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AEZEOE H A 2TA0IS SR LOSHZSIAENARIO] JIE0ILE 2HE S0ME
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chaotropic agentZ=MBICl &

S). Oldigt E42 AU R[A= HAZ0 FIHIA0 AIRIN OBA2 IR ZEIRIGH
O M NACQ SAFIIM, JIEEME E&S dehairing process, silk degumming process,
contact lens washing solution ZJHAI, SHREQSMIE N, JIEAIR BIINE A= 2
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St 200 et S&8JisMg MABID QACE 2201 Ol HAIZE0I0 Z2M8H=
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® 2diE &~ B2 2& (crude enzyme fraction)= AIE8ION 218 ARIHAE (ammonium

sulfate Al2l, 28 chromatography SHA,
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© ZN= 24 2E0I (e O2St SASE AS(EIE TMR2T, pH, =S4 ion, &3
R0 Ofl &8, V1280 48, 48 detergent & SISE 2SS 21

® Serine AIZQl HEA 2THS AN (serine protease)=
- ANSA o5 pH10
SRS 28kd2l SR
& pH SS0IM oHES)
L2 Temp 50COINM =23l MGt
£0 ¥2 2T o0INC &2 s=2 W E=ZE( 0COIM 25%, 10COIM

30~20% R AD
® Detergent, Oxidizing agent, heavy metal ions, reducing agentE9 NsST S-Z=3H0IN
T A9 OFEN KK
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SUMMARY

(8 8 & <& 2)

We have develored a method of purification of a serine protease from the Korean
polychaeta, Periserrula leucophryna by a combination of Diaion HP 20, Phenyl-Sepharose
chromatography and finally Benzamidine-Sepharose chromatography. Adsorption with Diaion HP
20, Crude extracts were absorbed after stiring for 4 h with a HP 20 resin and the reactants
were eluted with 20% acetone in 0.1 M sodium phosphate buffer (pH 7.5) as an elution buffer.
The enzyme showed a remarkable recovery rate of 75% with a specific activity of 849.8 U mg”
protein and 48.6-fold of purification. Using the eluent fraction from the HP 20 resin as a
starting material, the enzyme was finally purified 10 547-fold with a specific activity of 184 583
U mg” protein. The protease by the improved method was also stable up to temperature of
45°C, however, it became unstable over 50C. The enzyme has an optimum pH of 10 and
maintained its stability over a broad range of pH values between 4 to 12. And its activity was
not influenced by the heavy metals such as such as Cd’* and Hg?* and treatment of sodium
dodecyl suifate (SDS) did not inactivate enzyme activity. We confirmed that the adsorption
procedure, involving the Diaion HP 20 resin as a first step, proved to be a highly efficient way
of purifying the protease from crude extracts of Periserrula leucophryna.

We have also screened some protease-secreting bacteria from polychaeta hemolymph and
strain 103 and 104 were selected for protease production. Among the nutrients we tested,
casein and soybean meal were the most efficient for the protease production. The growth
medium was .composed of 1.5% soybean meal, 1% casein, 0.5% K:HPOs, and 0.5 mM MgSOs
for bacteria strain 104. However, we needed to further investigate for the fermentation

conditions to increase in the amounts of secreted protease.
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M3 & a1 g ~dl g & 2l

A1 2 o3 e 2o S

Protease = 4%, B4, &0 89 08t JIsE Al 2ATNO=2 EE0ol1 A 24 A2l
7800 (T2t serine protease, cysteine protease, aspartic protease 1211l metalloprotease
QAL 2 A= Moot EEQ| st=20 HASHOIZ2H serine proteaseE &M
& 2o 2408 2, ZHoI0 11 EME AHYSlD JgNoE 88 JisAsE A-6IRI0 Ref

1~5).

1. ZHAIZHOI protease O &K
1) Activity assay

Assay buffer (0.4 M Tris-HCI, pH 9.0/5 mM CaCly) @t MESHH SIAME sampleE 100 ul TIAZ
IGO0l & mixing 8t & 5 ulQl substrate (4 mM S-2266, Val-Leu-Arg-pNA) SME JISION 37°COIM

10 £2¢ incubation St 2 406 nmOiIN SET=E SEGIRALH (ef. 1.

D A2 M

ZANEH0I S (& 200 9= 0.1 M sodium phosphate buffer (pH 7.5 Of =021 & Omni mixer =
SAXB| MAHSETT 50°COIN 40 2t JIES & 10,000 rpm@F 30 E2t /4 2216180 AsuE
ZAANEAN FoI0 ZELrHOZ NSO

I
ol
2Q

P10 HEUM & crude extractE ZEE AIZO &Y BRHE NISOIG proteing S
AR

3. Sat N2t . _
Crude extract Ol &&= A0l &M SAME JIOIO =10 4COIN 2, 4, 6 & 16 N2t SOt
mechanical stirer® AIESI0 250 rom @& & A0 & & suction filter & S&HIE SI46ISICE

82 E840Z2 BANE 2iIHd MOIE & 25% acetoneES EEI8l= 01 M sodium phosphate

buffer (pH 7.0)2 S2&t= protein€g BE6ICICHL

32 8 s
Crude extractOll 28kE HILO| &Y
stirerE NSOIO 260 romeE & Aol

SAME JIBI0I =10 4COIN 4 N2t SOt mechanical
& & suction filter=2 BAIKNE SIL0IKLL S84 84t



HZE 2iEd] Moz & TS =59 acetone (16~25%) 2 HEOH= 0.1 M sodium phosphate
buffer (pH 7.5)2 S&E proteine SESIRULCE

4) Phenyl-Sepharose column chromatography

ROl HSE AL BN SRMC SEEHE 1 M O TIAl ammonium sulfateE Jiotd 1 M
ammonium sulfateE ZSOt= 0.1 M sodium phosphate buffer (pH 7.8)2 0Ol EETIO A=
Phenyl-Sepharose column (25 x 6 cm) Ol AI2HE 100 mIQl &= loading OIRIQMH 22 buffer=
280 nmOiIind S&=Jt 0.05 Ot 2 TMNMAl washing StOI & & 0.2 M sodium phosphate buffer
(pH 7.5)Z ZET0 QA= Sag SEOIRQICE Ol M 2 fraction £ 150 drop W (4 ml) A
[H, protease assay @ active fractionE ZZACE Active fraction€ Amicon YM 10 membraneQzE &=

ot Org 2 O8] HAION NAHS3H2ALL.

5) Benzamidine-Sepharose column chromatography
05 M NaCl 1 0.2 mM benzamidineS X&Sl= 0.1 M sodium phosphate buffer (pH 7.0)2 L&
=AY

NIZ! Benzamidine-Sepharose column (1.0x10 cm)Oll 29l AN IAZOIETIE SAHOIN 22 &
222 N2E 15 mi9] £==2 loading o1l &2 2FSAUOZ N2t 16 mlS S22 &MINSHO]
26l B= HHAg M8 & 05% acetic acid=2 ZETIO Q= SYEg S8E6IRALL O
[l SES SERQ| AN pHOI CE=E= HS XIS KABH01 1 M Tris-HCl, pH 90 buffer®2 S=
HE SN pHIF T SIRQILL SEAUS Amicon Centriprep PM 1092 s&5H £ -70COI 22Udt
AL

6) ZHMISt protease O] &4 AH

HH= HEHOZ HASH protease O Ol JHAI SASF0I EME AHBIRULL

2. Bacterial protease

1) Bacterial protease screening
1-1. Activity assay

Assay buffer (0.1 M Tris-HCI, pH 8.2) @t sampleE 50 ul TAHIZE NSO & mixing 8 & 150 ul
Ol casein N (4 mg/ml in assay buffer) £ JIOIOI 37C Ol 30 22t incubation St & 2
10% Trichlorocacetic acid (TCA) SSHEZ ISt 15,000 romOil/ 5 22t KA E2I60 BISOHA &
2 caseing MAHOIRICL ASHE SILGI01 280 nmOiIN SETE SEGIZCH 24 1 Unit =

2 2
2 S0t 280 nmOiIN B3 128 Bt (1 4Am/mindt=0l EQE 240 202 AOIGIRALL



1-2. Protease-producing bacteria screening
HRIEOI MHZ skim milk/agar plate Ol plating &t & 37°COIN 16 AlZt SO HIBE & clear
0neE BA0l= 23 E selection S CI2 Al HIZSIO! proteaseE Rl MAGSH= ZFE N

EolALL

1-3. Protease 2N MM KA HE

MEE bacteria2E OIS g2 2401 [HE protease ™A MM XN

f

o
19
gy
ol
O

1-4. Soybean meal Ol effect

Soybean meal (SBM) 2 2BJIE MMt & HE2 BAME=M =2 S8 NigZ MODALE HDIZS
Z H2dAl=z S2=2MW, g0 @MA 228 & L= MEOZ protease M0 O AESH Al &
202 M2IT0 O 201 AE=0I_CE

1-5. [}2 Bacteria strain 019 Hin
Bacillus subtilis @ B. licheniformis = proteaseE 2HIGt= HEXNO! 01
oI 2 Ad20IM= O & 2FE KCTCOIN 22 20Ot protease 2HI ==

J_>,|_

fir

ﬂllO m{u
Hu
o
EH
=
30
!
=

2) Bacterial protease © &AM
Bacteria strain 104=22H HHAIZ EHIGH= proteaseE ZMOIOAL SIS

2-1. Crude extract Q| HIZ

3 L 9 1.5% Soybean meal/1% casein/ 0.5% potassium phosphate/0.56 mM MgSOs HHAIZE NS0t
Of 05 VM (volume/volume/min) O |2 arE Z2Z0IEM 37COIM 250 romS=  fermentor
(New Brunswick ScientificADOIN 40 AIZtSOH BHOIRICE  HHHE 10,000 romOIN 156 E2t SA
SIS0 cellE MO ABHUE SIL0I0! protease ZHIC E2 E2= NSO

2-2. Phenyl-Sepharose column chromatography _
WSO S5 B ASAN NS s=IH 1 M O ZA ammonium sulfateE Jiot0 &

R0
=0lE & 1 M ammonium sulfateE E&8I5t= 0.1 M sodium phosphate buffer (pH 7.5) 2 0OI2] &
S0 {= Phenyl-Sepharose column (25 x 8 cm) Ol loading OtGICE 2 buffer 2 280 nmOll

N S2TJ1 005 Ol E WAl washing SI01 & & 0.2 M sodium phosphate buffer (pH 7.52
Z28IC0 Q= duaEg SESICICE Ol [ 2t fraction £ 200 drop M G ml) EIQAOMH, protease

assay & active fraction® Z22UCt Active fraction S 30~80% ammonium sulfateZ fractionation St



£ 15,000 rpmOiid 40 22t K4 221010 AMEE ISR H, O AnEE A BU9 5
mM sodium phosphate buffer (pH 7.5) £ =0 & Z2 buffer= EANGIO 0 = ammonium

sulfateE MICHOHD. ThE HAHIOI AISJIR_UCL

2-3. DEAE-Sepharose column chromatography
200 MEOIM 22 EMAHUE S50 5 mM sodium phosphate buffer (pH 7.6)2 Oici &E&I
Of Rl= DEAE-Sepharose column (256 x 5 cm) Ol loading SIRICL 22 buffer 2 280 nmOiINM =
I 001 OB 2 MKl washing StO1 resin Ol Z2EITI0 fl= HHEIS SE0IRQCL O M
2

<L

0

2} fraction £ 100 drop M (3 mb) EI2tO[H, protease assay & active fraction=2

2-4. CM-Sepharose column chromatography ,
S0l MBI 22 protease EUE 10 mM sodium phosphate buffer (oH 7.6) 2 D2l HETIO]
Q= CM-Sepharose column (25 x 5 cm) Oll loading OIRICE ZE buffer 2 280 nmOIN S& <t
0.01 Oldtot & Al washing SHOIE & 15 mM sodium phosphate buffer (pH 7.5) £ resin Off Z
BT0 Q= SHag SESIQILE O M 2 fracton 2 100 drop M (3 ml) ELADMH, protease

assay & active fractionBtE2 S22t

2-5. Hydroxylapatite column chromatography

RO UHE0IM 22 protease BHUE 10 mM sodium phosphate buffer (pH 7.5) 2 Ol2! HEEIO!
Q= Hydroxylapatite column (25 X 4 cm) Ol loading SIRILL. 22 buffer= 280 nmOIlN S& =0t
001 OlGt7t & [MIMAl washing SIOIE & 15 mM sodium phosphate buffer (pH 7.5)2 resin Ol 2
B0 Q= SHEES SEOSIRICE Ol M 2 fraction 2 100 drop M (3 mi) EStO[H, protease
assay & active fractiong ZRtCL  Active fraction £ Amicon Centriprep PM 1092 s&E&H £ -7
0COI 2XBIACL

3) Bacterial protease O EM4 RIY
Bacteria strain 10401/ AXMISH protease O optimum pH, pH stability, BIS XA K%, & OIFN

ST 22 Ol JHKl SASIN SNS FSGIICL



M 2 2 NSTHAIC o120}

1. Holl gz &&t

EAl

fel= A8A 28 (Crude enzyme fractiomE AEEOI01 1 AEAT0 EE8& 245 NS
(@mmonium sulfate fractionation, Gel filtration chromatography. lon-exchange chromatography
2 affinity chromatography SN £ ZtHSt 2HRHO=Z= JHM (BA!,  Phenyl-Sepharose
chromatography affinity chromatography &A) OIOI ZAH &8 SJKBIZICH M JiZig &
2~3 2 2 U=

- SH 2ol M2 HE MM AIA 2=
SH= 222801

| &E , JIZE0IM A8, 2UE detergent S S)

- ZHAIFOI0N SM8h= =

- ZHAIEOI0N 2M3t= DIME2M proteaseE 2HICH= DIME ©F 15 strain2 screening

- Screening &t 2M 0IME & proteaseE & ROl 2HISH= strain 103 & 1042 [MEA

- Strain 103 2 10401/ protease 24l Al A& TAH &E&E

- NS RN BAHE fermentation Of &E

- Strain 104 Ol EU0ISt= protease 2 &Al

- Strain 104014 ZAISH protease O 2EAXQ! characterization

- Strain 1040 ZAISt protease = serine AIZQl HEUHA 2oH2 4N serine protease)= L

- EAIE 28 kDa O HHEHA

=

of
P

- & pH G0N &S
SASE Temp 50C OIAOIN XS
£0l K2 2O0ING BAase IR &2E

2. Z4AIE0I protease 2 &K

HAIEO! proteaseE ZA Al JIEQ &HE S M & ¥ IS0 MBHE0l TR
HOA=s SRS JIAD ACL M2 ZF SE0IM ABENOI 280l 22 SHICL Ammonium
sulfate fractionation, Sephacryl S-200 gel filtration & DEAE-Sepharose ion-exchange chromatography
O HHE Mot Diasion HP 20 resin2 NS00 ZHE N=OIR&CE  HP 20 resin AFSAI resin
OZ2H bound protein Ol elution Z&H & XN & NIZIE test OIRICEL

I

A
=0

-v-



bodyE Omin-mixerE AISOI0 & MGt 50COIN 46 22t heating 8 & 10,000
remOiN 40 22t A4 22I5H0] ABHE JSTIACH, LS HAIFEHO! body extractOll 5%w/v)
Jt TIHIZE Diaion HP 20 resin 2 AMcl8t & 4COIM 2, 4, 6 2 16 A2t SOt stiring & & suction
filter=2 OILISIO! BISEt resing€ 22t SISBIRILE  SISE resin 2 EFSE 2HEHSH washingSt
& OF 4 Hi volume Ol 26% acetoneS H&CH= 0.1 M sodium phosphate buffer (pH 7.6) 2 4COl
M 21 AIZE SOt stirring SHHM bound proteing elution SIAISD BEMUE suction fiter2 Of 1
OtO CltE 2RACMH 11 HME = 1 O LIEHHRICE

Table 1. Adsorption of alkaline protease with Diaion HP 20

_ Unit Protein SAY PF? Yield

Time
w (mg) U/mg) (fold) (%)

Crude 3,785 1,957 16.2 1.0 100.0
2h 7,794 22 354.3 21.9 24.5
4 h 22,868 25 918.7 56.7 72.3
6 h 29,484 o6 526.5 325 92.8
16 h 30,326 91.6 331.0 20.4 965

Y SA, Specific activity; 2 PF, Purification fold

S0l B 10IM EX0| ZEs A0l 2 SAMO! Dision HP 20 resin 1t incubation St= AlZt
Ol BIIELE protease O SI-E0I =00 BAIBE 6 AlZt incubation O ZHSL eluton = total
protein @ 20l 4 AIZt incubation =Lt ©F 2 B AT BIALL = specific activity = 4 N2t S
incubation SIAE M Jt& =RACE M2 2 S-H0IME SRR 4 A2t S BRNDIE A=

1-2.

328t 2HAIZ0I body extractOll 5%w/v) EIHZE HP 20 resin2 A2ISt & 4COIM 4 A2t SO
stiring 8t & suction filter2 OIMSIA resin€ SISOIRLEL S8t resin 8 EFSE HHGBHI
washing8t & 25t =Xl acetone (15~26%) & HEGH= 0.1 M sodium phosphate buffer (pH
7.5) 2 stiring S8/ bound proteinE elution SIAMH _'J ZE B 201 LIEHASICE

> 00
1]
v
Y]

\.I
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Table 2. Eiution condition of alkaline protease from Diaion HP 20

Concentration Unit Protein SA PF Yield
of acetone ()] (mg) U/mg) (fold) (%)
Crude 45,090 2,979.0 15.1 10 100.0
16% 5,632 21.0 268.2 17.8 12.5
20% 33,906 39.9 8498 56.3 75.2
25% 36,480 48.0 760.0 50.3 80.9

St

210 B 2 0N 20! 25% acetone=2 HESt= buffer 2 elution OIKIE T SIS0 JHE =
SHAIBL specific activity = 20% acetoneS HEOI= buffer2 elution SIKIE M JIA 2 ZUE

22 & A”/ACL

Olalol ZMOINQE 201 HEE HZOl SAEERM AIEA resin Al 2 4 s
E binding AI2I & 20% acetone2 Z8!ot= bufferE elution buffer2 NS00I SAHE proteaseS
elution SIZCE Lt 26% acetoneE HEIG= buffrE SENIDI= 2 E6 E2 2BO=Z At

==L

Ol protease

2) ZHNIZO0! Protease &M
Dision HP 200=28H S&ES duventE ZSEE2Z=Z OO Phenyl-Sepharose &
Benzamidine-Sepharose affinity chromatographyZ OISt TIE 28 kDa 9 proteaseE ZMGIZ D 2

& 10l AN profileS LIEHHASICL

A 15 1.0

12 ¢

0.9

Azso

06 |

03

00 -
1 6 11 16 21 26 31 3% 41 46 5 5 61
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Figure 1. Purification of the protease from P. leukophryna. Panel A. Hydrophobic chromatography
on a Phenyi-Sepharose column: Panel B, Affinity chromatography on a Benzamidine-Sepharose

column.

g 3 0l M= 2EO= FJMOIRAE e &N tebleS LIEHHRKACH & 4 Of JIEQ 2HEO=

SNSISE MOl A tableS LIEHHLZICE

Table 3. Summary of the improved purification procedures of the serine proteases from the body of

P. leucophryna.

(-m-, A280;: —— protease activity)

Step Unit Protein SA PF Yield
w (mg) U/mg)  (fold) (%)
crude extract 45,090 2,570.0 175 1.0 100.0
HP 20 33,907 39.9 849.8 486 75.2
Phenyl-Sepharose 27,900 144 1,937.5 110.7 61.9
Benzamidine-Sepharose 11,075 0.06 1846833 105466 246

- 12 -




Table 4. Summary of the old purification procedures of the serine proteases

Step Unit Protein SA PF Yield

w (mg) (U/mg) (fold) (%)
Crude extract 166,220.0 858.0 194.4 1.0 100.0
Heat treatment 218,805.0 660.0 330.0 1.7 132.2
Ammonium sulfate 138.,189.6 200.6 688.9 35 83.1
Sephacryl S-200 93.914.0 57.5 1.633.3 8.4 56.5
DEAE-Sepharose 58,675.0 6.4 9,168.1 47.2 35.3
Benzamidine-Sepharose 17,1201 0.1 171,206.6 880.7 10.3

H 4 0 2X0 JIEC 2oz JNOIZE 2L ZMSt protease Of specific activity = <
171,206 U/mg protein OIRICH SITES < 10 % ETOIRCL HInA &2 specific activityS Lt
EHHAIEL O 280 21 2AL0 A J1I201 & 1 =2 3¢ Zal= SHNEE JIlD [AR!
Jl =20 ARIFOZ OIZ3I0I AZS 2MAE JAID QAQACE M2t T 2SN AIZHOI
A Zdl= B0l 240 QIATRUCL SN HME 2EIOZ proteaseE ZMOIZIE &L H 3

O 250l XIEB ZANISH protease = SISE 1 specific activity 2t2t 25%, 184,583 U/mg protein
OIRCMH AE ZHT= < 10,500 Ui HHMEIQACE HIZ specific activity OiNE 2 ALOIDH QA
Of SILES OF 25% 2N RADSE 2 HE OIAO! proteaseE: H AME & QAQTL QL 2

T B8Rt A2 FM 2O HEeSNZICEM ZA AIZI0I & 2~3 & Tz UETE 21
g 2= & RCL [N HHE 22 sl 912 S0 HAIZH0IZEE proteaseE 22I0H=
O S 20t OS2t recombinant technique@=Z [HE MAE protease O FAOIE L XN
ot SHHOZ NI=EICE

3 HRIZOI Protease O S 7
SME protease = T2 2 (ane 1) OIM ZOI JIZQl HHOZ FMSIAS T SLSHHI 28
kDa SARIOIA! single band= LIEHHOI 2201 ZHTIKISE 2 &

..13_



I8! 2. SDS-PAGE analysis of purified protease
lane M, marker: lane 1, Benzamidine-Sepharose, eluent
lane 2, Phenyl-Sepharose, eluent lane 3, HP 20, eluent

T2 3 O JIEQ! 2B HME SO protease= MRIBIGIS AL protease bandE LIE}
LHRACL

<
~

cotl

PR R

t

& 3. Inactivation of the purified protease
lane M, marker; lane 1, Purified protease by improved method
lane 2, Purified protease by old method

219 O 3 Ol 2501 & 200 g O 2HAIZ0l SNZEFH Z&E NS protease O 22 HI

- 14 -



M JHME gEHo= JHS 2L (ane 1) Ot JIE0| HHO= FASt 2L (ane 2) B0
0

I&0] proteaseE O 2E & [ARCL &M NEStD A= M= A 2O Okl
A

HAIH Ol hemolymph (or body)
|
heating at 50°C for 30 min
!
centrifuge at 15,000 rom for 30 min
l
supernatant 3|5
|
Diaion HP20
4 N2t s&t
8E : 20% acetone/0.1 M NaPi, pH 7.5
l
Phenyl-Sepharose
& 1 M AS/0.1M NaPi, pH 7.5
EE 1 01M NaPi, pH 7.5
l
Benzamidine-Sepharose
E : 0.5M NaCl/0.1M NaPi, pH 7.5
EE : 05% acetic acid

_1E! 4. Summary of purification procedures for the polychaeta protease

N

HME SHEHOZ AMREISH ZHAIZEOl protease = pH-insensitive SISO, HISHEANA (Sodium
dodecyl sulfate, Triton X-100, Tween 20 &) Ol TS OIAAN, BUIAI (Hydrogen peroxide ) Ol THSt
OA&N 2 B34 (Cd, Co, Cr, Hg, Ni ) Ol Oi2 KA HAME HA e HAIE0 =

ZE animal source 0t OtLI2} recombinant technique 2 MAE protease O CHEFMNMOI NEHSH

gEHo=Z A==

Prdy

3. Bacterial Protease

_15_



I

1) SEA 26 o4 S

Skim milk/agar plateOlil EHIZ! protease Off CISH MM clear zoneE &AG= 13 JHAIC
MNZ CI2 colony E 22 & 2 colony £ LB (Luria-Bertani) HHAIE NAIE36H0! shaking BH&SH
_E_
7__(_|

[

8 EHIZ= protease O 22 SFGIRKLCL OO # 5 0IM 250 13 JIAICl M=z T
bacteria SO0/ strain 104 Jt JI& RS2 20| proteaseE EHISIRRH strain 103 T Hlw
proteaseE EOl MAGIQACEL (Mt 2 AZ0IN= strain 104 & strain 1032 OIE0H0! protease
MOl AN TAHE QSOIRLCL &M HAHOIZEEH caseing 20lol=s SEHE A= IFE
2l 7 JMAIDE 221D 2824 16S RNA 2l sequenceE EMOI0I ZE STOIRICH Ol &
RS0 Az Y02 [ SFE EO0IC

101 : Gordonia terrae

102 : Gordonia alkanivorans

103 : Bacillus megaterium

: Bacillus horikoshii

107 : Bacilus (M= BOZ ==

110 : Rhodococcus (M2 &0 ==5)

T = U U O U = U

R R
=

Table 5. Screening of bacteria producing protease

Strain Total Unit
101 445
102 44.3
103 76.8
104 99.9
106 63.3
201 44.5
202 59.5
203 438
204 49.9
206 50.6
207 535
208 44.3
209 44.9

...16_



2) /\-lKI- 2&
Bacteria strain 1042 LB HHAION B&E8 & 2 N2t 21HOZ NIRE FS £ 600 nmOiIN S&
StO NIZZOl MAIZE =HGICCH, 2t NIZIO] 2HIE protease O 28 EHOIGCMH 1O

T2 &%
2= T2 5 O LIEHHRICE

16 ! 6
—I—)‘-ABDO
- UWml

1.4

% 0.8 3 E
0.6
{2
0.4 |
41
0.2
0.0 L 0
2 4 6 8 10 12 14 16 18 20
Time(hr)
—1& b, Growth curve of bacteria strain 104
A0l JEH0IN B0l 2 AE0IN MAISH BHETAHO! AL protease MAS HIZ AIZHOI 201

ZLE BSIOHAIBE MOl AAR2 14 A2 OIFR0 2201 ANIBIDQUCE  Ol= 14 NIZt OIE0l M
Ol lysis Ol (2 M LH protease Ol release Ol OIS} protease MO BIIE == =L [N
SOZ0] M=HIZEZ 14 NIZ2IE JIEOCE HHSIRALCE

3) Protease 21N MM A 2=
3-1. i HHAICH [HE2 protease M HS

Bacteria strain 103 1t 1042 2t HHZ BHAICH &&ESH & 37°COIN 260 rom 2 shaking StO1 14
A2t SOt BB & 6,000 rom Ol &4 221501 M B ASHE JI0H0!  protease S

£ E8otKilh

= |o

- 17 -



Table 6. Effect of culture medium on the protease production

Relative activity(%)
Medium

103 104

(8 1000 1000
LB/1% casein | 1684 1358
POB 28.1 275
PDB/1% casein | 480 375
T8 216.8 2138
TSB/1% casein | 3645 2807
NB 68.6 51.0
NB/1% casein | 1018 66.2

(LB, Luria-Bertani broth; NB, Nutrient broth;
PDB, potato dextrose broth: TSB: Tryptic soy broth)

P10l & 6 OIM 2=0I strain 103 & 104 25 TSB BHAIOIN protease MAOl JHE & ZQAS
O BHAION casein BN & 50% BT [ SISt ZUE £ 2 QARUCL [M2IM OIEZ2 protease
MM JIE BHAIZ= 1 % caseing HEISH TSB HHAIE AIEOIRICL 2Lt OF S0 AISst
Luria-Bertani broth(LB) TE= tryptic soy broth (TSB) = HHAI JtH0I AHAOZ Hiwt HEE JIAl
1 RO protease [HE MAAI HHAL NIBCZ QISH It 2EE 2t QT TaiN 2 SI0IME
HHAIE MEHE [ SO NEOHEN, B 20| protease £8I0H= HIAIE MEIE EHQIL QACH
Ol= protease [HE A [ D& NHESHA AIESE & QU HE0IC2t D M2

3-2. i pH 2 protease M Ei5}
TSB JI= HHAIOl pH Ol [H2 protease production O HHSIE H 7 O LIEHHSICE

Table 7. Effect of pH on the protease production

Relative activity (%)
pH
103 104
pH 7.2 100.0 100.0
pH 90 135.6 -145.9

...18_



201 # 7 0N 250! akaline pH Ol protease MAQ| BEJISt= A8 2 & QAR/ACL [N
<

7
strain 103 ! 104 = alkaline proteaseZE MABl= strain /S & & &

Ea—'—/u\

3-3. Carbon source Ol [ protease M4 HG}

TSB JIE HiAIOH carbpn source=Z/d glucose @} lacioseZ 212t EIICHY HHOIS

£ [If protease
MNS HIDEICE

Table 8. Effect of carbon sources on the protease production

Relative activity (%)
Carbon sources
103 104
no addition 100.0 1000
0.5% glucose 81.0 65.4
1% glucose 65.0 56.6
0.5% lactose 89.0 823
1% lactose 718 76.1

AC H

&=

8 O E&=0! TSB & 22 energy-rich medium Ol glucose @F Z& carbon source Sl
bacterial protease expressionE Z2NII= 2HE & & QAJ/ATH

i A=z =2 AAAA -

3-4. Divalent cation &JI0l 2 protease M HHS}

TSB JI= BHAION magnesium dt 22 divalent cation2 ZEJISIO! HHZSIK
HImoHALC

£ M protease AN

_19_



Table 8. Effect of divalent cations on the protease production

Cation Relative activity (%)
103 104

none 100.0 100.0

5 mM Mg®* 120.0 107.6
10 mM Mg™™ | 1000 1038
5 mMIMR* | 990 9.4
10 mM Mn** 790 87.2
5 mM Ca’* 69.0 80.2
10 mM Ca®" 38.1 487

9 QI 2S00l Mg®* 9 &Db= strain 103, 104 250l protease expression Off StBt
gsig =QIOMH, 8! culture medium Ol divalent cationCl =%JI EJIESTE protease expression
2 ZIMITFI= ZUE LIEHHSICEL M2 bacteria HIZE Al culture medium Ol 5 mM QI&tQ)

Mg®* O BJl= &4 M0 BIIE JINS ASZ TR

3-5. Inorganic salt 0 [FE protease M HiS}

0.5 mM magnesiumE Z&GH= tryptic soy broth (TSB) J12 BHAION nitrogen (N) source, sulfur (S)
source 2 phosphorus (P) sourceE 22t 2 20l ZJI0I0| HHGISIE M bacterial protease M
ME HIWSIRACEL Of T N source=2= ammonium, S source == sulfate, P source=2= phosphate
£ NSOIRCH O ZUE & 10 Ol LIEHHSACL

Table 10. Effect of inorganic salt on the protease production

Relative activity (%)

Salt
103 104
none 100.0 100.0
0.2% KPi 117.2 1221
0.2% NH4Cl 126.8 139.6
0.2% (NH4)2S04 166.6 189.5
0.2% KPi/(NH2)2S04 127.0 1441

Aol 2 10 O 250l inorganic salt &= NMNIXOZ protease expression level2 10~90%

- 20 -



02

02
mm

SIOINPI= Z2UE JINKACL =8| ammonium sulfate O = expression level O €& 90%
EI16IR=0 Ol= protein MSHM0I ZHESH N R S sourceE JAEGIH B=0101 = 200
HO=Z F=RE[L 8L 24219) inorganic salt IO QG protease expression SJtJF &
A2t Ol38t salt O 788t (Ol KPi/(NHa2SO» Ol QIS &It SIAE 206Id ammonium sulfate
NEO! AN OBt SUME 2NRICEL S phosphate EIE < 20% STl protease &S
JiE JIN I

o
(O

t

o
5
Z 0

oM

1
OlAIO] Ui ZHE BEIGISIE [ bacteria strain 103 & 104 = casein (1%), magnesium (1 mM
Ol3h), ammonium sulfate (0.2%) == potassium phosphate 0.2%) £ Z&dt= TSB HHAI (pH 9.00E
AIEBI0l 37C O 250 riom@Z 14 N2t S0t shaking BIEGH= A0l protease MAO] XA &
A0 EOIZIIAI Bt [H 8f M HIAIE o3& 2RI fl= AQZ A==l

4) Bacterial protease S0 soybean meal O K&k
Soybean meal (SBM) 2 ZJIE MM & ER2 ENMNEZM S29 2 NIeE MOIHLE HDIE
Z Hd Al SZ2ZM, &1 Ml 22 &~ A= MEOZ2 protease MA0) Ot MBS AL A

2oz 1 A2 UsSu ZLh

Table 11. Composition of soybean meal

Nutrient Content (%)
Crude protein 440
Lysine 2.69
Methionine 0.62
Cystein 0.66
Threonine 1.72
Tryptophan 0.74
Linoleic acid 0.40
Calcium 0.29
Natrium 0.01

20| Z 11 Ol 250! soybean meal S =2 A siEig ZHA0 AHANOZ W2 Ol
== o

N B JIAIOZMW protease AN HIAIOH B2 AAE JIAID Q2 20t OlLZt soybean meal
2 Qil extraction & by-product 2/ &0 HJISE=Z Ol HESt JIHOZE &8 &~ J= AEO

Hu

DIME S tHAIZC] 2840l I ALk
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Table 12. Effect of soy bean meal on the prdtease production

) % expression
Medium

103 104

TSB/1% casein 100.0 100.0
1% SBM/1% casein 156.8 291.3
15% SBM/4% casein 129.2 371.9
2% SBM/1% casein 2150 174.2
2.5% SBM/1% casein 129.0 1235

2101 2 120 2X0I bacteria strain 103 2 HSL 1% casein@ H&0l= 2 % soybean meal Hi
A0 HHSOIKIE M TSB Off HISION < 2 HH BT protease A0l EIISIZIQM, strain 104 ©f
AR 1% casein€ ZEGt= 1.5 % soybean meal HHAIOIN HHGIZE [ TSB Ol HHIZII—E AR
S S 3 Ui AT protease &S0 SIOIRICEL 29l Zill= soybean mealE IS0 =JAS [T
TSB £ &M SNOF protease Jt HEEE & & QARQICL

Table 13. Effect of potassium phosphate on the protease production in soy bean meal medium

% expression

Medium

103 104
control 100.0 1000
0.1% KPi 117.6 no effect
0.2% KPi 160.2
0.56% KPi 194.6
1% KPi 139.7

A0l # 13 Ol 2=0I bacteria strain 103 © 2L HHAION potassium phosphateE EIISIZIE
ZR 05% A= protease &S0l SIIGHAIRE O Ola0iN= 2012 2GR  [M2 strain
103 2 JIE2 HHAION 05% potassium phosphateE AJIGIO FRICL  Strain 104 O &L=
potassium phosphate EJI0I 2 SEE Al F2ACL OO ZIUZEH bacteria protease 4810
HHAIE EH 14 Ol LIEHLHSICE
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Table 14. Media composition for the production of the protease

Nutrient 103 104
Casein 1% 1%
Soy bean meal 2 % 15 %
MgSOAlf 0.1 mM 0.1 mM
Potassium ph%sphate 05 % -

5) THE Bacteria strain 149! protease M4 Hln
KCTCOIN 2 22 Bacillus subtilis 3 B licheniformis @F £ GIZ10IN 2218t & JHAl strain

1t protease 20| =22 HIWSISICH

Table 15. Comparison of expressed protease according to medium

Strain TSB LB HHAL 1
103 75.8 61.3 12.5

104 116.4 83.5 177

B licheniformis 6.5 33 1.9
B. subtilis 108 7.2 3.2

B licheniformis (USP 3,838,000); B. Subtilis (USP 3,622,458)
HHAI1 : casein 17g: peptone 3g: giucose 2.6g; NaCl 5g:
KH:PO4 25g in 1 L of 0.1M Na:COs

Bacillus subtilis @ B. licheniformis = proteaseE =EHIGl= HWERQI JIME2Z 22 JACH O
£ OF= protease EHIoH= @FEN 001 0I=Z0IM SAIHE JHKID QACL FH9l B 150IM &
=0l 2 A0 2218 & JtAl @F strain 103 R 104 Jt Bacillus subtilis @t B. licheniformis Ol
HIWSIO S0l =2 50 proteaseE 2HIEE & & Q0L 2N £ A30IN 22 25
Jt protease [HE MAMOI MBS ZF&2 NI==CL
6) Bacterial protease O &Kl

Bacteria strain 10401/ 2HI0t= protease O ZME NZOICILCL

6-1. Crude extract & AIZZ
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3 L 9 1.5% Soybean meal/1% casein/0.5% potassium phosphate/0.6 mM MgSOs (pH 9.0) HHAIE
NESH0I 05 VWM O &= arE 2308 37COIN 250 romE 40 AIZ2ESOt fermentation St
£ 2= 10,000 romOi 15 22H Al 2215101 2R2ACE  Fermentation S0 22 HIZAHO
protease S22 S 200 Unit/mi OIRICH & &4 600,000 Unit OIRLZ] Ol HIRHUE SE 222

ol0! BNE N=oIRICL

6-2. Phenyl-Sepharose column chromatography

B AEN0 B == 1 M Ol TIH ammonium sufateE JISI0 & =0 & 1 M
ammonium sulfate® E&St= 0.1 M sodium phosphate buffer (pH 7.5) 2 02l BELIO [A=
Phenyl-Sepharose columnGif AIZtE 200 ml Ol &%= loading St11 BE buffer = 280 nmOiN S
&It 0.05 OlotoF 2 [MEAl washing St01 & & 0.2 M sodium phosphate buffer (pH 7.6) £ 2&
TI0 Rl HHEE SEOIRIQH 1 profile2 O 6 Off LIEHHRICE

—

& 6. Elution profile from Phenyl-Sepharose chromatography

Protease-active fractionS =0t 30~80% ammonium sulfate fractionation St & 22 ZANEE
DEAE-Sepharose column Ol loading St

6-3. DEAE-Sepharose column chromatography

20 NEOIN 22 FHMUE SIS0l 5 mM sodium phosphate buffer (pH 7.5) 2 Ol2] HET
Ol K= DEAE-Sepharose column Of AIZtE 60 ml O S22 loading St EE buffer 280 nmOll
N SZ5It 001 OB € MIAl washing SIRICE 1 profileS T&! 7 Ol LIEHHSICE
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] MW@W””""“‘Wwé el

= 7. Elution profile from DEAE-Sepharose chromatography

10 MBI S protease active fractionE pooling 6t01 CM-Sepharose column Ol loading ot

ALk

6-4. CM-Sepharose column chromatography

Pooing &t protease-active SHE 10 mM sodium phosphate buffer (pH 7.5) £ Ol2! BETIOI 2!
= CM-Sepharose column Oll AIZY& 50 ml Ol &% 2 loading OIRICEL. Z buffer 2 280 nmOilN
&It 001 OBt 2 MIKAl washing StOIE & 156 mM sodium phosphate buffer (pH 7.5) 2

resin Ol Z2EISCI0 Q= protease E S=0ILICE 1 profileE O 8 Ol LIEHHKICE

—1=& 8. Elution profile from CM-Sepharose chromatography
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Aol MAEOIN 22 protease active fraction= pooling StOI Amicon Centriprep PM 10 & ==
St & hydroxylapatite column Off loading oLk

6-b. Hydroxylapatite column chromatography

AQ WO 22 protease SAE 10 mM sodium phosphate buffer (pH 7.5) = Oic! SO
Ql= Hydroxylapatite column Ol AIZHE 20 mi O SEZ loading 5t 22 buffer 2 280 nmOIN
S&TOt 001 OBt = THMAl washing SIOIE & 15 mM sodium phosphate buffer (pH 7.5)2
resin Ol ZEIZIO Q= HHAEE SSESIRLE 1 erofile€ & 9 O LIEHLHSICL

& 9 Elution profile from Hydroxylapatite chromatography

Active fraction £ Amicon Centriprep PM 1092 ==&t & -70C0OI HAUBIKACE  OIAYO! bacteria
strain 104 =2 H proteaseE ZAIOI= 2IEIE QOAGHH IS 2L
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fermentor & 3 LO| NI HHE
l
24 22601 M HHeH Sl
10,000 rom, 16 min
| {

! Phenyl-Sepharose column chromatography
&E 1 M ammonium sulfate/0.1 M NaPi, pH 7.5
£ 1 02 M NaPi, pH 7.5
{

Ammonium sulfate fractionation
30~80%

l
DEAE-Sepharose column chromatography
& 5 mM NaPi, pH 7.5
!

CM-Sepharose column chromatography
& - 10 mM NaPi, pH 7.5
£ 115 mM NaPi, pH 75
l
Hydroxylapatite -Sepharose column chromatography
& 1 10 mM NaPi, pH 7.5
£ 1 15 mM NaPi, pH 75
l
purified protease (=28 kDa)

& 10. Purification procedure of the protease from bacteria strain 104.

SMSt protease &TE & 11 O LIEHHKLICL
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12! 11. SDS-PAGE analysis of the bacterial protease purified from strain 104
M. MW marker; 1. Phenyl-Sepharose eluent: 2. DEAE-Sepharose effluent
3. CM-Sepharose eluent: 4. Hydroxylapatite eluent

A0l & 11 O 20 strain 10401 B RISH protease

= OF A\
= 2 & ARUCL

fr

SX=F O 28 kDa Ol protease &

7) Bacterial protease O] 4 W
7-1. optimum pH @ pH stability

Bacteria stain 103 & 10422H &KISt protease O optimum pH @ pH Off CHSE OFA

N2 ZN
2 =5

OIRICE Z=NIB pH &A= pH 4~12 OIRICE  Optimum pH = 2t pH 9 bufferOli &4

SOMH, pH stability = 2t pH Q| buffer2 ZKMISt proteaseE 1011 £ S £ optimum pH Z=A0M

N 42 SXOICCE NRE buffer= pH 4~6 £ 01 M sodium acetate buffer, pH 6.5~

~J

5=
01 M sodium ﬁhosphate buffer, pH 8~pH 9 = 041 M Tris-HCl buffer, pH 95~1056 = 01 M

Glycine-NaOH buffer, 12113 pH 11~12 = 0.1 M sodium carbonate bufferE NSSIELE
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ol

-y
[«) 3
=]

10 12

U/mi

4 5 6 7 9 10 11 12
oH

= 12, Optimum pH and pH stability of the protease purified from bacteria strain 103.
A. Optimum pH: B. pH stability

K0l 13 12 O 250! bacteria strain 103 Ol BAISH protease O AN &N pH=
Ol protease (optimum pH 10) Q= =2l 8~12 O pH 0NN broad St pH optimaZE =

a2 JIND A[/JACH A 120, pH HFNE NS 21 pH 6~12 OiM= 20 N2t
N

= 02

o
e

Ol gME IAl E= pHOl IR OtES 2 RIE 2 &+ ARCH O 128).
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U/mi

urml

[ 7 9 10 11 12
pH

121 13. Optimum pH and pH stability of the protease purified from bacteria strain 104.

20l 1= 13 Ol 250l bacteria strain 104 Ol ERXIS protease O 2N &M pH= ZHAl
Ol protease (optimum pH 10) Q= =2l 8~10 O pH A, €38l pH W0IN Xl EME

alkaline protease 2 &

LAL{/AO (3 13, pH OIEAE NS 20 pH 6~12 OIM=

A. Optimum pH: B. pH stability

;4—

nrow

(4
O

N2t OlME HIRISIOI= EME SAl = pHOI L oES SARIE & & ARASH strain 103

OZEH ZME! protease @ HIWSHA acidic pHOIMT HImA O&SH S22 & & QRO 3

& 13B.

= o= = AA
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7-2. Optimum temperature
REQl &M LIEIE pH buffer2 AROIO 10~70°COIN protease O &4

RAO| HIS2EE NGIRULCL

uio
D

X

o
|0
HU
=

A 8
b
i
!
6 I
£
~ 4
D
2
0
0 10 20 30 40 50 60 70 80
temperature
B 8
6 -
E,
D
2
0
] 10 20 30 40 50 60 70 80
temperature

& 14, Optimum temperature of the protease
A. Strain 103 B. Strain 104

2101 O 1401 B0l strain 10301 XIS protease= 35~50 COIN XIEO| SME |LIEL

LHAOMH (Panel A), strain 10401d & KIS protease = S 45COIN TNO| A2 LIEHHGIT
(Panel B).
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7-3. Heat stability

XN S LIEHH= pH buffer® 51 2 SISt & 30~70C0OIN incubation &t & 2t A2t
B2 sampleE 3408t & protease O EIME SASIOZW & OIFAME NAIGIRILCL

% Activity

Time{(min)

B 120

60

% Activity

40 |

20 r

Time(iin)

& 15, Heat stability of the protease purified from bacteria strain 103.

A. Purified: B.

Crude

20 = 15 O E=0! strain 10301 & AISH protease (O 16A) 2! crude protease (I

16B8) 25
M= 20
protease = 50C Al 1

B0COIN 1 A2t S0t
22t incubation BIOIE

incubation SIOIT 1 &40I= 2 BSD SKIAIBE, 55°C OIAOH
EM0| SAHSHH Z20I2ILE = bacteria strain 10301/ ZBRISH
ENME QA = HIDA & OE0 =2 protease 28 & &~ QASILCL
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% Activity

0 20 Time{min) 40 60i
B 140 :
120 | f
-
100 A =
Q %\‘ ;
Z 8ol >
2 |
© ;
< 1
2 60 | —u— 30
—&—40
—e—145
40 F —0—50
m.
20 L
0 .
0 2 Time{min) 40 60

& 16. Heat stability of the protease purified from bacteria strain 104.
A Purified: B. Crude

2101 =& 16 O ZX0I bacteria strain 10401 BKISt protease = 40COIN 1 A2t S
incubation St0I= 11 E40i= 2 BIgt 2AKKIE (O 16 , 4HT O0iIM= 20 22
incubation SIOI= EAMO0l SHOHA Z40I8ICE &Lt strain 103 O protease Q= E2! crude
sample = [CI2 protein O ZEXE AL 50C OIM 1 A2t S0t incubation SI0IT 1 &40 2
HEE 2RJACH A 16B) . & U2 protein Ol EME 2R € OFAM0 ZAGIRIE &R &2

Aol @UE R0
OlAOINM QIS 2t & 16 Ol LIEHHSICE

ot
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Table 16. Characteristics of the bacterial protease

Characteristics 103 104
Optimum pH 8~12 Of g
pH stability stable between 6~12 | stable between 6~12
Optimum temperature 35~50‘“C 35~50C

Heat stability
purified protease up to 50C up to 40C

crude protease up to 50T up to 50T

7-4. Inhibition profiles
Ol JHAl synthetic 2! natural protease inhibitor2 AHE3HO! bacteria strain 103 2 10401/ &I

Bt protease Ol CHEH F&EE TNGILCL

Table 17. Inhibition profiles of the bacterial protease

Inhibitors | Concentration 103 104
Control - 100.0 100.0
Aprotinin 1 TIU/ml 87.9 91.6
Chymostatin 50 ug/ml 107.9 594
LBTI 50 ug/ml 90.4 98.2
SBTI 50 ug/ml 91.6 975
APMSF 1 mM 95.1 114.4
Benzamidine 1 mM 100.1 1121
-Bestatin 50 ug/mi 89.9 96.7
Leupeptin 50 ug/ml 88.7 9.5
PMSF 1 mM 10.7 1.7
EDTA 1 mM 99.1 97.4
TLCK 0.5 mM 89.6 99.8
TPCK 0.5 mM 90.6 97.2

P10l & 17 OIM =Z=0I bacteria strain 103 & 10401/ EXISH protease = PMSF Off QIGH/MEE
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OlE= IR E018 MEIS 2= serine protease 282 & & QUL

& bacteria strain 103 2 104 OIN BAIS protease = 2AIE0l & 28
kDa Ol serine protease MOl protease &M pH Ol IR OIFGHH, & 50T NMAl 20N EA4E
O

IO OP /\ Oloiu

§o
>
5Q
fr
&
El
B
0
0
o
0]
B
no

[—

4 B2 HE
SHIE &K extremozyme or MJISASZED Ol GHSH O0I=A ME
- MA ONI=N RMHIE 2

AL
2

- ZMIE £Z0| cDNA library2 MZ&
SMDINESLH 2SS 2ol S
- BUOIMEZLH 225 HUA EoiSA0 AN MM A BE
FMOIMSZEE 225t LU 2E1S A0 ZHAIE0l RIHSA4C! identity A
- JIME9| fermentation &1
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M2 Z [ JIoIE

1. Jl=2d =3

HE2 HAl SAIQ St AIZAIEORRI= QA0IEll= SAZRH 5= 248 0gs R
g RIHIIE R HEQ od & RE S0 88Tl RQZ O 290t =840l BSHO| of
2 S o0l MR =20 sH= 7%%61 ZSINFIBIN AE MABICH=E AS HRMENSHA
E0OZ 2 [ HHMSO| 2oIsH SIAYNS N MA LHOIMS 32 ¥ =E/AMFO0! B 2=

St HITION MAIGHTD RI= B2 M2 B2 ORI JR0IH =ETA 21 BDO MHIE 2
gt i QS=0IT O HEIAIA B2 2910l B2 B0 NSIS NS M MESID 22
O OB NAIS MNGI QINGIBINSE B NAKOR gigtst o)t MIYED Q= OIHA
=0I0] GHLIOIC,. 1Y DINZES Bt SEIE 8 O 28t 68 5 ST A7M0I ZRdts A2
2 RN QoL MKl QIS0 Qo Z2ORIE 97Dt MBI A= B2 2 H0 2D ©
HOCL M2, BES XS JIE Q2| Ligts RS2AS JIsHS JIIT Y= NS
of SHMOITI0L REGIFNSROI JHLO AIZE AFOT MBS

Oldist BEO2 = [ HLSAOLL SOHLSA0 NAGD Q= HIME A2 FAXO
SEll= 220l SO SIS 2OID XSO AS SSIISS RTACD M2 O
C I (BEESYE SN2 ANGD AT £2 JISH 2BSL(EmmoymedLt 25
SHYE XS (exremophiles)E 2T RIOFIZH= A2 S20| HSE & ATT AL = OIS
ME N2 OIS0I0l M22 JISNE 2D QS 202 IXT= NSIS SMGID 001 S
JIEQITG OISR SBNS ENSKE 22 &4 SI2NY 0t Ol JI8Ng o2
Q = clot ACHD WA=

Ol BFOINM 22 2 QA= JI2HQl S=, SBNSHO| SMI|S0I IS knowhowol B,
SIS SBNSNO| O U SIS SO JIE QXS Jis X AaIE SFQ BE, I8
1 sloIE RENSNS HIMAGID 2ol - SHoks NUINO HFWSIBNNA0 wE S2
s 2

2. ZHl - MEN &M
MENA0 MA NEARZR= OISJI0l ek AHODE KOLL, 2000L01 1,0009 EHZ NS
4, OI= A. D. LittleAt2t DRI(Decision Resources IncIAICI At=0l [EW, A TR 20% Olat
P |8 AHOZ NYSCL M MENO NIAS MESOXE1 MBS 1R AL
0 IR =2 210z MYTT QJAUCL HR0|, 22 JAZ0IRIT M2
Z0

pra )
O
&8t 240 21 &I 20 BAE0! &2 ACE HIAIL, ME3E}

]

80
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Kl
0z 10
0
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0z
2
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QFII’
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Jl20] UNOZ JIAAMATNAI MIISM, MAICIZE NAQ Oid= 2= SN0l o5 M
Oz Olsg A= ML AT (Table 19 D). 2N, I HEN d&E A= ALL
Ol MESAMR0IC FAt= 20t ZRILE A>01 ACE JI0IE & A0IH, =SH802= M0
O A= =Jt N HEO] HAMAHO AISHNO ErHE 28 A= A=

[2

Q@ nr

Table 19. AA AFEFY FodF | (@9: o 22
" QIBR BIE%)
= = 19954 2000 2005
1995~2000 2000~2005
SajSiie s = 2,600 3,300 4,000 4.9% 3.9%
MEOIOE 200 500 1,200 20.1% 18.1%
apslleliel = 2,800 3,800 5,200 6.3% 6.5%

A=z 0I1=2 A D. Litte / IMS Pharma Strategy Group,

& i O|DANAO| A T =
MOS8 EME D8I JIRISE & 8 ASHAOI MENSD LHAI HISMEISINRAZ2 L2 L
ciet 20 EEAIRE Mol B2 N=0EE Q= M= AL M sHez 2 M

O & U IO &gst
o2t NBINOZE 240 RYTD [= 20t HETH,
= 2t £EFAXO M= 7 0

3 NSl - 2 =X

WA S2ESH0IRE L2 Lidlke =20 SEHE L2 NRY SHi= ASINAH 2 28t
£ MEES AN HiZE2 = Q0. OI01 2 248 HiQF 201 820N 228 stolse 22

)I'h

= Ot= MER2 A0l 8 Aste2 M=Z2 EHC| 3
= = = g WAl sasty A= 0 O
Ot ODI0l=s L2 E20IM & SAMEN OI2d B2 MEE 018t A= AIZE0 O
ol wEg 2 &+ Ak

2 Q30N NSE 248 A0 MBI HidQ=2= Rd IR0 BIZIRBEO=2H0O A
& ideaZ 20 O 1ESE AR MEL ARO NS-2SNez Z IISaUE LB &
QO A2k=I
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@ 22! Lict SAS0ID IRE0 & HAIZ0 K249 A Jisy fHIL0I e MOISHA L]
Al SN 40| 1A A0l e OIR2ZfD 28 sS40 2 JINE A8 EHo=
28 AR OI01 et 2= JIx S22 EH0IN JIE20 |A @40 R0FE =2
A 0 M=EL &F0 94E MAIBIIA ot &

©@ ZHM-0RAN EH0IMN= Osh 2=0iIMe S84

NBIOZMW 21C &0 MEE MSORDIEIE ZMOHAITH 288 Q= v
£ 2 MER 2001 e 201 AMEE 2SN L2 & QAL A FIHEA0 284
o2 R ARSI QM 280 2 Rt Rl MENO EHOF0| 28T 8 AC=E
JIth=En

® o2 OMZERO 2L M & MEHIZ)Idl= &3 M= HEQ BISID =22 4L &
SMENA0N EJINMOI issueltE 240110 €0l 2840 F3F8E DINEFRE A 201 =
IsE2 20 &43E ZRLO| MEAN MIF2it= 1 O AZEOT 8 ASZ JINSH

J

2o ZHAIEOIE HIZS HESM HSME 0 OINRSEON 2t ATt =
SIANBIM S S (extremophiles)® £0| SQ0OIH M2ADH=E J/SALAF T
S22 Os 2001 28 OI20IE 2A40= JIM=CL

sy 3 E=ENE 50k Qost MMEMC S8
- 2PIRAR AL MAH Soit g1 =4EY 89 SE0| ZCH Midin Tigs &89l K

AL Oilt”HIOiI 282Is40 3.
. Supraphysmlogical temperature(ZM2IN 2F)01 A&
(o]

245 MEHS, ME BIS)I & O S&aNE &+

]

Ch
< HEHLH RIIMACI 1A JisOl FSAE2s DIR020 O=2FH Rdid Fdasrz= 38
EMNZEMC Jtsd0l 8 A= (lai=lh

|

- QIED ASINCQI ELSHHOl MM & 2T ZAH0IM RATl=z 8429 2dE= 02
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