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Preparation of High-Optical-Purity n-Lactic Acid 
from DL-Lactic Acid Using Optical Isomer-Preferential 

Lactic Acid Assimilating Microorganisms 

HOMMA Hiroto *§, SUZUKI Michiyo *, 

TOKUDA Hiroharu* and NAKANISHI Kotoyoshi* 

* Department of Brewing and Fermentation, Junior College of Tokyo University of Agriculture, 
1-1-1 Sakuragaoka, Setagaya, Tokyo 156-8502 

We screened optical isomer-preferential lactic acid assimilating microorganisms (LAAMs) for their 

ability to generate lactic acid with high optical purity from DL-lactic acid by isomer-specific assimilation. 

Fifty-seven strains of LAAMs were isolated from soils samples and plants. Five strains of LAAMs 

demonstrated preferential assimilation of L -lactic acid, and 10 strains of LAAMs demonstrated 

preferential assimilation of n-lactic acid. One such strain, LAAMOOl produced a high ratio of D-lactic 

acid (94.0%) and had a high n-lactic acid yield (67.9%) ; this isolate may be suitable for preparation 

of lactic acid with high optical purity. LAAMOOl was identified as Pichia manshurica by morphological 

observation, physiological analysis, and sequence analysis of the 26S rDNA-Dl/D2 region. Other strains 

of P. ma,nshurica also demonstrated preferential assimilation of L-lactic acid, although the optical purity 

of the resulting n-lactic acid was the highest with LAAMOOl. The optimal culture conditions for 

LAAMOOl were investigated. Optimal temperature was 30℃ or 35℃ , and optimal initial pH of the 

medium was 3.8. The use of LAAMOOl for preparation of D-lactic acid with high optical purity by 

isomer -preferential assimilation from biosynthesized D -lactic acid with low optical purity was 

investigated. After 48 hours, L-lactic acid was not detected in the culture broth by HPLC, and 9.72 g/ 

R of n-lactic acid with high optical purity was obtained. 

(Received Apr. 26, 2017; Accepted Dec. 11, 2017) 

Key words : lactic acid assimilating microorganism, D-lactic acid, optical isomer, high-optical-purity lactic acid, 

Pichia ma,nshurica 

乳酸資化性菌， D-乳酸，光学異性体，高光学純度乳酸， Pichiamanshurica 

Lactic acid with high optical purity is necessary 

to produce polylactic acid, because optical isomers 

can decrease the thermostability and intensityn-a> . 

However, it is difficult to separate lactic acid with 

high optical purity from DL-lactic acid produced by 

chemosynthesis. Even though chromatography via 

chiral column is one of the major methods used to 

separate lactic acid isomers, column chromatography 

is not suitable for separating large amounts of lactic 

acid. It has been reported that one optical isomer of 

esterified lactic acid can be specifically polymerized 

by lipase, and the resulting polymerized oligomer of 

lactic acid can then be separated by distillation<>. 

However, this process is complicated, and costly. 

Therefore, biosynthesis is a major method in 

production for generating lactic acid with high 

optical purity. Although it was known that the L-

§Corresponding author, E-mail: h3homma@nodai.ac.jp 

lactic acid and D -lactic acid produced by the 

respective lactic acid bacteria contain some of the 

opposing optical isomers, recent studies have 

reported that some lactic acid bacteria and other 

microorganisms (including transgenic microorganisms) 

produced lactic acid with extremely high optical 

punty 5)~10) 

It is also known that many microorganisms can 

assimilate lactic acidrn. The first step of lactic acid 

assimilation by these microorganisms is catalyzed by 

lactic acid dehydrogenase (LDH) . It has been 

reported that the enzymatic properties of n-LDH 

are distinct from that of L-LDH in these lactic acid-

assimilating microorganisms (LAAMs). HoRIKIRI et al. 

reported that the photosynthetic bacterium 

Rhodopseudomonas palustris No.7 shows high D-LDH 

activity and low L-LDH activity, and that the growth 
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of R. palustris No.7 was faster in media containing D

lactic acid than in media containing L-lactic acid"}. It 

was hypothesized that if L-LDH or D-LDH activity is 

remarkably higher than that of the other optical 

isomer, the microorganisms might preferentially 

assimilate the isomer with higher activity. Thus, 

these microorganisms might be used to prepare 

lactic acid with high optical purity inexpensively 

from DL-lactic acid by the selective assimilation of 

one optical isomer in preference to the other. 

Though optical resolution by chemical processes has 

been well studied, optical purification by biological 

processes has not been investigated. In the present 

report, we screened for microorganisms that 

preferentially assimilate L-lactic acid, and used one 

such microbe to prepare D-lactic acid with high 

optical purity both from chemosynthesized m-lactic 

acid and from D-lactic acid with low optical purity 

produced by a lactic acid bacterium. 

Materials and Methods 

1 . Organisms and media 

Twelve strains of yeasts and 1 strain of lactic 

acid bacteria were used in this study ( Table 1) . 

L YP medium was used for screening and culture of 

LAAMs. L YP medium consisted of 28 . 25 g / R 
DL-lactic acid (purity ~85 - 92%), 2.5g/ R peptone, 

Table 1 Yeasts and lactic acid bacteria strains 
used in this study 

Species Strains 

Pichia manshurica NBRC179011 

Pichia manshurica NBRC1004 
Pichia manshurica NBRC1789 
Pichia manshurica NBRC10726 
Pichia manshurica NBRC10062 
Pichia manshurica NBRC1284 
Pichia manshurica NBRC10562 
Pichia anomala NRIC0442'1 

Candida utilis NRIC0436 
Saccharomyces cerevisiae Kyokai No.701'1 

Saccharomyces cerevisiae Kyokai No.5 
Saccharomyces cerevisiae NBRC0304 
Lactobacillus delbrueckii 14141 

subsp. delbrueckii 

1) Biological Resource Center, National Institute of 
Technology and Evaluation 

2) NODAI Culture Collection Center, Tokyo University 
of Agriculture 

3) Brewing Society of Japan 
4 ) In house stock culture 

2 . 5 g / R yeast extract, 0 . 4 g / R potassium 

dihydrogenphosphate, and 0.2g/ R magnesium sulfate 

heptahydrate at pH3.8. 

2 . Isolation and screening of lactic acid -

assimilating microorganisms (LAAMs) 

Forty-two environmental samples (soils and plants 

etc.) were collected from various regions of Japan. 

Each sample was inoculated in 100 mR of L YP 

medium, and it was incubated at 30°C for 72 hours 

with shaking (120 oscillations/min). Subsequently, 1 

mR of the culture broth was inoculated to lO0mR of 

L YP medium again, and incubated at the same 

conditions (enrichment culture). This culture broth 

was spread evenly on L YP agar plates, the plates 

were incubated at 30°C for few days, and LAAMs 

were isolated by single-colony isolation. The isolated 

LAAMs were inoculated in 100 mR L YP medium. An 

aliquot of 1 mR of culture (precultured in broth) of 

LAAM was inoculated in 100 mR of L YP medium, 

and incubated at 30°C for 72 hours with shaking 

(120 oscillations/min). Residual lactic acid in the 

culture medium was measured by the enzymatic 

method for selecting strains. 

3 . Culture conditions 

Lactic acid assimilating properties of LAAMs 

were investigated by using L YP medium. LAAMs 

were incubated at 30°C for 72 hours with shaking 

(120 oscillations/min). 

For optical purification of D- lactic acid, LAAM 

strains were cultured in spent medium from a broth 

culture of L. delbrueckii subsp. delbrueckii 141 ( in 

house stock culture), a lactic acid bacterium that 

produces primarily D-lactic acid. To produced spent 

medium, L. delbrueckii subsp. delbrueckii 141 were 

cultured for 48 hours in GYP modified medium13
J at 

37°C with slow stirring. The resulting culture broth 

was centrifuged (4°C, lO00Ox g, 30 minutes) to 

obtain the spent broth supernatant. The pH of this 

supernatant was adjusted to 3.8 , and the 

supernatant was autoclaved at 121 °C for 10 minutes. 

An aliquot of 1 mR of LAAM culture (precultured in 

broth) was used to inoculate 100 mR of the sterilized 

spent culture broth, and the mixture was cultivated 

at 30°C for 72 hours with shaking (120 oscillations/ 

min) . In each examination, cultures were given 

three times per each condition. 

4 . Identification of isolate 

The LAAM isolate was identified by 

morphological observation, physiological analysis, and 

sequence analysis of the 26S rDNA-Dl/D2 region. 
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These assays were performed by the Techno 

Suruga Lab (Shizuoka, Japan). 

5 . Assays of lactic acid content 

The amounts of D- and L-lactic acid contained in 

culture broths were measured by sequential 

enzymatic assays using the F - kit ( Roche 

Diagnostics). The lower limit of detection by F-kit 

is about 0.02g/.e. The amounts of L-lactic acid 

contained in culture broths were also measured by 

HPLC using SUMICHIRAL OA-5000 5µm, (4.6mm<I> x 

15cm ; Sumika Chemical Analysis Service) !4). 

Results and discussion 

1 . Screening for microorganisms that can 

preferentially assimilate either o - lactic acid or 

L -lactic acid 

As our aim was to prepare lactic acid with high 

optical purity from DL-lactic acid, we screened for 

microorganisms that preferentially assimilates either 

D-lactic acid or L-lactic acid. First, we selected for 

lactic acid-assimilating microorganisms (LAAMs) by 

enrichment culture using L YP medium, which 

contains DL-lactic acid as a carbon source, and we 

isolated 57 strains of LAAMs from soil samples and 

plants, which were collected from various regions of 

Japan. Subsequently, the lactic acid - assimilating 

properties of these isolates were investigated. Each 

of these 57 strains were cultivated in L YP medium 

for 72 hours, and the residual D- and L-lactic acid 

contents were measured separately. Five strains of 

LAAMs assimilated L-lactic acid preferentially, as 

evidenced by the increase in the ratio of D-lactic 

acid in culture broths (Table 2). LAAM014 showed 

the highest ratio of D-lactic acid (96.8 ± 0.1 % ) . and 

LAAM00l showed secondary highest ratio of D-lactic 

acid (94.0 ± 0.1 % ) . However, the yield of D-lactic acid 

was higher with LAAM00l (67.9±0.1%) than with 

LAAM014 (44.1 ± 0.05%). Similarly, 10 strains of 

LAAMs preferentially assimilated D-lactic acid, as 

evidenced by the increased ratio of L-lactic acid in 

the culture broths. The highest ratio of L-lactic acid 

was obtained with LAAM065 (84.1 ± 0.1 % ) , and the 

second highest ratio of L-lactic acid was obtained 

with LAAM084 (83.3 ± 0.02%). Thus, LAAM0Ol was 

considered the most suitable candidate for 

downstream processing to prepare lactate with high 

optical purity, because both the optical purity and 

yield of the D-lactic acid were high with this strain. 

2 . Identification of LAAMOOl 
LAAM 001 was characterized by morphological 

observation, physiological analysis, and sequence 

analysis of the 26S rDNA-Dl/D2 region. Vegetative 

cells of LAAM 001 were ovoid in shape ( Fig. 1) . 

LAAM00l multiplied by multipolar budding, and 1 -

4 hat-shaped ascospores were formed per ascus. 

Pseudohyphae were also observed. Assimilation tests 

Table 2 Lactic acid assimilation by isolated microorganisms 

D-lactic L-lactic Total lactic Ratio (%) 
Strain acid acid acid 

(gl R,) (gl R,) (g/ R,) D-lacticacid L-lacticacid 

Control 8.95 9.35 18.30 48.9 51.1 
---------------------------

LAAM014 3.95 0.14 4.08 96.8 3.2 

LAAM00l 6.08 0.40 6.47 94.0 6.0 

LAAM007 6.87 1.50 8.37 82.1 17.9 

LAAM072 6.68 3.57 10.25 65.2 34.8 

LAAM074 6.32 4.14 10.46 60.4 39.6 

LAAM016 3.17 7.27 10.45 30.3 69.7 

LAAM088 3.10 7.37 10.47 29.6 70.4 

LAAM0l0 4.70 11.30 16.00 29.4 70.6 

LAAM003 1.89 5.25 7.14 26.5 73.5 

LAAM002 1.97 5.54 7.51 26.2 73.8 

LAAM004 2.71 9.11 11.82 22.9 77.1 

LAAM018 2.68 9.87 12.55 21.4 78.7 

LAAM066 2.08 9.10 11.19 17.7 82.3 

LAAM084 1.86 8.91 10.77 16.7 83.3 

LAAM065 1.56 8.23 9.79 15.9 84.1 

Each strain was grown at 30°C for 72 hours in L YP medium and the residual lactic acid 
levels were determined by an enzymatic method. 
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Fig. 1 Photomicrograph of LAAM0Ol 

LAAM00l was cultivated in YM agar medium at 25°C for 12 
days. Scale bar. lOµm. 

for carbon sources showed that though LAAM00l 

could assimilate glucose, L- sorbose, D-glucosamine, 

glycerol. succinate, ethanol, and N - acetyl - D -

glucosamine, it could not assimilate hexadecane. 

These properties agreed with those of Pichia 

manshurica . Nucleic acid sequence of the 26S rDNA

D l/D2 region revealed identity (560 / 560 bases ) 

with corresponding sequence of the type strain of P. 

manshurica ( IFO 10726) . Based on these results, 

LAAM 001 was identified as P. manshurica . It has 

been reported that P. manshurica is a yeast species 

that was originally isolated from liquor15>. To our 

knowledge, there have been no reports of the 

pathogenic effects of P. manshurica ; therefore, P. 

manshurica could be considered as a safe and 

harmless yeast species. 

3 . Lactic acid - assimilation properties of various 

strains of P. manshurica 

Lactic acid - assimilating properties of various 

strains of P. manshurica and other species of yeast 

were compared to that of LAAM00l. Eight strains 

of P. manshurica and 5 other species of yeasts were 

cultivated in L YP medium for 72 hours, and the 

amount of D- and L-lactic acid remaining in the 

culture broths were assayed. All strains of P. 

manshurica preferentially assimilated L - lactic acid 

( Table 3). The D-lactic acid ratio obtained in a 

culture of P. manshurica NBRC1790 (81.7 ± 0.04% ) 

was higher than that in cultures of the 7 other 

strains of P. manshurica obtained from NBRC. 

However, this value was still less than that obtained 

with LAAM00l (94.0 ± 0.1 % ) . Thus, we hypothesized 

that P. manshurica strains share a common ability to 

preferentially assimilate L-lactic acid, with LAAM00l 

strains exhibiting the strongest activity. 

4 . Investigation of optimum culture conditions for 

growth of P. manshurica LAAM001 

The effect of growth conditions for P. manshurica 

LAAM 001 was investigated using LYP medium. 

Though, shaking and static cultures were inoculated 

with LAAM 001 , limited growth was observed in 

static culture. Consequently, further experiments 

were undertaken with shaking cultures. Growth of 

LAAM00l was observed between 25°C to 40°C, with 

an optimal temperature of ~ 30 - 35°C ( Fig. 2) . 

Optimal initial pH of the LYP medium was 3.8, and 

growth of LAAM00l was observed between pH3.0 

Table 3 Assimilation of D- and L- lactic acid by various strains of Pichia manshurica and other yeasts 
---

D-lactic L-lactic Total lactic Ratio (%) 
Strain acid acid acid 

(g/ R, ) (g/ R, ) (g/ R, ) D-lactic acid L-lactic acid 

Control 8.95 9.35 18.30 48.9 51.1 

P manshurica LAAM00l 6.08 0.40 6.47 94.0 6.0 

P manshurica NBRC1790 7.57 1.70 9.27 81.7 18.3 

P manshurica NBRC1004 7.67 2.56 10.23 75.0 25.0 

P manshurica NBRCl 789 8.56 2.80 11.37 75.3 24.7 

P manshurica NBRC10726 7.99 3.71 11.69 68.4 31.7 

P manshurica NBRC10062 4.55 2.46 7.01 64.9 35.1 

P manshurica NBRC1284 7.52 4.33 11.85 63.5 36.5 

P manshurica NBRC10562 7.67 5.71 13.38 57.3 42.7 

P anomala NRIC0442 9.71 11.28 20.99 46.3 53.7 

C. utilis NRIC0436 8.80 12.99 21.79 40.4 59.6 

S. cerevisiae Kyokai No.701 0.82 4.84 5.66 14.5 85.5 

S. cerevisiae Kyokai No.5 2.86 3.99 6.85 41.8 58.3 

S. cerevisiae NBRC0304 9.12 10.54 19.66 46.4 53.6 

Each yeast strain was grown at 30°C for 72 hours in L YP medium. 
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24 48 72 
Time (h) 

Fig. 2 Effect of temperature on the growth of P. 

manshurica LAAM0Ol 

Symbols: •; 25°C, •; 30°C, L:;.; 35°C, 0; 40°C. 

and pH7.0 (Fig. 3). However, lactic acid was poorly 

assimilated except between pH3.0 and pH3.8. The 

effect of the nitrogen source was also investigated. 

LAAM 001 grew well in media containing organic 

nitrogen sources such as yeast extract and peptone, 

but growth was less robust in media containing 

inorganic nitrogen sources. 

5. Preparation of o-lactic acid with high optical 

purity from spent culture broth of a lactic acid 

bacterium 

LAAM00l showed the ability to generate D-lactic 

acid from DL-lactic acid produced by chemosynthesis 

as mentioned above, and the optical purity of the 

resulting D-lactic acid was 94.0 ± 0.1%. However, 

higher optical purity is required in polylactic acid 

production. Therefore, optical purification of D-lactic 

acid biosynthesized by a lactic acid bacterium was 

investigated. LAAM 001 was inoculated into the 

spent culture broth of L. delbrueckii subsp. delbrueckii 

141, which produces mainly D-lactic acid, and the 

culture was grown for 72 hours. The initial amount 

of lactic acid in this culture broth before LAAM00l 

culture was 15.42g/ R, , and the ratio of D-lactic acid 

was 98.2%. 

P. manshurica LAAM00l grew well in this culture 

broth, and the maximum OD"o"" was achieved after 
48 hours (Fig. 4). Cell growth was accompanied by 

assimilation of almost all the L - lactic acid. We 

measured the amount of L-lactic acid by HPLC 

using a chiral column. Notably, L-lactic acid was not 

detected in the culture broth after incubation for 48 

hours or 72 hours, indicating that the optical purity 

of this preparation of D-lactic acid was extremely 

high ( Fig. 5 ) . The levels of D -lactic acid in the 

culture broths after 48 hours and 72 hours were 9. 

72 ± 0.43g/ R and 8.84 ± 0.13g/ R, , respectively. The 

yields of D-lactic acid in the culture broths after 48 

hours and 72 hours were 64.2% and 57.3%, 

2.6 3.0 3.8 4.6 
pH 

5.4 6.2 7.0 

Fig. 3 Effect of pH on the growth of P. manshurica 

LAAM00l 

A : Growth, B : Assimilation of lactic acid by P. manshurica 
LAAM00L 
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Fig. 4 Growth and assimilation of lactic acid by P. 

manshurica LAAM0Ol in spent culture broth of a lactic 
acid bacterium 

A ; o-lactic acid, B ; L-lactic acid, C ; Growth, D ; pH 
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Fig. 5 HPLC chromatograms of lactic acids in the 
culture broth of P. manshurica LAAM00l 

P. manshurica LAAM00l was cultivated in spent culture broth 
of a D-lactic acid bacterium. A; Oh, B; 48h. 

respectively. 

It has been reported that optical purity of lactic 

acid separated from DL-lactic acid using the above

mentioned esterification method was 95. 20% ( 24-

hour reaction) and 98.61 % (72-hour reaction)•>. Thus, 

it was consider that the biological optical 

purification of lactic acid by using P. manshurica 

LAAM00l might be comparable or more practical 

than the esterification method. On the other hand, 

production of lactic acid with high optical purity 

from sugar, starch, or other renewable materials by 

lactic acid bacteria or other microorganisms has 

been studied, and the production of lactic acid with 

higher optical purity than the lactic acid produced 

in this study has also been reported. SHIBATA et al. 

reported that Enterococcus faecium No.78 produced L

lactic acid with high optical purity ( 98. 6%) from 

Sago Starch8>. ABDEL-RAHMAN et al. reported that the 

optical purity of L - lactic acid produced by 

Enterococcus mundtii QU25 from cellobiose and xylose 

was 99. 9%'>- 10>. It was also reported that optical 

purity of lactic acid produced by transgenic yeast 

was 99. 9% or higher'>-,>. Therefore, the optical 

purity of lactic acid obtained by P. manshurica 

LAAM00l is marginally lower than that obtained by 

above-mentioned studies. However, this study is the 

first report that demonstrated the ability of 

microorganisms to produced lactic acid with high 

optical purity from DL-lactic acid by the selective 

assimilation of one optical isomer in preference to 

the other. If further studies are successful, LAAMs 

might be used for optical purification of lactic acid. 

Furthermore, this biological process might be used 

for optical purification of other organic compounds 

having asymmetric carbon centers. 
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光学異性体選択的乳酸資化性菌を用いた

DL混合乳酸からの高光学純度Dー乳酸の調製

本間裕人＊・鈴木三知代＊• 徳田宏晴＊・中西載慶＊

＊ 東京農業大学短期大学部醸造学科
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高光学純度乳酸の調製を目的として，乳酸光学異性体

のどちらか一方を特異的に資化する乳酸資化性菌の検索

を行った。土壌などから計57株の乳酸資化性菌を分離し，

乳酸光学異性体の資化特性を検討したところ， 5株のL-

乳酸優先資化生菌と 10株のD—乳酸優先資化性菌を得るこ

とができた。この中でLAAMOOl株は得られたD—乳酸の

光学純度が高く (94.0%),Dー乳酸残存率も高いため

(67.9%), 目的とするバイオプロセスの構築に最も適し

た菌と考えられた。そこで常法に従い同定を行ったとこ

ろPichiamanshuricaと同定された。 P.manshuricaの他の

株についても同様に乳酸資化性を調べたところ， P.

manshuricaは全ての株においてL—乳酸を優先的に資化し

ていたが，その中でもLAAMOOI株は特にその性質が顕

著な株であることが示された。 LAAMOOI株の培養条件

を調べたところ，至適温度は30℃-35℃，至適pHは3.8

であった。そこでLAAMOOI株を用いて乳酸菌の培養液

から央雑するL乳酸を除去し，高光学純度D—乳酸を調製

することを試みた。その結果，培養48時間後にはし乳酸

濃度はHPLCで検出できない程低下しており， 9.72g/ fl, 

の極めて光学純度の高いD—乳酸を得ることができた。
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