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A novel Chryseobacterium sp. JK1 strain isolated from soil had been reported that this isolate produced large
amount of extracellular protease at mesophilic temperature in previous study. The optimal temperature and pH of
extracellular protease were 40°C and 7.0, respectively, showing narrow range of optimal temperature and relatively
broad activity from pH 6.0 to 9.0. In addition, the protease showed greatest activity against skim milk and lowest
against bovine serum albumin (BSA). The protease strongly inhibited by ethylenediaminetetraacetic acid (EDTA),
ethylene glycol tetraacetic acid (EGTA) or phenylmethylsulfonyl fluoride (PMSF), and addition of cation Ag+ or
Cu’", and slightly inhibited by AI'*. No significant inhibition was found with pepstatin, and addition of cation, K',
Ca2+, Na', Fe’* or Mg2+. On the contrary, protease was enhanced by addition of divalent cation Mn** (5 mM).
Zymography analysis of concentrated culture supematant revealed two major bands at 67 and 145 kDa. These results
suggest that Chryseobacterium sp. JK1 strain produced extracellular neutral serine proteases which could apply in
food industry.
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et al., 2008; Kasana et al., 2011).
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Z27}=]31 YJth(Rao et al., 1998; Kasana et al., 2011). £3]|, Tt
opgo] FrehulyE o] Bla EAvt chofet Tozn
RBuxo] glon, T2 Fo| FoA= vty 27 wE 4
4] B So) wol A= At (Lee et al., 2012). E3] AJEA
oA EaAE HEE St nBES A XL} ALY oA F2
S A Z U] Tl B a4 o] Qo= A| Q) S of EAs}
= vhie) Flgbale RapHE S F4o17] S8 AlEe) whl
Z B3| asE Bu)gtrk(Kalisz, 1988).
ofzlat Tl B B4k BARo] EAfake ofuliedte)
Zr27]2ko)| whe}l serine protease, metalloprotease, aspartic
oz pyEm, YA EASH:

protease, cysteine protease -
pH W&ol wet acid protease T+ neutral protease, alkaline

protease 2 B 25| 7| = $FcH(Rao er al., 1998).
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sp. JK1& EaJs}o] B u8}dthLee et al., 2012). Chryseobacterium
42 O 249 vjotxy o g {FHF, I B
I #dYH EAE ZHO R Flavobacterim 404 £ o]
EHZQ &(genus) 22 7]& Tk o] o] &3 FE52 1A
Hj R AFol| A legbA o] MAE FPAJshe wo] o 7 ol
BajgAe Belrky B o] 9ti(Vandamme et al., 1994).
H2]% Chryseobacterium sp. JK1-2 2+ 1l X] 2] Nutrient Broth
(NB) vjR]of| ©29& H7FE o) S S PAeL e &
284E Bath 182 fU1d4 R B4 VS o
AL AZFPA, 2 548G S BAFUTLee er al,
2012).
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Ha|gao] &AJo] &tk ¥ FH Chryseobacterium sp. JK1
358 A5k Lee of al., 2012). 75 S $I3F 71 )
A= NB HjX|(Difco)E AMESIH.om F 28R = P& 22
3t 249 77134 yeast extract (Difco) 0.05%, SAYOZ
mannitol 1%9°] F7|9%E K,HPO, 1%, NaHPO, 0.5%,
(NH):S04 0.2%, MgSO4-7H;0 0.02%, CaCl,-2H,0 0.0001%,
FeSO.-7H:0 0.0001%-< H7}ated bt
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2|2 pHE o] 9J8liA= azocaseing FEA]7|= 45
o] pHE 5.0914] 11.071A] 1.09] ZtH o= 2Hsto] BHE &
AstFct. ZF pHYE AMS-H 945912 pH 5.0-6.02 100 mM
citrate buffer, pH 6.0-8.0-2 100 mM sodium phosphate buffer,
pH 8.0-9.0= 100 mM Tris-HCI buffer 123 pH 9.0-11.02
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00 mM glycine-NaOH bufferE A3l tt. pHE A Q]38 ot
£ 2712 4719 e Yo R 24esch
CHIEY BaiS4 B0l 0IXKs SisETe| st

Az o] oild Bafj a0l Ao FFE nXe gEoleE
of 3kE ZAbel7] SI3) BATHEAl cheb B0l 25 A%
FEE 22 1 mM E+= 5 mMo| & Hstath 402
T} A= 20| E IRMEE2 549 A3l faEe HF
1 mMo| E|=& Hrstg o, &34 pepstain A= 2|F
=7} 1 pg/ml, PMSFE= 100 pg/mlo] HE=E ZH7lstAch
(Sambrook et al., 1989).
Safl 7|20 w2 TRHE Ha) SA0| H

Chryseobacterium sp. JK10] A= G477} o 7|2
ZH AHESREA] Yot 7] 23] Salwan 5(2010)0] ARG-EH S
AP SFATE 30T ol A 24417 v FEE NB HiR] A5 284
2 ARE31e] v 7| -2 azocasein TjAlo] 0.5% casein, BSA,
skim milk, gelatin2 100 mM sodium phosphate £+5-8-H(pH
7.0)0) FEA|A 7| A2 ANES] B B S8Rl a4
HhS-2 150 pleo] 2F AN 7] 500 pl& 33 & 30T ofA
308 HFS AR o1, HH-8-%]+= 650 pl 10% trichloroacetic acid
(TCA) €N A5t 21 % 13,000 ipm 2.2 4 C oA 158
7F AAEE st A4S 1.2 mlE ARE-SHe] 280 nmofl A SF =
£ S5tk 9= S Q22 714E 2845} vt
SA1717] Aol 10% TCA &H-& HA gof &S HAX]
AL Aot A48 #A= ZH 718 i 8= 5
7he] A vl&-S 33 549 BT REUXE EASFR

40| sEn Y, EYHM(Zymogram)

| 2w R]of 0.5% 9] skim milkE 7FsE Wi Z] 50 mlef] FHj
POl 195 WFstel 30T 37 wrsiict. wole
8,000 rpm (Supra 22K, rotor 7), 4 C 9|4 1087F YA B2 A
A RkESte] FAE AAT AEHSE Amicon Ultra-15
Centrifugal Filter Units (10K NMWL, Millipore)& AR5}
208f FESHEh SA A2 Lowry 5(1951)9] HPof w}
2} BSAE 50 WA R ko] ZA5kAt

A48 AL 9%t sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)+= 0.1% gelatin& 2713l 8%
o)A Laemmli®] #'H(1970)0] £3to] Pty om, aaghd
BAE 9F ARE 74 559 ARE 7HEsiA] g3
Pragash 5(2009)2] W& Zhzsto] thgat o] Agstgirt.
A7)%9% g ok A Yro §43H4-S renaturation A]7]7] €
3 2.5% Triton X-100 gH o2 3087t ¥H-EA71 & 50 mM
sodium phosphate &8N (pH 7.0) 2.2 37 Cof|A 2A]7F 52t
BAE U A7l & 50% methanold} 10% acetic acidS ¢-5-3}
L uAgMoZ oA7F AEskgch 1 ¥ Coomassie brilliant
blue R-250 (Sigma) 2 4A| 7t 0]} MGt o} 7% acetic acid2}
10% methanol S ) © 2 ST Thald 37)9) 283
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2 Perfect protein marker, 10-225 kDa (Novagen)& ARE-51S
c}.
479 o
Protease &0l CHSH U 2&E2} pHe| HE
S e AR ool ALGEIE Bk 1 4] TRl o)
S A28 HAE ol 2opol ALES}] s WA Fe]
Z L= 9} pH EA-E dolok $ttt. Chryseobacterium taeanense
TKUO001 AJ4tE]= A2 o] Thuld Salj 49 A 2== 60T
2 R F0o] §l onj(Wang et al., 2008), Chryseobacterium 4;2)
T FolA A4k At 2ol 9l Elass 45 B
50C 2 R a1=|o] gJthRiffel et al., 2007; Bach et al., 2011). Z+
L. £9] Chryseobacterium sp. JK17} A3H= A|Z Q] chalz
BolEAY BT WSLEA o Y FAE U
ol7] 3 MSLES Yelalel HAUAE et 1
AT} Chryseobacterium sp. JK12] A €] Gl B3| q A= Fig.
10| X1 €} ZHo] 10T oA HE E/do] HRH LR F7tate] 40T
oA el &S Uehliglon, 1 o]t 2= T
o) Wiew mae] Ryo] FAA Ladhe B4 B,
2o so) FRE HYf ot U HHLE SHS Mo,
83 A& A-SA Pseudoalteromonas sp. HI473} £24421
Micrococcus sp. HI199] Thillzl Bag A7} 35CoA 2119
& HQ & dvbsHA aagdo] adts ARE 2 &
A& WelZ=9th(Cha ef al., 2007, 2009). B FZ27} AAksH=
Bl Relmact $AT MEEE S4S HQ) AoB:
Bacillus cereus SH-77} ZJAFSF bz Balg A2 40C oA &
2 HFLE S BAFUTH(Yi et al., 1999).
RANEEe] pH7L g Ba|Eae] BAl HlAE FFE
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Fig. 1. Reaction temperature effects on protease activity of extracellular
protease secreted from Chryseobacterium sp. JK1. Cells were grown
in NB medium at 30°C for 24 h. The activities were determined for 30
min at each temperature with culture supernatants. Standard deviations
from the mean of three independent assays are indicated by error bars.

9] 49 FA EAS B HtH(Wang et al., 2008; Bach et al.,
2011). 183 Chryseobacterium sp. kr62] Al2tel BajjA] ¢ha
Q palEst A pH/l 8.58 YRR AT B4 B2 4
3+ EX4-8 Wl Bacillus cereus SH-7= &% pH7} 8.0 Ve o]
OF7EO] 2olE R AFATHYi et al., 1999). Chryseobacterium
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proteased]] &3l EAL Ho=9l),
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B0 BYLE et FEd o8 93 et &
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2 50|25 RMEEY aNE got & 27} Table 13+ 2
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= W, 945 S&5ke 20l E e AT A3t &40
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Ag'9Cu”' 2 5 mM H7ISHAL o 242} 10% 91 20% 2L
astga, AEZISIEE e 78% 2 At W
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t}. 1 9]9] K, Ca™', Na', Fe’', Mg®" 7= 10% u|gte] m)u]
3 SdHEIE Bt 54 AFA 2 ZAJ 99 aspartic acid
= 717 S Beja s Adfiske pepstating 713t At
o} H WSS KolA]| gk B, serine 7H Tl A B g A
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Fig. 2. Effect of pH on enzyme activity of extracellular protease

secreted from Chryseobacterium sp. JK1. All conditions are the

same as Fig. 1 except the pH range. The buffers were used 0.1 M

citrate (pH 5.0-6.0), 0.1 M sodium phosphate (pH 6.0-8.0), 0.1 M
Tris-HCI (pH 8.0-9.0), and 0.1 M glycine-NaOH (pH 9.0-11.0).



Table 1. Influence of chemicals on the proteolytic activity of extracellular
protease secreted from Chryseobacterium sp. JK1

Chryseobacterium sp. JK12] H|3Z2] thil B3] a 4 E4] 81

Table 2. Proteolytic activities of extracellular protease secreted from
Chryseobacterium sp. JK1 on different substrates

Chemicals Concentration Relative activity (%) Substrate Relative activity (%)
None 100.0+£2.4 Bovine serum albumin 100.0+0.7
KCl 1 mM 95.0+1.6 Casein 103.7+4.2
5 mM 97.541.1 Skim milk 110.242.0
CaCl 1 mM 100.0+0.7 Gelatin 103.7+3.0
5mM 97.5+1.9
Aleh By o FATAS SRPA 52 5 o] g LU= gy
m . . - -
NaCl | mM 90.044.4 29 & WA gskom, 71Eet A8} 71 oHA] G2 AR Y
5mM 90.0+3.3 HE= W2 XpolE E4ithFig. 3 A and B). 183 A& E 7}
FeCl 1 mM 92.5+1.4 GetAY, sEI A DB E ATEoAM= SINEE E 5
5mM 100.0+3.7 Y=, 55 F JAEANNE SPNEE TR T 4 A
Cus0s o P (= BAA). L3 e ke AlRelAlRt 6734 145
m .0£0. _
A A e 7 3R2kE] o) i Zro 4
MeCl, | mM 975412 kDa 37|04 &/ gui=r} TR= QrkFig. 3 C and_D). 22 4
5 mM 105.042.1 9] C. taeanense TKUO0012] A|2E2] T 2-S AA|SF A3} 413}
AgNO; 1 mM 50.043.4 75 kDa 37|19 F #5471 EAGo™(Wang et al., 2008),
5mM 10.0+1.0 Bacillus cereus SH-7= 40 kDa =7]2] &2 AkstgITh K1
MnSOx I'mM 172.5+1.9 o+ FE e N2 Tl A RS 7HEsHA] Yot Akt Tl
et o S A polass) $7E ¢ 4 iglont ok Avke B 4
epstatin Hg/m .6£0. = . oF 2 010 o L
PMSF 100 pg/ml 46.1+1.9 AE ok & ¢ 2l& A= b
EDTA 1 mM 60.140.8 Z32 02, Chryseobacterium sp. JK12] A|Z Q] thaz B
EGTA I mM 61.442.1 sflass o] 7HX] SN 7|29 BaEa= YA ¢4

Abshe Al o Balase a9 EgH S serined 7}
A1 Qlon], EAARS 0| Mn™ F4ol2g YR T sh= &
At 2AE 4= 91) C. taeanense TKUOO1 0] A AJAFE Thil
A Bl aadt v|as) & u) EDTAS Cu™’ H7to] 2jaf Z4o]
Fashe BHS g9rovt M A7b EABAo] 052 7
2£:8ka1, PMSF 37hol| o3 aag/do] ZastA] = e &
XS BojFQUch(Wang et al., 2008). 18|31 Bacillus cereus
SH-79] &4% PMSFo| 2oJ&] Ha2 vkz] oFrth(Yi et al.,
1999).

25l 7[R0l M= ThHE 2sisao] g

o 7|1ALS & Ba5l=A] Chryseobacterium sp. JK10.2
BAVE B BN EAS ALEStel ZARE 23} Table 29 2
Qftt. BSA E+= casein, skim milk, gelatin 5= BSAE o] 83t 1t
So] g e BHE HEOM, skim milkE ol &319E 1)
BSA Bt} 10% =2 84 Rl 7Py 22 540 Bold& B
of 254, ol2lat ATke Fe) RelAl 71 QA skim milkE
X Hr1ste] E251%7] W&l Aoz A FH). Salwan
5(2010)0] B3t A-24 Arthrobacter sp. MNPB6 w-=+2] T+
Wy ge|ast o2 BSAC) 71 £ 2L Mol skim
milko]] 7Hg -2 Fol & Hof it
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CHHEISSHS 0| Edtie
EH| A4k A9 el Bajaad] BEXEFE gotE ] ¢
3} Chryseobacterium sp. JK12] ujjoFol-g ==3}o] SDS-PAGE

£ st 540 N EE WEI A Fig. 33 29ttt vl

81 gol MZe S4E /M B4R BRE QUHOR 4
FAA EAMS BPE AR B o) WS AT pH
& 2Tt ST, Aol A7kele] A7t <l U e
o] A=l 9ol MSHE 2T 4 UTHOu and Zhu, 2012).
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Fig. 3. SDS-PAGE and zymography analysis of extracellular
protease from Chryseobacterium sp. JK1. Cells were grown in
minimal medium supplemented with 0.5% skim milk at 30C.
Samples of standard protein molecular marker (M) and 4.5 ug of
concentrated culture supernatant, unboiled (A) and boiled (B) were
subjected to SDS-PAGE on 8% polyacrylamide gels and stained
with Coomassie brilliant blue R250. Concentrated culture
supernatants of 0.23 pg (C) and 0.023 pug (D) were analyzed for
proteolytic activity by 0.1% gelatin zymography on 8% SDS-PAGE
gels and stained with Coomassie brilliant blue R250.
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w2tk Chryseobacterium sp. JK12] Tz Bajgi= 24
pHOF ¥ 2=oA HF G4848E B F49 vz
U oFst I 2 84 ATS IR 7 3= A Eof 5o S8
Ao 8 P7HHry

O ox

‘[F

He

o]|F 9] AoA EFLZRE W2 g Az chl A R3]
AAE YABH= AE Z2AM|F Chryseobacterium sp. JK1E £
Zstatt. o] #57t Akt Bld Hafjaao] EAxA Z
I A2 =9 pH= Z42H 40 C & 7.00F o, & A2
= 2} v aA Y2 pH #7121 pH 6.0-9.0004 £ 24
HolF9rh a8 od Esjfs EDTA EE EGTA,
PMSF$} 30| & Ag" = Cu®' 9] H7ho]| &J8f 75t A& =
Qom, AI9| H7lo| os) oFstA A= At Pepstatind} &
%ol 2 K', Ca™', Na', Fe’" = Mg™" 9] H7= Asjol & 9%
S FA gott ol¢} w2 AR aae o7 &0l
2l Mn®" (5 mM) 2] H7o) ol8) EAagAo| FAE U H5H
HiF Ao S B 402 673 145 kDa 27]9] =2 Wl
= T 7 #EE AL o]yt AIEZR Chryseobacterium sp.
JK1 @527} A1 EA4 ol §-& 7Heh A9 F/d 9] serine Tl

Qg E4E AU A L 5 At
ZhAtel o
o] =R 201195 SHeheh SHEAFAYAIS a7

A Qo] 2J5te] A= )<L Y THThis work was supported by the
research grant of the Chungbuk National University in 2011).
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