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Screening of Novel Inducer for D-amino Acid Oxidase by
Trigonopsis variabilis
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Abstract—Goal of present studies was the optimization of
production media of D-amino acid oxidase by Trigonopsis
variabilis using one-at-a-time strategy & screening of novel
inducer. In different carbon and nitrogen sources, glucose and
ammonium sulfate were found the best carbon and nitrogen
source with 4:1 C: N ratio. The best new inducers found were
3-(3, 4 -Dihydroxyphenyl) DL-alanine, DL-B- Phenyl alanine,
DL-2- Amino-n-butyric acid. Four fold of D-amino acid oxidase
yield was observed when 3-(3, 4 -Dihydroxyphenyl) DL-alanine
was used as inducer as compared with D-Ala. The optimum
concentration of the best inducer 3-(3, 4 -Dihydroxyphenyl)
DL-alanine, was 10 mM. High Induction effect was observed
when inducer was added in media in 0 hour of fermentation.

Index Terms—D-Amino acid oxidase (DAAO), 3-(3, 4Dihydro
-xyphenyl) DL-alanine, Trigonopsis variabilis

I. INTRODUCTION

D-Amino acid oxidase (DAAO, EC 1.4.3.3) is inducible
flavoenzyme that catalyzes the oxidative deamination of
D-amino acids (DAA) with a strict stereospecificity to give
a-keto acids and ammonia; FADH, then reoxidizes by
molecular oxygen, producing hydrogen peroxide. Due to
broad substrate specificity and high steriospecificity of
DAAOs, makes its demand high in several food &
pharmaceutical industries. For instance, production of a-keto
acids, which are valuable and useful therapeutic agent for the
treatment of chronic uremia [1], separation of L-amino acids
from racemic mixture of DL-amino acids, which is used as
feed additives, components of infusion solutions, and starting
materials for pharmaceuticals [2], in biosensor preparation for
the detection of homocysteine in human plasma [3] & most
important application in pharmaceutical industries is
conversion of cephalosporin C to7-aminocephalosporinic
acid (7-ACA) [4] which is a key compound for the production
of many semisynthetic B-lactam drugs (world market, $20.5 3
109).

D- amino acid oxidase activity is widely distributed among
organisms ranging from yeast to human; for example, they
occur in vertebrates, especially mammals, and in
microorganisms, such as the fungi Cephalosporium
acremonium, Neurospora crassa Fusarium solani, and
Fusarium oxysporum, the algae Chlorella vulgaris, the yeasts
Candida tropicalis, Trigonopsis variabilis, and Rhodotorula
gracilis, and the bacterium Alcaligenes denitrificans. Plants
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have no DAAO activity. Microbial DAAO enable it more
suitable over human D- amino acid oxidase in
biotechnological application due to its high turnover number,
tight binding to its coenzyme and more of its gene expression
[5]. Trigonopsis variabilis DAAO is only microorganism
that’s practical importance was reported.

The induction of DAAO by T. variabilis was studied using
different DL-amino acid as well as unmetabolized inducer
such as N-Carbamoyl-D-alanine, N-Acetyl-D-tryptophan,
N-Chloroacetyl-D-aminobutyric acid [6]-[8].

However, the aim of our study was optimization of DAAO
production by T. variabilis using different carbon, nitrogen
sources, screening of new unmetabolizable inducer, and their
effect on DAAO production during different time of
fermentation process.

Il. MATERIALS AND METHODS

A. Microorganism & Chemicals

A strain of Trigonopsis variabilis (MTCC 1354) was
obtained from Institute of Microbial Technology, Chandigarh,
India. The substances tested as inducers were purchased from
Hi-Media, laboratories, Mumbai, India. All other reagents
used were of analytical grade.

B. Culture Conditions

T. variabilis was grown in 250 ml conical flask in 30°C
and 180 rpm containing 1% of glucose, 0.5% of (NH,4),SO4,
0.5% of KH,PO,, MgSO,.7H,O 1g/liter, CaCl, 0.5¢/liter,
ZnS0, 60mg/liter, FeSO, 40mg/liter, MnSO, 40mg/liter,
(NH4)sM070,4 40mg/liter, CuSO, 40mg/liter, HsBO; 100
mg/liter, biotin 0.2mg/liter [6]. D-alanine or other amino acid
derivatives were used as inducer (10mM). Glucose and other
media composition were sterilized separately. All inducers
were sterilized using membrane filter (0.2jum) separately.

C. Preparation of the Cell Extract

The cells were harvested by centrifugation at 20,0009 at
4°C for 15 minutes. Cell mass was suspended in potassium
phosphate buffer (pH 8.0) containing 2 mM EDTA, 5 mM
2-mercaptoethanol & 0.1% (v/v) Triton X-100 [9]. It was
sonicated for cell wall lyses and supernatant was collected for
determination of D-amino acid oxidase activity.

D. Enzyme Assay

The DAAO activity was estimated spectrophotometrically
by performing a coupled enzyme test at 37°C in 0.19 mM
sodium pyrophosphate buffer (pH 8.3), in which D-alanine
was used as the substrate[10]. One unit of enzyme activity is
defined as the amount of enzyme oxidizing 1 micromole of
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D-alanine per minute at 25<C and pH 8.3, in presence of
catalase.

I11. RESULT AND DISCUSSION

T. variabilis was used for DAAQ production in submerged
fermentation. Optimization of the fermentation medium was
studied with a view to develop economically viable
fermentation technology for DAAO production.

The optimization of fermentation parameter condition was
done in one-at-a-time strategy to enhance the DAAO vyield.
Different monosaccharide and disaccharides were used as
carbon sources such as glucose, fructose, galactose, sucrose,
maltose, and lactose, to find the optimal fermentation media
for DAAO production. For the maximal production of DAAO
from T.variabilis, monosaccharides were found to be the most
effective carbon source. In all different monosaccharides as
carbon sources used, glucose was found to be the most
suitable to induce the DAAO production. Glucose require no
extra step for enter in glycolytic pathway comparison of other
monosaccharides and disaccharides. Fig 1. shows the
different carbon sources (1%) studied in the fermentation
medium for DAAO enzyme production.

Enzyme activity U/g Yeast cell DW

Glucose  Fructose  Galactose  Sucrose Maltose Lactose

Fig. 1. Effect of different carbon sources on production of DAAO by T.
variabilis.

Similarly various inorganic and organic nitrogen content
sources were studied as shown in Fig 2. It was found that
(NH,4),So,4 was chosen as the suitable best nitrogen source
followed by yeast extract and urea for DAAO production.

C: N value 4:1 was observed.
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Fig. 2. Effect of different nitrogen sources on production of DAAO by T.
variabilis.

The maximum enzyme production was studied at pH range

of 4 to 10 & temperature 26°C to 34°C. pH 7 & temperature
30°C was the best for maximum DAAO vyield (Fig 3 & 4).
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Fig. 3. Effect of different pH on production of DAAO by T. variabilis.

500

400
350
300
250
200
150
100

50

Enzyme activity {U/g YDW)

24 26 28 30 32 34 36

Temperature (°C)

Fig. 4. Effect of different temperature on production of DAAO by T.
variabilis.

Previously D- or DL-amino acids were simultaneously
used as inducer and nitrogen source. Some unmetabolizable
inducer such as N-Carbamoyl-D-alanine, N-Acetyl-D-
tryptophan, N-Chloro acetyl -D- aminobutyric acid were also
reported as inducer [6]- [8].

In this paper three novel unmetabolizable inducers (3-(3, 4
-Dihydroxyphenyl) DL-alanine, DL-B- Phenyl alanine, DL-2-
Amino-n-butyric acid) were studied. The most effective
inducer was 3-(3, 4 -Dihydroxyphenyl) DL-alanine as 455
Units/g YDW DAAO yield (Table I).

TABLE I: SCREENING OF INDUCERS FOR DAAQO PRODUCTION BY T.

VARIABILIS.
YDW DAAO activity
£
Inducer (glliter) (Units/g YDW)
Without inducer 6 34
D-Alanine 5.8 112
DL-B- Phenyl alanine 52 122
DL-2- Amino-n-butyric acid 5.4 95
3-(3,4 —I?lhydroxyphenyl) 5 455
DL-alanine

*Each inducer was tested at a concentration of 10 mM.
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Fig. 5. Effect of different concentration of 3-(3, 4 -Dihydroxyphenyl)
DL-alanine on production of DAAO by T. variabilis
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Optimization of 3-(3, 4 -Dihydroxyphenyl) DL-alanine
concentration was studied at range of 5 mM to 20 mM . 10
mM concentration of 3-(3, 4 -Dihydroxyphenyl) DL-alanine
was optimum for high DAAO vyield. High concentration of
3-(3, 4 -Dihydroxyphenyl) DL-alanine do not show
significant effect on DAAO production and it may inhibit the
growth of Trigonopsis variabilis.

Effect of inducer at different fermentation time was also
studied. Addition of inducer at 0 hour of fermentation shows
potent effect of DAAO vyield. Fig. 6.
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Fig. 6. Effect of Inducer on DAAO production during different fermentation
time.
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