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Pseudomonas sp.0ll 2§t DL-lactonitrile25FE{ D-lactic acid2| 44t

Production of D-Lactic Acid from DL-Lactonitrile by Pseudomonas sp. Kim, Hyun-Seo, In-Gyun
Hwang, Namhyun Chung, and Won-Gi Bang*. Department of Biotechnology and Cenetic Engineering, Col-
lege of Life and Environmental Sciences, Korea University, Seoul 136-701, Korea — By using DL-acetonitrile as
enzyme inducer, 90 bacteria were isolated from a field soil. Among the isolated strains, the strain WJ-003
showed the highest activity for production of D-lactic acid from DL-lactonitrile, and was partially identified as
Pseudomonas sp. The production condition of D-lactic acid from DL-lactonitrile using resting cells as an
enzyme source was optimized as follows: the reaction mixture contained 10 mM of DL-lactonitrile, 20 g of
wet cells in 1 1 of 20 mM potassium phosphate buffer (pH 7.0) and the reaction was carried out at 30°C. After
18 h of reaction, 0.843 g/l of D-Ilactic acid was produced which corresponded to a conversion ratio of 93.7%
and an optical purity of 99.8%. Additionally, when 10 mM of DL-lactonitrile was added once more to the
reaction mixture at 14 h, 1.64 g/l of D-lactic acid was produced after 28 h. In this experiment, the conversion

ratio was 91.1% and optical purity 99.8%.

Key words: D-(-)-lactic acid, DL-lactonitrile, nitrile asymmetric hydrolysis, Pseudomonas sp.
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Table 1. Growth and D-lactic acid production by isolated micro-
organisms.

Strains Growth D-Lactic acid  L-Lactic acid
(0.D., 600 nm) (%)) (g
WJ-003 8.38 0.270 N.D.2
wWJ-010 7.90 0.201 N.D.
WJ-036 7.82 0.195 N.D.
WJ-044 8.04 0.212 N.D.
WJ-088 7.33 0.177 N.D.
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D-Lactic acid 4t A8
compounds2| 4gt

DL-Lactonitrile25-E] D-lactic acid® A EAo =2
AMEEE FAle] EA8A] 6l B3] nitrile compounds®] %3
g5 ZASE7] 48l ZHE nitrile compoundsE- HiA] o] 1
gIvvye A7ksle] 1 35 ARSI T Table 3oA B
= vke} Ze] DL-acetonitriles AMS-3F 747} o2 nitrile

EM0f| ojXl= ZHE nitrile

Table 2. Physiological and biochemical characteristics of the
strain WJ-003.

Characterization WJI-003
Morphological characteristics
Motility +
Shape rod
Gram test -
Assimilation of carbon compounds:
D-Glucose +
D-Mannose +
Sucrose +
Succinate -
D-Arabinose -
Citrate -
D-Fructose -
D-Ribose +
L-Rhamnose -
Lactate +
Physiological characteristics
Oxidase test +
Catalase test +
Reduction of nitrates to nitrites -
Methyl red test -
Starch hydrolysis +
Gelatin hydrolysis +
Indol test -
O/F test Oxidative

*Symbols: +; positive, —; negative.

Table 3. Effect of various nitrile compounds on enzyme activity.

i Growth Enzyme activit;
Nitrile compounds (g/1) (O.Deo) (umoile /h- mg ce}Il)
DL-Acetonitrile 8.38 0.024
DL-2-Chloropropionitrile 7.46 0.020
DL-Benzonitrile 7.36 0.010
DL-Propionitrile 7.35 0.009
DL-Butyronitrile 7.20 0.010
DL-Benzyl cyanide 6.10 0.014
DL-3-Cyanonitrile 5.75 0.014
DL-Isobutyronitrile 0.02 N.D2

*Reaction was carried out for 24 h at 30°C in the reaction mixture
containing 5 g/l (wet/weight) of cell, 10 mM of DL-lactonitrile and
30 mM of potassium phosphate buffer (pH 7.0).

2N.D., not detected.

*Reaction was carried out for 24 h at 30°C in the reaction mixture
containing 5 g/l (wet/weight) of cell, 10 mM of DL-lactonitrile and
30 mM of potassium phosphate buffer (pH 7.0).

®N.D.. not detected.
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Fig. 1. Growth curve of Pseudomonas sp. WJ-003 and change
of D-lactic acid production enzyme activity. Cultivation of
Pseudomonas sp. WI-003 was carried out at 30°C in medium con-
taining 10 mM of DL-lactonitrile. - @- indicates cell growth, and
- - indicates enzyme activity.
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acid AAF E4gA3) W3E ZAbslol o] o ASE Fig |
off Uehlalch. Fig. 1o viehd uis} o] 9] A5-2 36
A7} Fof] A7)0 =2}l 2n], D-lactic acid AF EA
AT 3627 Foll HeiRlell =23 F, FA3P7) ARlskodet
oA, o] 39 APeME FAF P BagAe) 7t ¥
2 361 7HERY ekt TS °88led DL-lactonitrile® 4
D-lactic acid® AALS)Y] 8 aag ez ARgsleith

D-Lactic acid &t DjXl= MZ2 M2l&zt
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Table 4. Effect of cell treatment on D-lactic acid production.

D-Lactic acid (g/1)

Cell treatment

Whole cell 0.270
Freezing thawing 0.159
5%(v/v) Benzene® 0.010
5%(v/v) Toluene® 0.015

*Reaction was carried out for 24 h at 30°C in the reaction mixture
containing 5 g/l (wet/weight) of cell, 10 mM of DL-lactonitrile and
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Fig. 2. Effect of DL-lactonitrile concentration on D-lactic acid
production with resting cells. Reaction was carried out for 24 h
at 30°C in reaction mixture containing 5 g/ {wet weight) of cell
and 30 mM of potassium phosphate buffer (pH 7.0).
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Fig. 3. Effect of cell concentration on D-lactic acid production

30 mM of potassium phosphate buffer (pH 7.0).
2The cell was treated with 5% (v/v) benzene for 30 min.
"The cell was treated with 5% (v/v) toluene for 30 min.

with resting cells. Reaction was carried out for 24 h at 30°C in
reaction mixture containing 10 mM of DL-lactouitrile and 30 mM
of potassium phosphate buffer (pH 7.0).



Table 5. Effect of different polar solvents on D-lactic acid pro-
duction with resting cells.

Solvent (pH 7.0)

D-Lactic acid (g/1)

Potassium phosphate (30 mM) 0.614
Tris-HCI (30 mM) 0.586
Imidazol-HCI (30 mM) 0.548
Distilled Water 0.386
0.85% (w/v) Saline 0.380

¥Reaction was carried out for 24 h at 30°C in the reaction mixture
containing 20 g/l (wet/weight) of cell and 10 mM of DL-lactonitrile.
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A M D-lactic acid AAkFe] =A] Z715H4] 452
oF 4= olgict. WA, o] F2] AldlellA= 20 g/l(wet weight)
o] AFAE AHg3IAT

D-Lactic acid M4t O|X|= ¥tS20fe| HE
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Akl o] D-lactic acid®] At 713 £2 7oz e}
wow, 20 % Tris-HCl £ o] E9ket. ulebr], o] 52
Aol M= ukg E3teo] uhsErEA Akl S AL
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Fig. 4. Effect of buffer concentration of D-lactic acid produc-
tion with resting cells. Reaction was carried out for 24 h at 30°C
in reaction mixture containing 20 g/l (wet weight) of cell, 10 mM
of DL-lactonitrile, and the reaction buffer was 20 mM of potas-
sium phosphate buffer (pH 7.0).
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Fig. 5. Effect of initial pH on D-lactic acid production with
resting cells. Reaction was carried out for 24 h at 30°C in reaction
mixture containing 20 g/t (wet weight) of cell, 10 mM of DL-lac-
tonitrile and 20 mM of potassium phosphate buffer.
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Fig. 6. Effect of reaction temperature on D-lactic acid produc-
tion with resting cells. Reaction was carried out for 24 h in the
reaction mixture containning 20 g/l (wet weight) of cell, 10 mM ot
DL-lactonitrile, and 20 mM of potassium phosphate buffer (pH
7.0).
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Table 6. Effect of various surfactants on D-lactic acid produc-
tion with resting cells.

Surfactant (0.01%)

D-Lactic acid (g/1)

None 0.843
Triton X-100 0.423
Tween 40 0.423
Tween 60 0.409
Tween 80 0.417
CTAB? 0.409
CPC® 0.345

*Reaction was carried out for 24 h at 30°C in the reaction mixture
containing 20 g/l (wet/weight) of cell, 10 mM of DL-]actonitrile and
20 mM of potassium phosphate buffer (pH 7.0).

*CTAB: Cetyltrimethyl ammonium bromide.

SCPC: Cetyl pyridium chloride.

o] 24, ol A vol A AHBAE Hrlsled F
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Fig. 7. Time course of D-lactic acid production with resting
cells. Reaction was carried out at 30°C in reaction mixture contain-
ing 20 g/l (wet weight) of cell, 10 mM of DL-lactonitrile, and 20
mM of potassium phosphate buffer (pH 7.0).
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Fig. 8. Time cource of D-lactic acid production with resting
cells with 10 mM DL-lactonitrile feeding on the production of
D-lactic acid. Reaction was carried at 30°C in reaction mixture
containing 20 g/l (wet weight) of cell, and 20 mM of potassium
phosphate buffer (pH 7.0). The arrow indicates the feeding point of
10 mM DL-lactonitrile.
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