Kor. J. Appl. Microbiol. Biotechnol.
Vol. 24, No. 3, 357-363 (1996)

Pseudomonas sp. JH0070{| 2|8t DL-2-Chloropropionic
Acid25E| D-Lactic Acid2| AHAL

EXIE - el - HRAT|*
nCHE D S35t}

Production of D-Lactic Acid from DL-2-Chloropropionic Acid by Pseudomonas sp. JH007. Ja-Hun
Jung, In-Gyun Hwang and Won-Gi Bang*. Department of Agricultural Chemistry. Korea University, Seoul 136-
707, Korea — For the production of D-lactic acid from DL-2-chloropropionic acid, about 80 strains of bacteria
capable of assimilating DL-2-chloropropionic acid as a sole carbon and energy source were isolated from the
soil. JH-007 strain that showed the higest productivity of D-lactic acid and didn’t produce L-lactic acid from
DL-2-chloropropionic acid was selected from them and identified as Pseudomonas sp. The optimal conditions
for the production of D-lactic acid from DL-2-chloropropionic acid were examined. The resting cells of
JH-007 cultured in LB medium containing 3 g/! of DL-2-chloropropionic acid were used as an enzyme source.
The reaction mixtures for the maximal production of D-lactic acid were consist of 10 g/l of resting cells
and 3 g/l of DL-2-chloropropionic acid in 125 mM sodium carbonate buffer. The optimal pH for the reaction
was 10.0 and the optimal temperature was 30C. When 1 g/l of DL-2-chloropropionic acid was added intermitte-
ntly to the reaction mixture under the above condition, 5.72 g/l of D-lactic acid was produced after incubation
of 5 hrs. This amount of D-lactic acid corresponded to a 98.4% yields and the optical purity was 99.8%.
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Table 1. Comparison of growth and D-lactic acid production
by microorganisms.

Growth D-Lactic L-Lactic
Strains (0.D acid acid

600 nm) g/ (g/D)
JHO04 (0.175 008 -
JHGO7 0.420 0.23 —
JHOOR 0.148 0.11 —
JHO37 0.393 0.06 —
JHO54 0.229 0.08 —
JHO73 0.400 0.05 =

*Cultivations were carried out at 30C for 14 hrs in the me-
dium containing 1 g/l DL-2-chloropropionic acid, 0.5 g/l ye-
ast extract, 5 g/l (NH4)QSO4, 1 gﬂ KHQP 04, 1 g/l N&gHPO.;’
12H,0, and 0.1 g/l MgS0O,-2H,0 (pH 7.0).

Reaction was carried out for 30 mins at 30C in the reaction
mixture containing 2.5 g/l (wet weight) of cell, 1 g/l of
DL-2-chloropropionic acid, and 25 mM sodum carbonate
buffer {(pH 10.0).
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Table 2. Effect of 2-chloropropionic acid form on cell gro-
wth of strain JH-007.

Concen-  Cell Growth
Substrates tration (O.D.
(g/D 600 nm)
Control® 0.170
DIL.-2-Chloropropionic acid 1 0.420
L-2-Chloropropiomic acid 1 0.737
D-2-Chloropropionic acid 1 0.166

*Cultivations were carried out at 30C for 14 hrs in the
medium containing 1 g/l substrate, 0.5 g/l yeast extract,
5 g/l (NH,).50,, 1 g/l KH,PO,, 1 g/l Na,HPO,-12H.0, and
0.1 g/l Mg50,-2H,0 (pH 7.0).

All substrates were autoclaved seperately.

“The control didn't contain 2-chloropropionic acid.

Table 3. Comparison of D-lactic acid conversion from DL-,
D-, and L-2-chloropropionic acids.

Substrate  D-Lactic Con-
Substrates concen- acid version

tration (g/l) yield

(/D) (%)

DL-2-Chloropropionic 1.0 0.41 49.8
acid

D-2-Chloropropionic 1.0 - —

acid

L-2-Chloropropionic 1.0 0.83 99.6
acid

*Cultivations were carried out at 30C for 14 hrs in the me-
dium containing 1 g/f DL-2-chloropropionic acid, 0.5 g/l ye-
ast extract, 5 g/l (NH,S0,, 1 g/I KH,PO,, 1 g/ Na,HPO,-
12H.0, and 0.1 g/i MgS0,-2H,0 (pH 7.0).

Reaction was carried out for 2 hrs at 30C in the reaction
mixture containing of 2.5 g/l (wet weight) of cell and 25
mM sodium carbonate buffer (pH 10.0).
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Table 4. Physiological and biochemical characteristics of
the isolated strain JH-007.

Characteristics JH-007

Morphological characteristics

Motility +
Gram test —
Shape rod
Assimilation of carbon compounds
D-glucose

D-mannose

L-sorbose

D-melibiose

lactose

Sucrose

D-fructose

L-arabinose

D-ribose

D-arabinose

citrate

succinate

D-gluconate

Physiological characteristics
Oxidase

Catalase +
Oxygen requirement strictly aerobe
O/F test oxidative
Reduction of nitrates to nitrites —
Methyl red test —
Starch hydrolysis —
Gelatin hyﬁmlysis —
Indole production -
Glucose acidification +

+ +

|

+ + 4+ 4+ + + 4+

+

*Symbols: -+, positive; —, negative
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Fig. 1. Growth curve of Pseudomonas sp. JH-007 and change
in 2-haloacid dehalogenase activity.

Cultivation of Pseudomonas sp. JH-007 was carried out at

30C in LB medium containing 3 g// of DL-2-chloropropro-
pionic acid.
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Fig. 2. Effect of DL-2-chloropropionic acid concentration
on D-lactic acid production by resting cells of Pseudomonas
sp. JH-007.

Reaction was carried out for 30 mins at 30C in reaction
mixture containing 1 g/l (wet weight) of cell mass and 25
mM of sodium carbonate buffer (pH 10.0).
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Fig 3. Effect of cell concentration on D-lactic acid produc-
tion by resting cells of Pseudomonas sp. JH-007.
Reaction was carried out for 30 mins at 30C in reaction
mixture containing 3 g/l of DL-2-chloropropionic acid and
25 mM of sodium carbonate buffer (pH 10.0).
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Fig 4. Effect of initial pH on D-lactie acid production by
resting cells of Pseudomonas sp. JH-007.

Reaction was carried out for 30 mins at 30C in reaction
mixture containing 10 g/l (wet weight) of cell mass, 3 g/!
of DL-2-chloropropionic acid and 125 mM of sodium carbo-
nate buffer.

Table 5. Effect of different buffers on D-lactic acid produc-
tion with resting cells.

Buffers D-Lactic

(25 mM) acid (g/l)
Sodium carbonate (.82
Glycine 0.71
Tris-HCI 0.30
Sodium phosphate 0.24

*Reaction was carried out 30 mins at 30C in the reaction
mixture containing 10 g/l (wet weight) of cell, 3 g/l of DL-
2-chloropropionic acid and 25 mM of various buffers (pH
10.0).
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Fig 5. Effect of buffer concentration on D-lactic acid produ-
ction by resting cells of Pseudomonas sp. JH-007.
Reaction was carried out for 30 mins at 30C in reaction
mixture containing 10 g/l (wet weight) of cell mass, 3 g/!
of DL-2-chloropropionic acid, and the reaction buffer was
sodium carbonate buffer (pH 10.0).
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Fig 6. Effect of reaction temperature on D-lactic acid pro-
duction by resting cells of Pseudomonas sp. JH-007.
Reaction was carried out for 30 mins in the reaction mix-
ture containing 10 g/l (wet weight) of cell mass, 3 g/l of
DL-2-chloropropionic acid, and 125 mM of sodium carbo-
nate buffer (pH 10.0).
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Fig 7. Time course of D-lactic acid production by resting
cells of Pseudomonas sp. JH-007.
Reaction was carried at 30C in reaction mixture containing

10 g/f {wet weight) of cell mass and 125 mM sodium carbo-
nate buffer (pH 10.0).

Total substrate concentration was 14 g/l DL-2-chloropropio-
ni¢ acid.

The arrows indicate feeding points of 1 g// of DL-2-chlorop-
ropionic acid.

D-lactic acid®] A 1beF2] 7AA1A #H3LE FAFShg o,
2 A#E Fig 7ol Jeliigdch Fig 70 vhebd ule}
Aol gAareFE vhg-A17k 5A17F %ol 14 g/1€) DL-2-ch-
loropropionic acid2%8 5.72 g/I(63.6 mM)2] D-lactic
acid7} AAt=E|glom, ojufe] ALE-3F 7[Ael| ugt o]
23 AF-EFL 984%%ich vk e] A43= D-lactic
acid®] Pt = 99.8%0)lgd ). o)} e A= Ko-
saki s(9)°] 23 WA eg Ailste] B 13k 99%<}
Shigeno2} Nakahara(11)7} 1,2-propanediol & t-E] 2§ A}
sl 13k 99% 9 22 TE9 B3 =) A
H}-S-o Foll dolgl+ D-2-chloropropionic acid+ Han-
san 5{(14)2] wWell wet chemical dehalogenation$-
Axm A2 BE 7|A& D-lactic acid® #3A)z
Ue AR AlE¥Ch

2 o

DL-2-chloropropionic acid %8| D-lactic acid& A}
A7) $)sle], E<oko g HE] DL-2-chloropropionic
acidg 7L &t % AU/ 0§38 4 gl
T 80 5& Felslsien, FeluyT 5258 DL-2-
chioropropionic acidZ4¥| D-lactic acid A4AtAJo] &
T3, L-lactic acidE AAFSIA] e o5 JH-007&
A sled Pseudomonas sp. 2 57 8tgict. DL-2-chloro-
propionic acid2X%¥| D-lactic acidES AAHs}r] ¢3)




Pseudomonas sp. JHOO7 off 2[5t DL-2-Chloropropionic Acid Z2FEf D-Lactic Acid & M4 363

A F271-& Z2AEH7) ¢3be] 3 g/t el DL-2-chloropro-
pionic acid7} E3gh=l LB vl x]o| A uj ¢ksle] -54gF &
&5 AlE Ao g ARE-shgir). D-Lactic acid
A Apx) o] F A B}-_g—qq F71E 125 mM sodium carbo-
nate bufferoll 5 F=|#] 10 g/l¢} 3 g/ie] DL-2-chlo-
ropropionic acidE Al4-% dwjgiev] = Hk§ pH&
100 ]2%1:%}_‘-1 V‘S’_E,_‘-: 3()(:::3 gir,,} ﬁzqzﬂa}oﬂ,{—] H]-

E ﬂd?}ﬁ“}oﬂ 5-»’\]«?[} HJE*]%!E ul 5.72 g/l«] D-lactlc
acid7} AJAbx]9] om, X382 984%9% o, B3} n
= 99.8%0]dt,

DT

[. Onda M., K. Motosugi, and H. Nakajima, 1990. A
New approach for enzymatic synthesis of D-3-chloro-
lactic acid from racemic 2.3-dichloropropionic acid
by halo acid dehalogenase. Agric. Biol Chem. S4(11):
3031-3033.

2. KEBEUAL 1989, (S)-4 vtV > Bl
P 2-262543.

3. Yamaganmi T.. E. Kobayashi, and T. Endo. 1992. Bio-
logical process for preparing optically active lactic
acid. Eur. Pat. Appl. EP 47332842.

4. David B. 1991. Miscellaneous biomaternals.
rial. Pp. 342-347. M stockton press.

5. Hansan A.K.M.Q.. H. Takada, N. Esaki, and K. Soda.
199]1. Catalytic action of L-Z-haloacid dehalogenase
on long-chain. L-2-haloalkanoic acids in organic sol-
vents. Biotechnology and Bioengineering 38: 1114-1117.

6. f AR HPRIF, SRfR= 1984 AfRo BLETE

EFERT O (A). BH61-91154,

7. Fordyce AM., V.L.. Crow. and T.D. Thomas. 1984,
Regulation of product formation during glucose or
lactose limitation in nongrowing cells of Swreprococcus
lactis. Appl. Environ. Microbiol. 48(2). 332-337.

8. De boer J.P.. M.J. Teixeira de mattos. and O.M. Neij-
ssel. 1990, D-(-)-Lactic acid production by suspended
and aggregated continuous cultures of Bacillus faevola-
cricus. Appl. Microbiel. Biotechnol. 34: 149-133.

9. Kosaki M. and K. Kawai. 1991. Fermentation to D-
la{,ti{, acid. Eur. Pat. Appl, EP 43837041.

10. A[H5AF) 1987, D-# B> i AEEFAHA). HH63-
1?3596.

L1. Shigeno T. and T. Nakahara. 1991. Production ot D-
lactic acid trom 1.2-propanediol by Pseudomonas sp.

RING LS TR/ S

Biomate-

12.

13.

14.

15.

16.

7.

18,

19.

20.

23,

24.

strain TB-135. Biotechnol. Lerr. 13(6). 427-432.
Nishio N., T. Kawagishi, and R. Matsuno. 1978. Meta-
bolism of 1.2-propanediol by methanol utilizing bac-
terta and some properties of 1.2-propanediol dehydro-
genating enzyme. Agric. Biol Chem. 42(6): 1095-1100.
Motosugi K., N. Esaki, and K. Soda. 1984. Enzymatic
preparation of D- and L-lactic acid from racemic 2-
chloropropionic acid. Biotech. Bioeng. 26: 805-806.
Hasan A.K.M.Q.. K. Motosugi, N. Esaki, and K. Soda.
1991, Total conversion of racemic 2-chloropropionic
acid into D-lactate by combination of enzymatic and
chemical dehalogenations. /. Ferm. Bioeng. 72(6): 481-
482.

Kawasak: H.. K. Miyoshi, and K. Tonomura. 1981.
Purification, crystallization and properties of haloace-
tate halidohydrolase from Pseudomonas sp. Agric. Biol.
Chem. 45(2). 543-544.

Motosugr K., N. Esak:, and K. Soda. 1982. Purification
and properties of 2-halo acid dehalogenase from
Pseudomonas putida. Agric. Biol. Chem. 46(3). 837-838.
Motosugi K., N. Esaki, and K. Soda. 1982. Purification
and properties of a new enzyme, DL-2-haloacid deha-
logenase from Pseudomonas sp. J. Bacteriol. 150(2): 522-
527.

Little M. and P.A. Williams. 1971. A bacterial halido-
hydrolase. Ewr. J Biochem. 21. 99-109,

Tsang J.S.H.. P.J. Sallis, A'T. Bull, and DJ. Hardman.
1988, A monobromoacetate dehalogenase from Pseu-
domonas cepacta MBA4. Arch. Microbiol 150: 441-4.
Weightman AJ., AL. Weightman, and J.H. Slater.
1982. Stereospecipicity of 2-mono chloropropionate
dehalogenation by the two dehalogenases of Pseudo-
monas putida; Evidence for two ditferent dehalogena-
tion mechanisms. J. Gen. Microbiol 128: 1755-1762.

. Gawehn K. and H.V. Bergmeyer. 1974. Methods for

determination of metabolites, Me¢thods of enzymatic
analysis, Pp. 1464-1495, Vol. 3. Academic press, New
York.

. Noll F. 1984. In method of enzymatic analysis, Vol.

6. Metabolites, Carbohydrates. Pp. 588-592, 2nd ed.,

Academic press, New York.

Lowry O.H.. N.J. Rosebrough, and A.L. Farr. 1951

Protein measurement with folin reaent. J Biol Chem.

193; 265-275.

Sneath P.H.A.. N.S. Nair, M.E. Shape. and J.G, Holt.

1986. Bergey's manual of systematic bacteriology. Vol.

2.. The Willlams and Wilkins Co. Baltimore.
(Received 18 December 1995)



