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H| 2 A M ATIRA TR R A BT . AEER T E & I kIR T Lactobacillus casei CICIM B1192
4 NADH 4R # A L-5LERBL A8 (L-LCLDH)*T AT AR R K A BA 8L 5 & L- K ILBR, 1227548
f&. H3E L-LcLDH 1AL AEABL 49 1AL R, M T — /N ER TR L-LcLDHER, 44k,
B KealKm 2 L-LCLDH %4 4.94%. [ B # ] At —H 35 L-LcL DHO®R 4 4k 3K v R B2 69 14K 3L
F, RAMAREHARAFE T L-LcLDHOR xdp 48 4 0 KWL 69 RALBR % AL 11€7° AL
EH R B, ARFERE SRR RER. [F%] A ELREF4 pET-22b-Lcldh®®R 442
¥, K AT A PCR F AT L-LcLDH®R 3L B (Lcldh®R) b 420 1167 04 B4 F skt fe R,
MR T HAT IR, B R BRBR 6 E A 547, KX E T ik b R ey R BT, [4
%1 &% 44T (Escherichia coli/Lcldh@®R1229Q) £ ik b —A¥ &y Arg #= Gln 9312427 GIn® #=
11€?%° 44 3 R % AR L-LcLDHO®R'22R | & 4p £ ik 7 4 L-LcLDH®EV122%Q py i 2 bk Jir 4 47 & P
L-LcLDH®R1229Q gy b it 4 2 | -LcLDH #9 18.54%, 2 L-LcLDHY®R ¢4 2.3 42; A 1bak & 5 5|
HJE A4 6.845F2 1445, L-LcLDH R E A /5 698 F Ao pH 4 M E R K. ARIE STt
EHEm d, R E Q88R/1229Q 2 L-LcLDH &g &k M4 A1 g A v & K AR 84 340 T 4g
s HBILERORZELET T2HA. [44£] REE Q88R/1229Q B H48% T L-LcLDH #9
MR E, 243 L-LcL DHERI229Q 5 st k3% JB 3K 7 B BR 4] & L-RILBR & AR A A A
o) T BB,
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| mproving catalytic efficiency of an Lactobacillus casel L -lactate
dehydrogenase for phenylpyruvic acid production by
site-satur ated mutagenesis
LI Xue-Qing* LIUYan' YUAN Feng-Jiao' LI Jian-Fang® WU Min-Chen”

(1. School of Food Science and Technology, Jiangnan University, Wuxi, Jiangsu 214122, China)
(2. Wuxi School of Medicine, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Background] Optically pure L-phenyllactic acid (L-PLA) is anatural antimicrobial agent
and also a highly value-added chiral compound with potential applications in food, pharmaceutical
and biomaterial areas. Although L-PLA can be produced by asymmetric reduction of phenylpyruvic
acid (PPA) by L-LcLDH, an L-lactate dehydrogenase from Lactobacillus casei CICIM B1192, it
displays low activity. To improve the activity of a wild-type L-LcLDH towards PPA, an L-LcLDH
mutant, L-LcL DH®®R, was successfully constructed by our lab. Its catalytic efficiency (Kea/Km) Was
4.9-fold higher than that of L-LcLDH. [Objective] To further improve the catalytic efficiency of
L-LcLDH®®®® towards PPA, the amino acid 1€ located in the substrate-binding pocket of
L-LcLDH®®® or L-LcLDH was randomly substituted with any one of 20 amino acids. [M ethods]
Using a recombinant plasmid pET-22b-Lcldh®®® as the template, the I1e?-encoding codon in
Lcldh®®® was subjected to site-saturated mutagenesis by whole-plasmid PCR technique. Then, the
mutant library of L-LcL DH?®R was constructed by transforming pET-22b-Lcldh®®R variants into E.
coli BL21(DE3), respectively. Finally, an E. coli transformant expressing the highest activity towards
PPA was screened from this library. [Results] The selected transformant, E. coli/Lcldh®8R/!'22%Q,
contains a double-mutant gene in which the GIn®- and Ile®-encoding codons in Lcldh was
substituted with Arg- and Gln-encoding ones, respectively. The specific activity of purified
L-LcL DHY®122Q towards PPA was 18.5- and 2.3-fold those of L-LcLDH and L-LcLDH®R, while
its catalytic efficiency was 6.8- and 1.4-folds those of the latter two, respectively. Additionally, the
pH and temperature properties of L-LcLDH®R'??®? did not obviously changes compared to
L-LcLDH. The analysis of catalytic mechanism by molecular docking (MD) simulation showed that
the double-mutation of Q88R/1229Q enlarges the inlet of substrate-binding pocket and alters the
steric structure of active centre, which may contribute to the increase of activity. [Conclusion] The
double-mutation of Q88R/1229Q in L-LcLDH primary structure greatly enhanced its specific activity
and catalytic efficiency, making L-LcL DH®R'?2%Q 3 promising candidate for asymmetric reduction
of PPA.

Keywords: Lactobacillus casei, L-Lactate dehydrogenase, Site-saturated mutagenesis,
Phenylpyruvic acid, Catalytic efficiency
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dehydrogenase L-LDH) a- a-
o-
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Lactobacillus casei L- 1403
L/D-LDH 1.2 EZERFIFUIR
PrimeSTAR DNA Dpnl
L/D-LDH Jiang DNA Marker Marker TaKaRa
7 Pseudomonas stutzeri  IPTG Sangon
SDM L-LDH Val'® Ala PPA Sigma NADH
L- (kcaI/Km)
50.1 zheng ' L.bulgaricus
ATCC 11842 D-LDH 52 Tyr Eppendorf Ni-NAT
Leu PPA Tiandz BioTeck
Asan ¥ Geobacillus stearothermophilus
L-LDH (BsLDH) 13 F&
BsLDH 131 L-LclDH RERTHWEIREEES 5 F
1G7 (D101Y 102) 1%
L. cassi CICIM B1192 L-LcLDH (MF582630)
NADH L-LDH (L-LcLDH) L.casei L-LDH (PDB 1LLC)
Lcldn E. coli Modeller 9.11 (http://salilab.org/
L-LcLDH modeller/)
PPA L-LcLDH ChemDraw Ultra 12.0 PPA
PPA Chem3D Ultra 12.0 MMFF94
L -LcL DH®SeR L-LcLDH PDB (http://www.rcsb.org/pdb/
4.9 PPA home/home.do) NADH
L-LcLDH
L -LcL DHRSeR 11622 AutoDock 4.2 (http://autodock.
PET-22b-Lcl dh®R scripps.edu) PPA  NADH
LcldhQeeR 11622 PyMOL (http://pymol.
org/) L-LcLDH
L-LDH 132 5|¥git
L-LcLDH
1 MRS L-LCLDH®®®  j1g?
11 Ekk. FRAgsRE Lcldh (MF582630)  Lcldh@®R
E. coli BL21(DE3) PET-22b(+) PCR ()
Novagen PET-22b-Lcldh®R (1
E. coli E. coli/Lcldh®®  E. coli/Lcldh 133 ZEaShE{L T B pO MR Tk
LB (g/L) PET-22b-Lcldh@®®R 1229X-F  T+R
10.0 50 NaCl 100 pH 7.2 LB PCR (Whole-plasmid PCR)
18 g/L LB B e?? pET-22b-
100 pg/mL Lcldh@88R Dpn | E. coli
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£ 1 Lcdh®R ESinF138EEH PCR 5149

Tablel PCR primersfor the site-saturated mutagenesis of Lcldh?%R

Primer name Primers sequence (5'—3) Length (bp)
1229X-F GCCGCTTATGAAATCNNKAAACTCAAGGGT 30
TR TGCTAGTTATTGCTCAGCGG 20

F R N A/T/ICIG K GIT.

Note: F: Forward primer; R: Reverse primer. Modified codons are shown in underline; Letters in primers represent different nucleotide;

N: A/TICIG; K: GIT.

BL21(DES3)
97 (E. coli/LcldhQ88R1229% %
) 1mL LB 37°C 220r/min
12h 2% ( ) 1mL
ODgno 0.6-0.8 0.4 mmol/L
IPTG 20°C 8h 4°C 8000 r/min
5min Tris-HCI (50 mmol/L
pH 7.0) 2 1 mg/mL
100 pL 4 °C
12 000 r/min 5min
30 uL 190 pL (
pH 5.5 50 mmol/L 0.2 mmol/L
NADH 5 mmol/L PPA) 35°C 3min
30 s 340 nm
PPA
L-LcLDH YR DNA

1.3.4 L-LDH &tk
E. coli/Lcldh E. coli/Lcldn®R

2mL 100 pg/mL
LB 37°C 220r/min
2% ( ) 100 mL LB
37°C ODeoo 0.6-0.8
0.4mmol/L  IPTG 20°C
8h 8000 r/min 5min Tris-HCl
2 (50 mmol/L

pH 7.0 TrissHClI 25 mmol/L NaCl)
4 °C 12000 r/min

10 min 0.22 um

Ni-NAT
SDS-PAGE
Bradford [
1.35 L-LDH EMRINIE
50 mmol/L
(pH 5.5) 0.2 mmol/L NADH 5 mmol/L PPA
NADH 35 °C
5min NADH 340 nm
(V)
1 pumol NADH
(U/mg)

1.3.6 L-LDH EEF MRS
1)

(25-75 °C) 1.35 L-LDH
( 100%)
25-65°C 1h 135
L-LDH
100%
85%
(2) pH pH 3.0-7.5
PPA 135 L-LDH
pH pH
pH35-75 35°C 1h 135
L-LDH pH
85% pH

1.3.7 L-LDH R4
(1.0-10.0 mmol/L)  PPA (

pH55 50 mmol/L )
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NADH 1.35
Origin 8.0
Ka Km Keat/Kim
2 HERE4H
21 RETMNLDHIEE
L-LcLDH PPA
L-LcLDH
GIn® Arg
NADH
L-LcL DH@®R L-LcLDH
131 PPA  NADH
L-LcLDH
L-LcLDH 11
PPA
(1
Binay ™ BsLDH( L-LcLDH
51%) 116 ( L-LcLDH 1169
Thr?* Ala Gly
T246G/1 240A L-
PPA  L-
L-LcLDH
PPA L-LcLDH®R
”eZZQ
PPA L-LDH

1 L-LcLDH R¥%EE ORAREM SRS
Figurel Design mutant in the substrate-binding pocket of
L-LcLDH

22 RENEHIHIE

1.3.3 E. coli/Lcldh®®® 97
E. coli/Lcldh@88r/1229% L-LDH 35 °C
5min 11
L-LDH L-LcL DH®®8R
4 L-LDH
DNA 4
L-LCLDHERZ2R | | of pHERIZN | | o pHXERIZ2S
L-LcLDHBRNZAT 4 1.3.4
Ni
4 L-LDH 1 503.8 1 204.6
7788 921 U/mg

E. coli/Lcldh@®8R1229
2.3 L-LDH ByFRiAFLEL
3 E. coli/Lcldh  E. coli/Lcldh®®8®
E. coli/Lcidh®eR'2% |pTG
Ni-NAT
SDS-PAGE ( 2
L-LcLDH  L-LcLDH®®® | -LclL DH®120
38.8 kD
L-LcLDHER122Q  ppa
L-LcLDH®®® (651.2 U/mg) 2.3
(81.3U/mg) 185

1503.8 U/mg
L-LcLDH

kD M 1 2 3 kD
972 —
66.4 —
443 —
38.8

29.0 — -

20,1 —| -

2 #hif{kfE L-LDH B SDS-PAGE #3#f
Figure2 SDS-PAGE analysisof thepuried L-LDH

M Marker 1 L-LcLDH 2 L-LcLDH®®
3 L-LclLDH®R122Q,

Note: M: Protein marker; 1: L-LcLDH; 2: L-LcLDH%®R: 3:
L-LcL DH@@BR1225Q.
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24 L-LDH BB M B4 L-LcL DH®R
1.3.6 pH  L-LcLDH L -LcL DHQBBRI229Q
L-LcL DHB8R1229Q L-LcLDH 3A B
L-LcL DHQER122Q 40°C  40°C GIn® Arg PPA  NADH
85% pH 50
« ) L-LcLDH 3B C 11e*?
pH Gln PPA  NADH
25 L-LDH BYELEFES 4T
137 L-LcLDH  L-LcLDH®R L-LcL DHO®RIZQ |
Q88R/1229Q
L-LeLDH Kea  Km L-LcLDH®®R | - cLDH Ko
(2 L-LcLDH L-LcLDH GIn® Arg
Q88R/1229Q
Kea/Krm 112 Gln
L-LcLDH L-LcL DH®R
L-LcLDH 1.4 6.8 L-LcL DHOEER122R
BsLDH [17.3 L/(mmol -9)] Q88R/1229Q L -LcLDH
Pro101Arg102/RSGG [63 L/(mmol -s)]™*"
L-LcLDH®R 1e??® cn 3 W54
L-LcL DHOER
26 L-LDH MM Hed
1.3.1 L-LcLDH
#£2 3ML-LDH MIZhFEEH
Table2 Thekinetic parametersof threeL-LDHs
) Keat K Keat/Km [15]
L-LDHs €  (mmoil) (Lifmmolg) 9 Zhu
L-LcLDH 94745 823:t030 115 10 Lactobacillus pentosus  D-LDH Tyr*
L-LcLDH®® 380.4+10.1 6.82+0.10 55.8 49 va Wang ¥  Sporolactobacillus inulinus
_ QB8R/1229Q
L-LcLDH 760.0+23.0 9.71+0.40 78.3 6.8 CASD DLDH744 Met3°7 Leu
A B C

His'd NADH His'*! |
BTl s
T1e22 /! Fe v ! , Gln* ‘:-----
j ; Arg's? iArgm :

3 &4 PPA F1 NADH 7£ L-LcLDH RERTHFMA S FEEMR LI
Figure3 Comparison of docking the PPA and NADH in the active sitesof L-LcLDH and its mutants
Note: A: L-LcLDH; B: L-LcLDHY®®; C: L-LcL DHYR22%,
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PPA
L-LcLDH
Il e229
L-LcLDHOR
229
L-LcLDH®®®  L-LcLDH
L-LcL DHQ88R/I229Q L-LcL DHQ88RII229Q
229
lle GIn
L-LcLDH®R
(171 E. brevis
ZJUY-1401 (BbSDRS) G94A
BbSDR8
Gly* Ala
BbSDR8
2 (GIn®  11e7)
L-Lcl DHIB8RIZ2R PPA
L-
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