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Abstract [} Examination of many microorganisms and soil isolates for the activity of
aspartase proved that R. rubra, G. suboxydans, A. versicolor, P. purpurogenum, E. coli, Ps.
aeruginosa, A. gigantus, A. unguis, A. parasiticus and a soil isolate(S-90) had high activity
of aspartase. Comparision of the activity of the aspartase by cell free extracts of these micro-
organisms with the activity of the enzyme catalyzing the deamination of aspartame by the
same cell free extracts showed similar kinetic characteristics. The aspartase existing in the cell
free extracts seemed to catalyze the deamination of aspartame, too.

Keywords (] screening of aspartase, L-aspartic acid, aspartame, activity of L-aspartylphenyl-

alanine methyl ester ammonia lyase.

Aspartase (EC 4.3.1.1) catalyzes the divalent
metal-dependent deamination of L-aspartate to
yield fumarate and ammonia®”. Aspartase has been
regarded as a catabolic enzyme in both bacteria and
plants, whereas little information is available for its
existence in animals. The deamination reaction is
reversible unlike most of other catabolic reactions
and the formation of L-aspartate from fumaric acid
and ammonia is favored with AG®°=-3.2 kcal/
mol®. Aspartase catalyzes the trans-addition of am-
monia across the double bond of fumarate®.
Englard® have shown that the addition of NH,"* to
fumarate and its elimination from L-aspartate are
stereo-specific. The enzyme shows substrate speci-
ficity on aspartate and fumarate, but NH,OH and
hydrazine can be substituted for ammonia®.

Although aspartase shows strict specificity on its
substrate, we wanted to develop a new enzyme or
aspartase which can deaminate the amino group of
the aspartyl moiety in aspartame or which can add
ammonia to the fumaroyl moiety of N-fumaroyl-
phenylalanine methyl ester. We thought that it
should be possible to develop a new enzymatic
technique for the production of aspartame
(L-aspartylphenylalanine methyl ester) by adding
ammonia to the double bond of N-fumaroylphenyl-
alanine methyl ester by employing the aspartase or
the aspartame ammonia lyase.
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Currently aspartame is produced organic chemi-
cally by coupling of L-phenylalanine methyl ester
with L-aspartic acid but this process needs the pro-
tection and the deprotection of the other functional
groups of aspartic acid that are not participating in
the coupling reaction. For the development of a
new enzymatic technique for the production of
aspartame by employing an ammonia lyase, we
needed to assay the activity of the deamination of
aspartame in various microbial cell-free extracts.
Thus, we examined the activity of aspartase in cell
free extracts of various microorganisms first, and
then we examined the activity of the deamination of
aspartame with the cell free extracts of the same
organisms. From this assay, we wanted to select mi-
croorganisms having a high deamination activity on
aspartame and we were going to pursue the possibil-
ity for the biotechnological production of aspar-
tame by ¢rans-addition of ammonia across the dou-
ble bond of N-fumaroyl-L-phenylalanine methy!
ester. In this report we want to report the result ob-
tained from examination of many microbial cell
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free extracts for the activity of aspartase and for the
activity of the deamination of aspartame.

MATERIALS AND METHODS

General

The UV spectrophotometry employed was LKB
Biochrom Ultrospec 4050 equipped with Controller
4070. Autoclave was done at 121°C/15LB for
15min by using a model made by Astell Hearson
Co. (England). Cells were cultured on a rotary
shaker (180 rpm) at 28 °C. Centrifugation was done
by using Beckman J-21 Centrifuge and MSE
Europa 65 Ultracentrifuge. Sonicator employed
was MSE-MK 2 Sonicator. pH was measured by us-
ing Digital pH Meter 202 Nova Scientific Co.

Microorganisms and maintenance

Rhodotorula rubra(IFO 0001, IFO 0889 and
IFO 0911), Rh. glutinis(IFO 0389), Rh. glutins var
dairensis (IFO 0415), Rh. minuta var texensis (IFO
0932), RhA. aurantiaca (IFO 0559) B. subtilis (IFO
3134), Proteus vulgaris (IFO 3167), E. coli (IFO
3301 and IFO 12734), Gluconobacter suboxydans
(IFO 3172), G. melanogenus (IFO 3292), G. rubi-
ginosus (IFO 3243) and Pseudomonas aeruginosa
(IFO 13738) were purchased from Institute for
Fermentation in Osaka, Japan. Aspergillus gigan-
tus (M 1), A. nidulans (M 3), A. versicolor (Cz 5),
A. flavipes (Cz 7 and Cz 8), A. alliaceus 1(Cz 10), A.
Soetidus (Cz 11), A. famarii (Cz 15), A.
sclerotiorum (Cz 18), A. fumigatus mui hevola (Cz
20), A. oryzae (Cz 21), A. panamensis (M 31), A.
rugulosus (M 32), A. parasiticus (Cz 33), A.
avenaceus (Cz 34), A. ustus (Cz 54), A. clavatus (Cz
56), A. nidulans (Cz 57), A. oryzae (Cz 58), Penicil-
lium striatum (M 23), P. purpurogenum (Cz 26), P.
notatum (Cz 29), P. rogueforti (Cz 37), P. digitia-
tum (M 44), Paecilomyces varioti (Cz 27, Cz 43 and
M 46), Byssoclamys fulva (Cz 28), Entomophthora
apiculata (M 30), Conidiobolus sp. (M 48), Tham-
nidium elyans (M 49), Botrytis spectsbilis (M 52)
and Mucor rammannianus (M 53) were the fungi
stocked in our laboratory. The soil isolates (135
species) were the microorganisms isolated from soil
collected from various places in Korea.

The strains of Rhodotoruaand Rhodosporidium
geni were stocked on malt extract agar slants. The
strains of Cz series were those stocked on Czapeck-
Dox agar slants and strains of M series were stocked
on malt extract agar slants. Strains designated by S
were the microorganisms isolated from soil and
stocked on V-8 agar slants or nutrient agar slants.
Other bacteria were stocked on nutrient agar slants.

The malt extract medium contained 2% malt ex-
tract. The Czapeck-Dox medium contained 0.2%
NaNO;, 0.1% K,HPO,, 0.05% MgSO,7H,0,
0.05% KCl, 0.01% FeSO, and 3% sucrose in distill-
ed water (pH 7.0). The V-8 medium was composed
of 20% (v/v) V-8 juice and 0.3% CaCO; in distill-
ed water. Agar slants and agar plates were prepared
by adding 2 to 3% agar to these liquid media.

Isolation of microorganisms from soil

Microorganisms in soil were pure-cultured by
the following method. A small amount of soil col-
lected from various places in Korea was suspended
in 10 m/ of sterilized distilled water containing 1 g
of chloramphenicol per m/ to prevent the growth of
fast growing bacteria and mixed very well. After the
suspension was diluted 10*fold with distilled water,
0.5 m/ of the liquid was spreaded on a V-8 agar
plate or an oat meal agar plate(2% oat meal, 0.1%
yeast extract and 2% in distilled water).

Plates were incubated at 28 °C until some col-
onies formed. Colonies having different growth
patterns were transfered on new V-8 agar plates or
oat meal agar plates, pure-cultured and stocked on
V-8 agar slants or nutrient agar slants.

Screening of the activity of aspartase in soil isolates

The 135 microorganisms (bacteria 34 spp. ; fungi
40 spp.; Streptomyces 61 spp.) isolated from soil
and preserved on nutrient agar slants, oat-meal
agar slants or V-8 agar slants were employed for the
screening of the ‘activity of aspartase. Aspartase
was screened at first by observation whether
fumarate was accumulated in aspartase screening
medium or not. Aspartase screening medium was
composed of 2% L-aspartate, 0.2% KH,PO,, 0.1%
K,HPO,, 0.01% MgSO,-7H,0, 0.05% yeast extract
(pH 6.0). The soil isolates were inoculated in the
aspartase screening medium (5.0 m/) and incubated
at 28 °C for 3 days. Fumarate produced in the cul-
tured medium was examined by thin-layer chro-
matography (TLC) by spotting 5.0 u«/ of the
medium on a TLC plate (silica gel). The plate was
developed with Pr-OH-NH,OH-H,0(20:1:1, v/v
%) and the spots of fumaric acid were compared
with that of the authentic sample by UV.

Growth of the microorganisms and the preparation
of cell free extracts

The microorganisms used for the preparation of
cell free extracts were grown under aerobic condi-
tion at 28°C in the Asp medium® containing am-
monium fumarate 1.6%, KH,PO, 0.2%, MgSO,
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7H,0, 0.05%, yeast extract 2%, corn steep liquor
2%, (pH was adjusted to 7.0) or in a modified Asp

medium composed of 2% corn steep liquor, 2%
yeast extract (pH was adjusted to 7.0 with 1.0 N
KOH)”. For the seed culture of microorganisms,
the Asp medium in which NH,OH (67 mM) was ad-
ded instead of ammonium fumarate (1.6% or 132
mM) was employed. Microorganisms were seed-
cultured at 28 °C for 1 day and transferred to the
Asp medium. After the cells were grown fully in
Asp medium (1 day), they were harvested by cen-
trifugation (8,000 rpm, 15 min) and washed twice
with Tris-HCI buffer (50 mM, pH 7.6). The wet
cell-paste was resuspended in Tris-HCI buffer (50
mM, pH 7.6, 0.5 m/ per 100 mg of the wet cell
paste) for the preparation of cell free extracts. The
cells suspended in the solution were disrupted with
MSE-MK2 Sonicator for 5 min at 30 amplitude in
an ice-water bath. Cell debris was removed by cen-
trifugation at 15,000 rpm for 30 min to give a super-
natant which was stored in an ice-water bath and
used as a cell free extract.

A stopped enzyme assay method

After the assay mixture was incubated at 30°C
for 30 min, the activity of aspartase was determined
by measurement of the increase of the absorption at
240 nm due to the formation of fumarate®. The
assay mixture contained 0.1 M L-aspartate (0.5 m/),
2.0 mM MgCl,-6H,O (0.5 m/), 50 mM Tris-HCI
buffer (pH 7.6, 0.9 m/), a cell free extract (0.1 m/)
in a total volume of 2.0 m/. The blank contained no
L-aspartate. The enzyme reaction was stopped by
boiling the reaction mixture in a boiling water bath
for 30 min. The precipitiate produced was removed
by centrifugation. The absorption of the superna-
tant was measured at 240 nm.

An uncoupling continuous enzyme assay method
The activity of aspartase was determined by
measuring the increase in absorption at 293 nm due
to fumarate formation at 10, 20, 30, 40, 50, 60 min
with LKB Model No 4070 at 30°C®. The assay mix-
ture contained 10 mM L-aspartate (1 m/) 50 mM
Tris-HCI buffer (pH 7.6, 0.7 m/), 2 mM MgCl,-
6H,0 (1.0 m/) and a cell free extract (0.3 m/). The
amount of protein was determined by the method
of Lowry'®. One unit of enzyme was defined as the
amount of protein producing 1 x mol of fumarate

per min under the standard assay condition'".

Assay of the activity of the deamination of aspar-
tame
The activity of the deamination of aspartame by

the cell free extract was determined $pectrophoto-
metrically by measuring the increase of absorption
at 293 nm. The assay mixture contained 10 mM
aspartame (1.0 m/), 50 mM Tris-HCI buffer (pH
7.6, 0.7 ml), 2 mM MgCl,-6H,0(1.0 m/) and a cell
free extract (0.3 m/). The cell free extracts from Ps.
aeruginosa, E. coli, G. suboxydans, R. rubra (IFO
0911, IFO 0001), By. fulva, P. striatum, Botrytis
spectabilis, S-90 and S-111 were employed.

Growth of G. suboxydans and E. coli

The medium containing 0.2% K,HPO,, 0.05%
MgS0,-7H,0, 2% corn steep liquor, and 2% yeast
extract (pH 7.0 adjusted with 1.0 N KOH) was in-
oculated with G. suboxydans or E. coli and in-
cubated at 28°C on a rotary shaker. After 24 hrs’
culture, the medium was used as a seed culture
transfered to 190 m/ of Asp medium to give 5% of
the total volume. Samples were taken out from the
cultured medium at 0, 3, 6, 9, 12, 15, 18, 21, 24, 27,
30, 33, 36, 42, 48 hrs’ incubation and their turbidity
at 660 nm and their activity of aspartase was mea-
sured by the uncoupling continuous enzyme assay
method.

Examination of the activity of aspartase during
growth of G. suboxydans and E. coli

The cells in each sample were harvested by cen-
trifugation (8,000 rpm for 15 min), washed twice
with Tris-HCI (pH 7.6, 50 mM), suspended in the
same buffer, sonicated at 30 x for 5 min in an ice-
water bath. The cell debris was removed by cen-
trifugation at 15,000 rpm for 30 min. The superna-
tant stored in an ice-water bath was immediately
used for the aspartase assay. The aspartase assay
was performed by measurement of the increase in
absorption at 293 nm. The assay mixture contained
10 mM L-aspartate (1.0 m/), 50 mM Tris-HCI buf-
fer (pH 7.0, 0.7 m/), 2.0 mM MgCl,-6H,0 (1.0 m/))
and the supernatant (0.3 m/). The amount of aspar-
tase in the cell free extract was obtained from the
initial velocity of the formation of fumaric acid.
The initial velocity was obtained from the slope of
the graph obtained from the results of the enzyme
assay, or umol of fumarate produced per min.

RESULTS AND DISCUSSION

Selection of microorganisms producing aspartase
The activity of aspartase in soil isolates was
determined by the identification of fumarate pro-
duced in Asp medium by TLC. From this study, 48
soil isolates were found to produce fumaric acid in
the medium and we regarded these organisms to
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produce aspartase. The microoranisms and the soil
isolates (48 spp). regarded to produce aspartase
were reexamined for the activity of aspartase by the
stopped enzyme assay method. Examination for the
activity of aspartase with cell free extracts of these
soil isolates, yeasts, bacteria and fungi revealed that
the microorganisms, R. rubra (IFO 0911, IFO 0001)
G. suboxydans, E. coli (IFO 12734, IFO 3301), Ps.
aeruginosa, A gigantus, A. versicolor, A. unguis,
P. purpurogenum, A. parasiticus, S-16, S-32, S-40,
S-90, S-104, S-108, S-111, S-112, S-120, S-123, had
higher activity of aspartase than the rest of
organisms. Aspartase seemed to be distributed
universally in yeast, bacteria and fungi. The
organisms showing good activity of aspartase were

Table 1. The specific activity of aspartase

reexamined with cell free extracts by the uncoupling
continuous enzyme assay method. The data obtain-
ed from this study for the microorganisms showing
good activity of aspartase were presented in Figure
1 and their specific activities of aspartase are
presented in Table I. As shown in Figure 1, E. coli
Ps. aeruginosa and R. rubra are especially promi-
nent in the activity of aspartase. From this sudy, it
can be said that aspartase is much more abundant
in bacteria and in some yeasts.

Growth of E. coli and G. suboxydans and the
change of activity of aspartase at each growth times

The turbidity, the pH and the wet weight of cells
in each medium obtained at various incubation time

Specific

Organisms Wet weight Volume* Protein** Activity*™* activity
(g (m)) (my) (units) (units/mg)
R. rubra (IFO 0911) 0.2647 1.32 2.97 0.968 0.326
R. rubra (IFO 0001) 0.2647 1.32 2.97 0.402 0.0437
G. suboxydans 0.3345 1.67 3.72 0.662 0.178
(IFO 3172)
A. versicolor (Cz 5) 0.7014 3.51 0.42 0.519 0.124
P. purpurogenum (Cz 26) 0.8818 4.41 1.27 0.184 0.145
E. coli (IFO 12734) 0.3184 1.59 8.78 2.80 0.319
S-123 0.3360 1.68 6.72 0.544 0.081
S-104 0.3100 1.55 3.85 — —
S-108 0.3702 1.85 5.14 0.537 0.104
S-90 0.7742 3.87 8.87 0.503 0.0567
S-111 0.6423 3.21 10.6 0.264 0.0249
S-112 0.1619 0.81 2.54 — —
S-121 0.3307 1.65 2.21 — —
S-40 0.2144 1.07 8.87 0.337 0.038
S-120 0.4055 2.03 6.84 0.652 0.0953
E. coli 0.5206 2.60 12.8 1.369 0.107
E. coli (IFO 3301) 0.5218 2.61 10.8 0.997 0.0886
Ps. aeruginosa 0.3626 1.81 5.56 2.29 0.411
(IFO 13738)

S-32 0.2876 1.44 6.25 0.538 0.086
S-16 0.2771 1.39 4.15 0.211 0.0509
A. gigantus (M1) 0.3849 1.92 0.458 0.128 0.279
A. unguis (Cz 20) 0.5365 1.92 0.458 0.128 0.279
A. parasiticus 0.4466 2.23 0.453 0.0743 0.164

(Cz 33)

* The total volume of the cell free extract; **The amount of the total protein in the total volume of the cell free extract;

**The total activity of aspartase in the cell free extract



Deamination of Aspartame by Aspartase

for E. coli, and G. suboxydans were examined and
their growth curves were presented in Figures 2 and
3. E. coli and G. suboxydans got the maximum
growth at 27 hrs’ incubation. The pH was increased
slowly as cells were growing. The correlation bet-
ween growth of cells and the activity of aspartase
was presented in Figures 2 and 3. The result in-
dicated that at the time of maximum growth of the
microorganisms showed the highest activity of
aspartase. The amount of aspartase was increased
as cells grew, and decreased as the number of cells
was decreased. This relationship seems to suggest
that the amount of aspartase was related with the
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Fig. 1. The increase of the absorption at 293 nm of the
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Fig. 2. The growth ( — ) and the activity of aspartase(- -)
of E. coli (IFO 12734).
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number of cells. But whether aspartase was induced
in these microorganisms was not clearly suggested.

Examination of the cell free extract for the activity
of the deamination of aspartame

To examine the activity of the deamination of
the amino group of the aspartyl moiety of aspar-
tame (L-aspartyl phenylalanine methyl ester), we
incubated the assay mixture containing aspartame
instead of L-aspartic acid, and the increase in ab-
sorption at 293 nm of the assay mixture was moni-
tored continuously with a UV spectrophotometer.
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Fig. 3. The growth ( —) and the activity of aspartase (- -)
of G. suboxydans (IFO 3172).
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Fig. 4. Comparision of the increase of the absorption at
293nm of the assay mixture added with L-aspartic
acid with that added with aspartame.
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The data are presented in Figure 4.

The increase of absorption at 293 nm of the
assay mixture added with asartame instead of L-as-
partic acid showed the same pattern of increase of
UV absorption as that of L-aspartate. But the in-
crease of the UV absorption of the assay mixture
added with aspartate, which is due to the formation
of fumarate from L-aspartate, was just a little
faster than that of the assay mixture added with
aspartame instead of L-aspartic acid which is main-
ly due to the formation of the product N-fumaro-
ylphenylalanine methyl ester, produced from aspar-
tame. These data suggested the possibility that
aspartame can be deaminated very well by aspartase
also.

Since production of L-aspartic acid from fuma-
rate by employing aspartase is well established and
it should be possible to produce aspartame from
N-fumaroyl-L-phenylalanine methyl ester by em-
ploying aspartase. Examination of the metabolized
products formed from aspartame in the assay mix-
tures by incubation with cell free extracts suggested
the participation of other hydrolyzing enzymes.
Currently, we are fdrther trying to identify and
characterize the aspartase and the aspartame-
ammonia lyase and investigating the enzymatic
transformation of N-fumaroyl-L-phenylalanine
methyl ester to aspartame.

ACKNOWLEDGEMENT

The financial support from Korean Science and
Engineering Foundation is greatly appreciated.

LITERATURE CITED

1. Ida, N. and Tokushige, M.: L-Aspartate-in-
duced activation of aspartase. J. Biochem. 98,
35 (1985).

2. Bada, J.L., and Miller, S.L.: Kinetics and

10.

11.

mechanism of the reversible nonenzymic dea-
mination of aspartic acid. Biochemistry, 7, 340
(1968).

. Gawron, Q., and Fondy, T.P.: Streochemistry

of the fumarase and aspartase catalyzed reac-
tions and of the Krebs cycle from fumaric acid
to d-isocitric acid. J. Am. Chem. Soc. 81, 6333
(1959).

Englard, S., Breiger H.C. : Enzymic amination
and hydration of fumarate, J. Biol. Chem.
233, 1003(1958).

. Emery, T.F.: Aspartase-catalyzed synthesis of

N-hydroxyaspartic acid. Biochemisty, 2,
1041(1968).

Fusee, M.C., Swann, W.E., and Calton, G.J.:
Immobilization of Escherichia coli cells con-
taining aspartase activity with polyurethane
and its application for L-aspartic acid produc-
tion. Appl. Environ. Microbiol. 42, 672
(1981).

. Takagi, J.S., Ida, N., Tokushige, M., Saka-

moto, H., and Shimura, Y.: Cloning and nu-
cleotide sequence of the aspartase gene of
Escherichia coli. Nucleic Acid Research, 13,
2063 (1985).

. Nishimura, N., and Kisumi, Mo.: Aspartase-

hyperproducing mutants of Escherichia coli.
Appl. Environ. Microb. 48, 1072 (1984).
Karsten, W.E., Gates, R.B. and Viola, R.E.:
Kinetic studies of L-aspartase from Escheri-
chia coli: Substrate activation. Biochemistry,
25, 1299 (1986).

Lowry, O.H.: Protein measurement with the
Folin phenol reagent. J. Biol. Chem. 193, 265
(1951).

Takagi, J.L., Fukunaga, R. Tokushige, M.,
and Katsuki, H.: Purification, crystallization
and molecular properties of aspartase from
Pseudomonas fluorescens. J. Biochem. E. 96,
545 (1984).



