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Abstract

A proteolytic lactic acid bacterium was isolated from Korean traditional fermented foods. The isolate BV-26, which
had a protease activity (24 U/mg-crude protein), was identified as Lactobacillus plantarum by the API 50CHL kit
and 16S rDNA analysis (99.9% of homology), and named as L. plantarum BV-26. Cell growth and protease activity
of L. plantarum BV-26 was determined in MRS broth using SL jar fermentor at 30°C. The maximum growth of L.
plantarum BV-26 was reached at 18 hr in MRS broth, while protease activity of BV-26 was detectable at 12 hr
and the highest activity was obtained after 16 hr cultivation. Therefore, we expect that the proteolytic lactic acid
bacteria, L. plantarum BV-26, may be used as a starter for the fermentation of animal feed. Especially, the fermen-
tation of soybean meal with the strain can be applied for improving feed utilization.
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Maeng et al.,
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2009).
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A EES Aspergillus 25, Bacillus <5, WA X S2/FZE &
HA QAo (Peckman, 1951; Crewth, 1963; Mizusawa et
al., 1964; Horikoshi, 1971; Rhden et al., 1973; Nakanishi et
al,, 1974; Meussdoerffer et al, 1980; Impoolsup et al,
1981; Wang et al., 2005), proteaseS AFPZ o7 AME-3}7]
Aeixe WA B LefA ¥ ol glojof strE A
protease®] AFHZ At o] &-E= FRE 3] AT o]
o} PlAES ©]8-3h protease®] At #e djFEe] A
= F2 Ald] Bacillus & 455 W2 FYFHALe
™ (Park et al, 2002; Kim et al., 2002; Ahn et al., 2006;
Lim et al., 2006), dA] FHZHOZ ]8I & protease
o] -5 Bacillus d-FZHE AAtEE T4 Ee g7
YA TAEC|tHRao et al., 1998). L 2| = Pseudomonas,
Brevibacterium, Vibrio, Micrococcus, Lactobacillus 53¢ 7+-&
Al A % protease®] &do] B ¥ UThKothry &
Kreger, 1985; Fukushima et al., 1989; Rattray et al, 1995;
Denkin & Nelson, 1999; You et al., 2005; Cha et al., 2007).
gEe] BAslE F ORAER delxe gFue
45-50% B WAL ST YOr ofmmal 24
of $oreln tjgor AAH) Yo AR TR
o] 8% 3 U Tth(Park, 1987; Kim and Whang, 2000). 3}4]
v, tiEee) HAE ClEE A ol ] B g
of et =Sl ow] tFue] ZFE EPA A%
42 s 2REFEcl 2e wHol Aok 3AE
protease FAA 2ol SJ3) ThEEAe] ABEFEE ol
7] 913k AFEo] AL UANE FPH SR o] gE=
BAE 540 7HAo] b BE AMR R o] §H = A7t
tiFatel] A&-strloll= AAdo] wi-g- Sk wEbA, A
H BEAE o] &alA & eI a el Eeld gk
protease A4t #FE ZEFHE ARE-Ste] OfFERS WEA
AogH diFdilde] LsgrEs w017] fg A7t
SFE I YA AR ol gk A= v W E§
A o] th(Wallace, 1985).
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aF 225 Ahn et al.(2006)2] WHES MY 3] A S}
Atk WA AFHT AIE 10 g2 10 mLe] AaA) ]2 4=l
et T o A Xl vt 2 F 1gf] TRl A
A5 FHakel 9mLe] At ol dYstal =x14
2 3]X ko] 0.5%(w/v) HCl/L-cystein(Sigma, St. Louis
MO., USA), 0.2%(w/v) bromophenol blue(Sigma, St. Louis
MO., USA), 2%(w/v) casein(Sigma, St. Louis MO., USA)
S X% Lactobacilli MRS 3§+ 8] X](Dfico, Detroit,
USA: 1% bacto-peptone, 1% beef extract, 0.5% yeast
extract, 2% glucose, 0.1% polysorbate 80, 0.5% sodium
acetate, 0.2% ammonium citrate, 0.2% K,HPO,, 0.02%
MgSO,-7H,0, 0.02% MnSO,-4H,0, 1.5% agar powder
1.5%; ©]3} modified MRS broth)®] =23} % t}. Protease
e e FAEe 28] flske] 30°ClA 35
7w FEE & halo7t Uehbe AR JEE A¥ sl
(Fig. 1). A¢E F3E MRS HujA] o] =2 3slo] 30°C
oM 24 AIZF viF T - TG0l ARSI AdE
FE 1 2AHeRE #F9 JUHE AFslen, Asiety
548 ZA187] 9181 Gram 929 % Berge's manual of

o fu

Fig. 1. Protease activity of isolated strain from Korean traditional
fermented food on modified MRS agar plate containing 2% level
of milk casein. Halo zones were shown by isolates with protease.
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systematic bacteriology(Sneath et al., 1994)° 2]3}] catalase
activity testS =33 th. API 50CHL kit (BioMerieux Co.,
Marcy-IEtoile, France)S ©]-8§-3te] Add #52 o o]&
e AT AFA o Held 454 sHS Slst
o] =t Fat 3ol 16SDNA £41S o]Fste], v
2o oz £y B A FF9 chromosomal
DNAE Wizard genomic DNA purification kit(Promega,
Madison, USAYE ©]-83) #2]gt & 16S rRNA sequencing
o] A3} universal primer?] 27F(5'-AGAGTTTGATCAT
GGCTCAG-3)9} 1492R(5'-GGATACCTTGTTACGACTT-3")
primerg AF8-3l] PCR 5333 tH(Yoon et al., 1996). %
Z ¥ PCR 4FE2 Wizard SV Gel and PCR clean-up
system(Promega, Madison, USA)S ©|-83}od A A|3}%
JA¥ PCR AHELS ABI PRISM 3730 DNA Analyzer
(Life Technologies, California, USA)E ©]-8-3t] 7|4 <
S ¥4 sk 2 A3 BLASTN 2138 0] -5}
GENEBANKY] ribosomal DNA sequence®} H]3}5]9H,
sequence®] F542 ClustalWe} Mega 4 programs ©]-&
shed Bl AL #4819 TH(Thompson et al., 1994).

2 54" & 30% glycerol °o]-&3te] 54 RE3

T ARgst o, Hulkol] HEE] A MRS A A
g Az w2 & o] &3te] Al WS TS & FTHORE
A3 T
Protease &4 =X

Protease &4 =742 HullH(Hull, 1974)S dyste] A
At &g 3hd wjR & o] g3te] AEE wjde &
halo7} YEbd #F5 A8 3t modified MRS casein <

A HiA (MRS broth, 0.5%(w/v) HCl/L-cystein(Sigma, St.
Louis MO., USA), 2%(w/v) casein(Sigma, St. Louis MO.,
USA)IA Aujdd FF2 1%VN) TFoE J23 I
30°Col A MAEFT 2 ASNe 2RANOR AMLE]

protease®] &S F43IATE 71EE 0.5% casein 4 S
ARgEE o, 2849 025mLe 71 0.25mLel 7}t
o] 37°ColA] gk AJ7F H % 171 3 15% TCA(trichloroacetic

acid, Sigma, St. Louis MO., USA) 848 H 7}l 50°Ce

A 20 B7F AR5l §iﬂ&%—% FAAZ T 12,000 rppm
oM 207 dalielsted deds Al dsds

0.45 pm _filter(Waters, Minnesota, USA)Z | 3}A]7] 3 UV/

VIS spectrophotometer DU"530(Beckman Instruments Inc.,
California, U.S.A)S ©]-83}¢4 290 nmol|A4| 3= 43}

Fom, BF G4NO 2 tyrosinase(50,000 units, Sigma, St.
Louis MO., USA)E o|&-3}o] A 2315

MRS HiX|E OS5t M EH
el 7o A% 54S MRS 94 HiRE o] 835ty
gAstAch =, 2" &S 5L jar fermentor(BK511,

oy
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Kobiotech, Incheon, Korea)S ©]-&3Fc] MRS HjR]o|A uj
SFstaoem, g 5 A4 9 pH HSE S8t A
o] A WslE dolrr] 98] UV/VIS spectrophotometer
DU"530(Beckman Instruments, Inc., California, USA)S ©]
&3to] 600 nmol|A FFEE SHN e, HE AdTe
gAY At A gged AR FAAT v
MRS g wiA]el] 0.1 mLY E55te] =2k & 49

oA ksl F2Y P L2 (colony forming unit)
S ZAste] Axlaiglnh. 2/ F pHO WSk MP 220
pH meter(Mettler Toledo, Zurich, Switzerland)E ©]-8-3}<

2435t

Za ol nE

= 22| ¥ S5

AX B AL 5] 150 AFLaAFS AER Ftd
protease &3S Zhe= FANFS B8k 1 2} A 45
10 &35=2] protease S 2= S EE 515 th(data
not shown). ¥ ¥ #FE modified MRS A Hlj=]ol|
F3lo] S YA & protease S A5 o,
L. casei ATCC 393 o2 3to] &8 45 7k &

2 48 vasddcth AEE 75 FolA BV-269
protease &/do] 71 =4 VeSO H, BV-269] &4
)z L. casei ATCC 393(20 U/mg-crude protein) 2.t}
=& 42l 24 U/mg-crude protein®] E4S YERATH
(Fig. 2). Bergy’s Manual of Systematic Bacteriology®ll
o} HF AHE 7o duieE 9 sty 545 24
Sk A3} BV-26 = Gram ¥4 7+ OS2 spores 3
’dHA] H3HH catalase Y UEM= ZoE FRIE
T}(data not shown). API S0CHL kitE ©]&-3}o] BV-269]
T ol8AS EBAS AN Lactobacillus  plantarumt
99.9%2] FEAHS EISH(Table 1), HEHS=Z 168
DNA 9714 E9& £33 homologyS A3+ Azt A
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Control BV-5 BV-6 BV-20 BV-26 BV-30 BV-50 BC-126 BV-136 BV-235

Isolated strains

Specitic protease activity (U/mg-crude protein)

Fig. 2. Specific protease activity of isolated strain from Korean
traditional fermented food. Control used L. casei ATCC 393.
Data are means of triplicates. Standard errors were less than 5.0%
of the means.
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Table 1. Carbon utilization of the isolated strain BV-26 using
API S0CHL kit

Substrate BV-26 Substrate BV-26
Control - Esculin -
Glycerol - Salicin +
Erythhritol - Cellobiose +
D-Arabinose - Maltose +
L-Arabinose - Lactose +
D-Ribose + Melibiose +
D-Xylose - Sucrose +
L-Xylose - Trehalose +
D-Adonitol - Inulin -
Methyl-BD-xylopyranosicle - Melezitose +
G-Galctose + Raffinose +
D-Glucose + Starch -
D-Fructose + Glycogen -
D-Manose + Xylitol -
L-Sorbose - Gentibiose +
Rhamnose + D-Turanose +
Dulsitol - D-Lyxose -
Inositol - D-Tagatose -
Manitol + D-Frucose -
Sorbitol + L-Fructose -
a-Methyl-D-Mannoside - D-Arabitol +
o-Methyl-D-Glucoside - L-Arabitol -
N-Acethyl-Glucosamine + Gluconate +
Amygdalin + 2-keto-Gluconate -
Arbutin + 5-keto-Gluconate -

L. plantarum¥ 99%°] 4&/4S Ueille 2oz gly
o(Fig. 3), HF ®2et FFE Lactobacillus plantarum
BV-262.2 ®7]3I3t}.

HAA7VA L. casei, L. sanfrancisco, L. helveticus 2 L.

plantarum 53} 732 §-2F10] proteases AJAFSHIAL HAL

F 91 2™ (Gobbetti et al, 1996; Minervini et al, 2003;
Valasaki et al., 2008; Cho & Oh, 2010), °|& FAtdZolA
L. plantrum 5= A A3t A|F pHE 250
FIL FHE Foshs 5 AAAEA 7% TS dh=
Aoz 4#A AtHAmmor & Myo, 2007). L.
plantarum BV-26-> AF 21 LaAFoR 1 HA o
P5E AeLdadFoA Eed R FEAIEY
HEA] PHE 2B R o] 88 g Ao E ATdE

MRS HIX|E 0|88t 4% &4

L. plantarum BV-262] X731} protease &4 WH3lE =
A3l7] 3t 5L jar fermentor(BKS511, Kobiotech,
Incheon, Korea)ES ©]-8-3}4] MRS vjA|oA &g & 33}
Atk WY 248 30°C, RS 50 riprm o2 §-4] 51
ow, DO ¥ pHE ZAalA &okth Wa F pHSF A
sEe] Wsh= Fig. 4(a)0l YepAT 2& 5 pHe 4.0
7HA Qo 18 AlZke] A3 o]F pHO| W3h=
AR &) L. plantarum BV-262] A4e W 6 A
7k o] kst KaE o] 18 AlZke] HaLe] #A| FER]
2.5x10° CFU/mL(data not shown)oll =&3stgom, 1 &
AA 71l AYete Ao R e T

Fig. 4(b)l AR = vkel 2ol L. plantarum BV-26-
Hl Y 12 AJIZHEE] protease B3-S YERN 7] AlZfsted, )
& 16 A7t F31e] #4491 24 U/mg-crude proteind]] =g
3l Aoz IRIFESY. UM AF RAAE L plantarum
BV-262] Z 3L protease &2, tlZ2Q L. casei ATCC
3939] &3} vlaste] oF 20% =2 A4S HIloeH, o
e AT AFH(You et al., 2005)2F V12 W L. plantarum
BV-262 T2 fraketoll Hls| @A eHA wE A7 S50
=2 protease 242 UERH = ZoE gIENoH, g

oo [ Lactobacilius zymae LMG 22198 AJB32157
Lactobacillus acidifaringe LMG 22200 AJB32158

34 L?{

f
l':[
ag Lactobacilius spicheri LTH 5753 AJ534844

Lactobacillus brevis M58810
” @cfﬂus hammesii AJB32219
’7 97 Lactobaciiius parabrevis LMG 11984 AM158249
= Lactobaciflus parabuchneri LMG 11457 AJ970317
Lactobacilius malefermentans DSM 5705 AM113783
— Lactobacilius collinoides JCM1123 ABO0S893

100 L { actopacitius paracoliinoides DSM 15502 AJ786665

Lactobacillus suebicus CCUG 32233 AJ306403
100 Lactobacifius durianis LMG 19193 AJ315640

100 1{ actobacilius vaccinostercus DSM 20634 AM113786
Lactobacillus versmoldensis KU-3 AJ496791
Lactobacilius paraplantarurn DSM 10667 AJ306297

79 | | Lactobacilius plantarurm JCM 1149 D79210

731Bv-26

—
0,01

100 L‘Jacrobacfﬁus pentosus JCM 1558 D79211

Lactobacilius coryniformis subsp. coryniformis CECT 4129 AJ575741

Phylogenetic tree based on 16S rDNA sequences of strain BV-26

Fig 3. Phylogenetic tree based on 16S rDNA sequences showing the positions of strain BV-26 isolated from Korean fermented food.



186

Cultiv ation time (h)

Fig. 4. Cell growth (a) and protease activity (b) of L. plantarum BV-26 on MRS broth using 5L jar fermentor at 30°C. H
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T}(data not shown). WEHA, L. plantarum BV-26-2
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<7
THWalsh et al., 1993; Cho et al., 2007) £3],
e A EFo 2 RE FEld §Akt9l L plantarum
W23 pHE Yie 545 UYeEsE 2y
A= S48 oA ’\]7?——_] T A= AHel

it ol gl Ammor & Mayo, 2007), d-=2lojlA] K}k
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B A7Azels SUE vieh o] me

2 protease 5""4%

s
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A A AEAE
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iE‘rEii 013‘5101 AtES] F¥H THAE
2 7] ¥ h(Kim and Whang, 2000).
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A =
o protease
crude protein®] Ak -\EL BV- 26 T35
w2 ak3ith. APl SOCHL kitE ©]-&3te] BV-26 #+72] &
o] &4 AL 16S rRRNA H71ME(99.9% 3578)S
vt Azt E2E F5F5 L plantarum BV-262.Z 37|
St L. plantarum BV-262] 73} protease Z4 W3}
£ MRS WA & o]&3td 43 A3}, L plantarum BV-

269] B MY 6 A7 o] F SsiAl WsE o] 18 A7
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