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Diversity of Lactic Acid Bacteria (LAB) in Makgeolli and
Their Production of y-Aminobutyric Acid
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Abstract Makgeolli is made from rice or flour, yeast, and nuruk, a fermentation starter. The flavor of makgeolli is
affected by sugars, amino acids, organic acids and volatile flavor compounds produced by various microorganisms. In this
study, lactic acid bacteria (LAB) were isolated from unsterilized makgeolli samples collected from several provinces in
Korea, and then later identified. Under anaerobic conditions, LAB density ranged from 5.0x10° to 1.5x10® CFU/mL; yeast
density ranged from 2.5x107 to 1.5x10°® CFU/mL. Of the LAB isolated from makgeolli, 1,126 were analyzed using
restriction fragment length polymorphism (PCR-RFLP) analysis of 16S rRNA, which allowed for classification into five
groups. Of the 1,126 LABs tested, 130 produced y-aminobutyric acid (GABA).
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FE2  Mucor, Rhizopus, Penicillium, Saccharomyces, Candida,
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spp. 5°] YHA AUTHS,9).
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S7d¢]™ cytochromeo] EAISHA] =t dWHF o= Fr7|14 w
A EO]A T A k(lactic acid) EA stllAE Ak oj= Hx A
g F e 5o AuH9). At HTHL=E Smeptococcus,
Lactobacillus, Leuconostoc, Lactococcus, Pediococcus®] 5714 <
o7 FAFE 9or(10), H=ol= Aderococcus, Carnobacterium,
Enterococcus, QOenococcus, Sporolactobacillus,  Tetragenococcus,
Vagococcus, Weisella 5= WA §AHto 2EA713L St} 2=+
o] IEAA] Akt 24 f71ike At T4t 98-S
=), ZAke Bl gadoR ws 5 A Fa {14

WEAF] Bt A "I e SRS EE, A,
WEE A o ohdd BRAFNN Fd(starter) 22 AREH

Ao (11-14), T FHZoll= F=tAl, FAA, thgete] o,
A57 5o A7l TAHAA a3yt HuHy Jok1s). TR
FeRE gakze] Bl 540 Be A7 A3, Lacwobacillus
casei, Lb. fermentum, Lb. nagelii, Lb. plantarum, Lb. citreum,

2 R

Leuconostoc mesenteroides, Weisella cibaria, Lactococcus lactis,
Enterococcus  faecium, Lb. brevis, Lb. paracasei, Pediococcus
pentosaceus, Ped. damnosus, Ped. acidilactici®} 7+ 4E°] A&
gl Shochu$t red wine SolA EAEATH16,17). Lac. lac-
tis subsp. cremoris, Lac. lactis subsp. lactis, Lb. acidophilus, Lb.
brevis, Lb. plantarum?} 732 f2R1E2 4 EZS A=
Aog Bart HYT(18). Far|t T A A gE
o] bacteriocin, bacteriocin} H|5z3t Edolzlal ¥#A e oY
S atAd E2 E-S(bacteriocin-like inhibitory substance, BLIS) AY
2¥31H, lactocin 27, lactacin B, helveticin J, plantacin B 52 &
4 EFo] ®HEATH19-23).

FZoe vAEe] Rt 544 ZE gEgole] A
9l conserved region?] 16S rRNA7} 2 ARE-HETH24). 7|1 A
T-ol4 16S rRNA PCR-RFLP (Restriction Fragment Length
Polymorphism) %< F3l efolghe] i3l LR AER] Jiang-
sunS- 2Kl Lb. plantarum, E. faecium, Lac. lactisS 2] 33l
(25), AXZHFE Leuconostoc straine(26), red wine®Z5F 0.
oeni, Leu. mensenteriodes, Lb. plantarums 33802 F2|3%
TH27). RFLP 42 DNA 9714 €9 molecular profile Y]
g 4 93, DNA €7144Y #48le]l BEE AlFalTe 1hdst
o g A Jrh27). ©]¥ol= denaturing gradient gel elec-
trophoresis (DGGE)®} temperature gradient gel electrophoresis
(TGGE) & W Eo] AREEI UTH3).

GABA (y-aminobutyric acidy= <17+e] =9} 23l EAsle 4l
BAgdEd Fo shuzE W wd ofpmlicqto|th(28). GABAE
L-glutamate®] F7221 & ehslE 7138 glutamate decarbox-
ylase (GAD)Sl <]3] AJ4F=lE mechanismS 712132 21TH29,30).
Q17kell lo] GABAE P&, 3, i7lEy, A2 5F
o, 28, EHS, 25 5 A, A ¢3E #H
5o AN FX AddE 5o EHE HAE
(31-36). GABAE= 2HtS THoZ AREslo] Akl FAE
7o w2 Zo X A=W, Lb. brevis, Lb. plantarum®)
GABAES AAJste 4oz & deA Uth37,38).

web B A7 = 165 rRNA +34ke] H7]14 ¥ PCR-
RFLPH S ARt = of 2] Awdellx] AL A= e
ARAGZRE g 228, 58 9 A8 AAEk, ol
ke ted s ARt Egk EolE fAHFES] GABA
AeES Gelste] whde] f= Akt A S8l V%
Ag7bE F AR A7

_1

y
ol\

o

H

M=
Aol AMEE AR EL 7= 7Y A gy ekENA &
WiEE oy TR U A 2HEE FYste] AR
fFakad aRE Al SHI2RY B, fAakae] &
= 0.01%9] nystatin ©] X3E MRS (de Man, Rogosa and
Sharpe) agar HJA]71(39,40), £%°] 73 YM (Yeast Malt Broth)
agar WA 7} AMEEIQITE GABA A4S ERIske WHOZE 5%
°] MSG (monosodium glutamate)’} Z&%E MRS HIXE A}&-3}
Atk MSG GABAE X §lsl= BE A|FE2 reagent gradeZ
Sigma Chemical Co. (St. Louis, MO, USA)Z5-E] -] 3} th.

MZi g2 d7s 3

ghate] ofy] Aol AlxE 1871Ke] S A F, 08%
NaCle Eoshk= HATE ARste] S5 107, 107, 10°2 3
Aate] wjFe ¥ Akt 5 S, 10 1002 314
ste] wiget oy a2 & AU k] A5 WY
H 0.01% nystatin (Merck Co., Darmstadt, Germany)°©] %%
MRS agar iAo AEFS =Z3I 3L anaerobic jar (BBL, Cock-
eyville, MD, USA)$} GasPak (BD GasPak™BBL, Becton Dick-
inson and Company, NJ, USAYS |83l #7114 Z7lA 30T
o] Al 48AIZF Wi FataATE. ERO] A9 YM agar WA =gk
F 30°CollA 12A17F wieFRRATE. BiF ol A& 1007H¢] -
2HF colonyE AE3te] A ZE& MRS agar HIA ol HE3 &
30°CoNA 12417F vl <gataATt.

Genomic DNA2| =& % PCR

f+4ht2] genomic DNAE genomic DNA purification kit (Sol-
gent, Seoul, Korea)S ©]&3}o] H2|510 2, ¥2]3t genomic DNA
o4 16S rRNA genes S-%sto] PCR AHES FEsIqth 16S
RNA geneS 5%317] 913l colony PCR WHS ©]-&315L(41),
PCR primer= 16S rRNA gene %2 9138t universal primerd]
27F primer (5-AGA GIT TGA TCM TGG CTC AG-3)%
1492R primer (5-GGY TAC CTT GIT ACG ACT T-3)3 o]&
3t th. PCRE thermal cycler (ASTEC PC-320, ASTEC Inc,
Fukuoka, Japan) 71715 AR&-3te] Fasiit. %5 9% ==
e o3 2t} 94°Col 5E F<F pre-denaturation 3 T
94°Coll 4] denaturation 403, 53°ColA] annealing 40%, 72°COllA]
extension 2% AL 30 cycle HFHEE 3 72°ColA 7R FoF
post-extensionsFATE WHAHE-S 0.8% agarose gel oA %7193
& AN ethidium bromide® FAste] 1% ThE Gel
Purification Kit (Bioneer, Seoul, Korea)& ©]-&3}o] AA| 3}

PCR-RFLPE 0|&¢8t 0|29 SH

AA S GRS AES Alul, Hhal, Saud3A1 (New England
Biolabs, Ipswich, MA, USAYE ARME-sted 37°CellA 12417 &<t
enzyme digestions AAISFATE. L F 2% agarose gele ©]-8-3}
o 7|98t dHS 1) FAS FZHH ] ATE
A Aol oJs) AJd== DNA2] RFLP SES Biste] %E4
oz mAES] A o]&At.

Ch&R (Escherichia colie| SEXMstnt Rikgel VIMYE 24
H7NME BHS 98] E coli DHIOBE ©]&3le] FAxg
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S FFBIAUTE v T 13,000 pmoll A 1E FoF QAR T,
Luria-Bertani (LB) ampicillin agar ¥j=] ol 4] 12/‘\] 7 &<t st
k. 2L & white colonyRt A3} SmL LB brotholl Al 124]7F
¢t wjgsislth. 475 343 £ plasmid DNA #2]E5 st
AL, B7144 £4& Macrogen (Seoul, Korea)ll 9|15t &
e G7IMEL F 419 search program (NCBI, EBI, DDBJ,
Eztexon)©. 2 74 0]—04 RS A5

M
A |

DNA &7|Md "J"—I' 2484 ¥ FAZA

PCRE 53 A2 gene®] A7|AE2 BigDye Terminator Cycle
Sequencing Kit<} ABI377 PRISM (Perkin Elmer Co., Lombard,
IL, USA)Z ©o]&3lt} 168 rRNA ¢7149& BLAST search
program (NCBI, EMBL, DDBJ)& ©]4-3l] d7|1XE Aol o
g MG fAME S ERl F BT ATEE B =
A4 strain®] BLAST ZA#E 7|92 AASAL Clustal X
%S o]83}¢] sequence alignmentS AASIATH ZHAE
Aol ©]gt phylogenetic tree 2d % #A]¢ll= MEGA4 version
Z2IE o&sislrh

Ar

M L}{} rlo

by
o

LABZSE GABA M =lol

GABA A4 1S H3ll 2,00071€] LAB colonyE 5% MSG
(monosodium glutamate)’t 23 5mL MRS HjA|o] HEst &
(42), 30°CollA 12717F 53t kst widE LABE 1.5 mL
AAEEHCE &7 13,000 pmollA 127 AAEEE AAIEA
3, 32 F NS ol&sle] TLC #4418 AAEIITE GABA #
A& silica gel 60 F,,, thin layer chromatography plate (Merck
Co., Darmstadt, Germany)E ©|-8-3le] TLC #41& AAISSTh
270 &vli= n-butanol:acetic acid:water=3:2:1 (v/iv/v)S AFE-3FS

o A F AFRAZ v dipping solution (0.4% ninhydrin-

acetoneyS ©]-&3te] LAAIA 110°CoAA Ax3e] 18k
oty nFE

Mzot 22 d7s 53
ok

el AlTE T Qe 18%9] B Akt E £2 Feld
A3l FE A8 RE WZo|M §akE 427 10° CFUML ©)%
oz gl chFig 1). FeF BENY F AR 4% ¥

10

golgl Ao A FAHE] A9 FHE 10° CFUMLE ZALE
A9} H]ws) L}% o, A= & @?LOM
A ZFol7h ALl gle AE ERlskiTi43). F A&
g2 MEE3 9 %@H} F7F AA ER1E A=, 1
Z 34 74 pHE 3.7 "Hojmale o] z?;;
Eﬂ uvggu S JA ] il
= oF 10-10° CFU/mLE 7} 4 %—u
= s L—HP J&%}El AHFig. 1) TES olgsh e o
FIgol] #A3 Aol arel 79 10° CFUmMLE RSN
(44), A3 2ol AA717ke EEP% 4 B4 4 nAEg W
3l B3 AFoME ERF7F 107 CFUMLE ERIE = (45),
E Aol vwaEge wl &% 49 Iole fAka v
Z 71& A7} 2ozt O*vt— AL RIS F A& A5
At 7 9]"‘ 24 &% 2o 7 tE MEEY 1}017]' A
= 74°i gelo] At

“dﬁﬂm
w 1

T~

il

go| 53

PCR-RFLPE 0|8%t O/

wdge] EAsks PAES ER/5H7] $8 PCR-RFLP W
S o]&&lTt o] W 16S rRNA 42 o] &sle] F4x &
Mg AAEREY o e e T FHAJA 4148 5
AL 2= A% fAgH IAE AHE & Jde T2 Yot
16S rRNA PCR A3} 18%9] HA27H F 1L12671¢] 4

o4FolA 1,531 bp 2719 FAAE FE39aL, o1& 37K Al
FEAE ALsHe ul F 5719 selo] AFEATHFig. 2).
el BRE mAEe FE Elste] bl vrde el EAlske
bt B ZpolE RIS 1 29 HEe] 739 XA ‘?'%
A FolM 7 2 H]8Qd 77.62%7F FEEM= ole 1
I3 2 HES 7R E frkdol Algol IiE e ‘1}74174011
71 ol BEEo] e $HFoR EAFte AE 93t
(Table 1). G H, M| A% F2 3% #iglo] $¥Fo=g oy
A= G HY 5ol A7=00A, M2 SHEZAA Aikd
AFIAAL o5 ol o
5], oq,,p\qo HO HoF 113_—1‘::]3]_

I A—

EEt Ak Ao 9

1=]
3} 22 AZA) B, RY
slo]

A% 1 g # HAAR ReIAE B3
17 31 el SHe1s Aol Az ol Ko
Azl ol gshe ARS) Aol P WE 2L Aolo] wet £

7

o] #Fol zol7k A & sivke Ao AWd ¢

10

(A)

log (CFU)

ABCDETFGHI JKLMNOPAQR

Fig. 1. LAB (A) and yeast (B) population from makgeolli.

(B)

ABCDETFGHI JKLMNOPAQR
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(B)

©

1000 bp

500 bp

Fig. 2. Result of restriction enzyme digestion: (A) Hha 1, (B) Alu
I, and (C) Sau3A I treatment. Amplified PCR products were
loaded 2.0% agarose gel using electrophoresis after restriction
enzyme treatment. M; 100 bp DNA ladder, lane 1-5, different
restriction enzyme digestion patterns.

FitEe] DNA 47[ME 24

H71ME 492 98] National Center for Biotechnology Infor-
mation (NCBI)°|4 #|33}= BLAST (Basic Local Alignment
Search Tool) ¥71%4] Z 2733} Genbank databaseS ©]-8-3}]
T35t 16S IRNA 971 84 A=, el 19] A% Lb. plan-
tarum, Lb. pentosusi SRIEAIL 10714 subspeciesZ #-7F% S
ok 9" 29 A4
QIE AL 971A] subspeciesZ 7= S
crustorum. 2., e 49] 739 Lb brevzs S e Lb. fermen-
wumQ 2 FRIEIL, o] E2] FEAHE 98% oldeE RIS
(Table 2). /N F5& o]&ste] 4z LdEE 3t SDS-

4% Lb. casei, Lb. pamcasel Lb. rhamnosus= <+
ek S| 39 A Lb.

Table 1. Frequency of LAB isolate from different makgeolli
samples in 5 PCR-RFLP patterns

Makgeolli PCR-RFLP Pattern

Samples 1 5 3 4 5
A 17 3 40
B 44 40
C 27 21
D 52 37
E 87 3
F 30 4
G 43
H 6 88
I 44 33 1
J 13 38 4
K 8 33 4
L 72 8 4
M 1 48
N 8 33 1 1 15
¢ 17 32 D)
p 2 35
Q 33 12 1
R 72

Number 455 419 184 50 18

of the isolates

Frequency of

occurrence (%) 4041 3721 16.34 4.44 1.60

PAGEZ bt @A sielS &1t AelX Lb. plantarurm
o] $AFo W] Volgto] JANYT@M), FHOT B
2] B E o Ao #3E AFolA Lb. pseudomesenteroides, Lb.
paracasei, Lb. arizonensis, Lb. plantarum, Lb. harbinensis, Lb.
parabuchneri, Lb. brevis, Lb. hilgardii, Lb. fermentum-cﬂ = 9%
o] TAEATL HIEATH46,47). I AT UFoR Zﬂz?'?}
wAz]e] gFS FRIst AFoM = Lb. plantarum™ Lb. crus-
torum®©] $HFOZ FIRIFHATI4R). ©|5 Tl B A A}
of 71&e] A+ gﬂa} THXﬂ 2 R As g1 & Ak
Solgk AL 7+ e AEe] A4S Fite —"r@%ol ELls
Aoz 2.3/ W= gaiA Slvke
Hellr= olE 3Tl 2] %=t v“loﬂ sag 9%%‘3 s
S AL + 3

w25 E 2eet fakre] G7IMES o851 phylogenetic

treeS A 2SI tHFig. 3). W®l 1> Lb. plantarumipentosus &

o7 IRIHAN, FHAAY] A5 140 AZol SAA e o
= 4

WE A 243AE AT As it Lh

ANE b ES 27P7<] 9] type straina} =
qek 2AFAE B4 S IR F U, @7]*103 g
ANAzet S mlwatd A F aFel é,\—o
10712] subspeciesZ EFHETh=s AL I & ‘2“:} ol 7t
A deeit 22 Fol EASAT 2 FES zto|rt wAMlE
Al S ovsitt, WY 2= Lb. caseilparacaseilrhamnosus L
Fo2 AL, 17 AEol EAlste A RIS A
TF NS T ASH 479 EXE E‘_Uq Lb. plantarum/

= 2
pentosus L33 VIRIZIA R AEvit 2 gzl TRt
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Table 2. Comparison of 16s rRNA sequence homology of LAB in
5 PCR-RFLP patterns

Pattern Species-identification ld‘(s(;:)lty acg;zs)annll\(b.
1 Lactobacillus plantarum 99 CP002222.1
1 Lactobacillus plantarum 99 AB362755.1
1 Lactobacillus plantarum 99 AB362768.1
1 Lactobacillus plantarum 99 FJ386491.1
1 Lactobacillus plantarum 99 EU621849.1
1 Lactobacillus plantarum 99 AB362652.1
1 Lactobacillus plantarum 99 GUS552552.1
1 Lactobacillus plantarum 99 FJ386491.1
1 Lactobacillus pentosus 99 AB362758.1
1 Lactobacillus pentosus 99 FJ386571.1
2 Lactobacillus casei 99 FM177140.1
2 Lactobacillus casei 99 CP001084.1
2 Lactobacillus casei 99 AY091596.1
2 Lactobacillus casei 99 HQ293086.1
2 Lactobacillus casei 99 AB008204.1
2 Lactobacillus casei 99 GQ395613.1
2 Lactobacillus paracasei 99 AB362761.1
2 Lactobacillus paracasei 99 DQ462440.1
2 Lactobacillus rhamnosus 99 EU184020.1
3 Lactobacillus crustorum 99 AM285454.1
3 Lactobacillus crustorum 99 AM285453.1
3 Lactobacillus crustorum 98 FJ645924.1
4 Lactobacillus brevis 99 AB362619.1
4 Lactobacillus brevis 99 AB362618.1
4 Lactobacillus brevis 99 CP000416.1
4 Lactobacillus brevis 99 AY974809.1
5 Lactobacillus fermentum 99 AB362626.1

subspeciesZ EANGT= 1S AT 5 AT o] S vzt
A2 phylogenetic tree AZ= IA 7K IFLE EFEHA
T G7NE B4 Aol A vt ZHzt o2 9709] sub-
species®E T FATE AL AT F AU HE 32 Lb.
crustorum®Z AN 5719 MEoA FEIHNSH, G H,
M AlZo] HF S I & JJUTh 3 #FE5 BF
type straint Al52 ztol7t e AL skt HE 49 73
T he] AENA SAERNST Lb. brevisZ A=At Type
strain 7|22 A, J 9} N, Q9] F £FE U= 7 AUk NF
QA EFHE M= YT MAER RIS AxH
Aol 7t Fakmt AER ndEo] A Ho| FFE WX
= °

o)
= A& skt A9 59 A fikt T P W2 HlE
< ARSI Lb. fermentumS = SR CH, o] vBEEL
A FF AEel e vEE AlEdY. Aedew £
Aol ARgE Fellx] AtEs Aubdee] £ e f

2t #Ee 7R 9] BRE o] HAeH, HEo 2 b
plantarum/pentosus 9} Lb. caseilparacaseilrhamnosus”t 7} &o]
WA Ao FRIFATH

SAMFoZEE GABA MM sl
E dEoA GABA AA s 98] TLC 48 AASA
3, B Az BAg2RE 1,126 59 2 F 13019 &

( A) 58

O Z o = w o U ® W

Lactobacillus pentosus
| P

Jry]

| illus pinatarum ATCC 14917(T)
L

3
\T‘EF
81 M
52 B
(B) s N
) L
Q
N
E
L
ATCC 334T)
H
1

2 D
13 K

38 L Zactobacillus paracasei subsp. paracasei§7002

© n 8
26
28 K
M
MG 23699%(T)
c
(D) " A
L il brevis ATCC 367(T)
—‘—17,
,—N
w4
(E) 55
N
ATCC 14931(T)

\ :

Fig. 3. Phylogenetic tree of (A) Lactobacillus plantarum/pentosus,
(B) Lactobacillus caseilparacaseilrhamnosus, (C) Lactobacillus
crustorum, (D) Lactobacillus brevis, and (E) Lactobacillus
fermentum.

oA GABA AAES RISt GABAS Aikele #4t
o2 7% Lb. plantarum®] 90FF=Z 7P BOo™ Lb. casei’}
29572 IRIFAE ol F FR w9 A5 T sl AF
A AT FESE L. brevis®] A5 115F, 1719 AlFAA
SRI= XA THTable 3). Park W&EAFEQ] AAZNE Fst {2t
49 GABA AA AFoNA Lb. brevis, Lb. plantarum T°)
GABAZ AAsl= AL 21819 3.(38), Yokoyama: <2 A7
72RE 83 4] GABA A4 ATolA Lb. brevis wt°)
GABAE Aitsl= AS FRISIATH49), £33 Komatsuzaks Y
2 AFAER] funa-sushiZHE 2|3 Lb. paracasei 7°] GABA
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Table 3. GABA production from LAB isolated from makgeolli
samples

Sample ID Lb. brevis Lb. plantarum Lb. casei

A 11

B 4 2

E 14

F 18

I 8 5

K 8 1

N 7 2

o 9 3

P 2 1

Q 34 1
S AT SITKS0), ol 2 AFsh vwasle o wls
3 9ido|n], GABA AJabso] BlE §AHES AlL3le] uhdg)
LZ— o] o]&3ltlH, GABAZ 53t uhdz] AZ7}F 7F5E Ao
2 dhdEoh

kO
12

= oa_%oﬂxah AF fF F9 HAE WRT WY
e fg elsae %a FAES B 99 168

&
AT v&& = & ﬁOl gt A3 F& ALs BE AZoA
10° CFUmL ol’de=2 I, a2+ = < 10-10°
CFUmLZ 7|&9] Are} vl 23ke o, gixlgez zjo]7}
7o gE 2E ﬁﬂomv} Yrold d8s BEE d149
A A3 F 5% S 289 & A, 559 ikt

2 Lb. plantarumlpentosus, Lb caseilparacaseilrhamnosus, Lb.

crustorum, Lb. brevis, Lb. farmentum-Z SRI= T 7| A+
o Az|ZHE FAHE LS ZE= Lb. pseudomesenteroides,
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