells from 20
m{ of culture broth were suspended in 20 m/ of 0.02
M of potassium phosphate buffer (pH 8.0), treated in
an ultrasonic cell disruptor for 60 min at 4°C and se-
parated off the cell debris by centrifugation for 10
min at 12000 x g,

100 mg of DL-5-phenylhydantoin as a substrate
was add to the above supernatant solution and make
up a total volume of 20 m/ with above same buffer
and reacted for 40 hr at 30°C with gentle shaking.

Quantitative determination of N-carbamyl-phen-
ylglycine concentration was carried out colorimetri-
cally according to the method of Cecere ef al. (9)
as follows.

A two milliliter of the reaction mixture was taken
and the reaction was terminated by the addition of
0.5 m/ of 12% (w/v) trichloroacetic acid, following
0.5 m{ of 10% (w/v} p-dimethylaminobenzaldehyde
in 6 N-HCI. Then, the mixture was diluted with 3.0
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Fig. 1. Standard graphs determined on UYV-
Spectrophotometer with reaction mixture.

m/ of water. After the precipitates of above mixture
were removed by centrifugation, the absorbance at
415 nm was determined by UV-spectrophotometer
(UV-240, Shimadzu, Japan).

The enzyme activity was determined by measuring
the amount of N-carbamyl-phenylglycine formed from
the DL-5-phenylhydantoin. As shown in Fig. 1, the
absorbance was proportional to the N-carbamyl-phe-
nylglycine concentration up to about 8 mM.

One unit of hydantoinase activity was defined as
the amount of enzyme required to produce 1. mol of
N-carbamyl-phenylglycine per minute under assay
conditions.

Culture conditions of microbes

For determining the optimal culture medium,
spores of the strain were inoculated to 20 m/ of the
aqueous medium mentioned in the foregoing para-
graph contained in 125 m/ of flasks for 120 hr at
30°C with rotary incubator shaker at 220 rpm.

For studies on growth kinetics, change of the pH
and accumulation of the enzyme, 20 m/ of samples
were taken during the course of the cultivation at
various times to obtain data for enzyme formation
and the samples were kept in refrigerated until dnal-
yzed. All of the media contained 0.6% of KCI, 0.002%
of K; HPQO, as mineral sources, 0.0002% of FeSO,,
0.0002% of ZnSO, as trace elements and 0.3% of
DL-5-(2-methylthioethyl)-hydantoin as an inducer of
the enzyme production. The cultivated cells were har-
vested by centrifugation and washed with saline and
then the dried cells weight recorded after lyophilized
by freeze dryer (Virtis, U.S.A.) at —60°C for 24 hr.

Enzyme preparation
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Fig. 2. Isolation procedure for N-carbamyl-amino acids
from the reaction mixture.

The harvested cells obtained from 100 m/ of cul-
ture broth were suspended in 100 m/ of 0.5 mM of
potassium phosphate buffer (pH 8.0) and disrupted
by ultrasonic cell disruptor for 60 min at 4°C.

The resulting slurry was centrifuged at 12000 x g
for 10 min to separate off the cell debris.

The clear supernatant was collected and mainta-
ined at 4°C until used as an enzyme source.

Analytical method

For isolation and identification of the products,
200 m/ of the reaction mixture was reacted at 30°C
for 40 hr with the cells harvested from 200 m/ of
culture broth.

The identities of isolated N-carbamyl amino acids
and DL-5-substituted hydantoins were evaluated ac-
cording to the melting point, I.R. spectra and the
specific optical rotation by Polarimeter (DIP-360,
JASCOQO, Japan). The isolation method of N-carbamy!
amino acid was summarized in Fig. 2.

Results

Distribution of hydantoinase activity in Strepto-
myces sp -

Five hundred and twenty three species of Strepto-
myces were submitted to the screening test and 16
strains were selected as the hydantoinase-producer.
Among them, higher activity was detected in strain



Table 1. Comparison of hydantoinase activity of Strep-
tomyces sp.

Dry cell enzyme  specific
Strains welght  activity  activity
(mg/ml) (umit/ml) (unit/mg)
Y-4-1° 4.5 3.8 0.84
100 4.2 3.4 0.81
183 4.9 5.1 1.04
232 4.8 4.6 0.96
398 4.2 3.3 0.79
478 4.2 3.8 0.90
Streptomyces™” 4.3 3.6 0.84

griseus ATCC 10137

Composition of media were as follows;

*+ 1.5% of glucose, 0.5% of yeast extract, 0.5% of beef
extract, 0.5% of soytone, 0.6% of KCI, 0.25% of Ca-
COy, 0.002% of K,HPO,, 0.0002% of FeSO,, 0.0002%
of ZnS0,, 0.3% of DL-5-(2-methylthicethyl}-hyvdantoin
and the pH was adjusted to 7.0,

**: 2.0% of glucose, 0.1% of beef extract, 0.25% of yeast
extract, 1.0% of soybean meal, 0.5% of (NH,),80,, 0.4%
of KCIl, 0.4% of CaCO,, 0.02% of K,HPO,, 0.3% of
DL-5-(2-methylthioethyl}hydantoin and the pH was adjust-
ed to 7.0,

Y-4-1, 100, 183, 232, 398, 478 and these six strains
produced a large amounts of hydantoinase.

In all cases, the hydantoinase by these selected
strains were intracellular enzyme.

As shown in Table 1, Streptomyces sp. Y-183
produced the most active hydantoinase activity than
the other selected strains and this was adopted as a
strain for further experiments to establish the most su-
itable conditions for the production of hydantoinase.

Effect of carbon sources on the formation of hy-
dantoinase

Among glucose and five sugars tested, poly or oli-
gosaccharides such as soluble starch, maltose, galac-
tose and sucrose were unfavourable to the growth of
cells and enzyme activity as shown in Table 2. Wh-
ereas, glucose and glycerol were favourable. Glycerol
was the most suitable carbon sources as shown in Ta-
ble 2.

The optimal concentration of glycerol was found
to be 10.0 mg/m/ of culture broth.

Effect of nitrogen sources on the formation of
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Table 2. Effect of carbon sources on enzyme formation.

v
B L—

Dry cell enzyme

specific

Carbon (mg/ml) weight activity activity ﬁl;;ﬂ
(mg/ml) (umt/mf) (umt/mg) P

10 5.0 6.21 1.24 6.69

Glycerol 20 5.1 6.18 1.21 6.86
30 5.2 6.14 1.18 6.94

10 4.8 4.95 1.03 6.61

Glucose 20 4.9 5.20 1.06 6.70
30 5.0 5.46 1.09 6.71

10 3.7 1.96 0.53 6.41

Sucrose 20 3.8 1.97 0.52 6.40
30 3.8 1.96 (0.52 6.38

10 4.1 2.73 0.67 6.53

Maltose 20 4.1 2.74 0.67 6.52
30 4.2 2.80 0.67 6.53

Soluble 10 3.7 2.37 (.64 6.89
20 3.8 2.39 0.63 6.90

starch 30 3.8 9.37 062 691
10 3.8 2.12 0.56 6.88

Galactose 20 3.8 2.14 0.56 6.90
30 2.8 2.14 0.56 6.92

None 3.4 2.32 0.68 6.87

Basal medium contained 0.5% of veast extract, 0.5% of
beef extract, 0.5% of soytone, 0.6%0 of KCl, 0.25% of
CaCOj3, 0.002% of K,HPO,, 0.0002% of FeSO,, 0.0002%
of ZnSQ,, 0.3% of DL-5-(2-methylthicethyl}hydantoin and
the pH was adjusted to 7.0.

The enzyme activity was determined by measuring the
amount of N-carbamyl-phenylglycine formed in 20 ml of
reaction mixture described in the “methods” for the studies
of the culture conditions. Specific activity was expressed
as units per mg of dried cells.

hydantoinase

Basal medium was used after supplementation
with various organic and inorganic nitrogen sources
at 1.0%, 1.5% and 2.0% respectively.

As shown in Table 3, addition of combined mix-
ture of 0.5% of yeast extract, 0.5% of soytone and
0.5% of beef extract to the medium was more favou-
rable for the enzyme production than organic or inor-
ganic nitrogen source used only.
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Table 3. Effect of nitrogen sources on enzyme for- Table 4. Effect of hydantoin derivatives on the forma-
mation, tion of hydantoinase,

e e, ]
e e oo,

Dry cell Enzyme  Specific Dry cell Enzyme Specific

Nitrogen Hydantoin derivatives
sources (mg/ml) weight activity activity (3.0 mg/ml) weight activity  activity
(mg/ml) (unit/ml) (unit/mg) (mg/ml) (unit/mi) (unit/mg)
10 4.8 4.58 0.96 Hydantoin 575 3.54 0.62
Yeast extract 15 5.0 4.53 0.91 DL-5-methylhydantoin 5.41 2.43 0.45
20 5.1 4.41 (.86 DL-542-methylithioethyl)
hydantoin 531 6.44 1.21
10 8.9 3.20 0.82 DL-5-phenylhydantoin 534 333 0.62
Soytone 15 4.0 3.40 0.85 DL-5-p-hydroxyphenyl o . -
20 4.5 3.80 (.84 hydantoin - ' "
10 16 415 0.90 DL-—5~Tsobutylhydant0m 4.31 2.08 0.48
Beef extract 15 5.0 4.10 0.82 DL-5-indolymethyl 4.33 2.81 0.65
2 hydantoin
. : 82 . :
°-0 4.10 0.8 DL-5-isopropylhydantoin 3.89 1.42 0.37
10 3.2 0.70 0.22 Allantoin 5.93 1.83 0.31
Soybean oil 15 3.2 (.72 0.23 Uracil 5.43 7.82 1.44
20 3.3 0.72 0.22 Dihydrouracil 5.47 7.84 1.43
None 5.30 1.26 0.24
10 3.4 1.95 (.57
Tryptone 15 3.4 1.90 0.56
20 3.3 1.86 0.56
1.8 F
10 3.7 2.71 0.73 _
Casitone 15 4.0 2.71 0.68 o 14l
20 41 280 0.8 x
. : , E i
10 3.5 1.62 0.46 £ 10}
Peptone 15 3.7 1.66 0.45 :55 !
20 3.7 1.68 0.45 Y o6lL
)
10 4.0 2.51 0.62 i
NaNO; 15 4.3 2.46 0.57 0.2 ¢
20 4.3 2.40 0.56 L e W
2 4 6 8 10
10 4.3 2.47 0.57 Concentration (mg/mi)
NH,Cl 15 4.0 2.31 0.58 Fig. 3. Effect of inducer concentration on hydantoinase
20 3.8 2.10 0.55 production.
©; Uracil @; Dihydrouracil
10 4.5 3.70 0.832
NH,),S0 15 4.7 3.60 0.77
(NH4),50, The microorganism was cultivated in basal me-
20 4.7 3.60 0.76

dium supplemented with 3.0 mg/m/ of various hy-
control 5.3 6.43 1.21 dantoin derivatives.

As shown in Table 4, the highest activity was in-
duced by uracil and dihydrouracil.

Effect of hydantoin derivatives on the formation As shown in Fig. 3, the optimal concentration of
of hydantoinase uracil and dihydrouracil was found to be 4.0 mg/m/
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Table 5. Effect of initial pH on the formation of hydan-

toinase.
mitial  Final Dry- cell Emty?ne bpe.m.f]c
oH pH weight activity activity
(mg/mi) (unit/ml)  (unit/mg)
5.0 6.18 3.59 2.51 0.70
5.5 6.42 4,70 5.00 1.06
6.0 6.72 4.82 6,12 1.27
6.5 6.88 4.96 6.61 1.33
7.0 6.95 5.30 8.82 1.66
7.5 7.04 .38 9.56 1.78
8.0 7.34 5.38 8.68 1.61
8.0 T.64 H.01 0.24 1.25
9.0 7.84 4,74 H.06 1.07
9.5 8.42 3,29 2.24 (.69
(10x) 1 T
e 1.8 T N3
. I
bo 1.4 Strs b
) Ca -
s 16.0 f-f:—:
= L0 15.0 ¢ L7.0
k3! o.
< 44.0 iy
= 0.6 13.0 =
> =3
= 12.0 a5
= 0.2 1.0 2
0 6 24 48 72 96 (hr)

Fig. 4. Time-course on the formation of hydantoinase,

and 7.0 mg/m/ respectively.

Effect of initial pH on the formation of hydanto-
inase

The effect of initial pH of the culture medium on
the formation of hydantoinase was investigated by
using the optimal hydantoinase media of which the
pH was varied with 1 N-HC1 or 1 N-NaOH.

As shown in Table S, a desirable initial pH was
found to be between 7.0 and 7.5.

The lower or higher initial pH of media probably
caused the delay of growth and subsequently the re-
duction of enzyme formation.

The highest activity was obtained with the media
of pH 7.5.
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Table 6. Properties of 1solated N-carbamyi-amino acids.

Melting Specifie op-

N-carbamyl-amino acid point tical rotation
(°C) [}
N-carbamyl-methionine* 162 - 163 +23.7
Authentic sample 161 - 162 +24.0
N-carbamyl-phenylglveine™* 200 — 202 - 134

Authentic sample 1‘}:-; — 206 ~ 156

o C=1m IN-HCL =+ C=1 10 0.IN-NH,0OH

F20.00) o p e sy Ty
N-carbamyl-net hmmrm
10,00} — ] —f—-—

_Authentie

'C‘\\!f_jr

60, 000 7=

40,000 | —- feolated
20 0001}

0.0004) . o . l . .
4, 3‘)8 3604 2800 2100 12(00) 401

80.0040
70.000

N-carbamyl-phenylglycine

00000 . . . .. et b s
4398 3000 2800 .%U{}U 1200 M]() 401

Isolated
56.000

Authoentie

42.000

28.0001

14.000

e

[REEEE SV A S ——

Fig. 5. I.R. Spectrum of isolated N-carbamyl-amino
acids.

Effect of time-course on the formation of hydan-
toinase

Fig. 4 shows a typical time-course of growth and
enzyme formation in its optimal medium. After a
long lag period, cell growth and enzyme accumula-
tion started. Hydantoinase formation was found to
be parallel with the cell mass increase in the logarith-
mic growth phase. The maximum enzyme activity
reached after 72 hr cultivation and it attained to 17.8
unit per gram -of dry cell weight,

Enzymatic hydrolysis of DL-5-substituted hydan-
toins



482

An enzyme that obtained according to enzyme
preparation method, were added as an enzyme source
to reactton mixture containing of DL-5-(2-methylthio-
ethyl) hydantoin and DL-5-phenylhydantoin as sub-
strate. After reaction with the determination method
of hydantoinase, each product was isolated by the
procedure shown in Fig. 2.

The infra-red spectra of each of the isolates were
shown in Fig. 5 that were in good agreement with the
authentic sample.

These isolate also showed almost the same specific
optical rotation value as those of authentic sample as
shown in Table 6 and were in good agreement in the
literature data (18-20).

Discussion

Hydantoinase has already been found in Actino-
mycetaceae such as Streptomyces (11), nevertheless
there have been hardly any reports of hydantoinase
with Streptomyces.

In this paper, we described the screening of hy-
dantoinase-producing Streptomyces and screened se-
veral Streptomyces strains which can produced N-
carbamyl-amino acids from DL-5-substituted hydan-
toins from natural sources.

Among them, Streptomyces sp. Y-183, isolated
from soil sample, showed the highest activity when
the DIL.-5-phenylhydantoin was used as a substrate in-
stead of DL-5-(2-methyithioethyl) hydantoin (11).

This phenomenon was very different from that in
the case of Pseudomonas striata (11) and the amoun-
ts of hydantoinase produced by the Pseudomonas
striata was reported to be 1 10 2 units per m/ of cul-
ture broth,

The steric configuration of the end product was
found to the D-form of N-carbamyl-amino acids.

According to these results, this strain was selected
for the studies of culture conditions.

Our results on optimization of the culture condi-
tions were observed that the mixture of yeast extract,
soytone, and beef extract is the best nitrogen source
and also found the maximum level of enzyme activity
which could be increased further by the addition of
uracil as an inducer.

Selected enzyme from this work will now be pur-
ified and more fully characterized.
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