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B} 27F (5-AGAGTTTGATCMTGGCTCAG)® 342R PCR (5'-
CTGCTGCSYCCCGTAG) primer set2 ©]-23}] PCRS 533}
%4tt. Bioneer (Changwon, Korea)2] Premix PCR kitS A8-5}%3
31 7)7]% Perkin-Elmer PCR-480(Foster City, USAYS A}8-51o
30 cycle ¥+3-Z27} agarose gel electrophoresisoll A 340 bpol] 3|
HE bandE 2 ©]F PCR sequencing ¥R o2 A7|MEE
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iz H¥-8o2 AMS-E microsomal leucine aminopeptidase
(AP-N)$} L-leu-p-nitroanilide - HCI-2 Sigma (St. Louis, USA)IA
THstA ARSI i BElE TFE &% (Sm) BA) wiF
glo] TAE AAT #%NS 96 well micro-plate®] ZF wellell L-
leu-p-nitroanilide - HCI stock solution (15 mg/ml in DMSOQ) 0.1 m/
= ARE A Ao 10m2] 0.1 M Tris buffer (pH 7.0)2 348} o)
BN 0.16 miZ 718 T At s 100 S A7)¥5k) microplate
reader (model 3550, BioRad, Hercules, USA)O. 2 27| EF=E
405 nmoll A Z78% F 30 3+ ¥hAITIIL THA] 405 nmol| A €]
F24% WstE S35t 4" pnivoaniline (g,5,,=8.8 mM"
‘em™, pH 5.5-10.5, Sigma-Aldrichy2- A ZsI9ck(Fig. 1).

Psychrotrophic Extracellular Protease Producing Bacteria 255

b k4 0f| Al extracellular protein2| 22| &N

Late exponential phaseo] =838t FFF 0.2 um pore size2
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USA)S ARE-3td SWC uljAjoll g G2 vjA] J&-S AA
3}3l 50 mM Tris buffer (pH 8.0, 0.1 M NaCl ¥3H22 buffer
& wdsct.

Sample 10 miE High-Q cartridge (5m! vol, Bio-Rad) 3 7}&
AER A4S columndl] 715t FHAZIL 0]E A 15 mig
20mM Tris buffer (pH 8.0)2 washing 3} binding H A &L
proteing A|ASFL W H 0~04 mM2] NaCle ¥&sh= 5YU3
Tris buffer 1 2} gradient® F2td @ AL 823 Y THFlow
rate, 1 mi/min). TFA] 0.4~1.2M NaCl 2 #} gradient® 7JsHAl &
Zbe 9l dg gEslrh AHESE 7171 Bio-Rad®] biologic
protein purification system& AMESHIT A 1.0ml A9
fractions §o} 7} fraction] 84S AR & SAHEHE Fo}
A oAl el A o 2 wEst Tt

High-Q ion exchange column chromatographyoll A 7}4 &
g8 Hel BHQ 04M NaCl eluting fractiong Bio-Rad
GPC column (Sec-250, 0.75%30 cm)2 A}&3ted E-2lsiach &
U3t 50mM Tris buffer (S0mM NaCl E3HE A8
flow rate= 1.0 ml/min® = AASH T}

Gel filtration column chromatographyoll 4] 438 HQl B3-S
X9} Bio-Scale Q2 column (Bio-Rad, bed volume, 5m/y& ©]-§
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L-leu-p-nitroanilide
Fig. 1. Protease assay.
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3lo] 2 ion exchange column chromatographyS 438+ th.
Columng 2 column volume?] 50 mM Tris buffer (20 mM NaCl
ZIHE FEHE olFAT H 12} GPC columnolA £=H
protease A& 10miZ HA3] (flow rate, 0.5mlmin) 7}3}
column®ll F&A1Z1 5 2 column volume?] %7] buffer (50 mM
Tris buffer, pH 7.5, 1 mM EDTA, 1 mM DTT, 20 mM NaChHZ

Table 1. Biochemical and physiological properties of Shewanella sp.
L93

Characteristics L93

Gram staining -

Shape rod
Color of colony Light orange
Motility +
Size 0.4%1.3 um

4-20°C

Optimum temperature for growth 10-15°C

Catalase +

Oxidase +

Oxidation/fermentation test Oxidation

Voges-Proskaur test +

Temperature range for growth

Citrate utilization +
Enzyme activity of
P-galactosidase -
arginine dehydrolase +
lysine decarboxylase -
ornithine decarboxylase -
tryptophane deaminase +
Hydrolysis of
urea -
gelatin +
lipid -
casein +
Production of
indole -
H,S
NO,
Carbon utilization
glucose -
manmnitol -
inositol -
sorbitol -
rhamnose -
sucrose -
melibiose -

arabinose -
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BioScale Q-2 columng 4|23t (flow rate, 1 mi/min) &-2F= %]
@ s AASIAL column F-3] 9} oF 8 Hie] sjFE= P
9] 20~1,000 mM NaCl F=7HE AHS-3l] 39 Gds
£ &&3IH-

di # g
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Az & B AT £ 549 FFPeH ol5F
A2 T 273 TF7F BolRh °)EF A4 protease A
A BFEe A2AMY Aol $rd FF NI Y2K-
AL93 (L93) &F & 5 & Mgl orn ol & HEFHow
L93 #FE dlder 54 E protease 2 AAE &3lAct
B 75 gv)3 3lollA1,000x) gl ¥oke] FF2 5~10°C
ol ZoBell NA| wlikA] 18 A7 whofl cell density”} 660 nmell
Ao FE= 6 oY g FrIshE w9 5% A4 Tl
Gram 54 AT OS2 agar FF wix]ol] v FE 74-9- Hehe] 4
Z-2 @& 2RA] Hzojn wfa|Tto] AESE AR A ol A
BFS Jepdoh. e A w5 g4 B9 R Gk =
HEE 7HAL o] o)FAdo] lom Edxxdngon w3
d Zol= o 1.3 um FF0)IUTE AFE 7FeEE 4-20°C B
ol 7g & Aefe LEE 10~15°C HHolth VP testol A
Aol citrateZ o8-8 4 A2 catalase, oxidase, arginine
dehydrolase, tryptophan deaminase &4-& 7143 %oy B
galactosidase, lysine decarboxylase, omithine decarbox-ylase®] &
AL AEHA @itk HauiRo A @ gEago] o] gL
glucose 5 AP AMEE 8 T UZHF LFE o]83HA F3)
B3} w22 "o esls TFE AZTKTable 1). £ T304
total DNAS w23} E coli®] 168 rRNAQ] 27F9} 342R
primer setE AFE-3le] 16 S rRNAS] wo] X ¢S pCRE ZZ3
5 @7 NES 2As)a o] 71 9E GenBank data baseS}
Hwele 78S T3S A3 Shewanella gelidimarina Z3}
99.2%, Shewanella hanedai®t 98.5%2 RFAMIS Hole 5
Shewanella & HZE= AeZ FHHA B IFE
Shewanella. sp. L9322 B3} T}

B 7539 4wl 55 100C 2HE Uesith ig &
6 AL A&EZQ AAE Kol dov(cell density,
4.13~531) 7 LA 7HAo} thazte] 2AE Bola Qi) o] &%
© @5 AIE7IA 229 dF H1 250l gt v o
R vk =2 27 AAIHY 4°CoMT 10°Co A A
AR 4% FHE Rola Utk B Hd3oz 193 dFE
psychrotolerant”} ¢} 3L psychrophillic 7592 &elslyth
vl B B4 &S casein T FHEMX| A casein
w3foll wal BRI wiA g g5 FU=E 2 halos
FAEHA He Ao F1E 5 UUTkFig. 2).

MR Shewanella sp. L-93 0| M protease®| 22| XX
B F52] YA ujYoll= sea water complete (SWC) Bl =]
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Fig. 2. Examples of halo formation by extracellular protease using
milk casein agar plate.
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il e HF viAE HeE do) B 84 i
el Ex1e 4] 948ke] Microcon centrifugal untrafil-tration
kit (Microcon-10, Microcon-30, Microcon-50, Amicon Co.,
USA) & ©]&3te 288 Ural zF B89 84 #3498 &4
ST A8 43 95%0)de] aagade] BA=F 30,000 ol/do
2 50,000 Akol9] fraction| A HEE S B G449 EAHLS
30,0003 50,000 dalton Ate]¢] A2 P E

Ultrafiltration® A9 3o E&Hol7)= i) &30]
AA] ¢a1 ngo] @o] 5 E48AF9 w52 A% v WUy
=9 845 vwEth 4 71 &3] A8-5= ammonium
sulfateo] ]38 HAWR-S 303190 ammonium sulfate®] &
2 33l v=F AA37] At fractional (NH,),SO, 144
& AME3FEAT AA = 30% X3} Al 50% E3F A, 2E]3
80% X3+ Ao Z+ FHEL FjFste] HARY Tris buffer
(50 mM, pH 8.0)°ll =5 &4& Wlwg A3 iRl 484
< 30-50% E3HE HPEANA YEht 0~50% E3tEE ALS
g Ae diRie] 4848 I F e HeE AgH
At

Shewanella sp. 193 @55 SWC WAE o)&slod 415 4 A
7 eoFet 3 B ouiekol A AR w5 L93e] Ak Al
o] vl A Hefl §4F st F=", fractional ammonium

sulfate 3™, High-Q ion exchange column chro-matography,

Table 2. Purification of protease produced by Shewanelila sp. L-93 strain

Psychrotrophic Extracellular Protease Producing Bacteria 257

gel filtration column chromatography “1#] 1L Bio-Scale-Q2 ion
exchange column chromatography 52 E3} purification fold
19.3, yield 0.7%% A5 THTable 2). ¥ HAE extracellular
enzyme @ 2= FA AN A H4Ho] viwA ZA Uepbs F
28 A A Fo B fd B9 &0 e A4
A B4 SR AlmE

Basic characterization of Extracellular Protease from 1.93

B ga4v siPATolr] Aikse Al 8 AR FA9L
pH 79141 optimal activityS ROl HEATA AvtEQl vlthE9]
pHS! pH 8lMECH 13 v7} de 848 Bgon &x W3}
o W& FA=AE 25°ClA 7 B S EATHFig.
3, 4. goll tigk I E HluE v d HAEE By
30°CAl A 2 AlZF AR Tl A9 60% o)de] AHEIeH
45°Col A= BT 1 AR BAde] tiFte] AEEUTHFig.
5). &F 25°CellA Hol 84S Role £ 54 o2 A4 A
oA BRoE vl = cold-adapted enzymeS B AFETh
Cold-adapted enzyme -2 activation energyS o] EUtA
’do] g vtk 54 7= o]#idt e Choo 5 ()l
2J&} Pseudomonas sp. oA E2H lipase (4), Y& 3} A
HAEANAM 28 A4 F59 amylase (9), 22 Moraxella
S) Acinetobacter (3) 5 THE ARA TS0 a9 45
AR BAS Rofea otk

o] A& 7]29 ofmlieit Fvlof| gigk Holge #lHA
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Fig. 3. The pH dependence of enzymatic activity of extracellula
protease of Shewanella. sp. 1.93 assayed at room temperature.

Fraction Vol A ¥ Total Protein  protease activity Total Activity ~ Specific Activity yield

(ml) 280 (mg) (dAo5/mi) (dAyp5) (dA405/mg*) (%)

Broth 4000 53 21200 446 178400 841 100

Ultrafiltration (MWCO;10K) 300 12.3 3690 825 24750 6.70 15.4
Ammonium sulfate (30-50 % Sat) 75 4.5 337.5 712 5790 17.2 3.21
High-Q 34 33 112.2 102 3468 309 1.94

17.5

GPC/UF(50K) 25 0.7 72 1800 102.8 1.00

BioScale-Q2 19 04 7.6 65 1235 162.5 0.7

*Protein sample (A,g,=1) was assumed to be 1 mg/m! protein.
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Fig. 4. The temperature dependence of enzymatic activity of
extracellular protease of Shewanella. sp. 1.93.
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Fig. 5. Stability of extracellular protease of Shewanella. sp. L93 at
different temperature, assay after incubation for 2 hrs at given
temperatures.
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ABSTRACT: Purification and Characterization of Extracellular Protease form Psychrotrophic Ant-
arctic Bacteria
Ki Woong Cho, Jiheon Bang, Heywon Hong, Seungil Park, and Younho Lee (Korea Ocean
Research and Development Institute, Department of Marine Natural Products Chemistry,
Kyunggido, Ansan 425-600, Korea)

A psychrotrophic bacterium was isolated from Antarctic marine sediment and identified as Shewanella sp. spe-
cies based on the biochemical properties and 16S rRNA sequence, and designated as Shewanella sp. L93. Extra-
cellular protease produced by this strain was purified through ammonium sulfate precipitation, High-Q column
chromatography, first gel permeation chromatography, BioScale Q2 ion exchange chromatography and second
gel permeation chromatography, and basic properties of this enzyme were investigated.



