Korean J. Microbiol. Biotechnol.
Vol. 39, No. 3, 294-300 (2011)

KOREAN JOURNAL
OF
MICROBIOLOGY
AND
BIOTECHNOLOGY

(© The Korean Society for Microbiology and Biotechnology

DM MAESHE HZ T2l Bacteria?l 22| I 1HUMe MF SN

B7|cHsfu 4

Received : July 18, 2011 / Revised : August 11, 2011 / Accepted : August 12, 2011

Isolation of Bacteria from Jeozgal Using High-salt-content Media and Their Growths in High-salt Con-
dition. An, Doohyun and Jong-Hoon Lee*. Department of Food Science and Biotechnology, Kyonggi Univer-
sity, Suwon 443-760, Korea — Proteolytic bacteria were isolated from Myeolchi-jeotgal and Saeu-jeotgal using
high-salt-content media and their growths in the media containing 25% NaCl were monitored to draw the role
of bacteria in the ripening of jeotgal. The most populous genus in Myeolchi-jeotgal detected on agar media
with 15% NaCl was Bacillus and its relatives, while the most populous in Saeu-jeotgal was Staphylococcus.
Among the isolates, Virgibacillus halodenitrificans from Myeolchi-jeotgal and Halobacillus trueperi from
Saeu-jeotgal showed proteinase activities. The species from Myeolchi-jeotgal showed proteinase activity on
the agar media with 8% NaCl were similar to those isolated from the media with 15% NaCl. The dominant of
Mpyeolchi-jeotgal isolated at the 15% NaCl concentration may be involved in the proteolysis. The proteolytic
species from Saeu-jeotgal on the agar media with 8% NaCl were the genera Bacillus, Salinicoccus, and Sal-
imicrobium those were not the dominants at 15% NaCl condition. The dominant isolates from Saeu-jeotgal on
agar media with 15% NaCl may not be involved in the proteolysis of Saeu-jeotgal. Vb. halodenitrificans and
Staphylococcus equorum, the dominant species from Myeolchi-jeotgal and Saeu-jeotgal, showed growths at
the nutrient broth containing 25% NaCl. They may play a significant role in the ripening of jeotgal and have a

high possibility to be used as the starter.
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R7e| AL AR 2HE e Apkasias 9 vy
=2 BAARof| o3l thijzle] o] Efe] Frlet =
2 7ke] YAEE Aoz dA AIRE 2 7|2 A Es)
oz olA] k28], gk AEE A w|AYEo st
ATE s 2= AFE z8Ee] ghA|Rk, ofF] Az
AT FHE A= gl dsiMe A9 deizl vt
gioh 2719 AZ | AE AFAME Acromobacter,

Bacillus,

Brevibacterium, Clostridium, Flavobacterium,
Halobacterium, Leuconostoc, Micrococcus, Pediococcus,
Pseudomonas, Sarcina, Serratia <(genus)2| bacteria7} ¥

2|13, Saccharomyces B Torulopsise} ¥ 7o) =)



7} RuE2, 9, 15, 16, 24]. ©)5 & oA Bacillus,
Micrococcus, Pediococcus, Pseudomonas 0] B3] &
H9%3, ZYA archaca Halobacterium 4113 A
bacteria Halomonas 4:[11]°] E2]=glom, FARFe] £3)
= ®BaEgieH10, 12, 13, 19].

Jevt 2719] v|AE ATl Ak 7] wiA| 2
HjeF27ed A A Ee] EH AL, vekst e ARl
v AE Felel ARgEe] 54 Azl wigt n|ESH A4
< @7l FEa A7 AABHA Fa, wAAES] A
o] e W AE|shy EAo| I3 1A FA el 23l
A=t 22 So] AT FAHl nAEY] F
Ao A AR R BlFe] ol wet A9 2 bacteria
o] - F3H 1A7F wEslar gl7] wistel] AE AEE
I v Eol gt A77} zl3EejoF & HaAJo] FofH]
SIS

E AT2F #2657 MAE o83l PR}
ANA 2 HE E2]3 3 610 colony2] 16S ribosomal
RNA f+3172H(16S 1DNA) 24l 23 AT 45
E3] F Azl EA)5k= bacteria®] TFIES FsldEH 8.
Z 424 1045 (species) bacteria®] A7} waix3, WA|A
oAM= Bacillus T <o), AR = Staphylococcus <
o] $Ash= A= vehdtt.
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He SRE I et il Ral e S ey
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of Ag-3lsich. o2 Hist A dFE o] &3}
bacteria®] £2]7} 7V FEE AT v, A A
Zkaled 20°Col| A 48A]2F o] AF wioFatm] AT
Bacteria 2ol AFE-8F viA] = 1.5%(w/v) 3H1-& H7lsE
nutrient medium(Difco, USA)Z} marine medium(MBcell,
Koreays ARE31911L, 7} vlx]9] NaCl FHF5EE 8%(W/V)
T 15%((wivyt e A7kl e, sl FaE B
fr T ARS8 2%(w/v)e] skim milk(Difco)ys 2 wi
2ol F712 A7IsIsict. 7Fss vkt colony®] ATEES- 9
sled Zh wiAle| A AR colonys 5, Sl 271, A, &
oF 223 skim milk #3ljol] 23 F 4 3k(clear zone) XA

i &2 Heshd S wet 4 Als 7 sl A=
colonyE A3}, colony A4} FU3t wix]E A}
43le] TFEEEIATh N NaCl F=t AlFFAo) uf
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AEEl bacteria= 16S tDNA G714 BA- ol oJ&) AlE
TRyt o2 FAsI e #2]¥ bacteria®] 16S tDNA %
-2 DNeasy tissue kit(Qiagen, Germany)S ©]-&3}o] &
%l DNAE PCR 3}74} colony PCRE ©]-8-3fed 3)3]9]
o). PCR 53l AMS-E primers Tkt v| A B2 $-3o
A}4-= &= eubacterial universal primer 27F(5'-AGA GTT
TGA TCC TGG CTC AG-3")¢ 1492R(5-GGT TAC
CTT GTT AGG ACT T-3')& AH-31EH14]. PCR Mk~
T3000 Thermocycler (Biometra, Germany)S AF-8-3}9] 11,
50 uL PCR ¥Fg-Alell= template DNA X 4~2k9] colony,
100 mM dNTP, 1 U Tag polymerase(Roche, Germany),
20 pmol®] primers H7FIe}. PCR R~ 95°Cel|A 5
Zb oAn7kd F, 95°Cel Al 17 WA, 57°Cel A 1
annealing, 72°CellA] 13 k2] A4S 303] wHEsl9]
L, wpR]Eef] 72°Cel| A SEZF XE|gt § ukhe-& TR
3% PCR AHE2 PCR product purification kit(SolGent,
Koreays A3l AA|Z ¥, 4=EF1A] (SolGent)ol] 2] =3}
of A7IMLES AR AA" 971492 NCBI(hitp:/
www.ncbi.nlm.nih.gov/)2} EzTaxon server 2.1[3]¢ll 553
971 AHRE A ZE nucleotide blast searchs- E3f| Al
RS 2AS 43813t} Databaseol| 5% T
F(type strain)e} 7HE =2 AeAE el 2R 8l
T G771 Qel sld3H= bacteria® 53

o
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2y 29 E2] T2 AR 25%(w/v)2] NaCl
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2, NaClo] 25% #H7Fel EujoF wix]ell 1%(v/v) 3 &3t
F, 30°Coll M AXulka) bR Faled 507k vk}
Al o] WEks AT AR AF = 209714
= 59 7HHoE 5L, 1 Fell= 108 HHLE &
Y. AF g wFH& sl F 2 3|M3le] NaCl&:
3% #7138} nutrient agarel] =3k, 30°C n) 3714 A
Al 48A17E wioFated iAol AR colonyE Aol A5
FAE 28T
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(WV)E SA=ATK(Table 1). BXA ] G=7} A)5-Al H]
3 =2 o= vehgal, AR pHe AR 7]Ee
Haug oE E70 Az vl g 2 AeE el
oH28]. A3 pHZE TS veME 9l o shE
A7 Z3H calcium ion®] frElE £ 4 AATH4].
B A7AEe] ATl Aol A E2igt - a5
E Ao E ookdt 522 NaCle]l 718 nutrient agarell
Aeo] sl F|EAS TS A, 15% oS Fel
A Tl B EAdE EelEd o sioh). v E A
TFolME= 15% 48] NaCl “gkxollA i FajgAds o}
il T AEE A =3RdT NaCl 15%2)F skim milk
2%7} A 7}E nutrient agar®} marine agarol] A A A3}
colonys %, WA o2 HE F 3087 &=,
I % 3EFE IS AT ARl o2 E e 37
7 FEEe], 1957 £33 3. £ 67T
o] A AF 1245, 18F9] bacteria’} £2]¥ A2 e}
AH(Table 2). #iAlel] w2} L2]¥= bacteria®] EFolE =2

Table 1. The pHs and salt concentrations of samples.

Al ZFe]7F YA 93k A9E, NaCl 5% 15%elA] "3} A
Ao g HE B bacteria?] = xlol7) Y= AL
2 Yepdd gXR 2 REE= Bacillus 53} Lentibacillus,
Oceanobacillus, Virgibacillus 2] Bacillus T 4] 2
He|F Aot AL ZHE= Staphylococcus 4r0] T2 1
2= QR Salinicoccus®}; Salimicrobium 4= v E2] =
Siot. A AsE o2 fAREC R BRE= Tetragenococcus
& AT AR A 2RESE = A
el bacteria®] THFE H71eE & AFARES] ATl
A= Tetragenococcus 4] HX|A M9 E2]=%3L, NaCl
o] 15% H71=l wiR|e M7k E2] = ATH8]. AR M=
HEEA] g= AR Hol Tetragenococcus 4 5= W
%4 (halotolerant)o]2}7] Rrl= %34 (halophilic) bacteria
2 FAE I, Eedel A glo] At HAN de] BE
s Aoz FA=.

YX|F 2 HE] Virgibacillus halodenitrificans= & 61
7b == AR R, 33FReINaCle] 15% 3 7H w4

Myeolchi-jeotgal Saeu-jeotgal
Sample®
1 2 3 4 1 2 3 4
pH 5.7 5.6 5.4 5.6 7.5 7.6 7.5 7.1
Salt concentration (%) 28.6 244 30.2 26.3 20.8 24.4 21.6 22.4

aSample number was arbitrarily mentioned.

Table 2. Numbers of the bacteria isolated from Myeolchi-jeotgal and Saeu-jeotgal using media containing 15% NaCl.

Mpyeolchi-jeotgal Saeu-jeotgal
Genus Species Marine agar Nutrient agar Marine agar Nutrient agar
+13% NaCl +15% NaCl +13% NaCl +15% NaCl
Bacillus B. hwajinpoensis 2 1
Halobacillus Hb. trueperi 1(1)
Kocuria K. palustris 1
Lentibacillus Lb. salicampi 1 4
Nesterenkonia N. halobia 1
Oceanobacillus Ob. picturae 3
Pontibacillus Pb. chungwhensis 1
Salimicrobium Sm. flavidum 4
Salinicoccus Sc. roseus 4
Sc. salsiraiae 3 2
Sc. siamensis 1
Staphylococcus St. caprae 1
St. equorum 7 8
St. saprophyticus 1
Tetragenococcus T. halophilus 1 1 1
T muriaticus 5 2
Virgibacillus Vb. halodenitrificans 1 6(3)
Vb. necropolis 4
Total 10 20 (3) 16 21 (1)

NaCl was added to each medium to become 15% (w/v) final concentration. Each medium was supplemented with 2% skim milk for protease
activity confirmation. The numbers of proteolytic bacteria among the identified isolates are indicated in parenthesis.



whil ] Baghd-S el loh. A TollA T st uh
< o|83lo] A RIS HESY Vb, halodenitrificans
T KM21002] 7%, 12% NaCle] 37}gl wixlex: &
o] VEFRAEE, 15% sl Al EAdo] ehtA] kstet
[8]. o]#dt A2 Hof child] R 3Ad-§ JeplA] ok
3T A el o] gl I = oS (subspecies)
ol2}7] ®ul= 15% o|3ke] NaCl FxolA A4S 2=
protease s AA3AY H0]s= 52 FAH O uhebA
Vb. halodenitrificans®] NaCl 5-=ol o}-2 thyzl &)k
2 7 5olHgl de R Mgt oA LejEAd S o
epd A9A = 155 Halobacillus trueperi=- 7=}
ot Hb. trueperi®] ZAEM =7t FA] il A AT[8]eA
= FEA] UAY, Virgibacilluset A -2 Z(family)
Bacillaceaedl| 3= S =fspd Az dgael iAol
2 FoE FAHG

zh iR 25 FElEe] RS AASTE ZdAAM e §-
Aol st AEE Hel7lels T8 &AL HARle
M= TVirgibacillus 4:0] AR N Staphylococcus 450)
Az Aoz el olzjgt A B dA7A=0] 6
F2] wiAlE o]-83}e] bacterias 2l APAT8]F LA
= A3, Il AR 7Fest bacteriaZt AZ2EE L]
TR FAEH

NaCl s= 8%0|M tHHAE RSHEME BFSH bacteria
AAE v kel A fefshe T e aaet
u] g Ee] FHshs Bae] 2hge] Alzbe] Fw| YA Z-
o] gl Aoz AR QAR v EL] A &
s Bt A7) SAde) mAE AT ok FHEHA X3
©H7, 17, 28]. NaCle] 15% #71el wiz|o|A] shid a2t
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A& HERR bacterias 289l E81A0E, 2 A7AE2] A
FATolA A B A e] Aol wiet o=2A et
B ERIgt Bt U 8]. ek R ohofst e el g
2] HE-f bacteria®] H2]E $13}e] NaClo] 2 %2 &
3L skim milkE 2% #7138t nutrient agar®} marine agar
Z o83l FHIE A IS A3 tH(Table
3).

H A FelE 2 B g B bacterias V.
halodenitrificanss T L2 3t Bacillus T4 <o) 225
o] NaCl 5= 15%cl|4 B431= bacteria®] T4} =4 o
27 ke Ao Jehgrh. a8y Al A2 EejE
i R &4 Bof bacterial NaCl % 15%eA 28]
® bacteria®] FH 4 2=l Bacillus 42} Planococcus,
Salinivibrio 0] ¥, Kytococcus sedentarius’} 15
o] Alg 2 87F L EHA AN A=
Staphylococcus, Salinicoccus, Salimicrobium 4-°] 8% NaCl
o] EAlsh= oA i B EAS e A o= A
22 nlfe] "R AHF F] AR AT o
Wy Ha7) obd ok 93-S 31l Qe AeE FA .
Az Az 2 Az el B fish sauce®] 75
Staphylococcus < bacteriaZ} £1] A3} o] 9l 7o
2 Bu=)SI[6, 7], AR 735, Staphylococcus equorum
o] P o= HEH7] wiFoll Staphylococcus 45
2 R7ke] Fhlet Z-& HHe] e vAER FHEH

NaCle| 8% 371 wiz|ellA] ©hial a2l & vehdl
bacteria & 77 <, 12%°] E2]= 2L, A3 T8l A
He=R] ok Halobacillus®} Kytococcus 0] A&7 &
2= 9o}, Halobacillus 4-2] Hb. trueperi= 15% NaCl ¥l
Ao M= A2 E E=]E AR, 8% NaCle] sl

Table 3. Numbers of the proteolytic bacteria isolated from Mpyeolchi-jeotgal and Saeu-jeotgal using media containing 8% NaCl.

Myeolchi-jeotgal Saeu-jeotgal
Genus Species Marine agar Nutrient agar Marine agar Nutrient agar
+ 6% NaCl + 8% NaCl + 6% NaCl + 8% NaCl

Bacillus B. hwajinpoensis 1

B. vietnamensis 1 1 4
Halobacillus Hb. trueperi 1
Kytococcus Ke. sedentarius 3 5
Oceanobacillus Ob. picturae 2 1
Planococcus Pc. maritimus 1 1

Pc. rifietoensis 2
Salinivibrio Sv. costicola 1

Sv. siamensis 1
Virgibacillus Vb. carmonensis 1

Vb. halodenitrificans 2 8

Vb. necropolis 4

Total 11 9 7 13

NaCl was added to each medium to become 8% (w/v) final concentration. Each medium was supplemented with 2% skim milk for protease

activity confirmation.
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WA o] &35k 79 FAR ez e el Hlow Mol F
Az BRA A 7hedt T2 FA - NaCle] 8%
FTHE RS A3 A, BXR S ZXE = Vb, halodeni-
trificans?} 714 Wo| LE|E QAR AR o2 HE= Ke
sedentarius?t 7P o] 2=t Vb, halodenitrificans=
422 A8 2HE] BE2|ERAN, Ke. sedentariuss 152] A
RERET FelEo] $HEE opd Ao U B,
Ke. sedentarius= AZE=° 2 HE] 71&% v} ¢l&= bacteria®
ob2] WIAel disl Aes] ARl kAR, HFHolu &
FAZ, 34 5 ARe] 9l Alew Huwgin2l, 22,
26]. Kc. sedentarius= kerating #3851 whizl Ha)| g4
o] Sl o= HuEgly, B dAToME = fag
Ade] FlEglom, 7o) sAdo] T Fale} 72
Hol 9l7] Wil AZUE FHAXS 3] wiAIE 5 9l
8 M A2 Fol 290 AL A
ah, Aol AEAER] Al A AES 4~ v vt
Al AAEA7] dtel A2 - Alxe] BeAe]

o]
ANE 2 slleh & 5 e,

Se8d ¥ LY 3o nYPuiX[ofMe] 4E

AR FFEe] AR SAIAA A W &5 2 S
L2490 HerleAs AR St 2 uleE A
| TFES AR 25% NaClo] -5 AA|uj=] ol A2
A5-E 5047 BUEIREIA. HAA ] A4 i 2
A& WH53Y Vb, halodenitrificans$t £ AN A&
WIEE T3}y Tetragenococcus muriaticus, Lentibacillus
salicampi, Oceanobacillus picturaes H*F 22 3] I1(Fig.
1), A 2N vl B EAdS B3t Hb. nrueperi
o} AERE7} B2 St equorum, Salinicoccus salsiraiae,
Salimicrobium flavidums 22 319}(Fig. 2).

XA Q] 445 5, Vb, halodenitrificans’= %5 5,
oF 10007F F7ksted wiek 10 o] F= AT o5 A

»
IS

»
N

s
°

3.8

Viable cell count (log CFU/ml)
w
o0

2.6

0o 10 20 30 40 50
Time (day)
Fig. 1. Growth of the bacteria isolated from Myeolchi-jeotgal in
high-salt (25% NaCl) environment. Isolates: Virgibacillus halodeni-
trificans (@), Tetragenococcus muriaticus (O), Oceanobacillus
picturae (M), Lentibacillus salicampi (2).

StAAI T, WA 3T wieF 204 7F4] AAE] ZhAssiet
7} IA S FAEAE. vk 309 olF2] Vb. halodeni-
trificans®} 3TFeFe] A= oF 1000 A =2] Xe]7} Q)
= AR veRid

ANA L] TFE F, St equorumP; Sm. flavidum
NaCle] 25% F7Fel wiA|ol| A &iks] FA181A= ¢RI =
719 F5E A5 o2 e, Se. salsiraiae’= Wi
F 108717 ZFasler) AAATE Al Ao et
o} g NaCl 5% 15%elA shifdd a3 vepl s
Hb. trueperfe 2710l FA181H7) §43] FHadle] dA o
T2 ABRE A o= el

NaCl 5% 15% LA Ao A F2]%l ©]5 8% bacteria
= NaCle] 15% H7hg A ufx]ol A 5zt 2 uj o3}
NaCle] 25% el A=l 1%(viv) &3t F, 43
04z AFSE 10%04 10* CFUML A EZ A 5= o
15% NaCl ‘z=ol|Ae] F2]o] slA] o2 7oz vehyd
3L, 25% NaCl ‘F=elM s 93] APEEA= 9415 MM
3] Al o vepge) g, il B S B
8t Vb. halodenitrificans®} Hb. trueperi= 5°| 7153t
Aoz e, S o] ARG sl AR o] ik
104 Aelehs AS a3hd o|F T2 129elxe A
AL il Ba|EAd ) fe] ol AoE FAEH

8% bacteria®] AAro] aabofat AA|wof 7ke] x}o]7}
vehtA] ok Ao® vEeRth. 8% bacteria®l FExure
Ao 2 AL 9 F5 ZANS| B A3} 45(Hb. trueperi,
Lb. salicampi, Sm. flavidum, St. equorum)< Z.7]*<[23,
27, 29, 31122 YA 4%(0b. picturae, Sc. salsiraiae, T.
muriaticus, Vb. halodenitrificans)> A 7| A5, 20,
25, 30102 Harx|e] AkA Fgol| ok AR o]} of|A;
HAEE, wiopgel ok AS2] xfe]rt gl ALR Hel 1
A3 A2] o] bacteria®] AR Akde]] o3k ogfo] =
A & Ao FARH

n
o

»
«n

»
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w
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Fig. 2. Growth of the bacteria isolated from Saeu-jeotgal in
high-salt (25% NaCl) environment. Isolates: Staphylococcus
equorum (@), Salinicoccus salsiraiae (O), Salimicrobium flavi-
dum (A), Halobacillus trueperi ().



aFuiA oA 7t HEE Vb, halodenitrificansS} St.
equorum®] A7 54 Fo| AT FHERA] A, Iy
X Aol 7hsslal 7MY w2 WEAdS vEMISY] dE
of AR A2 $AFeR ARFF AR A%
o}, 3 Hb. trueperi] 735, Do A] A RS
vepli A=k Al o] 4] ekl AT R WA sHA] Xat
= 7o =2 FARCY. Vb, halodenitrificansSt St. equorunt=
25% NaCl g=o|A AP ke HaAdS 7HAL ol
Aoz FHE7] Witel AR Fqrer H44 =
= 7FeASs 7HAL slom, 35 o2 AR A F
o] 9% el a7dH.

[= ]
p =

i

2] &Adol| m|X = bacteria®] H& FHE FRE I
AellA AP A e E el bacterias
AR A2 HE Felsle] o] 52 aPeM L] S
=3 NaCle] 15% A7He LA A o] 83}
bacteriaS 22|53t ¢, @XAZHEE Bacillus W 4
Zo| A2 HE|E Staphylococcus 0] 9L Ha
=3z, xR 2] B=)¥ Virgibacillus halodenitrificans
o} A2 5 ¥ Halobacillus trueperiZ} wH 2
F3 244 YePSITh NaClol 8% 7Fel I uj =] ol A
A L g S vebd HAA frel bacteria: V.
halodenitrificansS 422 8 Bacillus T 422 NaCl
= 15%0 A ABAs= bacteria®] 33 =ZA H=2A4] ¢
k. 23t NaCle] 8% A7l ARl A kAl Ha)
23S el AR 20 bacterial= NaCl 5% 15%e1A4
Balgl - Staphylococcus, Salinicoccus, Salimicrobium
& 0| ol Bacillus &3 Planococcus, Salinivibrio £2.2.
galEo] A3 A5 i Ballel 2 A=do] gl
Ao FAHY YRR HE Vb halodenitrificans<}
Ao - Staphylococcus equorum% NaCle] 25%
A7k iR M= RS vehle] A7 AT =2 I
g 7HAAL gl FHo R o]8d T2 7FeAS 7HA

az glet.
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