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P 38 7T 2L 1 R D-FL#E [Poly(D-lactic acid),
PDLA]FIERL-FLIZ[Poly(L-lactic acid), PLLA]J}:Z
SR LA R, X tE— 2 8 T D-
FLIR A 5 o

KT RO ED-A RN T TR, 4w
HEF A EED-FLR B R bR S P R A E B T
TR, Bl o s, A REREE . AU
WEETFE, DRSS & w4 Z ) D-2L R
BRI A LR T JE R 2 b R N A7 AR D-FLIR
JIii Ui (D-lactate dehydrogenase, DLDH)HIL-FL /2
JIii S i (L-1actate dehydrogenase, LLDH), X 27if
FIRAXHHEAL T P pE T e R B i ol
PR A AT B R AN [ LR I U ) VE T, i ek
53 F T BOW AR AT M0 S e R A e 4 B
BAE o TIshidaf38 3o ml R BRI E BE A L- 2L
AR LA S 2R IR R R TR 124 D-FLIR i &
Mg, FZAR13H599.9%MDILIR™ . 20084F,
Okino S 7+ Z R PEAT TR PR T A O L-FL IR I S Bl

BRI, FFRBARITIERFLMAT & 1 D-FLR
Jit U, PR e Y BE DA AR B D- LI Al

fiEi£%199.9%" . Okano%%: 13 il bR AE 2 FLAT T 1
PR L-ZLRR B A ML Y, I SR ek A R TR
T a-DE R, BTAS A DA R R K SE R R IR
Bh, KFE48 h, FOEaliE99.6% M D-FLER ik
73.2 /LM SRIMHRE N T AR A SE bRk pe AT B 53
WREIR . B RHORBIRE R Z AR R, 40

ZEALFURT B — PR P A A D-FUAR A P R Ak
D-RUZL R S R D-FLRR L 7= (R O, AT ST
X HL R 21 PP AR 3 D-FLIR N S R A T R 5800
Br, ARTFE—E 0 R B

ARSI AR R B T A AR, B
PEARE] T IRRRRE B = B ARS. inulinus Y2-8, Jf:
Xof L7 LR AR ) S S ity 7 25 W ey . ol SR
TR VN T R 9 A R LA G R A BB R AT TR
GRS TS, inulinus Y2-8F)FE A
2 I ) 34 D- LI i SR R T RESE ™, 4
NMDLDH (ZP_09713864). DHDH (ZP_09713594)
BP (ZP_09713297). fEUIEA I, A5t —4
B AR T AR TP A D - T L R B A IR T
DLDHNDHDH, I g, &6
ZhoEXTBPIYAISCIRIE" ", ASCHED T°S. inulinus
Y 2-8 134~ D- L 2 it S 1 ) T il £ 7™ FL IR & I8 h
PIFERE, e Wk I s S AL AR B

1 AR &
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it AR SR IR 1,
1.2 EEAEGH

Tagmixfiff, DNABRHIMENVIEG, DNA-T4i%
$Efiti, DL-2000 Marker, Protein Marker, JE:[R4H
AT &0 T TaKaRaZy /) 5 BERE PN &

1. SCUG P A BER AN SR
Table 1. The strains and plasmids used in the study

Strains and plasmids ~ Genotype

Source

S. inulinus Y2-8
E. coli BL21(DE3)
E-pET-28a/didh E. coli BL21 (pET-28a/dldh)
E-pET-28a/dhdh E. coli BL21 (pET-28a/dhdh)
pET-28a(+)
pET-28a/dldh

pET-28a/dhdh

High D-lactic-acid-producing strains breeding by the low-energy nitrogen ion beam

F ompT hsdSB(rB , mB") gal dem (DE3)

Kana', T7 promoter, containing His-tag before multiple cloning site Nde

pET-28a containing a 1 kb didh gene from S. inulinus Y2-8

pET-28a containing a 1 kb dhdh gene from S. inulinus Y2-8

Stored in this lab
Stored in this lab
This study

This study
Novagen

This study

This study
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FUFRL R BUR ) & 2L R PCR 7=y [m] R 57 £ 24 1
TRET A B2 R A BRA w5 9 R 64
IPTG. NADH. NADPHZ ) FSigma; RAPEE
WA T A AR BR A D

1.3 FEFREFMIEFREM

LBE:FRH(g/L): JREHWR10. LRSS .
NaCl 10, pH 7.0,

LB+Kanadf;#i5t: LB FHEKFHELHZE
60 °CHim A i 38 B P 1) Kanaffi FLZUK BE 50
pg/mL,

S. inulinus Y2-8 F-ARIEFEH(g/L) . Hi%HE20.0,
FEREE 2.0, FHEM2.0, EK3 2.0 mL, KH,PO,
1.0, Jo/KZmR#H2.0, MgS0, 0.2, pH 7.0,

S. inulinus Y2-8FF15 37 3&(g/L) . & 1#20.0,
WEREEF2.0, BAM2.0, EAHK5.0mL, MgSO,
0.2, %#k[2.0, CaCO;14.0, pH 7.0,

FENE B AR FR 3, 76 DA b sy 2 A b T
A20 g/LIBE

H B RAEAE-80 °CUKFE IS, inulinus Y2-8
PERD MR %Ak, 37 CCIRAE M FHi3748 h
PRRFERER) M EA K48 h, AR TEIR WS
FE37 °C. 150 r/mind% 5216 h, FHTS. inulinus Y2-8
) 35 PR 21 (R 4R B
1.4 EEY HEEH AR

S WA T, FTaKaRaf) 45 P 2 il 21857
EAEHLS. inulinus Y2-8H9FER ., VLS. inulinus Y2-8
SR PN S ok s i TS | g i e Sk e LR
7 5 (GACGACGACGACAAG) M AU 15 B
WEI YRR, ZPCRY 85 FR T G2tk nl
WPCR™“ ¥ S8 URpET-28ai% 4%, # A KA
BL21, 477 Kanafo M ()7 b 0 126 f5 2% 4 45
DT
1.5 BRFEFMHMAL, 24k KZSDS-PAGE
g2l

Xof o 2 B AR 5 5 R IR A1 (B A S ]

R2. AMARAAS
Table 2. Primers used in this study

Primer Sequence (5'—3")

DHDH-F GCGGCATATGGACGACGACGACAAGATGGC
TTTTAAAATTATTGCG (Nde 1)

DHDH-R GCGCAAGCTTTCATTTTTTTGCTGGTTC
(Hind TII)

DLDH-F GCGGGCTAGCGACGACGACGACAAGATGA
AGCTATTCATGTATGGTGTCC (Nhe 1)

DLDH-R GCGGAAGCTTTTATTGAGTGACAGCCGGCT
TC (Hind 111)

WA, SSRIREDI Tk, 75550 pg/mL
RREE K MY LB 5 5 P e 1 % 2 F 8% 57 19
W, 37 CCHEIM K I 2 TR OD oo E 0.6-0.8 5 il
A0.01 mmol/L IPTGIH:££25 °C. 150 t/minZf{f
W12 h, BRHRE.OIERTE, 50 mmol/L Tris-
HCI, pH 7.5Z il ik ETr, R M Ao 2 m e
I B DI g . SRR E T e RS
FAZA A B U Bk, R EAE A
T AT I His-TagE A TR A R RUZNT, RS AUk 4l
YDLDH J DHDHP#W , B J5 4 8 A 2l 1k 1 i ik
FIrEKE VIR LHis-Tag, KWAKFRA: 20 mmol/L
Tris-HCI, 100 mmol/L NaCl, (0.2 mg)Fil puL
rEK, pH 7.0, 25°C/ 6 h, REYIF=4l A
FEREM Raifb AT A E 1, JfRASDS-
PAGE4#T .
1.6  D-RETR i = B RETE ) B B B R

BiE 1 L. BT BMiEIE ] pmol 4 EENADH/
NADPHZ {LIE INAD /NADP Fir 75 i il 2 g 11
TG B

L 122 58 S Il 3% RS ) 2 1 A il b AR TP A T
AR RAAR Z 250 pl (100 mmol/L pH 5.6 W22
MW, 20 mmol/LINEREREN, 0.5 mmol/L NADH/
NADPH, 10 pLE§#), #3dfm mA N ER R g
W R BN, A2 340 nmAb Y6 A 4 25 14 S 46
NADH/NADPH M . DL 1 i o 25 6
R IR P25 B W 0 Ao DN il v 1 2 R
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R 3 SN I BE A3 HT 2 3 S I A Y i AE AN
[FIRLEE T (2545 °C)RIBHE 17,

it W pHA AT 3 A EC i B 750 mmol/L
HYAN IR pHIAY SO 22 i1, HopH 5.0-7.0 0474
R - A7 R 4N (CHgO7-NayCoHsO) i, pH
7.0-9.0°~ Tris-HC1ZZ #f3% , pH 9.0-10.5 4 Glycine-
NaOHZZ i, 5 SEBEAEAS [F] pH S I 22 b v
TG 7 o

BB S BB EROE BT, 4%
HHMDLDH, DHDHZENAD(P)H E40.40
mmo /LA AN [ P9 i R 44 4 BE(0.05 . 1.00, 2.00 .
4.00, 8.00, 10.00, 20.00, 40.00 mmol/L)¥&EF T
- FLIR B A S o >R H Lineweaver-Burk XU
BAEEE:, DURYR B m B (1/[ST) 0 1 A b
(X)), Mt B2 BRI E (1 V) AR BR (ORI,
AT EHZAG , THEARK QR B, AR R S
BV naxo

2 RAGA

2.1 AT ED-FLR SR X D2 AR
SMERNESRIE

FENCBI_F 18R 2450 2E LAl e 2
D-FLIR I A BT BE () 3L A 34>, 435 DLDH .
DHDHMBP., AW55 LIFEHAS. inulinus Y2-8%&
BRI AR, 43 LR L AR S 10 115 3
[ Bt Tl V57 S5 (R dldh A dhdh 3 R, F4lifb )5 1
7Y 5PMD-18-THERES:, LT 54, 51l
B—3, KRES9191020 bp 1041 bp, ¥4 54
BOW B8 A B 2R pET-28a(+) ', 15 ZIpET-
28a/dldh FpET-28a/dhdh, 4 H 4 Bk T AE. coli
BL21 /&5 400rh, K45 E 2 ¥ E-pET-28a/dldh
HMIE-pET-28a/dhdh . H 4 $E TR 2 XU 48
E, SERME TR, pET-28a/dldh MlpET-28a/
dhdh7E1000 bp /47 25 FAKpET-28a %t — 4%
W, SImARSMEEE R KR N—5, RUISMERE
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bp M 1 2 34

1. ELAFKIpET-dIdh K pET-dhdhi) N EG I8 IEH
KEE

Figure 1. Agarose gel electrophoresis analysis for
enzymatic digestion result of recombinant plasmids
pET-dldh and pET-dhdh. M: DNA marker DL15000;
lane 1: pET-28a/Nhe I+Hind 111; lane 2: pET-28a/Nde 1+
Hind 111; lane 3: pET-28a/dldh/Nhe 1+Hind 111; lane 4:
pET-28a/dhdh/Nde 1+Hind 111

EL T A B A

H 4 FE-pET-28a/dldh M E-pET-28a/dhdh 2175
SR, PIERA)E R FRB A 3T oCHE
5 B ZE R OD g (4 0.6-0.8 )5 IAIPTG, 25 °C
VEF12 h, WO PR R B0 5 B VR, G
B aifl, aifb®E I ESDS-PAGEHT & 81— 4
WE2R ., K2-AR/RDLDHK/NA K37 kDa
(DLDH #3344 583, BRI 4rFim 436.8 kDa),
SRS FEAT; E2-Bi/RDHDHI A T4
739 kDa (DHDH & A 3411 E AR, Figsr T &
4373 kDa), W TS T, AW RERS.
inulinus Y 2-83F 5 124 D-FLIR i A il [7) T fif &
SIAGE R T RAREFLAT R . B S R
i IV o o D - 2L R O S ) 43T i A R
2.2 D-EAMRREEDLDH, DHDHEG R
T

D-# LR i S i DLDH A DHDH i i 44k
ek 3 R p HL A 98 TG 0 PR IR 1 23 R K, S AR O
Msh 11 2R3, ISR CRIER 7 —Fh
SR Sy D- B LR i S0 6 ([W] i B T S BP)— [ 3
Mro HHDLDHX NERR B/R T Hem SRR, K,
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2. ARIFLERAE S EERISDS-PAGE El1E
Figure 2. SDS-PAGE analysis of purified DLDH (A) from recombinant E-pET-28a/dldh and DHDH (B) from
recombinant E-pET-28a/dhdh. A: lane M, protein marker; lane 1, crude extracts of E-pET28a; lane 2, purified DLDH
without His tag; lane 3, DLDH purified by Ni’ affinity chromatography; lane 4, crude extracts of E-pET-28a/dldh. B:
lane M, protein marker; lane 1, crude extracts of E-pET28a; lane 2, crude extracts of E-pET-28a/dhdh; lane 3, purified
DHDH without His tag; lane 4, DHDH purified by Ni* affinity chromatography.

R"3. FHEFAILATECASDHLFD-FLE A SUBEE TAGHYXI L
Table 3. Comparison of d-(-)-lactate-dehydrogenase isozyme from S. inulinus CASD

Parameters D-lactic acid D-isomer specific 2-hydroxyacid Bifunctional
Dehydrogenase (DLDH) dehydrogenase (DHDH) protein (BP)
Molecular mass/kDa 37 39 37
Activity/(U/mg) 56.20+0.43 43.30+0.21 7.50 +0.17
Optimum T*/°C 35° 30° 30
Optimum pH 6.5" 7.5 55"
K, /(mmol/L) 0.58+0.04 1.70+0.08 3.40+0.02
Reference This study This study [14,17]

*: T means temperature.

{H4(0.58+0.04) mmol/L, HF—Hf55 %P DLDH
FEARFIHINADPH R, Ui DLDHZNADHIK
ORI U 0 . T DHDH X PN B R 14 55 F0 g
., LANADH A 4 B B A9 K (B4 (1.70+0.08)
mmol/L, DHDHI[AIGEFIHINADPH, HK, (EH
(1.76+0.05) mmol/L., ZhuZ&HE 18 (3% & bk
BP!' U R AR SR R AR, KB h(3.40+
0.02) mmol/L"",

ok B % R 1 ) s e UL 813-A . DLDHP fidi
W35 °C o RN JE Sh20-35 °CHTEL,

> optimal temperature and pH values are averages of results from three replicates.

BEA R R T, B R, IR 40 °C
I, WIS ) 2 Ry B i 1 1984% ; DHDHIR fid
RNIRFEN30 °C, Y KW T EE R T30 °CH g

TR TR, SRR T35 °CHY, il Jy s
TR, HREE BP S ROV IR AR R 30 oM, 5
DHDH [ 5 38 Wi BE AR T o p HDGT il 37 M 19 5% o AL
K3-B, DLDHM fifipH#6.5; DHDHH ik
pHE 550 MEA7.5, SRMIZEPH 6.58 fig & P Al Tk
F11985%; MiBPHYHoEpH NS5, 34-D-FLI
ARG T A Y i A pH

http://journals.im.ac.cn/actamicrocn
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& 3. iRE(A)KpH (B)XIDLDH. DHDHESERIS M
Figure 3. Effect of temperatures (A) or pH (B) on the activity of DLDH (solid) and DHDH (open).

3w

0 LR ZLAT 1 (Sporolactobacillus inulinus)
EE A M D-FLRR I A B, AR e
RO @ R AR T, A WA A T BrE iR
EUFT AR R RRS. inulinus Y2-877 & FHUS T A =
B IR, FFXF S e H - LR i LA G R AT T
MR BAEYuEMNT TS, inulinus
CASDIY4HEN™ | Zhu: R G HAFSE T 575 14°D-
TR LR Mo S Tt ) T, i ) e AT A 2 R T
WA, [R]Rl i B A BPYY % DL DI R R A
YT, K (H R(3.40+0.02) mmol/L, FEHHEILAYHE
30 °C, G fiEfkpH 5.5, Ao S
— L TERE TS, inulinus Y2-8F W dldh N dhdhFEH -
W HAE KB AFHEBL21(DE3) 4T T ik, WX
2L IR B U ] T A Bl R BRI T b, i
W 3AD-ZLRR B A B M BT S L3 . AR
ZH A 5 25 SR e W R R TR K I i A v R dd A
K B PE R IR }936-38 °C, LhCaCO;k H A it
RN FSRpH N S.0, H- i 2 SR ET R & BB
BRI IEAT , % P bR 0 I P p H IR 2 4 4
6.3-6.5"", HICEF3AT L, 1% I DLDHX R
MR T wm s, Oz Eas bR
(35 °C) JepH (6.5) iz b Ja 1 52 B & g A
WEWIFES. inulinus Y2-8 2 A AL N B R A= iU D- LR
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pH}6.5, 5 EARTE A eI A 9 i N pHAR 4%
i, AN, DHDHAEpH 6.5WH 5 30 £ 3 il % 1
[85%, SLBR& B T 34 D-2LRR I Y 5T ik
JEE I A IO & B 25 AT 1E— 25 4 BT A DG LR M A
it P B S pe it — 2 LA

S. inulinus Y 2-8 R 1937 D-FY 1R i = ik 1)
o 3 AR AR AR X AR, DLDH A feids i B AL
35 °C, F£40 OCHﬂ‘E@{EﬁQ"JﬁWL_{ﬁJJE’JM%,
DHDH 5 BP A fzidi it B 3030 °C. S & T
40 °Ci, BRDLDHA), HE2/-l#(DHDH5BP)/Y
BTG ) SR T B 5, % T3 D-FLRR A
Fit o) e YR AEDO R, U B B R T BB I AN N A
R I, A K BRI SRR DR
FLIR i S (995 T, TS R B R 7 D-FLIR 1) e
PN AHSZ PR bt A HE SR LR 20 P e )
Baom, 2f R, MRS, inulinus Y2-81Y 7 D-
FLIR OCHA 1931 D-FLIR Mt S B 1 52 w] Ry S B
A TR AL B RN LR A I 4 B R A

2% XM

[1] Lasprilla AJR, Martinez GAR, Lunelli BH, Jardini AL, Filho
RM. Poly-lactic acid synthesis for application in biomedical
devices-A review. Biotechnology Advances, 2012, 30(1):
321-328.



TRIRUNAE | AP, 2016, 56(11)

1817

(2]

[3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

Ouchi T, Ichimura S, Ohya Y. Synthesis of branched
poly(lactide) using polyglycidol and thermal, mechanical
properties of its solution-cast film. Polymer, 2006, 47(1):
429-434.

Tsuji H. Poly(lactide) stereocomplexes: formation, structure,
properties, degradation, and applications. Macromolecular
Bioscience, 2005, 5(7): 569-597.

Wang QZ, Ingram LO, Shanmugam KT. Evolution of D-lactate
dehydrogenase activity from glycerol dehydrogenase and its
utility for D-lactate production from lignocellulose.
Proceedings of the National Academy of Sciences of the United
States of America, 2011, 108(47): 18920—18925.

Zhou SD, Causey TB, Hasona A, Shanmugam KT, Ingram LO.
Production of optically pure D-lactic acid in mineral salts
medium by metabolically engineered Escherichia coli W3110.
Applied and Environmental Microbiology, 2003, 69(1):
399-407.

LiY, Wang LM, Ju JS, Yu B, Ma YH. Efficient production of
polymer-grade D-lactate by Sporolactobacillus laevolacticus
DSM442 with agricultural waste cottonseed as the sole nitrogen
source. Bioresource Technology, 2013, 142: 186—191.

Zheng ZJ, Sheng BB, Ma CQ, Zhang HW, Gao C, Su F, Xu P.
Relative catalytic efficiency of /dhL- and /dhD—encoded
products is crucial for optical purity of lactic acid produced by
Lactobacillus strains. Applied and Environmental
Microbiology, 2012, 78(9): 3480-3483.

Ishida N, Suzuki T, Tokuhiro K, Nagamori E, Onishi T, Saitoh
S, Kitamoto K, Takahashi H. D-lactic acid production by
metabolically engineered Saccharomyces cerevisiae. Journal of
Bioscience and Bioengineering, 2006, 101(2): 172-177.

Okino S, Suda M, Fujikura K, Inui M, Yukawa H. Production
of D-lactic acid by Corynebacterium glutamicum under oxygen
deprivation. dpplied Microbiology and Biotechnology, 2008,
78(3): 449-454.

Okano K, Zhang Q, Shinkawa S, Yoshida S, Tanaka T, Fukuda
H, Kondo A. Efficient production of optically pure D-lactic
acid from raw corn starch by using a genetically modified L-
lactate dehydrogenase gene-deficient and a-amylase- secreting
Lactobacillus plantarum strain. Applied and Environmental
Microbiology, 2009, 75(2): 462—467.

Zheng L, Bai ZZ, Xu TT, He BF. Glucokinase contributes to
glucose phosphorylation in D-lactic acid production by
Sporolactobacillus inulinus Y2-8. Journal of Industrial
Microbiology & Biotechnology, 2012, 39(11): 1685-1692.
Zheng L, Xu TT, Bai ZZ, He BF. Mn®'/Mg’ -dependent

pyruvate kinase from a D-lactic acid-producing bacterium

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

Sporolactobacillus inulinus: characterization of a novel Mn”'-
mediated allosterically regulated enzyme. Applied
Microbiology and Biotechnology, 2014, 98(4): 1583—-1593.

Yu B, Su F, Wang LM, Xu K, Zhao B, Xu P. Draft genome
sequence of Sporolactobacillus inulinus strain CASD, an
efficient D-lactic acid-producing bacterium with high-
concentration lactate tolerance capability. Journal of
Bacteriology, 2011, 193(20): 5864-5865.

Zhu LF, Xu XL, Wang LM, Dong H, Yu B. The D-lactate
dehydrogenase from Sporolactobacillus inulinus also
possessing reversible deamination activity. PLoS One, 2015,
10(9): e0139066.

Li L, Eom HJ, Park JM, Seo E, Ahn JE, Kim TJ, Kim JH, Han
NS. Characterization of the major dehydrogenase related to D-
lactic acid synthesis in Leuconostoc mesenteroides subsp.
mesenteroides ATCC 8293. Enzyme and Microbial Technology,
2012, 51(5): 274-279.

Wang XW, Zheng ZJ, Dou PP, Qin JY, Wang XC, Ma CQ,
Tang HZ, Xu P. Cloning, expression, purification, and activity
assay of proteins related to D-lactic acid formation in
Lactobacillus rhamnosus. Applied Microbiology and
Biotechnology, 2010, 87(6): 2117-2123.

Zhu LF, Xu XL, Wang LM, Dong H, Yu B, Ma YH. NADP -
preferring D-lactate dehydrogenase from Sporolactobacillus
inulinus. Applied and Environmental Microbiology, 2015,
81(18): 6294-6301.

Zhao RR, He J. Acclimation and identification of 60°C
thermotolerant lactic acid bacteria. Chinese Journal of
Microecology, 2011, 23(4): 328-331. (in Chinese)

B, BUE. 60 °CriiRFLER W A Ik S s . R
2EZRR, 2011, 23(4): 328-331.

Ge XY, Yuan JA, Qin H, Zhang WG. Improvement of 1-lactic
acid production by osmotic-tolerant mutant of Lactobacillus
casei at high temperature. Applied Microbiology and
Biotechnology, 2011, 89(1): 73-78.

Gu SA, Jun CH, Joo JC, Kim S, Lee SH, Kim YH. Higher
thermostability of L-lactate dehydrogenases is a key factor in
decreasing the optical purity of D-lactic acid produced from
Lactobacillus coryniformis. Enzyme and Microbial Technology,
2014, 58-59: 29-35.

Tashiro Y, Matsumoto H, Miyamoto H, Okugawa Y, Pramod P,
Miyamoto H, Sakai K. A novel production process for optically
pure l-lactic acid from kitchen refuse using a bacterial
consortium at high temperatures. Bioresource Technology,
2013, 146: 672—681.

http://journals.im.ac.cn/actamicrocn



1818 Danru Zhang et al. | Acta Microbiologica Sinica, 2016, 56(11)

Characterization of D-lactate dehydrogenase isozymes from a D-lactic
acid producing bacterium Sporolactobacillus inulinus
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Abstract: [Objective] Sporolactobacillus inulinus, a typical homofermentative lactic acid bacterium, is an efficient
D-lactic acid producer. Various environment factors affect the productivity of S. inulinus. Glucokinase,
phosphofructokinase, pyruvate kinase and lactic dehydrogenase are the key enzymes of D-lactic acid production from
glucose by S. inulinus. The characteristics of these enzymes are important in controlling and regulating the
fermentation process. According to the genome bioinformatics analysis of S. inulinus CASD, three putative D-lactate
dehydrogenases were identified, among which the bifunctional protein had been reported. In this study, we provided
insights into the characteristics of the other two D-lactate dehydrogenase isozymes. [Methods] S. inulinus Y2-8
genome was used as the template to amplify D-lactate dehydrogenase gene (d/dh) and D-isomer specific 2-
hydroxyacid dehydrogenase gene (dhdh). The two recombinant strains E-pET-28a/dldh and E-pET-28a/dhdh were
constructed for enzyme expression. Both recombinants DLDH and DHDH could convert pyruvic acid into D-lactic
acid. [Results] Enzymes expressed by recombinant strains were purified by Ni-NTA chromatography. The apparent
molecular mass of DLDH was approximately 37 kDa by SDS-PAGE analysis, and DLDH showed a high affinity to
pyruvate with the K,,, value of (0.58+0.04) mmol/L. The optimal reaction temperature and pH for DLDH was 35 °C
and 6.5, respectively. The apparent molecular mass of DHDH was approximately 39 kDa, and the K, of DHDH
toward pyruvate was (1.70+0.08) mmol/L. The optimum catalysis temperature and pH of DHDH were 30 °C and 7.5,
respectively. [Conclusion] According to the K, and optimal reaction pH, DLDH was suggested as the main catalyst
in formation D-lactic acid from pyruvate during the fermentation. The enzymatic properties would contribute to the

regulation of the fermentation of S. inulinus.
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