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The purpose of this research was to investigate the production and characterization of alkaline pro-
tease from Micrococcus sp. PS-1 newly isolated from seawater. Micracoccus sp. PS-1 was grown in Luria-
Bertani (LB) medium. Its optimal temperature and pH for growth were 30°C and 7.0, respectively. The
effect of nitrogen sources was investigated on optimal enzyme production. A high level of alkaline
protease production occurred in LB broth containing 2% skimmed milk. The protease was purified
in a 3-step procedure involving ultrafiltration, acetone precipitation, and dialysis. The procedure yield-
ed a 16.43-purification fold, with a yield of 54.25%. SDS-PAGE showed that the enzyme had molecular
weights of 35.0 and 37.5 kDa. Its maximum protease activity was exhibited at pH 9.0 and 37°C, and
its activity was stable at pH 8.0 - 11.0 and 25 - 37°C. The protease activity was strongly inhibited by
PMSF, EDTA, and EGTA. Taken together, the results demonstrate that the protease enzyme from
Microcaccus sp. PS-1 probably belongs to a subclass of alkaline metallo-serine proteases.
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53 Micracoccus sp. 2 45 o], PS-10.2 BH 3Gt} v A
=9 W gty 5L A7) Hlel LBE 71202 3 i
o o2 AAAE Artete] M ES 44 FANE 2AL
atAth. ®3 proteased] TA3HA EAS 2AMEY] Y5 &
=, pH 83 o8 o] x5S WUleld 49 HF 2%}
2849 AFB/AE ZAEIG T

B g Al8% 7] vjA= LB (Difco, Franklin Lakes,
New Jersey, USA)©] %131, ammonium chloride (Samchun,
Pyeongtack, Korea), ammonium sulfate (Katayama
Chemical, Osaka, Japan), casamino acid, peptone, skim milk,
soytone, tryptone, yeast extract (Difco), gelatin (Sigma, St.
Louis, Missouri, USA), malt extract (Oxoid, Madrid, Spain),
soybean meal (Busan, Korea)¥ Z& ZAY3 NaCl
(Samchun)E H7bsto] ARGtk B4 S4ZA | AL
% A9k Hammarsten casein (USB, Cleveland, Ohio, USA),
trichloroacetic acid (Sigma), Folin-Ciocalteu reagent (Sigma),
sodium carbonate (Samchun) 5 AH8-3}ch @) Aol 2
Z o= HPLCH acetone (SK chemical, Ulsan, Korea)& Al-&-

o,

Protease & #32| 22| & 5

B el A8 st 34 A58 g QrlA 2ol o
Uiy 28557 10°02 3453 DA A E2Etd
TE B34tk Proteases AAbste #FE £E87] 9
R 2= S

milkE F7bste] Abgetilnt @59 F4S A8l 21H G4
Moz FeA 545 SAsATH25]. 165 rDNA 45 3l
universal forward primer bact F (5-AGAGTTTGATCCTG
GCTCAG-3)%} universal reverse primer bact R (5-ACGG
CTACCTTGTTACGACTT-3)E AH8-3t4 PCR 3t} 5%
¥ PCR 2Hz-& GeneAll PCR SV (Seoul, Korea)E ©]-8-3}4
A st I 2~E 28 (Seoul, Korea)ol ©714E 48 93
stk A7INETRY FAIEE BAQIS7] 9st] The
National Center for Biotechnology Information (NCBI,
http:/ /www.ncbinlmnih.gov/)ol A A ¥3= Advanced Blast
Search T2 1S E34 GenBankol| X1 FAF 759
@71 G wlwste] AFEFHE FARAE A AT

(e

Protease?| &4 =X

Protease ¥43-2 Kunitz9] casein hydrolysis < 33}
=74 A H14]. 7138 AL 6% (w/v) Hammersten caseins
50 mM Tris-HCl ¢34 (pH 9.0)°] =of 712 ARE-3} 3.

ZELNL 2% (w/v) skim milke} 1% (w/v) NaCle] 34
LB brothol| A 48 A1ZF F<t vl ket H, 13,000 rpm 2.2 5 #7F
AAF2ste] ATk 50 mM Tris-HCl €59 (pH 9.0) 400
ploll &2 50 ple} 6% (w/v) casein (pH 9.0) 50 ulE 7}3}
o] 37Col| A 1 A7 Bk ¥--A171 &, 750 ul¢] TCA solution
(0.11 M trichloroacetic acid, 0.22 M sodium acetate, 0.33 M
acetic acid)& H7}sto] ¥3-& FAAZ T ¥4 13,000
rpmel A 15 & Ft ddEe] & F, 454 80 el 200 el
0.55 M NapCOs9} 20 ul€] 1 N Folin-Ciocalteu reagentE 7}3}
o] 37°CoA 30 & &<t W83t th. VERSAmax microplate
reader (Molecular Devices, Sunnyvale, California, USA)E o]
&3t OD 660 nmol A ®H&A o] FHES FAsT 1
unit®] £ FHEE 9] 204 1 & 52 1 uM tyrosine
o iFete otviks AAse EA YO ST ©
A9 FT & Bradford?] WHoZ =43}

i} AlZED} NaCl =2 st

HA WA TS FRlsE7] $3l protease BAMH|A] o] 75
1% (v/v)E AE3+9 30T shaking incubatoroll A Bl &3} A
12 At A 72 A|774A] 12 A7E 7HA 22 AR A9t
F¢F NaCl F=0 st 8-S &213t7] 9130 protease A4t
WA 1,3, 7% (w/v)e) NaCle A748k 5 1% (v/v)
&3k 30°ColA 48 AIZE7HA] wj st A 12 A)ZE THE 0=
AEE AUtk OD 600 nmol| A9 FH=E ZH3te 759
3748 22 Y protease T4 S8 & F3f Eh AL
S ZAFSAH

S

AN 25t ARl AS

Tel8 o9 43 protease AHE FAote AU
AAs7] fsto g §71/577] Aads HeE A
39t Ammonium chloride, ammonium sulfate, casamino
acid, gelatin, malt extract, peptone, skim milk, soytone, soy-
bean meal, tryptone, yeast extract® LB brothol Z+7} 1%
(w/v) & H7Fstal 30Tl A 48 AlZE Bk v st #59
373} protease AJ4tol WA= EHE FASFATH19].

MAS 9I8t 7| pHe| HE

" #F9 27] pHol w2 vk 54 F28e
ZAFs7] 98l 2% (w/v) skim milk7} 23¥ LB broths
5 N HCl#} 5 N NaOHE AH8-3led 27] pHE 40~11.02 &4
stk 22 wiAe] #2 75 1% (v/v) A HE3h
30Col A 48 A7+ Fek wjsla 12 A7t HF o8 A g2
dol #F9 AT protease BAHS ZAFSFATHI]

Protease?| 72 A
1l %5 A4S molecular weight cut-off (MWCO)7} 300



kDa, 50 kDa, 10 kDa2®] membraneg A}-&3}¢ ultrafiltration
(UF, GE Healthcare, Buckinghamshire, UK) 2.2 %3} %tk
[16, 24]. &84S YERNEL0 kDao3te] @A fractionS
2171 acetone 2.2 40% (v/v)E EZZAA 20T 447t &
ot H#gh 5, 10,000 rpmel| A 20 27+ AAEE st AAES
AU} 40% (v/v) £35Sl acetones F71H 0.2 Yol 60,
80% (v/v)2 E3HAIA 2 o JHES At 47
o) AAEE 50 mM Tris-HCl (pH 9.0) $FH ol = pro-
tease B4 3 2AEIaL, 7 A RE MWCO7} 15 kDagl
Spectra/por ® Dialysis tube (Spectrum Laboratories, Inc.,
Chisholm, Minnesota, USA)ll ¢ @&-8F &, 4T A 50
mM Tris-HCI (pH 9.0) &+FH .2 dialysisA| A H A3 Th
[2, 21].

il

o,

29| zymography =41

i AAE 8489S 2-mercaptoethanol ©] A €] ¥ 5X
zymography sample buffer (60 mM Tris-HCl, 25% (v/v)
glycerol, 2% (w/v) SDS, 0.1% (w/v) bromophenol blue, pH
6.8)° 4101 12% (w/v) polyacrylamide gel®l| loading 3}
80 V& A 7]9%F 3}3l, Coomassie brilliant blueZ %43}
9 bandES FQI8HH T Zymography= mixed sub-
strate (MS) gel& TH=¢] TRANS-BLOT 2.2 =434 t5,
7]. Gelol 239 SDSe EAFHES A & 7] W,
o2 AAF7] Y3 34 FHFE 10 ¥ 7+ 33 washing
3taL, 2.5% (v/v) Triton X-1002.2 30 %t washing3}%Th.
Washing ¥ gel> MS gel o overlay3dte] 20 Vel A 25 &7t
transferdtil, 37°Coll A 9 ¥ zymogram reaction buffer (30
mM Tris-HCl, 200 mM NadCl, 0.02% (w/v) sodium azide,
pH 9.0) ol 307t ¥k-g 2171 ¥, Coomassie brilliant blueZ
@331, destaining solution (40% (v/v) methanol, 10%
(v/v) acetic acid, 50% (v/v) DW)Z g435te] thilld F3jg
A& YEHE clear bandZ #9135t}

49| 7|14 Eoly

Casein, gelatin, bovine serum albumin (BSA)E ©]-8-3}]
protease”} AE]H 02 £3sl= 712 ZABIA T 50 mM
Tris-HCl 939 (pH 9)°ll 6% (w/v)e] 714& 371ste 37T
ol 117+ ¢t whSA17] 3, TCAR H¥H3-& AR XA protease
ZASF T

4 2yn 54 otEY

Proteased] #7 pHE ZA8H7] 918 50 mM sodium ace-
tate (pH 3.0~6.0), 50 mM sodium phosphate (pH 6.0~8.0),
50 mM Tris-HCl (pH 8.0~9.0), 50 mM Glycine NaOH (pH
9.0~12.0) $FH-G AHEEFe] 37ColA 1 A7 B9 uk33H 5,
2848 SAST. 4 255 S457] st 25 30,
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37, 45, 50, 60, 70C 9] WS Eor Zaid

AE GBS ZAHAY x| U 549 HFAES
ZAH317] 913k 50 mM Tris-HCl 439 (pH 9.0)0ll a4
<4 37T

HI 7 ewolN 308 5 WA ¥, HH e
o A

ol 1 A1zt E F72 wheeh E aa84S SA8:

Metal ion, chemical reagent, SDSO| FAEAMo| CHE
o5

AM4-E metal ion Ca”, Cu®, Fe™', K¥, Mg2+, Zn* o 2 A
HE F=711, 5 10 mMo] HEE 371814 protease A&
ZAFeFATH5]. Chemical reagentw ethylenediaminetetra-
acetic acid (EDTA), ethylene glycol tetraacetic acid (EGTA),
dithiothreitol (DTT), phenylmethylsulfonylfluoride (PMSF)
2 99 =43} o] Xglste] 50 mM Tris-HCl $+5 9 (pH
9.0)0l1 A 1A1ZF & 37Tl A ¥H&-A1A protease B/-& FA}
SHATH4]. AFEAA o] e aAN-Ee] AsE Felstr] 9
3 SDSE A3k 1, 2, 4, 5, 6% (w/v) SDSE A 2|3taL, $1¢]
E33} o] 303t Aol A wHE-e}al, 50 mM Tris-HCl 945
A (pH 9.0)ol A 1A17F F<F 37CAM F7t=2 wHE-3te] pro-
tease A4S ZAFSFATH13).

Protease M #3o| 22| A SH

el S T EwEs AAS dllTE B SHRTE
10 ¥i 4 3] A3te] 05% (w/v) skim milk7} &+ LB agar
plated A 3 A7+ Wi &, FAPEH=
At BFe TR Al FFolse] BEHILH, o] T
skim milkel] ta] 714 Zg BAEE S Vel ¢ &
2ttt BeE dFe W =@ o), E¥o] vt
E53 e JgS Btk A d59 58S 9al 165
rDNA €7]4 € (15 kb)= #2433l ] & NCBIY B
tabased] T5H W dF=Y H7/IMEH wug Z2H,

=
ox,
d
10
X
S
tlo
r o)
Y
of
ol

N

Micrococcus sp. PS-12] =& BlQF & §A0| MA
Micorococcus sp. PS-1E 8ol A #2819 7] W&ol NaCl

o] #F &7 protease L4 AY4t 3
NaClo] A vlA= F&FS 12 =
friol gaglo] Hlsdh #79 A4S AL, 1 M9 NaCl
HA7F A M =& #5943 B thFg. 2A). NaCl #7}
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Unclture bacterium clone SC04A11

Micrococeus sp. WT108

= Micrococcus sp. G341

o Micrococcus luteirs INBI-1

| Micrococcus sp. PS-1

Micrococcus sp. MOLAT3

Micrococaceae bacterivm KVD  unk 14
Jariovorax sp.
Antarctic bacterium R 9183
Micrococcus sp. MOLA23

Micrococcus sp. JAM ACLL
p— Unclture bacterivm MCO1F04

b Micrococaceae bacterium KVD 192102

Blackwater bioreactor bacterium BW4
0001

Fig. 1. Phylogenetic tree based on 165 rDNA sequences, show-
ing relationships between Micracaccus sp. PS-1 and mem-
ber of the Microcaccus sp.. Bar, 0.001 nucleotide sub-
stitution per position.

Table 1. Effect of nitrogen sources on the protease production
of Microcaccus sp. PS-1

Nitrogen sources Protease production (unit/ml)

Control 0.6+0.2
Ammonium chloride 0.8+0.1
Ammonium sulfate 0.7+0.0
Casamino acid 4.0£0.1
Gelatin 423.8+0.2
Malt extract 12.4+0.1
Peptone 1.840.1
Skim milk 632.5+0.2
Soytone 21.8+0.2
Soy bean meal 26.410.1
Tryptone 15.6£0.1
Yeast extract 43+0.1

of W& aa A 4] Aot FASHA 1 M NaClol A
2F81 L 33 7 M NaCle] 7} A G249
Aokol AshE = RS st GirhFig. 2B). wetA proteased

A 5% Micracoccus sp. PS-1& w59 4332} 3’434*5}01 o
9 F= 3 4= toleranceE HEFHE Ao 2 FAH AT

o f
T4 A 237 918 LB brothll 2% (w/v) #+71/%
S st Micrococcus sp.o] 373 43S
, gelatin?} skim milkE 7} v A ]| ] protease
& Aol 2= ArHTable 1). & f{ B AR
gl FAIZHS g A, Wik 12
Aol lek7h 18 ARt o) % §A3] 57

HB

29 Ay ALS W F 72 AR 445 ACFig, 3)
hok 2 A9 e B A wdAolN WH A EFA
o2 WaYT 49 WAE BREAY

Growth (O.D 600)

T ; T T T T
0 10 20 30 40 50 60
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300 A
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Fig. 2. Effect of NaCl concentrations on the growth (A) and pro-

tease production (B) of Micracoccus sp. PS-1. LB broth

with 2% skim milk was used as a basal medium. V¥: con-

trol, A: 1 M NaCl, ll: 3 M NaCl, @: 7 M NaCl

r 600

r 500

=
f=3
=
a L 400
e 24
=
= 300
o
bl
& F 200
.
- 100
0 . ‘ . 0
0 20 40 60 80
Time (h)

Fig. 3. Time course of growth and protease production of
Micrecoccus sp. PS-1. LB broth with 2% skim milk was
used as a basal medium. A—A: growth, ll—M: activity



o2 ZARE ¥, 24 (pH 40-5.0)9 2ANNE #5794
ol #EHA grodt, #Fo AL pH 70004 et
w%om, pH 10.0 ool M= dF9 4ol 548 7483l
ChFig. 4). &8 27] WjF 9] pH e a9

e w <
o] pH7F T Al vAle EFH BT BEFS A
o). 5, pH 60914 pH 9.0 Afolol A} e} G4 45 HA
S} pH 4.0~5.09F pH 10.0~11.091 & &40 AJAbo] 7Had}
% TH(Fig. 4). Protease A M52 Micracaccus sp. PS-1& 971
A 2HAA B9 Aoy EF9] Aol skt

et BEdF Micracaccus sp. PS-18 LBHiAIol 2%
(w/v) skim milk$} 1% (w/v) NaCl& 37183 pH 79 24
ANA T2 Aol proteased] Aito] M BE AR

A

—%— pH 4

Growth (OD 600)

Time (h)

Protease production (unit/ml)

0 20 40 60
Time (h)

Fig. 4. Effect of initial pH on the growth and protease pro-
duction of Micrococcus sp. PS-1. LB broth with 2% skim
milk was used as a basal medium.
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ek} o] 58] AFAAE ol protease® HAHEH] A%
EREEEE T

49 F2HH

HZ A A 119 Micrecaccus sp. PS1S 1% (v/v) A&}
o] 487417t B v ket a4 A1, o] E ultrafiltration
St A3}, 10 kDa ©]38F2] £ A protease E43- YEFIT
10 kDa©l3}e] #8& tj’d 22 acetoneS AHE-31] 40~60%
(v/v)7HA LSAA 2 7¢ 23, total proteine 859 mgl. 2
Z 3131, specific activity™ 3604.14 unit/mgo = e ©]
< dialysis tube (MWCO 15 kDa)E ©]-83}4 acetone H &
< dialysisgt 23, total protein®-2 28.4 mgo] 3L specific
activity= 10620.29 unit/mgl 2 =olHt}. HFoz FE 4
A% protease] F&-& 5425%0]31, HA = 16430 2 Z7}
3} th(Table 2). 12% (w/v) native polyacrylamide geldl] %
i AAE 8498 5X zymography sample bufferdl] 4
loadingte] #71%9%3% ¥ TRANS-BLOT < A}&3t4
zymography 3t A3}, 35.0 kDa¥} 37.5 kDa Z7]<] bandell A
clear zone©o| = S U (Fig. 5), £24H 7} bufferE 100T ol

kDa
179
125

81 |

ul L

62
53

43
37.5 kDa

35.0 kDa
32

25

Fig. 5. Zymography analysis of the protease from Micracoccus
sp. PS-1. The electrophoresis was done on 12% native
polyacrylamide gel for caseinolytic zymography. M: Size
marker, 1: Zymogram, 2: Coomassie brilliant blue
staining.

Table 2. Summary of purification step for the protease of Micrococcus sp. PS-1

e Total enzyme Total protein Specific activit Purification .
Purification step activity (Znit) (HI:g) p(unit/mg) ’ fold Yield
Crude enzyme 555,960 860.0 646.46 1.00 100.00
Ultra filtration 520,606 440.0 1183.20 1.83 93.64
Acetone precipitation 309,596 3604.14 5.58 55.69
Dialysis 301,616 10620.29 16.43 54.25
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A 1027 3 ?l =, 12% (w/v) denature gelZ #7195 IS
uf protease 42 A4 = ltk(data not shown). ©]= 2-mer-
captoethanol©] protease?] disulfide bond& &3l8te] E A7}t
B35 E o] aago] Al Zeg F

[\
)
i

Protease®| 7|& £0[d

Protease®] 2] 7]d& &413}7] 913t 6% (w/v) BSA,
casein, gelating o]-&38lo] £35S ZASHAT A7) 7142

< 50 mM Tris- HCI AZH(pH 9.0)0 = 37Tl A 1 AIZE
Eo} AR & A S SAT 2, HE 7122 ca-
sein® 2 A gelatin®] 2.5 ¥, BSAR T} 128 #) ©f 7g Tujd
ol 4ol FAHAT(Fig. 6). o] A= M FAHUH
Ao dad 54 A3t fA AFE E
LB brothol 3 7}2_?} ?—li% skim milk$} gelating 3713
Ao A gk o] BEE 101, gelatin BT} skim
milke] A E/\/‘é‘ Aol 15 o & Aoz Il w2t
A skim milke] F/d+0] caseing! A& 1HT W Micaacus
sp. PS-10] AJ4Fah= protease £429] 7]& £o]4d o] caseind]
A g Be Aoz Ansdt

lN

Protease®| %4 424t oty

Protease?] %2 pHE #213}7] 913to] 4714 &% (pH
3.0~6.0: 50 mM sod1um acetate, pH 6.0~8.0: 50 mM sodium
phosphate, pH 8.0~9.0: 50 mM Tris-HCL, pH 9.0~14.0: 50 mM
glycine NaOH)& AFg-3te] 37T el A EA8AHE SAsA
I A3, H2 §484L pH 9.0 (50 mM Tris-HCI)ol| A e}
B3Il pH 11L.07HA = 224 o] IFHA FAS AT £
pH 12004 o 75% Fw] B2B40] §A50] A
alkaline protease®] 54-& B A t}(Fig. 7B). ¢ &4 HF
2E& 274317] 93l proetased 50 mM Tris-HCl ¢
(pH 90)011/\1 25, 30, 37, 45, 50, 60, 70T 2] =0l A ¥H&-A1A
EaBYE ALY 520 H4 HeLEe 37TE Y
gon MgLEs Fold5E BaBYel F43 Fadtv
50ColM e HH2=9 52% F59 &84S Usllon,

600 -
400 +

200 4

Protease activity (unit/ml)

0 -
BSA Casein Gelatin

Fi

=

g. 6. Substrate specificity of the protease from Microcaccus sp.
PS-1.

o

o
<
52

O

=

N

A

Activity (unit/ml)

Activity (unit/ml)

=5

g2

60CHE = &40 A9 #&HA AtthFig. 7A).
Protease®] pHS} &0l tj st M4

3k 259} pH 270 A 30 £7F s &

pH 909} 37CAlA 1 Azt F¢t F7H2 WA A &84
stk 1 A3, pH 9.0~10.0 Abolol A 484 01

2 Zalgl7] 98 o

) = o
= A wkgxA

ﬂl

eHg3tA o pH 6,07 120014 217t 4 £48

l-

%%t 63% = =0} FEE 79 proteases %}7}?4
2319 pHelM EaZdo] vl F 3l A Th(Fig. 7B). &=
g QML 37T oJste] LEoXe & FFS WA sk

w

|9 45C ol e &S 0] 53.7% = 7‘*6}‘?“1 Fof| wf-$-
Botyet

3] Abehs thFig. 7A).

AR YEtoH, 50T o] Foll= aagyo] ¢4

AEMO| CHSE metal ion, chemical reagent?t SDS
ot
Metal ion¥} chemical reagent”} protease2] &/dol| wx]=
golsly] Y&, 2244 1,5 10 mM9] 5 H7ato]
o 249 2HeYT Metal ion FE7} BoHASE
120 700
100 600
500 §
80 -~
£
400 E
60 2
300 2
40 =
200 A&
20 100
0 0
25 30 37 45 50 60
Temperature(°C)
120 700
100 600
50 &
80 =~
z
400 E
60 2
0 2
k|
S
. 200 &
20 100
0 0
3 4 5 6 7 8 9 10 11 12 14
pH

7. Effect of temperature (A) and pH (B) on activity and

stability of the protease from Micracaccus sp. PS-1. O—
O: activity, @—@: stablilty, pH 3.0~6.0: 50 mM sodium
acetate buffer, pH 6.0~8.0: 50 mM sodium phosphate
buffer, pH 8.0~9.0: 50 mM Tris-HCl buffer, pH 9.0~14.0:
glycine NaOH buffer



120 4
I control
1mM
100 5 mM
1 10mM
N
< 80 A
z
=
T 60 A
s
2
&
=
£ 104
o
20 4
0
Control Zn Ca Cu Mg Fe
Metal ions
120 4
BN control
3 1 mM
100 + . 5 mM
= 10 mM
g
< g0 4
g
P
S
8 60 4
o
=
£
=
5 40 4
&
20 +
o ] B m W [
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Fig. 8. Effects of metal ions (A), protease inhibitors (B) and SDS
(C) on the activity of the protease from Microcaccus sp.
PS-1. The enzyme was pre-incubated with the corre-
sponding metal ion, inhibitor and SDS at room temper-
ature for 30 min.

F284S Ao, E3] 10 mMe Zn™, Cu™ 9} Fe*
oA BE AfFES BHo] Fojsilo] 747 435%,
25.6%9} 302%=2 Uebto, 1, 5 mMe] Zn™, Cu*olMe
o] Aotk T Mg™ 3 Ca* o] 2o HE 10 mM9] ¥ %
M= Zred&Ago] 80% o|A7IA] FAH o] THE metal ionk
O a48490 JFo] A= Aoz HAE AT (Fig. 8A).
EDTAS} PMSF9] 7%, 1 mM*-E &40 Z3lA A= %
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I EGTAS DT A= 1 mMel A 22t 76.5% 94 93.6% 9] 2
EZAo] FrAHNEY 5 mMFH o] 543 oy
A t}(Fig. 8B). Serine protease inhibitorZ €& 4 %= PMSF
9} metal ion?] chelating agentZ €2} % EDTAS} EGTA A
o] 73t A R8-S F3ll, Micrococcus sp. PS-17F A=
proteaset= serine protease 9} metallo protease®] /& 37
Zbe Zlo 2 AAREAY.

SDS that a4 B F43t7] 98 1, 2, 4, 5, 6%
(w/v) SDSE A5t 84S et A7, 5%7HA] oFgh A

HEHS BH2Y 6% (w/v)S] TEAME ZHE G184 0
723% 2 7% o] Micracoccus sp. PS-10] AJAFsl= protease
T SDSOIA Hlw A FFeks &1d 4+ Sl th(Fig. 8C).

3| g A Eo] et alkaline protease] A2 4 54&
sl & o, A4 A Peeudomonas sp. DY-A7} A3 4bs}
+ alkaline protease®] 73 E4AJ2HE 20T AA, £49 F
AL 40CAM FHHEHATH25]. Bacillus sp. Vel 10%
(21 M) NaCl| M= protease’t PFE A Aitsle Aoz
VERSTH23). & Aol AHS-E Micracaccus sp. PS-19] 45,
30T 1 M NaCl w504 9] 54 ks vehof 3
G Eo] TF AsxadA A4Rst7] Wi axe A
AxA 9A gFeA vehd Aoz FHdE

A Micrococcus sp.7t R AFsHE protease?] E43-& Bl 13|
B W, Micococcus sp. ATCC 4079 7% 43 kDa9] ex-
tracellular calcium metalloenzyme 9] %% &4Jo] pH 6.59%
37°C ol A YEEAL[26], Micracaccus sp. INIA 5282 19.4 kDa
9] cysteine proteinase”} pH 7.0%} 34T oA HAEAFE B Y
TH10]. 28y Micracoccus sp. MCC-3159] 289 kDa9| casein-
olytic enzyme©] 45 CANE 1 45 FAgd= As 19
& w[22], Micracaccus sp.7} A 2F31= proteasew W< 99
SRz B2 S YEll= Ao R AlsE.

w2} X Micrococcus PS-10] A %381+ protease o] ¥4 #2}
2284 SAS A zAke] eiMe A e A
A7t F7HA o= FEolof & Aot

LAt =

o] R Bt AfHA SedTHA)] ofshe]
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Z5 rollrollM 228 Mirococeus sp. PS-10| Matsh= THEE 2o g4 4ant 45y §Y
o' Ry 2ol - Aye - aiay| - Ui’ ol8A - 2182F - AIRE - ok

o

B dFde A A2y &0 4L dlgolA proteaseE A4tsle T 289 A w39
HjFeh2 Q) 5493 protease®] &AM 54E& & ol M £2]3 proteases HAHetE Pl ES 165
rDNA sequencingS 53 Micracaccus sp. PS-12.2 &3t H ). Protease A4te] HAZAL2 2% skim milk e}
1% NaCle] 23 pH 7.09] LBuX]o 48A17F i Fo|sith. EA 9 FEAAE 930 ultrafiltration Z} acetone
AAYE AHE3FH AL, zymography & B3l ®AF#F0] 35.0 kDa¥} 37.5 kDa®l proteaseE Q18I H T} Egk §4-9
A &2 pH 9.09 37 ColA Yelal, E4F pH 80014 11.074A], 25T ol A 37 C71A] 80% ©]/d9] &84
o] FAHA A3 Aoz Ao PMSF, EDTA H Al protease’} A3 H = A& 53 alkaline metal-
lo-serine proteaseZ 1% Tt
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