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ABSTRACT: The malolactic fermentation [MLF], which is widely used in winemaking, is the conversion of malic acid to lactic acid
conducted by the malolactic enzyme [Mle) of lactic acid bacteria. In order to select the strains with MLF among 54 lactic acid bacteria
isolated from the traditionally fermented foods, we designed a primer set that specifically targets the conserved regions of the m/egene
and then selected four strains that harbor the mle gene of Lactobacillus plantarum. All strains were identified as L. plantarum by
analyzing the 165 rRNA sequences, biochemical properties, and the PCR products of the rec4 gene. From comparison of the mle gene
sequences consisting of 1,644 bp, the nucleotide and amino acid sequence of strain JBE60 correspond to 96.7% and 99.5% with those of
other three strains, respectively. The strain JBE60 showed the highest resistant against 10% (v/v) ethanol among the strains. The strains
lowered the concentration of malic acid to average 43%. Considering the ethanol resistance and conversion of malic acid, the strain
JBE6O is considered as a potential starter for the malolactic fermentation.
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o] A& kA o] A L= 2HeEl 1§ (malolactic fermentation)
FH& WA § fakto] osf doju= oAk a g A, e
g 84 Mle)o] &3} L-malic acidZ- L-lactic acid2} CO,
Ag5H= tjAto]th(Davis ef al., 1985; Liu, 2002). 22
Z AHHE Y= L-malic acid S FE2]8 A9k
L-lactic acid& v} AFE & Z4A]7] 11, n]YEQ] eha e
© & 0] 85 4= 9J=malic acid F =2 Fo] 9}¢19] ¢HA 3=
o] 21, ethyl lactate, diacetyl, acetoin, butane-2,3-diol 5-2]
7] B WAEHA| Bl o] F o] Q7] wiLo], thEE0] A
ot AR WS YAk of Wk IS A-EokaL Qlrt
(Jacobson, 2006).
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oeni s B3t alE A fAREE0] SAoHA TR

g 2rg 7} o] F o) A thFleet ef al., 1984; Ugliano et al., 2003;

Bauer and Dicks, 2004). 2|1} oFA S-AEE @}olo] g 9

A Eo| A W A7E A7) izl TRety wha g o] Al

2 fEHA) 94 4 Qonz Sl 9140 Aol =g

o] gic}. waeke] wio] gk A4S Aol )
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W 71708 BEY 4 9T, 2019 B FUSA A4
o 4= glom, ohE ul YEEe] o3k ol S 0 4 gl

(Davis et al., 1985; Carrascosa and Mufioz, 2011). o] 23} o]
2 o]g] Abel ) Fo] 7w o] gkal(Lerm et al., 2010), FAY
9919) 2.9 0ho1 A% A|ol0] =2} P2 ALG T FF Aol
2748 9331 QI Herrero et al., 1999; Cho et al.,2011). W2
e g S Y3t 4= Q= HF5E= Leuconostoc, Pediococcus,
Lactobacillus, Oenococcus <450| £31= d-5E0| 484 9l
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o g 7 de ARE gtk O. oenie ¥, W2 pH,
SO0 thgt A|3Hgd o] a1, 2AF A TFo] ol T ehe it
Aol AdsFA|9E oF2] A& 0] oFE QA Z(MFDS) 9] GRAS
H50f Z3E o] QA ol AF W7k Q52 AR 7}
Sl th(http:/fse.foodnara.go.kr/origin/search_data_list.jsp). 5t
H GRAS 9| &= 22 Lactobacillus d-5F5-2 0. oeni= 9l
= A Ereg dador v glon o5 T &
3] L. plantarum-2- &3} $-2-pHOJ O. oeni®} F-AFSE A3
M2 AAEAE BEETI} 8 e, G 24 A
aroma 4] TAR §AAES ol go] 34511 UrEva
etal.,2004; Du Toit et al., 2011; Torriani et al., 2001). & A7}
A Z2Y oA t)(Kim ef al., 2008), Zul=(Kim ef al.,
2014), A =(Kim ef al., 2007) S ThoFal 9HE 4412 o] L5t
QFRIA| 2o} WA -8 Saccharomyces cerevisiae w52 £
(Choi et al., 2011)o] 3t ALE0] HilE Qo) U2egE]
g of) 23t fAbtoll B3k A= ob] mggk Aol
U At 5 YRIE R AU 55 AR A
(Yoo etal.,2010; Kang et al., 201 1)} 74 I n| Y& 2
£ Y7 d9H(Changetal., 2011)= o] Fo] oL TR eE
U o) 2| A 3RS 913k ot A At ot gl
U A7) S48 9l RS st flel B ikt
5 7k el Az At fARFTE Adshe Zo)
agt AdAolct olo] 92l HE TR A FolA thFet
tHEE EYsigtal o] 5o DR E At omA o] 84
£ ZARFAT o] A= 0. oenit | T O R
AFE-%] GRAS Z5-21 Lactobacillus plantarum= thA O 2,
U=eE wae) At 55 Adsted 535 Folch
o] 2|3t Alfei= UpaLok OP A & tiu|El = EF nAdE AL
= ShEskal ) el R 7| FAS ol B

=
2 4 918 Aelth
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A RE SO A AE A o8 A2 w5 1053 A
Zofl 45 29l P 1352 LB B el 9la)
A& 1 g =1 ml2 33 HE2H(0.1% peptone + 0.85% NaCl)
62 343t F 0.005% bromocresol purple (5',5"-dibromo-
o-cresolsulfophthalein)©] 2 7}% MRS (de Man, Rogosa and
Sharpe) ILA| HJ 2] O] EEEe] 30°Co| 4] 48 A7 ulj s}
Rk w o & o) egh Bk PAIsh= HEES =Tk A

&3l Al Als1d Al2E

MRS LA} ] Eo] 314 =i sfo vjof 5 1 HeEe
2|53Act 21 A} wlEoll M 248, wpd 2lof A 3050 2=
t}. B3} 54% #529] genomic DNAE 97| 9&] Accuprep
genomic DNA extraction kit (Bioneer) & ©]-8-5}0] Z+ w5+2]
DNAE £2]3}9] 17 genomic DNA= AM2-5}7] 714 -20°C
oA HastAct.

¥ M

Lactobacillus plantarum 3& Mgt

w2 2e] Wg of| A33t w3 Bl = Q8| L. plantarum mle
GAR}0] 947] H DL 0] §EFPCRE AL o] 2 913 L.
plantarum WCFS1 (GenBank accession no. AL935263) 5=
£ H|F, NCBI databasel| 2% 759 L. plantarum mle 71
AR A DUjoll A HE S 7 L& 5fo] forward] (5-CTT
GGT AAC CGG CAC AAG CG-3") U reversel (5-GCA TTG
TCR CGA CCG AAA TC-3’) primer& A| 25} t). PCR 274
2 95°Cof A 2427 271 W/ %, 95°C )| 4] 30271 ¥4, 60°C
o] A 307t A3k, 72°Col| A 30271 52 1HF-& 303 FI-E-5}
a1 72°Col| A 527t mpR] el 52 AAlEkGl o A7 g5

=2 =2
53] 148 bp] PCR AHEo] Lheheh #5752 Astgics.

Mgt 3Fo| S
Akl o] BAL AR 5AL 913 165 RNA 4

AL A714 8 E-4]-2 Macrogen©]] 2] 2|5}t Universal primer
2 27F (5-AGA GTT TGA TCC TGG CTC AG-3")2} 1,492R
(5-GGT TAC CTT GTT ACG ACT T-3)< A-838F] 16S
RNA - AAZS Z23}41, o] PCRANES AA3H & ¢17] A
= Sf=akiek sl=H d7149E chromatogram O] H| W&
%3} Mixed base & gap2 H %3t 3 BLASTN search (Zhang
et al., 2000)0o] A QD AX w7} 2o T3 F32] 16S rRNA
SAA A7IH DG AT, G7) HA7ke] 45 ]S 93
CLUSTAL W (Thompson et al., 1994)Z A3t} A& B
A2 918} Tamura-Nei 2 @lo]| 7] %3} Maximum Likelihood
H#H(Tamura and Nei, 1993)& ARg-sko] 2d 51l ck Ab=3t
Ag-olA] 7t 2ol g BAH A=ws Al 9l
bootstrap £-41-21,0003] 41345153 0.1, A% B4 3} bootstrap
H24-2 MEGAG6 program (Tamura ez al., 2011)-& A3 T
Aeetd EAo o F4S $18ll API 50 CHL kit
(bioMérieux)= ©]-83}t}h 55 2 ml MRS borthof| 4 2
ZHHiREAIA A7 of] gk u oS YA 2 e
AIABFAL 0.85% NaCl 8-S H7lsto] o FEFAS Al
A 4

o] o SN API 50 CHL kit ©] w3+ o whe} A8 71,
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o]X AI}E-2 on-line bacteria database?l apiwebsoftware
(bioMérieux) 5 AHE-5F0] AJ5}ek2] 5A4S vl Al4ksto] 5
stk

L. plantarum, L. pentosus, L. paraplantarum 7+ 732 9]
3f], recA - XK Torriani et al., 2001) ]| T3 multiplex PCR2
4=8Y3}9] © v PCR primer 2 paraF (5’-GTC ACA GGC ATT
ACG AAA AC-3), pentF (5-CAG TGG CGC GGT TGA
TAT C-3/), planF (5-CCG TTT ATG CGG AAC ACC TA-3),
PREV (5/-TCG GGA TTA CCA AAC ATC AC-3)& Al8-3}
%} PCR 274-295°Cof| A 287 2 7] W14 $-95°Cof| A 30
Z7F WA, 52°Coll A 1527 A9, 72°Col A 3027t 52
303] REESEGl o, 72°Cof|A] S wpA ek F-35 3F 7 A7)
5= 53l PCR 4HE 27]& Hlwagich

c

Mt #30| mle RTIAL G7|ME 2

AdE 59 AA mle A7IAES A7 flske] L
plantarum WCFS1 mle 72 A}L2] 57 AF9} 37 8157 220 Q%]
3t A7) AEE YA & forward2 (5-TGG TTG GCT CAC
ACC GAA TG-3’) YU reverse2 (5/-CTT GGT AAC CGG CAC
AAG CG-3’) primer&- A| 213143t} o] primer&-2 mle 744}
W E primer&{(forward 1 7} reverse 1)1} $HA| 2+ 2(forward 1 7+
reverse2, forward2 2} reversel) &2 3}o] PCR-S 4233} S
™, o] wfj 94°ColA] 57 27] ¥4, 303] HHE(94°Cof| A 45
27+ ¥4, 59°CollA] 307 Ad, 72°ColA] 18 3027 &5
), 72°CoN| A 527t F-E3FATh PCR 429 AA| 3 9714
o8 3l &=(Macrogen) s}l chromatogram ¥} tf Z3}o] mixed
base X gap2 R AT H mle -F-HA}2] open reading frame-2
Zd). Belats tmle 97] AE W T AE 2folE
CLUSTAL W (Thompson et al., 1994) program=- ©]-8-5}0] H]
18}tk MEGA program (Tamura ef al., 2011) .2 A <& A
E 5 242 Tamura-Nei 2 @lof 7] %3} Maximum Likelihood
HIH (Tamura and Nei, 1993)2 AF&3}91 11, AFE3E Al E420])
A ZF EA] ol tgt 5A A Al 2| % 4HE-S $18) bootstrap &4
< 1,0003] Aegsi3ich

AHRE 5= 71 NCBIOj| 553 mle {42 97] A E
2 o}&3} 7k IBE60 wF5(accession no. KR153582); JBE171
F(accession no. KR153583).

5%, 8%, 10%, 12%2 22Tt MRS 3] Hjjofelol 2} 5

-

rpm &2 et v A T3 b5 S48k et
HjoFols MEMO T & 3]45}e] 0.005% bromocresol
purple©] %7} plate count agar (PCA, MB Cell) v 2] o] =2
3k 5] 30°Cof A 48417t fjoFsto] FAE M2 Alskeich

¢

o HEE U a S-S EQ15t7] 918 HPLCE ©]§
o] malic acid AE-&-2 FelsFSich
50 mM&] L-(-)-malic acid (Sigma)E Z7}3F MRS broth
(Difco)o]| ZF #322] 27] % <=7} 10° CFU/mlo| E|E=
ko] 30°Cof| 41 200 rpm ©- = 48 A7 21} B FAIZ] Th=
15,000 x gof| A 1027F 4] E-2]sto] 454 10 plE 4ol
ARSI T HPLCE §7]AF 242 column @ 2 I0OA-1000
(Alltech, 9 um, 30 cm x 7.6 mm)S ©]-25}91.31.0.005 N sulfuric
acidE o]5A e 2 319tk 942 0.3 ml/min 2 & columnS
60°C S} A e 2 9-X|35FH A], 220 nm 342 2 UV detector

2 gEsklth

e 54 ARE 33 vhaste] Adstglon Aol s
< Ba=EEUAE YEhlITh A3 SAA 2= SPSS
program (version 20.0, SPSS)-2- 53] paired t-test & F-AF 24
2 AA)E}E O AFS EA] © & Duncan testS A A 31T ZF

Lactobacillus plantarum Mgt

AE a9 e o] Ml 3 pyrosequencing©| Ly
PCR-DGGEZ #4591 uf thefet 79 fakd=ol
AT Qon, o5 F A= wE I 52t & A
of|EFe A g4 o] 9228l 7 © & W 1 E|QthKim eral., 201 1a,
2011b; Yoo, 2013; Heo et al., 2014). o= 7+ T A} 34 o] toF
ghapo| & e o, ofjehE A o) E B
g2ete g of ARgsh= A2 oRelel &
= Fofd 4= oS Aolth olo A §4
plantarum mle -7 A G52 HE J S 7|WHC = primer
S AARE F| PCRE 75 AT 2] 5452 f4b

)
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Fig. 1. Gel electrophoresis of PCR products for the detection of mile gene
of L. plantarum. M is a 100 bp DNA ladder. NC, the PCR product of
Leuconostoc mesenteroides JBE102 used as negative control

o 57 5ol tis PCRS =343k Ak, A &2 thE A=
o] A B 4 0] FZ(JBE60, JBE150, JBE160, JBE171)
ol A ofl /gl =71 2] PCR 4AH=(148 bp) o] ¥H2H=] I ch(Fig. 1).
o] W& Al&star AA| Aol nw = a9 13}
Adrel] anpAo g AMRE 4 S o= HQlrh ghd
negative control & AR8-3} Leuconostoc mesenteroides JBE102
e ThE H | A5l A= o] PCR AHEo] Kol ] ¢roftt.

AUEE 4% FFE9] 165 IRNA 5204 97) A DL B2
SEEn O EEE] 2 st

S RoF= A= AdE s
4

F= 35 4559 L plantarum

et

NBRC 15891, L. pentosus 124-2, Lactobacillus paraplantarum

DSM 1066753 7Hg 717ke &+ BAE Holon 16S
rRNA 7] A4 E-299.5% (1,465-1,466/1,471bp) o] A} AZ 7k
A5t} A L. plantarum X L. pentosus, L. paraplantarum
Aol 23t Aol ulS B Ao BTET
(Curk et al., 1996; Zanoni et al., 1987). 16S IRNAE 0|83+ =
o g grto] of Y or @ APISO CHL kitE o|-8-3+ A3
8ol A4S sl leTable 1). 72 23} IBE 60 75-9] 7
- type strain®l ATCC 14917 w52} potassium gluconate ©|
849014 Ao|7} Lheksto Lk apiwebel A L. plantarum 5
o} BEH B4 Aol7} gLe-S elnjoiz 99.9% YA =S
XY o JBE 150,JBE 160, JBE 171 #5E52] 739+=99.6%
AX|5F L) o] & A #+5(JBE 150, JBE 160, JBE 171)+= t
A] D-lactose ©]-8-4J 9| A apiweboll S-S5 L. plantarum -
Q} EA 2o & YEMNTE L. plantarum™} L. pentosus £
TEoh= AeFeHE 7]E2 glycerol} D-xylose ©]-§-/d o]l A
Z}o](Zanoni et al., 1987)5 YEMNW, L. plantarum>}; L.
paraplantarum?Foll = a-methyl-D-mannoside ©]-8-3 o] A(Curk
etal., 1996), L. paraplantarum} L. pentosus 7ol = glycerol,
D-xylose, D-melezitose 2] o]-&dof| A thZ2cH(Curk et al.,
1996). Ays}shA 7|20 whet E-551H IBE60-2 L. plantarum,
U] Al o= L. paraplantarum 2.2 54 = 31t} A1}
2 2 16STRNA ¢7] A g w413 Aslet2 574 A7t s

AR Woll Al F1t 8 eks] s = 7 ool EAst=
A& Bk 7 7hH G ol thig PCR 4=3) Aa5ol 4 L.
paraplantarum®] 73-$-= 107 bp, L. pentosus+ 218 bp, L.
plantarum-2-318 bp 2] 27|15 713-& E o5t Torriani er
al., 2001; Bautista-Gallego et al., 2013; Ni et al., 2015). 16S

Lactobacillus plantarum JBE 60

g0 Lactobacillus plantarum JBE 150

Lactobacillus plantarum NBRC 15891 T (NR 113338)
Lactobacillus plantarum JBE 171

10(| Lactobacillus plantarum JBE 160

81

Lactobacillus pentosus 124-2 T (NR 029133)
Lactobacillus paraplantarum DSM 10667 T (NR 025447)

10 — Lactobacillus brevis ATCC 14869 T (NR 044704)

99— Lactobacillus parabrevis LMG 11984 T (NR 042456)
Pediococcus parvulus NBRC 100673 7 (NR 113922)

—

—
0.01

Leuconostoc mesenteroides ATCC 8293 T (NR 074957)

Weissella confusa JCM 1093 T (NR 113258)

Fig. 2. Phylogenetic tree constructed from comparative analysis of 16S rRNA gene sequences showing the relationships of selected stains with other type
strains. Bootstrap values (percentage from 1,000 replicates) are indicated at the nodes. The scale bar indicates the nucleotide change per site.
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L. plantarum22] -

Table 1. Biochemical properties of the strains

Active ingredients* ATCC 14917
Glycerol -
L-Arabinose +
D-Xylose -
Metyl-aD-Mannopyranoside +
Metyl-aD-Glucopyranoside -
D-Lactose
D-Melezitose

D-Raffinose

+ o+ o+ o+

Potassium gluconate

JBE 60 JBE 150 JBE 160 JBE 171
+ _ R -
+ _ R -
- + + +
+ _ R -
+ + + +
+ - - -

*All strains utilized the following substances: D-Ribose, D-Galactose, D-Glucose, D-Fructose, D-Manose, D-Manitol, D-Sorbitol, N-Acetylglucosamine, Amygdalin, Arbutin,
Esculin, Salicin, D-Cellobiose, D-Maltose, D-Melibiose, D-Saccharose, D-Trehalose, Genitobiose, D-Turanose. None of the strains utilized the following substances: erythritol,
D-arabinose, L-xylose, D-adonitol, methyl-D-xylopyranoside, L-sorbose, L-rhamnose, dulcitol, inositol, inulin, amidon (starch), glycogen, xylitol, D-lyxose, D-tagatose,
D-fucose, L-fucose, D-arabitol, L-arabitol, potassium 2-ketogluconate and potassium 5-ketogluconate (data not shown).

M

M

14917 JBE6O JBE 150 JBE 160 JBE 171

Fig. 3. Gel electrophoresis of the recA gene products by multiplex PCR. M
is a 100 bp DNA ladder. Strain ATCC 14917" was used as a positive
control of L. plantarum for the detection of recA gene.

rRNA 2 38} 547} 17 rec4 9] 7h @< Ao|7t =&
318 bp $1A]of| A== =S H3l 2l 0 & HolFig. 3),4%
9] #F WEE L plantarum= EA 5} )

M 29| mle REXL FIIME 2N

L. plantarum 2 539 4 75 mle A} 542 v 3}
ST} AR 5= mile AR A 7] A E A7]= 1,644 bp
11, o] 2§ BAjo] SRE RHE A At ] kit
(Fig. 4A). 71 A3} v|S=of| A &2 3 H IBE60-2 9 2] 22
21 JBE150, JBE160, JBE171&53} 7| AAolA 96.7%
(1,589/1,644 bp)7} 23k o4}, JBE150, JBE160, JBE171 o5~
£ 1l 100% 5L 3k NCBIo| 555 mle A G531} vl 1L
3t A3} JBE60+ Lactobacillus plantarum subsp. plantarum
P-8 #3290} A AR = 7199% (1,640/1,644 bp) il JBE150,

JBE160, JBE1712] 7% Lactobacillus plantarum JDM1 «5=
2}99% (1,636/1,644 bp) L X3} Tt

FHE0] A7 L 547700 obnlitt N2 5T
AR Bjo] Y FREo| wrzete & 45T v woky
tHFig. 4B). JBE60 L} o] A o 5= 7H U= g E] f 480 ofn| Ak
A& 1S ) A 71419 ko= 96.7%¢) A =5 1
9O}, Bl X3 A A 2] 91% (50/55) 7t FE2] 3R] 7] A]
o1l 4] LFEFLY ofu - aF 4] e 0] 0] %] 1= 99.5% (544/547 aa)
2 A5k g2y 849 F 99 FoA N-terminal
domain & (O} AR A 69-251)-2 w3 7F G 7] A AofA]
L Z}o)7} 9l o1} o) i Ak A G of| 4] B35 HIH, Short-chain
dehydrogenases/reductases % 2J(oFu| At AE 261-540)0]
A ofu] Ak A o] Zfo] S K ATHFig. 5).

oEtE U £

ofgke e A §18f olg-&= 71 MRS i
Hof v A7 3 A5 547 B = Fig. 63} 2t} 5%
ST H7FoHA] 2 T2 ek ateol Aol 7 gl ‘219-
8% SEFE= A Aol7h YR JBEC o=
10% of e 2 MRS Hij 2] of| A Bl & of S log CFU/mI 2
FLE] 48 A]7F HlF 5 6.56+0.40 log CFU/mI7ZIA] Z713) 0.1,
12% &= ol A= 27] HEF 24 Aol & wolA &

UEHP<0.05). 1L} o2

A 27) WEH AR v

Al FFEL10% 2 12% =% o
ZHAY A4} webA

JBEGD -4 10% ol o2 45 A4 5 51
of, SRQIA| 2 A| W WES FAT 4 S A0 Hal

tHEva et al., 2004; Torriani et al., 2001).
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(A) 82| Lactobacillus plantarum subsp. plantarum ST-111 (CP002222)
991 actobacillus plantarum JBE60
981\ actobacillus plantarum ZJ316 (CP004082)

Lactobacillus plantarum strain B21 (CP010528)

Lactobacillus plantarum WCFS1 (AL935263)

actobagillus plantarum subsp. plantarum P-8 (CP005942)

88 Lactobacillus plantarum 16 (CP006033)
Lactobacillus plantarum JDM1 (CP001617)

o Lactobacillus plantarum JBE171

Lactobacillus plantarum JBE160

Lactobacillus plantarum JBE150

Lacfobacillus pentosus |G1 (FR874854)

Lactobacillus brevis ATCC 367 (CP000416)

100

100

0.02 r—Lactobacillus plantarum WCFS1 (AL935263)
(B) —Lactfobacillus plantarum JBE60
Lactobacillus plantarum 16 (CP006033)
Lactobacillus plantarum JDM1 (CP001617)
Lactobacillus plantarum strain B21 (AJO73661)
Lactobacillus plantarum subsp. plantarum P-8 (CP005942)

Lactobacillus plantarum subsp. plantarum ST-III (CP002222)
Lactobacillus plantarum JBE171

Lactobacillus plantarum JBE160

Lactobacillus plantarum JBE150
—Lactobacillus plantarum ZJ316 (CP004082)
—— Lactobacillus pentosus 1G1 (FR874854)
Lactobacillus brevis ATCC 367 (CP000416)

—
0.02

Fig. 4. Phylogenetic tree constructed from comparative analysis of mle gene sequence (A) and the amino acid sequences (B) showing the relationships of
selected stains with other strains. Bootstrap values (percentage from 1,000 replicates) are indicated at the nodes. The scale bar indicates the nucleotide change
per site.

1 80
L. plantarum B21 MTKTASEI LNNPFLNKGTAF TKEERQALGLTGTLPSKVQTI DEQATQAYAQFKSKPSR LEQRI FLMNLFNENRT LFFHLM
L plantarsm JBEGD
L. plantarum JBE1T1
L. plantarum JBE 160
L plantarum JBE150

81 160
L. plantarum B21 DEHVVEFMP| VYDPVVADS| EQYNELFLDPQNAAFVSVDAPEDI EATLKNAADGRDI R LVVVTDAEGI LGMGDWGVNGVD
L. plantarim JBEGO
L. plantarum JBE1T1
L. plantarum JBE160
L. plantarum JBE160

240
L. glantarum B21 1IS:LAI GKLMVYTAAAGIDPSQV LPVS| DAGTNNQKLLDDPLYLGNRHKRVSGEQYYDVI D KFVAAEQQLFPDSLLH FEDFGR
L. plantarum JBEGO
L. plantarum JBE1T1
L. plantarum JBE 160
L. planfarum JBE150

241 274 320
L plantarum B21 DNAQVI LDKYKDQI ATFHNDD | QGTGMVVLAGI LGALNI SKESI KDQKI LSFGAGTAGM GI ANQI LDELMQAGLT EEEAKQ
L. plantarum JBEGD A
L. plantarem JBE1T1
L. plantarum JBE 160
L. plantarum JBE150

321 337 400
L. plantarum B21 HFVAVUKQGLLFUDTESLTP AQKAFTRKRSEFSNADELTNLEAVVKAVHPTVMI GTST QPGTFTESII KEMAAH TERPI |
L. plantarum JBEG0 E

L. planfarum JBEATY D
L. plantarum JBE160 D
L. plantarum JBE 150 D

401 480
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Fig. 5. Sequence alignment (residues 1-547) of the malolactic enzymes between the selected strains. Enzyme sequence of L. plantarum B21 (AJO73661) is
used as a control. Gray marks indicate variable sites
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Fig. 6. Cell counts of selected strains in the MRS broth with different
concentrations of ethanol after 48 h of culture. The viable cell counts
represent mean+SD of three replications. Error bars indicate standard
error. *Dash bar indicates the initial viable cell counts (10° CFU/ml).
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Table 2. Change of malic acid and lactic acid contents in MRS broth
supplement S0 mM L~(-)-malic acid after 2 days of incubation

Strain Ma(lilil(;vzll;:id Laz:rtlilclzwa)cid ChI:r?te o‘t; :;iftl: (ie(:tlg
e cFy/mi)
ATCC14917 3.12+0.29  191.25+43.10 93.76+0.59  9.43+0.04
JBE 60 2.90£0.23  177.13£3.53  94.20+0.45  9.63+0.15
JBE150  3.74+0.19° 149.93+15.01 92.52+038"  9.42+0.13
JBE 160  2.8740.16  158.95+16.26 94.25+0.32  9.49+0.14
JBE 171 2.80+0.48  153.39+12.39 94.40+0.96  9.41+0.11

" means significantly different at the 0.05%, according to Duncan multiple range test
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