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CHE S EAE 2H|Sk= Micrococcus sp. HIJ192] 2| ¥ 54
XIQIEY - 284 - LE3*
Sereln Toinsiks 0SSt

il o] A4 o] Al hel] £ 31 peptide A S A3 B2 A A2 2 @o| AHE-E . o] =%
Tl B Al A2 FFUL 3] 3k A A R ALE JALs = A TS T8 AS352 4
Ao 2 B sigct) ol & F W AR skim milkE H71g v Ao A 714 & FY{E BAE TFF
HI192 9wsiglch. ¥2)d9 e, A2 2eh4 EA3) 16S rRNA gene?] 71 9E A3 2+
Micrococcus sp.ol| &3t A2 el 228 Micrococcus sp. HI19%E 10°Ce| A& AHehA] 2381927 20°C
Be) A8} AAGAH L BAFHT A P& 2L 37°CHon, B 842 30°Col A 2 480 univml1] &

A& e Feuo
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AL B ggAde] &
HIHES Wit} o]2g

nAEe] = HEFRTRE 10H) AL ml B 10%40 2 &)
3k k13, 27). AE5e] AFTH 5L 259 Fol £

WA Bl gie ohE Tl opiieilzt peptide 23S
FrEsishe gaoy A AAFcE FHEA WlZ] 60%
sk Ath22). @8d 729 7% 9% 59 N2dT
Bk opg} Zolg AXE, A& dsl, FRY EFEA|,
A, A So] A%, AskA] T2 AR, AlA|, 1
| B 2S5 ddEekIM O a7 =rt S8k )
olths, 22). EA| AdH o Z AL EE difEe TiE
= AE 3y $8 a3 BE A4S BEAA
AE Fe 5271 gol AEER(10) hFE 443
B ALE Bacillus sp.2l A28y AitEle 54
e AASO|Th vAE o gy EAES A
Aol o}gHo] HHLET} 60°CE T N, FHAAALELS
Py A7 vEE Tt whEA] go} Tl A 9 T EeA
248 4 3, 75EEA] 29 A o] AEFel
Lo] o] &= JTH22). Bacillus sp. 2 Vibrio (6, 14),

N

i

o]

-

N
kS

i
o

1

S
oL

Z

i

i

N (- TR A1

2

al

:

o

HOT

H

i

ot
e 4

H

A

!
le ?l% r

fl

u]

A

&

*To whom correspondence should be addressed.
Tel: 82-43-261-3368, Fax: 82-43-264-9600
E-mail: dhroh@chungbuk.ac.kr

222

Serratia (17), Pseudomonas (9), Pseudoaltermonas (3, 18), Strepto-
myces (11), Brevibacterium (23), Kocuria sp. (12)9 oFET A
Z2FMe A2 dld B a4 FHlIske Micrococcus sp.
(8, 21)9] ¥F7F BRI Ut

¥ ATE AZE ALOR BYLS e B AErRie

A8 zA0) ATHEA oA ATIRT Tld Belaas
sk Al Relsh 0% Y RS AABHE B 7

Zo] FR7) gl Bl ane A SHL Apsidct,
Mz W UE

A e| ctE B S48 Yitsle 2F B2l Y 28

T3 B2 9% A Ex 20053 78~20063 3Eol 4
200~500 mol] &FE B3| ASTE FAE 2Tl AT 3
= S ATAE R FE A FHo} AT FaEoE
AHAY AZF 0.1 mlE 05x marine broth (Difco, USA)
0.01% skim milk (Difco, USAYE 718+ MBS HlAell 1.5%
agars 718l v HohjRd] = § F 25°CelA] 30A13F
ol wjokste] F2u] Fo] FHEclear zone)E A= =
d ZF2UE 338 ol Moz Adsle 58 sl <
FEYTFY BAL HFH glycerol stock solutiond AHE-3}e]
-80°CollA] 52 B3I

oot 2o} AjZte] W2 F1 M3 F48H £H

Hjoke =of] whE AEL WY 25°Co A 48A1KF Bt Ful
&3 F2 1%7) F== MBS iAo FEsted 10°CSk 20°C9
XE 6r7r 744, 30°Cet 37°Co M= 2217 THE LR spectro-
photometer (Libra $22, Biochrom, England)E ©]-83}l9 §3=
2 600 nm WA SAHETE AAIZES 719 S 600
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nm ke] 0.1 oldollA 1.0 o]FHE vehlie 73] F& Ha 5
A ol Aestd RAF Ay VLrlE 7 o,
0.301/71&712 EA18HTH19).

A @A EIEA FASAL 0.5%W/v) azocasein
(Sigma, USAYS EAVAE ARl FAY A5HE A8t
o Z2A3Ach3). B89 G 30°ColA 113 At F
EGE 440 nm¢) 0.01 E71E 1 mivmle 2 AP or(25) &
28] AL 33) A9 Fagy EFHUAE BASAH.

TFo| HEl W MEtaty SN

A= FFE MBS iAol wjokste] 913 @v) 7 (Eclipse
80i, Nikon, Japany& o83l Fele} =75 FA AU 17
ML Gram stain kit (BD, USA)S AME-3le] AZA}e] A|Al9
wa} Agslgon o)9dE Buck/t 713 Bl B S ARE-
3FATH4). Oxidase R A8 7HA] #59] Ay 54
bioMerieux AFe] kit (bioMerieux, France)S AFE3l] A2}
AA 2 AHESt A3}9.0M, catalase B2 3% H,0,5
ARe3tgnh T2 A ZEA} chitin, starch, xylan®] 3 542
skim milk thAle] o] 7]AS uAFHu R0 1%2 go] A}
3t

16S rRNA gene2| &7|MY HH 2} AISEHY

E2179] 16S rRNA geneS ZE317] 918t 27F$}F 1492R
primerS o83l F2v PCRE FEH3ATH20). PCR ¥H&-2
MJ Mini™ Thermal cycler (Bio-Rad, USAYE ©|-&3&} 11, B3
Z72 94°col A 30%, 50°CAA 30x%, 72°Col A 1E 3022
353] ¥kE F 72°Col A 10%- F<T final extensionS T
ZZ3 AHE-& PCR purification kit (Real Biotech Corp.,
Taiwan)S AFR-8ted A3 & Solgent AHKorea)ol] 2JE|3}ed &
71 8-S A8t

A9 47189 454 AARS GenBank®] database®ll 55
H JHE YA OE Blast Z 213 (hitp://www.ncbi.nlm.nih.gov/
BLAST)S.2 33ttt AFE4& CLUSTAL X4 multi-
alignment programe ©|-8-3} HH3}AT}. Genbankoll FEH
thE FFE9) 16S rRNA gene A7 E JH9} MEGA =271
#-2 0]83} neighbor-joining method (24)°l 23] F71A1 €zt
9] 8214 Az} phylogentic treeS AATE Branch®] AF T
(bootstrap ZHe 5003]9] ATAE AZZHE 2L treeE 2t
A8t ARFBFATHD.

dn o o

Slo) Assery A wud FHEsS Priske v
22 25 915k skim milkg A7ke @AHHA] 4%
58 Tdaje] ujgsigic) Wil weh FEEe BYshe 22
Usg s, oF Ao whia Reidk 340 Y &
[e) =

o s Buld HI9 B8 2 B 223

golzFo| el W d2dsEty 5y

Bl Hoe 28 94 2 uga uhy molx a3 44
79 BEAS vehen (@3 nlAAl) 3 AE FHe] oF 1
um AEE 749 AT (tetrad) FENZF -5 AASA2H
$EAL Tk MBS B3R oA =@M ZRUE
At 30°colA 397 WAl 2] oF 3 mmoll Eatth
Catalase®} oxidase, urease AL HA5 YOt arginine
dihydrolase 842 glglom X52S #r1Hog wE3A] X3}
At ol g EXEL Micrococcuaceae™ol 3t Stomato-
coccus, Planococcus, Staphylococcus sp.8] TFE3} FEHE
Micrococeus sp.2) £33 XBFHTH15). ©) 2] Micrococcus
spol &% 2 F9 Hlwg 548 Table 13} 2T}, Skim milk
9} gelatineS 7123 s WA AVA] ZEAR] chitin starch
= 71EEE A B3tk

16S rRNA gene| 27| MY 24 X HSH FAZA|

Eelg o5 HI199) A BAd e 43 ATH f
ABAE Yolr 7] S5l PCRE FF AF4HE 1,507 bp] 16S
RNA gene© 2 F-E] 954 bpe] & G7IMEE AAste &4
< A=3HTh28). WA National Center for Biotechnology
Information (NCBD)®] Blastn 7418 53] 16S rRNA gene®] -
AEE 2AKE A3 BT HIN9E Micrococcus huteus$t 99%
9] AFAE RAFAT o3 AFE Table 19149 A=) - A
334 EAT dX)8hs 22 HAFT ok1s). 47]e] FE
2 A Astetd Aulel 16S tRNA gene®] A71A1E wlael 2
T2 u|FS} HIN9E Micrococeus sp.2] 3+ &l &30, AAE
A7 EH} Micrococcus sp.d) type strains%e| FAWAE %

Table 1. Characteristics of the strain HJ19 with the species of the
genus Micrococcus

HI19 M luteus® M. lylae" Kocuria roseus*
PR, OR

Characteristics
Major pigment Y Y CwW

Aerobic acid from
Glucose - - - -
Mannose - - - -

B-Galactosidase - - - -

Nitrate to nitrite - - - +

Starch hydrolysis - - - -

Gelatin hydrolysis

Oxidase

+ o+ o+

Urease

Growth on nutrient
agar with 10% NaCl

Esculin hydrolysis - - - -

“Data from (16, 26)

Symbols: D, different reactions in different taxa (species of a genus or
genera of a family); Y, yellow; CW, cream-white; PR, pastel red; OR,
orange red; +, positive reaction; -, negative reaction

g U + +

+
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54 Arthrobacter mysorens DSM 127987 (AJ617482)

100 Arthrobacter protophormiae DSM 201687 (X80745)
Arthrobacter arilaitensis CIP 1080377 (AJ609628)
40 Arthrobacter nicotianae DSM 201237 (X80739)
____: Arthrobacter sulfureus DSM 201677 (X83409)
53 100 Arthrobacter psychrophenolicus DSM 154547 (AJ616763)
81 Arthrobacter pascens DSM 205457 (X80740)
Arthrobacter globiformis DSM 201247 (X80736)
88 Arthrobacter sulfonivorans DSM 140027 (AF235091)
2 ——99-{:[ Arthrobacter polychromogenes DSM 201367 (X80741)
100 Arthrobacter oxydans DSM 201197 (X83408)
10 Citricoccus muralis DSM 144427 (AJ344143)
[ Citricoccus alkalitolerans YIM 700107 (AY376164)
Micrococcus antarcticus AS 1.2372T (AJO05932)
Micrococcus flavus JCM 140007 DQ(491453)
Micrococcus lylae DSM 203157 (X80750)
Micrococcus luteus ATCC 46987 (AF542073)
90 HJ19
Arthrobacter nasiphocae DSM 139887 (AJ292364)
Arthrobacter crystallopoietes DSM 201177 (X80738)
Kocuria erythromyxa ATCC 1877 (Y11330)
100 p—mmrreese——  Rothia dentocariosa ATCC 179317 (M59055)
L Rothia mucilaginosa DSM 207467 (X95483)

&0 kocuria kristinae DSM 200327 (X80748)

_&“{_—:ﬂ rhizophila DSM 119267 (Y 16264)

Kocuria varians DSM 200337 (X87754)

100
Kytococcus sedentarius DSM 205477 (X87755)

97

0
51 — 43
49

73

P
0.01

Fig. 1. Phylogenetic tree based on 16S rRNA gene sequences showing the position of strain HJ19. The tree was constructed using the neighbor-
joining method and the Kimura two-parameter calculation model (24). The numbers represent the confidence levels from 500 replication bootstrap
sampling, Genbank accession number is shown in parentheses.

AVst A3V Micrococcus sp. HIW9E Micrococcus luteusSt 7478 HJ19 - Control
7V BAE HAFAchFig. 1). (A)

2z m2 FFY 541 M2 cufd g4 B
TAERPGA F 7ERe] T R EE AHS-St] HI199]
Ao A B as Aol tigt ¢S £ 27 Fig 29 2
th A9 gl BEAE 4R B= ozl HIs) HI19
£ 30°ColA 16717 vt o g BERgg THE7] AlRRE ¥ 20
oColl A HiFRE 7S 40412 WG FHE FHEE A
Azt £EEE B o]F 100A1Z7HA] #&3 AF F
e s R H3lgt do] I 77 e e HE F
W3] 7= A ZTRIRTER mAR]). 37°CollA 9 A
$3+ 2717} 229 Baciillus sp2He TRE P HAFTHQ).

71&0) Belg thE Fasle] Aok aA8Ae vlmst Fig. 2. The protease activities of HJ19 at two cultural temperature.

., N The isolate HJ19 and a negative control strain were cultured at 20°C
o1 % 1 S E A} A8 &= ;
7} Sls) ARGl BEEH BLBYE SHHAFig (A) and 30°C (B) for 49 hr on the plate of 0.5x marine broth

3). ¥8¥ Micrococcus sp. HII9E 10°CIME A B53}A) supplemented with 1% skim milk and 1.5% agar.

23 it 2o ST BAL RAFTQ0). o3 &

He 7120 228 ALWAL 7} Pseudoalteromonas sp.

HI473RE T2 e RAFQAOE). eSS 20°C2 €3S U Baaide 848 eI 30°Cs} 37°CollM s vl
o] AUiAIZEE 300998-S BAFThrt 30°CE A5A71E 1018, A7 34T E4EES ehldEA] 10A13F v FAlo oF
37°CAME 8482 HAFo] 37Ol &6 H 5ol H 480 unitml?] FH31 AL EHAFATE). AT
e & 5 AT S wjokerd Eujg Jduid Balas Pseudoalteromonas sp-& 30°C% 37°CHIA A& FAdetg At
o] @4& &A% Z3 HI19E 20°CollA= 24017 2E] A9 Ao v e ase] A ofF Wt olgo] A9 &
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Fig. 3. Growth and extracellular protease activity of Micrococcus sp. HI19. The cells were cultured at 10°C (A), 20°C (B), 30°C (C), and 37°C (D)
by shaking at 150 rpm in the medium of 0.5x marine broth supplemented with 0.01% skim milk. The enzyme activity was determined at 30°C for
1 ht. Open circle( O — O ) and closed circle( @ - @ ) represent protease activity and cell growth of HJ19, respectively. Standard deviations from the

mean of three independent assays are indicated by error bars.
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ABSTRACT : Isolation and Charcterization of Micrococcus sp. HJ-19 Secreting Extracellular Protease
In-Tae Cha, Yong-Sik Oh, and Dong-Hyun Roh* (Department of Microbiology, Chungbuk
National University, Cheongju 361-763, Korea)

Proteases are degradative enzymes which hydrolyze a peptide bond between amino acids and they are abun-
dantly applied to commercial field. In order to screen new source of protease, bacteria secreting extracellular
protease were isolated by enrichment culture from deep sea water samples of East Sea, Korea. A bacterium,
named as HJ19, showed the best growth and the largest clear zone in plates supplemented skim milk at 30°C.
The partial DNA sequence analysis of the 16S rRNA gene, phenotypic tests and morphology identified that this
strain was in genus Micrococcus. The strain HJ19 could not grow at 10°C but it started growth and showed pro-
tease activity at 20°C. The optimal growth was at 37°C and the maximal protease activity at 30°C was about 480

unit/ml.



