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Abstract: Bacillus clausii 1-52 which produced SDS- and
H,0:-tolerant extracellular alkaline protease (BCAP) was
isolated from heavily polluted tidal mud flat of West Sea in
Incheon, Korea and stable strain (transformant C5) of B. clausii
[-52 harboring another copy of BCAP gene in the chromosome
was developed using the chromosome integration vector,
pHPS9-fuBCAP. When investigated the production of BCAP
using B. clausii transformant C5 through pilot-scale submerged
fermentation (500 L) at 37°C for 30 h with an aeration rate
of 1 vvm and agitation rate of 250 rpm, protease yield of
approximately 105,700 U/mL was achieved using an optimized
medium (soybean meal 2%, wheat flour 1%, sodium citrate
0.5%, KoHPO40.4%, Na,HPO40.1%, NaCl 0.4%, MgSOs, -
7H,0 0.01%, FeSO4 - 7TH,0 0.05%, liquid maltose 2.5%,
Na;CO3 0.6%). The enzyme stability of BCAP was increased
by addition of polyols (10%, v/v) and also, the stabilities of
BCAP towards not only the thermal-induced inactivation at
50C but also the SDS and H>O»-induced inactivation at 50 C
were enhanced. Among the polyols examined, the best result
was obtained with propylene glycol (10%, v/v). The BCAP
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supplemented with propylene glycol exhibited extreme stability
against not only the detergent components such as a-orephin
sulfonate (AOS) and zeolite but also the commercial detergent
preparations. The granulized enzyme of BCAP was prepared
with approximately 1,310,000 U/g of granule. Wash performance
analysis using EMPA test fabrics revealed that BCAP granule
exhibited high efficiency for removal of protein stains in
the presence of anionic surfactants as well as bleaching
agents. When compared to Savinase 6T® and Everlase 6T
manufactured by Novozymes, BCAP under this study probably
showed similar or higher efficiency for the removal of protein
stains. These results suggest that the alkaline protease produced
from B. clausii transformant C5 showing high stability against
detergents and high wash performance has significant potential
and a promising candidate for use as a detergent additive.

Keywords: Washing performance, stability, alkaline protease,
Bacillus clausii 1-52
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i S AT AREE AL QLA R [4-6], 1960 T €]
B. licheniformis®lI~] A3AF# “Subtilisin Carlsberg’ 7} Al|A]
oAl HxZ ARSE o=, U=t B. amyloliquefaciens,
B. licheniformis 2 B. clausii®} 32 Bacillus strain 2|2
i Zell g4t o] ]S [7-16]. Bacillus
& UAEES 2 pH 2 25olM a4 P S
7HAAL Q= e T Bl aas Aakehs Blo R
Zh A glom, Bl o] F mES e S, W
el a4 915, FAd (GRAS, generally recognized as
safe) 2 -84 background”} 2 ¥4 Q17] wiitol
A Easns o Aist] flste] ARA o= w78
3k 7oz oaeA Qlvt[2,17-21]. 9= 59, NovozymesAt
(S1W}=0)3= B. licheniformis= F-El Alcalase®Z, B. clausii
# 3| Savinase® = /lWslo] 483} 319121, Genencor
A} (R15)= B. lentus Z5-E] Purafect™Z, B. alkalophilus
PB92%}E] Properase "2 7lkalo] ARg-31aliTt [15,21].

il B g AR o R AREs] $IEA] ol 7
A FEEoF g Alekzo] e, I FollM s T 5
HAO AME o= Alo] 7 & EAIQ1 Zolo), vl
el ail] A S =ol7] flsto] miA| A= wi
78] HAsPF sk, AR Wi Falas
£ ksl Sleh vilA] A3 Al Ak ulg-2] oF 30~40%
AEg 2Rsitial ®arsloe] glof, 7] dagow oiFat,
nug meal 52} o] At HA 7 7 U= Aues
AMEEHA ETh[17,22-24]. B3 5] W wE T S e
HjeFE7g 2] # A sle)| olsto] dhuldl el aao] Al
Avkgt & v)HE= Z o7 BuE g om [25-29], AHEHA,
ARG A 2 o] 71A] TheFst Al Addsell digt P4
T 5% @4 o] shiolut. AWM 0 =2 Bacillus 22
wld Bl gt 2 pH B 2504 S48 2T
12 749 20l A A W peroxides2F - 73St
AstA 8] EA) stellM = a4 S oAl ©t [21,30].
ol EAINE st flste] WA ¥3} 7S o83t
of =3t 27 shelAE a4 EE ARk a48 9o
2l A7t el o] oA Qlrh [31]. oIS 59, subtilisin
BPNoJ|A] oxidation-sensitive Met X7|5 Ser H-i= Ala¥} 7+
= AbslE]A] ok oAl 2R X ESIE W, 8429
2bshAlef] thgl )P/ S7FsAIRE B4 o] S A
Fragchs S 7HEAAL Uk [32]. 1997 O]9, gene
shuffling =l ¢J3)] /7] 80, 2% 2 =2 pHell tist
Qg Ado] 7RAFE oJ] 714] subtilisin variantS©] X 11% %)
ok [33]. 23y e o R QPgAdo] i dE
A Felaaso] Bol BaEo] QA B A a4 &
39 s ek wAIRE 7L Qe G40 P
= S/PI717] S1Ek ' ohE o R slekA] FARe] Sl
tl, o= subtilisin A|F 2] WA Fafgielx oAt
2719 slsra] e oJal] g40] 545 M A arl
G 9 Pl FES = AR UBIA Qlo] eFEst
AT QAT B]go] vk IAZ AA] Aol ARSE 5= Q)
= AAA 77} woF A5 AREE AL QA 2Tt [34].

A, MA= 87 21814191 zeolites, bleaching agents 2}

-2 non-phosphate builderE ARE-3FaL 1o, AA| 47}
| A el aal] AA sl it PSS S
7171 $18t] 4F granule®l] encapsulation S+ FEfZ 7}
star Qlom, weba] Al 70 o] ARl whild 23
ahe AlE 2EoA A GA def air) Hdslok
& gk opet =2 A4S el st [35-38].

AsHAl 41 1A AF MHERE HA &4 257}
60C, H#4 &/ pH7} 1107 Fo]2/d A g L A
shAof] w9~ Pyt el A Fal g (B. clausii
alkaline protease, BCAP)E WA= B. clausii 1-525 S5}
o, W3] ol (submerged fermentation)®l] o3 Thia &
s AP 918t HAx0s Harsiglom [13,39-40],
1 TR 5E BCAP s 2249 shQlal, 3 B.
clausii 1-522] A DNA] BCAP 345 A3AA
oz Bl g o] Aado] g JA S B. clausii
1-52 C55 H.3I3 T} [41-42]. wpehA & =Fo e B.
clausii 1-522] 1412 DNA ] BCAP 345 AAIA A
Z3t B. clausii transformant C5Z5-E] AYAkst chalz] Ha
BAE o] g3t AlAl H7HAIE AREEE7] fst A3
AHE ATE TSl

2. 45 23y

21 XS E As

Kanamycin %! Antifoam A+ SigmaXl (v]=9)olx] )3t
%331, EMPA 116 (cotton soiled with blood/milk/ink) 2!
EMPA 117 (polyester/cotton soiled with blood/milk/ink)->
EMPAA} (St. Gallen, 2~912~) ol T-I3F3ATY. Zeolite, linear
alkylbenzene sulfonates (LAS), a-orephin sulfonate (AOS),
73 4 Savinase® 6T 2 Savianse” 12T+ NuvoAl (317
oA s ol ARSI

2.2. Bacterial strain @ 8] %]

2 AFelAE A e 9E I Ak AU EHE 2
st Ay vz Balg s AASR= B. clausii 1-52
52 G2 DNA WE, -35 49 (TCTACT), -10 A<
(TACAAT), 2lo| B AAE (GGAGAGGG), 2971 o}v]
LARS 2 o] Fof%l AEA Y, 7770 o] ako R o] FojX
A A 9 27570 ofu] kO = o] Fojzl E/dE ok
A Falas HL9E 2= F 38170 ol MEE ohwst
Sz BCAP 327} cloning®¢] $)i= pHPS9-fuBCAP
plasmidE E=8lsto] @ el g0 e AR
FARAGA B. clausii C55 AHE38ISITE [13,41-42]. B4
2 B. clausii C5% 10 ug/mL chloroamphenicol 2 0.6%
(W/v) sodium carbonate 5 X-3}SK= tryptic soy broth (TSB)
HiF] el A wieFst3laL, 4 Collx] Batahar] e/dst < A3l
ARSI

23. 9l a4 Y S

e vzl Hal| g4 €/d-> Hammasten casein (USB
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Al s 7R ARRSle] S =, 7148 (0.5%
casein/0.1 M glycine-NaOH buffer, pH 11) 0.5 mLell 23
& Mgk G4 AR 10 uLE 7fsl] 2 Eek v, 60°C
oA 105 5T HESAIZ] 32 0.5 mLe] WS- 4] g8 (10%
trichloroacetic acid)= 7}8Fal 2+ &3tsle] & &, 4°Co
A 103 5<F WAJsto] whe-5 TAISIIATE A7 Hholls
13,000 x g= 10+ &<t AAFE] st TS 3]st
275 nmeoM FFEE S5 o]ul, tyrosines AHE-SH
o EF s A2 5 Rkl 2leto] BAH tyrosine®] &

& AnFelch. 9l Balas 24 1 unit (U) #H4 &
A Z71 (pH 11, 60C) 3lollA 1 52 1 ug®) tyrosine AY
del st a4 oFoz ot [13].

2.4. Pilot-scale &8, 3|4 4 5=

Pilot scale (500 L)= ©]83}] B. clausii C525E AYAHE
= A Eeas 3 e AT WA el
BAE Arkel] S1g wix ] 2L vt gk ot
2%, ‘_:'—5]7 ]'—Er 1%, :rL?i}?ﬁ%E% 0.5%, KzHPO4 0.4%, NazHPO4
0.1%, NaCl 0.4%, MgSOy - 7H,0 0.01%, FeSO4 - 7H,0
0.05%, = 2.5%, BAPFEF 0.6% (w/v). ©] ®, 50% =
S8 2 30% SER 89S 121 Collx 2027 1%t
datsto] 242y Alzstal, 7] 2232 wjekaAlel o HE
Aol =3 M EF] F57F 242 2.5% (wiv)h
0.6% (w/v)7} B 525 ato] ARG8ISITY [41-42]. 74719) &
St v 3] 0 & 37 CollA] 244131 F1F X% wljoksto] Tt
Hjokel 0 2 AR5} 0w 500 L (working volume, 300 L)
War] (Fule] AL, sEnell 47 HE S5 1% HA
AFst] 3719 ¥ S5 1 vm, 1RF £S5 250 rpm
O % 37CelA] 48A1%F &<F HjS3ISIT. ©] W, antifoam A
= 73 e FHaskelr| Slete] ARESISItE. Al ek
2 A& YAEE]7] (WestfaliaAl, B]=5) = 3]4=3}2L, molecular
weight cut-off 10 kDa membrane (Dimension, 20.6 x 17.8 x
1.5cm; A% 0.5m%) U] &S Agsle] $kelojl] (Pallil,
v oF 10W) FESGON, a0l HPHS F7HA)
7] $18tel #F F571 10% (v/v) HA| propylene glycol&
Wk F gy uasiglon], ofe 48 % ardow

ARSI [13].

2.5. g3t A+

AnkA oz g0 PFskE 98l AHE-Skal Q= polyol
= F7Y¥ste] BCAP &4:0] &/ 2 /el x| 93
S AT HE 5571 10% =7l glycerol, mannitol,
polyethyleneglycol 6000 % propylene glycol= &4~ 291
of Agfstar & EFsto] += 5, 50 CellA] Wx|skar, d7dst
AR A E A 8E HS§F EF a4 84 S el
w4 aAGES SAste] G40 4 A SUHE
2743130}, TS polyol 717 hiA Bag49] SDS |
H,0,°1| thh Pl mIA= J3Fe ARSI =, polyol
S H7kst %, 5% (w/iv) SDS 2 5% (viv) H O, & AElekar
zh E3tsto] & 5, 50 CellA] ®x|star, sk Azt 1HA4 .0
ZARE FHAT $ B a4 2 S el uet e

2.6. A|A| 2ol diE A
o] 712 MAl H7HA A2 (el Zeolite, -E-A1A] 5)E]
] Befl s G W Al wAE QEe Yoty
9atod, ZF AlA RS9 EANS mixing 3 F- ARLofA]
A AIRE BF RSk, i 54 B S el wket
T aags SHs

2.7. Washing performance

FAASA B. clausii C5 v=5F ¥ @2 F&lla
20 A1A 58L& %= A% H (EMPA test fabric) EMPA111
(cotton soiled with blood), EMPA116 (cotton soiled with
blood/milk/ink) 2 EMPA117 (polyester/cotton soiled with
blood/milk/ink)& AFg-5lo ST Wk w0 AlAe
A3 (wash performance) control 4] Savinase 16 L EX®
2 Alcalase 2.5L" (NovozymesAP) TH7 53] gs £
S AMgEtlon, 9198 @49 controlS Savinase 6T
2 Everlase 6T" (NovozymesAh) Tl R3] g 12 717}
ARRBIITE. 2, test fabric (7% 7 cm’), A (FE= A
T R (HF S5, 100 UmL), 2 AlAl g gl
TFEE (200mL)S A7) (Nuvorl Az, =)ol ¥ar 40C
oAl 150 rpm OS2 105 52t AH3IT) AlFo] vt 3
e gste] & 2]l reflectance meter (Chromameter
CR-210b, 1]&=E}, Y E- o]8-51o] HEALE= | (reflectance)
& Sk AP o= AxSE BCAPS] Bt M-S
S4s7] ko] Alxg A mAE 2ol Bast $
Ak ARF T 0 R ARE Foto] E4AF EFSHA o=
detergent base s ARE-5to] 4719} wAst WP o= Al e
= S57sI3ltt. o] W, test fabric> EMPA117 AFE-5}S1
©m, control ¥ FAZE Savinase 6T = ARL3EISITH

3.89% 9 @

3.1. Pilot-scale ¥ &

Pilot-scale 2&7] (500 L)E ©]&38lo] BCAP F4AP| =
Qlwlo] F&AASE B. clausii transformant C5 25 € <Z+
2 @z Belaso] WS ARG T Faela
25 Aakel] )5k A 9] 2A3L vt Aot o 2%,
U7 1%, TAAFES 0.5%, Ko:HPOs 0.4%, Na,HPO,
0.1%, NaCl 0.4%, MgSOy4 - 7TH,O 0.01%, FeSO4 - 7H,O
0.05%, = 2.5%, BARFER 0.6% (w/v). 3719} Tt
AR 22 o 2 37°CollA] 24 A3 &1L C5 w55 X% nljost
o] FAF vl © 2 ARSI © ™, 500 L (working volume,
300 L) pilot-scale 'H7]oll HE 557t 1% HA ]
kst (7] 39 &%, 1 vvm,; WRE &% 250 rpm;
oy 25 37°C; wioF AIF48 h). LAst AR o= A
25 AFstL a4 G4S S A, 5471 (stationary
phase)?l 24A17HFE Wil Falj g 40] Wo] 52l
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7kl om, oF 30413 vieFelsle wf HulE U E it
(B 105,700 U/mL). 12}, vjok A)7to] F7tske] wlket
] el g o] whelo] ok ZhASgiANE & sk U
ERL}A] €3Gk} (Table 1, Fig. 1). a4 412a]7]
(WestfaliaA}, =0 = 3]43}3L, molecular weight cut-off
10 kDa membrane (Dimension, 20.6 x 17.8 X 1.5 cm;
@A 0.5 m’) vl & AREsle] $Feloiatr] (PallAl, v
ME FEFT A, FF AFES oF 3% v =%
o, gelojapgo] gk Aiket T EgAE 55
& o w9 F-835HA AR AT (data not shown). 55t
aagNof HF 5571 10% (v/iv) A propylene glycol
= 7R vy W Basiglon, ofef A 9%k ma
Hoz ARSIl [14].

Table 1. Protease productivities through pilot-scale submerged
fermentation (500 L). B. clausii C5 was cultivated in an optimized
medium at 37°C for 48 h with the rate of agitation and aeration of
250 rpm and 1 vvm, respectively. The cell-free supernatant was
recovered by continuous centrifugation and used for determining
protease activity

Protease activity (U/mL)

18 h 24 h 30h 36 h 42 h 48 h
Ist 51,857 93,096 108,528 95,707 94,479 93,008
2nd 38,438 97,599 112,466 105,564 100,840 99,756
3rd 48,162 93,981 96,061 98,008 96,902 91,271
Average 46,152 94,892 105,685 99,760 97,407 94,678
120 %
—&-Ufml
—A800
100 %0
~ I
s 80
% 15
g ? 10 8
£ w
]
<
20 5
0 0
0 6 12 18 24 30 36 42 8
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Fig. 1. Time course profile of BCAP production through pilot-scale
submerged fermentation. B. clausii transformant C5 was cultivated
in an optimized medium at 37°C with the rate of agitation and
aeration of 250 rpm and 1 vvm, respectively. The cell-free supernatant
was recovered by centrifugation, and used for determining the
protease activity.

3.2. M3 A+

Al @95 1 A A ERE HA FA 2571 60TC,
2 &4 pH7E 110]9, S0l AAZ/dAIR] SDS (5%,
wiv) 2 sk AkskA9l Hy0, (5%, viv)E T2A13F 2 2]8)
AL @4 S 7217 75% E 100% o1 F-4I5k= SDS
2 H0:0 wil-g- gt &teld ok Fallas (BCAP)

5 A= B. clausii 1-525 BA8H0] RskSint [13].
T s A A7 RIEA ARSSE] ffsle] e,
318HA QbgAdu} 53], AkshAl 2 ofe] 71| A Aol
gt QP8 25 Alo] SRR 71 210ES 7
= o e vk Al eI [2,26,30,31]. of2f%h
A S S5 f18te] o] 7HA] WekEel AlRHar 9l
t}. ¢lE 54, site-directed mutation [32], DNA shuffling [33],
L

screeningsh= WL o]8o] ¥ a1 QIt}[13,19,30].
o] S 2L FAF AR WS ARESHA] gkl mA]

< polyols= &4 o] 7fsh= Zlo|t} [43]. HF 5%
7} 10% )7 glycerol, mannitol, polyethyleneglycol 2!
propylene glycol= 7}3kaL, 50 CellA] incubation gt %, &7
Sk AZE 0% A RS FS 5 3 a4 Y S Y
of w} 27 B4 S SISt Polyols 78k o
< BCAP 802 22Kk Fof] g2 /o] oF 50% Ji= A4
3F30 ™, 24A13F Folli= 90% ©)/de] o] AAE T
124, glycerol, mannitol, polyethyleneglycol ! propylene
glycolZ} 22 polyol s 10% == H716l31S wl, BCAP
9] heat-inactivation (50 C)°S 2HE ¥ g3= VehlH,
E3] propylene glycol®ll ]3]l &4 &/J°] 100% H &=
7102 VeIt (Fig. 2). %3, polyols %7} a1lS o
il e g 4] SDS E H,0:00 thsh fHg g el wix|=
FEFE AR 18k, polyole 7k F, 5% SDS 4
5% H0,5 Aelatal 2 E86le] & F-, 50Tl =]st
I, s AR 2HA0 R ARE FHo & BE a4 94
574 el wet 2 aAE4dE 5731 polyol 2] SDS
2 H000 93t &4 G B o5 ERISISITE B clausii
transformant C5°l14 "Z& ¥ BCAP= 50CellA| 5% SDS
I 304 incubation SIS W G4 DS 65% H A
Rl om, 2AIRF Fofl 4 IS 2% FE A,
3AIRE Felli= AL B A @40 FAsgith e
a4l glycerol, polyethyleneglycol %! propylene glycol
7} 22 polyols H7Felele o, &484d2 SDSe] st
inactivation (50 C)°2.25FH H3E a3&5 e, 53|
propylene glycol (10%, v/v) F7k= ARESE polyols SollA
argd B3 g50] 7P =3 10% (v/v) propylene
glycol& 3718t BCAP &4 €95 50CollA] 5% SDSE
303 incubation 3F3LE W EA DAL 719] 9lA] ekgkon
(99.6% +A)), 2217} incubation 3F1 % FA TS 87%
AE7} A%, 124]7F incubation $-ol% F 60% F&=
o] @4 ol FAI=HA (Fig. 3). SDS= CMC (critical
micelle concentration; 8 mM for SDS; 2F 0.23%) ©]42]
FEoA] S unfoldingdte] TS WG 7]= 7
25k WAAIRA CMC o139 s ieellx] sDS] sskE
Zb= sulfate group WA O] 3 of] EAl|sh= FHEk]
of| Ak} BES-E1o] Wil unfoldingS A1&ahaL, SDS]
2779 alkyl chain@} T 5] H]54) (nonpolar)<
+ 77} interaction 3}o] THA ] F-E Foi7ho Z=H
S SR Ao® dEA it [44,45].
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Fig. 2. Effect of polyols on thermal stability of BCAP produced
from B. clausii transformant C5. BCAP was incubated with or
without 10% (v/v) polyols. After incubation at 50°C for indicated
times, the residual activities were measured under standard assay
condition. PEG, polyethyleneglycol ; PG, propylene glycol.

100

—&- Glycerol
— PG

\ —+—None
80 ——PEG

60

Residual activity (%)

40

20

)]

0 +

0 6 12 18 24
Time (h)

Fig. 3. Protective effects of polyols from inactivation of BCAP
produced from B. clausii transformant C5 by treatment of SDS at
50C. BCAP solutions containing 5% SDS were incubated with
and without 10% (v/v) polyols at 50°C . Aliquots were taken at
regular time intervals, and then the residual activities were measured
under standard assay condition.

B. clausii transformant C5°l4] &% BCAP-S 50Col|
2 5% H,0,% 24|17} incubation 3112 W &4 T4
25% = Al om, 9ATE Fofl 50% P, 24A1%F
ol 76% FE sttt 18y a48-Hel glycerol,
polyethyleneglycol 2! propylene glycol®} <= polyolS
27} 81 W), A4S Hy0,00 )8t inactivation (50°C)
owHE B g5 YERf™, 53] propylene glycol (10%,
Viv) 37k AREEE polyol= FollA Hy0,00 2J3t inactivation
SRHEH HE @5o] 7P =3} 10% (v/v) propylene
glycolS 375 BCAP &4 £92 50ColA 5% H,0,
= 24A)7F incubation Fo%= &4 IS AL oA ¢Sk
t} (Fig. 4). #H:F3}=2 (hydrogen peroxide, H,0,)& 748
sk AbsAl R oA low, diAS ASIAIA S
inactivation 3= Z1o® &4 Qt). E3], &2
subtilisin Al ] TN A F3| G4 catalytic triad®] Ser
Aol AbelA 248 7] F12- Met residue”} =451

7y st AbstA| ol ¢Jsto] oxidative inactivation®] 2]} &
A S Y AR dEA Tl [46]. B. brevis, B. cereus
BG1, B. licheniformis NH1 % B. subtilis NCIM No. 64
fefe] S il Balass Cat'e 7kl 2k
A ¢PgAdo] Z718lH, o= Ca’fo] whilE o) ofu| oAt
residue 2} interaction= 743}31H autolysis site®l] 25}
o oPAS S AL HarE Rl 0™ [10,47-50], B. cereus
BG1 r&l¢] &Z2eld oA el @ 4= glycerol, mannitol,
sorbitol & xylitol?} -2 polyol2] 37}e] oJste] A <Hg
Aol S7¥star R s Tt [49]. A AddF o= ol gstaL
3= AlAlell= peroxidestt perborates 2} 22> 732 gt 4k
S| W FoleAd AMDAE AAE] 71 AdEo® o835t
a1 o], T Fal g AhE MA 7o R AR Slsl
M Foled AFEdA D AkstAlof] S o]
of st} [15,51]. o)) A 25, B. clausii transformant
C5oflA e @4 2ol polyol, 53] propylene glycol
(10%, v/v) 71l 2Jsli def thdt e84, SDS % H,0,
o] T3t eHgAde] I 7R, BCAPS Al H7 A=
ARgsE] flsted &4 8-9e]l propylene glycol= H7Fsh=
Zlo] ulAgh Zlow AlgH

¢

120

100 #%

80

60

40

Residual activity (%)

20 —+—None
——PEG

—=—Glycerol
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0

0 [ 18 24

12
Time (h)

Fig. 4. Protective effects of polyols from inactivation of BCAP
produced from B. clausii transformant C5 by treatment of H,O»
at 50 C. BCAP solutions containing 5% H>O, were incubated with
and without 10% (v/v) polyols at 50 C. Aliquots were taken at regular
time intervals, and then the residual activities were measured under
standard assay condition.

3.3. A A&l e A4

il Eeaans Al 7R ARSE] f1F B v
Z232 TRkt AlAl 7 HAlell gk POl whEbA, AllAl
o] Wi Eallaa ol viAle= S dohn|
f15ke] of 2] ZHA AlAl H7HA A= (el Zeolite &)°ll
ek chld Rl as (BCAP)Y M-S AT
2% 557F 10% (v/v) =17 propylene glycols 718t -,
Z} A|A AE=¥ mixing 3§ A2olA DA AIRE 5
FAlska, 7 5a 4 S ol whEt AF aa
-5 574319t BCAPS] B4 2 10% (w/v) zeolite,
10% (w/v) sodium sulfate, 10% (v/v) linear alkylbenzene
sulfonates (LAS)2} 10% (v/v) a-orephin sulfonate (AOS)
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= A s - Ad2olA 3dz WAl S W, a4 A
95% olds rAISIRN o, 30 WASt = G4 B
80% ATE A8kl Q1o B. clausii transformant C5 -2l
o] BCAP aav AlA| Aol wlg- Pyt el 73
BAYS o 5= QI (Fig. 5). B=3E BCAPS] &4 A
A g2kt AgskEo] Qls E 7R AR (2~
1%, FAFY HE AF B 2.5% (wiv) B A
F- oA 3047 WSt = JaA EAYE A elH] o
T g obget v el aacls o 5 AT (Fig. 6).
A, AA A7HE Tl e g0 AlAl sl it
PSS 7HA717] flste] G4 granule®]] encapsulation
Sk ElE H7kstar vt ol= AlAE Adshs wet =
A, FRHH o ® GAE oY 7HA] AlA AEEEHE A
Aoz GAil] KIS ST anE 714 2t
I3, 847} granule 2 5E Sljg]E Folli= S0l AW
BIA, TkslriTE Ad8HAl Sk sodium perborate 2}
Z-& AbsiA 4 of ] 7] AlAl 2435 Sl /P33 714
ofqt sk} AlAl= AH A3 A, builder, co-builder, XA,
409 7 G55 LERY] S8 7 o= 7MY E o
AT AlAe] AREE= 7S Ti3EAQ1 S0l AW dA
= linear alkylbenzene sulfonates®} o-orephin sulfonate
ojm, YRk ow chulz] Fal| gA0] QP Adel e s
T AAEAE G QY [52,53]. AL &
A F2 oil W grease particles?} 23151 micelles
= Eo] Zolm AldgdAle) M4 e B A%t
o Ao AA BAE =l Fo 2 9 gt}
Builderi= AlA1S] 7 WIAIZ Fo35t 74 o2, W &
LoflA] =&l EAISH= calcium %! magnesium ion 5=
AAZO =M AHEAAS G55 THANA T s
S}, Zeolites= 1A Ad4-9] ion exchanger=A] ©)7} 25
ol Agsto] =& FEwA alFe &S 3= builder
A AIA HAZHA FollA] mllg- T8 RO EM, o=
phosphate-based AlA] ARg-e]l o]gt F-g st =gk 4= 9l
o] L FS A= s shrtal Hars|o] St} [56].
Sodium carbonate 5-3F §-912] pHE &2]7] flate] 7}
=t o] pH 5ol 2J5k] zeolited] f5S 28] T+
9I3kS- SH}. Sodium sulfatei= AlA| AdEE0] A7l 22
oA = oehE s, AlA|S] A7) i S A
sh, Aol Al AE S i dste] E=ol Aol A
e JAlehE AEs she Zlo® HaEo] gt} 1 9],
sodium perboratei= bleaching activator2} &7 F 35C
o] ke oA wulA| AghS d} [36,51,54,55].
oo} o] AlAell= thekst AlA] Adi-Eo] 3= 9lom,
- T FEl g A o3 AlA Adtel] thiEk A
o] Hish= AR dElA Jlom, olgst FANE 55
317 9131 alcohol ethoxyates J+-2] =4S A|Aol 7}
sto] Fo A Tl el et PYAdS olethe B
7} 2121 [57], sucrose (0.5 M) 7}l M &4 &
o] °F50% W= F7FehR= Bark ik [51]. oVde] Ad=
¥ B. clausii transformant C5 1212] BCAP a4+ AllA

WPIZA A 5 Gl B TR AAUE o 5 gt
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Fig. 5. Effects of some detergent components on the protease activity
of BCAP produced from B. clausii 1-52 transformant C5.
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Fig. 6. Effects of commercial detergents on the protease activity of
BCAP produced from B. clausii 1-52 transformant C5.

3.4. Washing performance

FHHEE B, clausii transformant C5 F2|e] Thala 73
B4, BCAP2] AlA 582 %5 A3 3 (EMPA test fabric),
EMPAL111 (cotton soiled with blood), EMPA116 (cotton
soiled with blood/milk/ink) 2 EMPA117 (polyester/cotton
soiled with blood/milk/ink) 52 ARg-3lo] S433Ict, o
4} BCAP (3% 5%, 100 UmL)¥} 545 I3elA &
detergent base 2 5% 200 mL= MF 7]l ¥ar 40Cell
A1 150 ipm & 103 &<t AlHIGS o, -7 T E
O % QAAZ] EMPA test fabric % FE @34 0% ol
A& AASHATEH BCAP> A4 NovozymesAFe] thE %]
AIA] 7+ 291 Savinase 16L EX“9} H]wa} S ),
Al 7HA test fabricell thato] 9] F535 MH 58S W
Wh9lom, Alcalase 2.5L°9} Bla}gle w A|H seo] &
R §<rske & 4= QI0Y (Fig. 7). B. clausii transformant
C5 r#ie] BCAPCE #HE G4F Axsiglon, 1xst
HHaseiy o Fears FE53 $, a4 d9s
4% A4y 25 1 gd oF 1,313,400 unitS FHF38kL A%
©m], 0] NovozymesAt] Savinase 6T (SF 1,524,500 Ulg
Heoh A1 Fa BHS epiole, wely FHow
Ak RS AZISS X S Tk BCAPOR A
HE W FelEa (AT w5, 100 UmL)<} AlAll
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AREEE o] 7] A EAA AR 9 = 200 mL
S AlE71ell Wil 40CellA] 150 rpm &2 10 33 A%
ste], o] & A=l I ¥ BCAPS] AlH el vjx]=
Qe 2AFIS W, 15138 BCAPS 15% (v/v) LAS
(Fig. 8(a)), 15% (v/v) AOS1416 (Fig. 8(b)), 15% (v/v) LA-9
(Fig. 8(c)) 2} 22 2ol A ATt oby2} 15%
(v/v) SOFTANOL 90 (Fig. 8(d))¥ 7= H|o| 4 AdE/d
A2 EA sl M ol AlF 58S HeRASIT o]=
A AAR o= AR AA] H7HAE S Tl e
FATA AHEE T 9l Savinase 6T 2 Everlase 6T"
(NovozymesAh 9} &8 A1 555 U= Zlolar, &
Sk, 5ol AAE/dA 15% SLESS (sodium lauryl ether
sulfonate) 2} 3EMA] (5% ethylene oxide)2] A dtollA %=
Savinase 6T" 2 Everlase 6T S} FAFSE A2 58S Ho)
= SOt} (Fig. 8(e)). 13 BCAP2 B3t PS54
sh7] S8l 2t AP aAE AdolA Bkt 5 At
AZF A CE A|RE F3H] EMPALLT test fabric O
AAEE S35 A3}, 2ol 357Y Bastol e Mg
ofi= & W7} gl o, webA] granule WollA %= BCAP
2 g FYetA 4 S-S FAShE Ao® Holn,
NovozymesAte] Savinase 6T SFE ]3] & w] 7] A}
g QS vehlE Zlo® A} (Fig. 9).

100
oBase
mBCAP

80 1 .
aSavinase 161 EX

BAlcalase 2.51

M= = (%)

ol :
EMPA 116

EMPA 111 EMPA 117

Fig. 7. Wash performance by BCAP solution produced from B.
clausii1-52 C5. Savinase 16L EX" and Alcalase 2.5L" were used as
control protease solution manufactured by Novozymes (Denmark).
EMPA 111, EMPA 116 and EMPA 117 were used as the standard
test fabrics. One test fabric was subjected in the laundry meter for
10 min with 150 rpm at 40 C with the protease (100 U/mL) containing
non-enzymatic detergent base in the tap water, and resulting reflectance
was measured. All the experiments were performed in triplicate.

A0 2 B clausii transformant C5 212 &22]/d
i F8l| §4F pilot-scale 'TEE Foto] tiF Arlsh=
W B BCAP §4:9] QP3PS Sjslolt). wedh, &
%35 BCAP 895 olgafo] A airs Axsislomn, d
AAR O 2 A A7 HAE S S Eeaams ot
A o7 AME T 9l Savinase 6T" 2 Everlase 6T SH:
TSt A T 9 AR B PgAS YERSIT. wek
A ool Axfe e kst W), B. clausii transformant C5
frefe] ey Tl Fellass 0] P o= AA|

rlr

WM A AR 3eE B F

Zoltt.

(a) 80
DBase
L L1
asavnase 6T
Everlase 5T

MR (%)
-
=

EMPA 116 EMPATI7

EMPA 1168

OBase WHCAP DSavinase 6T DEwerase 6T

EMPA 116

EMPA 117

Fig. 8. Effects of anionic surfactants and bleaching agent on wash
performances by the granulized BCAP produced from B. clausii
1-52 C5. Savinase 6T~ and Everlase 6T" were used as control
granulized protease manufactured by Novozymes (Denmark).
EMPA 116 and EMPA 117 were used as the standard test fabrics.
One test fabric was subjected in the laundry meter for 10 min with
150 rpm at 30°C with the protease (100 U/mL) in the presence of
the surfactants, and resulting reflectance was measured. All the
experiments were performed in triplicate. (a) in the presence of 15%
LAS (anionic surfactant); (b) 15% AOS1416 (anionic surfactant);
(c) 15% LA-9 (anionic surfactant); (d) 15% SOFTANOL 90 (non-
ionic surfactant); (e) 15% SLES 5 (SDS + 5% ethylene oxide).
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Fig. 9. Storage stability of the granulized BCAP. The wash
performance was measured at regular time intervals as described
in washing conditions using EMPA 117 test fabric with non-enzymatic
detergent base. Savinase 6T was used as control granulized protease
manufactured by Novozymes (Denmark). All the experiments were
performed in triplicate.
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4. 8E

ARk W ARG Ao RIS 2 e T 7
| FEA (BCAP)S #813R= Bacillus clausii 1-52-E] BCAP
FAAE 2724 3 %, 9214 DNA° integration3}] BCAP
9] "ale- =7FM 7] B. clausii transformant C55 A 5313
11, pilot-scale (500 L) &E -§51°] BCAP< tha “Akst
o AlA| 7R 2] S84 AT Pilot-scale W
(500 L)E 53191 B. clausii transformant C55 BU35131S
o, BCAP &2 oF 3041 AHsiols wf Hol= ]
= 72107 YERIT} (105,700 U/mL). BCAP &4 &40
polyol®] H7h= &bz Fal| gio] o P ient opvet
AbshA] 2 A Aol Tisk P E S7HAIZ S, polyol
= oA propylene glycol= F7FekS Wl 7P =2 1.
% a7E YERNSITE Propylene glycols 371t BCAP-
zeolite, linear alkylbenzene sulfonates 2! o-orephin sulfonate
ST 2 AlA RS (10%, viv) R opde, 28 AlAl
(2.5%, wiv)Eell tigh QP94 Begh vl 52 21 0% LhER:
TF BCAP &4 &5 39 a4% A% -, EMPAL16
4 EMPAI117 test fabrice ARgato] AlFe AldS 2sgst
A3}, BCAP I 8 vlol2Ad A dA, Sole7d
AHAL A L A 7E Sl ol EAllshE AT Al
o] 943513l o, g7 0 % ARE-3E NovozymesAte]
Savinase 6T" & BEverlase 6T*S} E58F A& &S veh])
Atk B3 BCAP ] 540 2 Wt s S74%
A3}, Af2ollM 35 Tt RISt e AlEHell= & W)
7} 91912 NovozymesAte] Savinase 6T S} GAFSH QH4
AAe YeRIE}. ool A3Z R e, B. clausii transformant
C5 2] BCAP Al H7 A=A o} f-8atA AREE
T S AoR AlmE

References

1. Layman, P. L. (1986) Industrial enzymes: battling to remain
specialties. Chem. Engineer. News 64: 11-14.

2. Kumar, C. G. and H. Takagi (1999) Microbial alkaline proteases:
from a bioindustrial viewpoint. Biotechnol. Adv. 17: 561-594.

3. Kirk, O., T. V. Borchert, and C. C. Fuglsang (2002) Industrial
enzyme applications. Curr. Opin. Biotechnol. 13: 345-351.

4. Samal, B. B, B. Karan, and Y. Stabinsky (1990) Stability of
two novel serine proteinases in commercial laundry detergent
formulations. Biotechnol. Bioeng. 28: 609-612.

5. Phadatare, S. U., V. V. Deshpande, and M. C. Srinvasan (1993)
High activity alkaline protease from Conidiobolus coronatus
(NCL 86.8.20): enzyme production and compatibility with
commercial detergents. Enz. Microb. Technol. 15: 72-76.

6. Tunlid, A., S. Rosen, B. Ek, and L. Rask (1994) Purification and
characterization of an extracellular serine protease from the
nematode-trapping fungus Arthrobotrys oligospora. Microbiol.
140: 1687-1695.

7. Jacobs, M. F. (1995) Expression of the subtilisin carlsberg-
encoding gene in Bacillus licheniformis and Bacillus subtilis.
Gene 152: 67-74.

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Ito, S., T. Kobayashi, K. Ara, K. Ozaki, S. Kawai, and Y. Hatada

(1998) Alkaline detergent enzymes from alkaliphiles: enzymatic
properties, genetics, and structures. Extremophiles 2: 185-190

. Manachini, P. L. and M. G. Fortina (1998) Production in sea-water

of thermostable alkaline proteases by a halotolerant strain of
Bacillus licheniformis. Biotechnol. Lett. 20: 565-568.
Banerjee, U. C., R. K. Sani, W. Azmi, and R. Soni (1999)
Thermostable alkaline protease from Bacillus brevis and its
characterization as a laundry detergent additive. Process
Biochem. 35: 213-219.

Yang,J. K., I. L. Shih, Y. M. Tzeng, and S. L. Wang (2000)
Production and purification of protease from a Bacillus subtilis
that can deproteinize crustacean wastes. Enz. Microb. Technol.
26: 406-413.

Joo, H. S., C. G. Kumar, G. C. Park, S. R. Paik, and C. S. Chang
(2002) Optimization of the production of an extracellular alkaline
protease from Bacillus horikoshii. Process Biochem. 38: 155-159.
Joo, H. S., C. G. Kumar, G. C. Park, S. R. Paik, and C. S. Chang
(2003) Oxidant and SDS-stable alkaline protease from Bacillus
clausii 1-52: production and some properties. J. Appl. Microbiol.
95:267-272.

Joo, H. S., C. G. Kumar, G. C. Park, S. R. Paik, and C. S. Chang
(2004) Bleach-resistant alkaline protease produced by a Bacillus
sp. isolated from the Korean polychaeta, Periserrula leucophryna.
Process Biochem. 39: 1441-1447.

Maurer, K. H. (2004) Detergent proteases. Curr. Opin. Biotechnol.
15:330-334.

Joo, H. S. and C. S. Chang (2005a) Production of protease
from a new alkalophilic Bacilus sp. I-312 grown on soybean
meal: optimization and some properties. Process Biochem.
40: 1263-1270

Gessesse, A. (1997) The use of nug meal as low-cost substrate
for the production of alkaline protease by the alkaliphilic
Bacillus sp. AR-009 and some properties of the enzyme.
Bioresour. Technol. 62: 59-61.

Rao, M. B., A. M. Tanksale, M. S. Ghatge, and V. V. Deshpande
(1998) Molecular and biotechnological aspects of microbial
proteases. Microbiol. Mol. Biol. Rev. 62: 597-635.
Horikoshii, K. (1999) Alkalophiles: some applications of their
products for biotechnology. Microbiol. Mol. Biol. Rev. 63: 735-750
Kumar, C. G., M. P. Tiwari, and K. D. Jany (1999) Novel alkaline
serine proteases from alkalophilic Bacillus sp.: purification
and characterization. Process Biochem. 34: 441-449.

Saeki, K., K. Ozaki, T. Kobayashi, and S. Ito (2007) Detergent
alkaline proteases: enzymatic properties, genes, and crystal
structures. J. Biosci. Bioeng. 103: 501-508.

Johnvesly, B. and G. R. Naik (2001) Studies on production of
thermostable alkaline protease from thermophilic and alkaliphilic
Bacillus sp. JB-99 in a chemically defined medium. Process
Biochem. 37: 139-144.

Uyar, F. and Z. Baysal (2004) Production and optimization of
process parameters for alkaline protease production by a newly
isolated Bacillus sp. under solid state fermentation. Process
Biochem. 39: 1893-1898.

Haddar, A., N. Fakhfakh-Zouari, N. Hmidet, F. Frikha, M. Nasri,
and A. S. Kamoun (2010) Low-cost fermentation medium
for alkaline protease production by Bacillus mojavensis A21
using hulled grain of wheat and sardinella peptone. J. Biosci.
Bioengineer. 110: 288-294.

. Hameed, A., T. Keshavarz, and C. S. Evans (1999) Effect

of dissolved oxygen tension and pH on the production of



360

Korean Society for Biotechnology and Bioengineering Journal 27: 352-360 (2012)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

extracellular protease from a new isolate of Bacillus subtilis
K2, for use in leather processing. J. Chem. Technol. Biotechnol.
74: 5-8.

Christiansen, T. and J. Nielsen (2002) Production of extracellular
protease and glucose uptake in Bacillus clausii in steady-state
transient continuous cultures. J. Biotechnol. 97: 265-273.
Calik, P, E. Celik, E. T. Ilkin, C. Oktar, and E. Ozdemir (2003)
Protein-based complex medium design for recombinant serine
alkaline protease production. Enz. Microb. Technol. 33: 975-986.
Ramnani, P. and R. Gupta (2004) Optimization of medium
composition for keratinase production by Bacillus licheniformis
RG1 using statistical methods involving response surface
methodology. Biotechnol. Appl. Biochem. 40: 191-196

Rai, S. K. and A. K. Mukherjee (2010) Statistical optimization
of production, purification and industrial application of a laundry
detergent and organic solvent-stable subtilisin-like serine protease
(Alzwiprase) from Bacillus subtilis DM-04. Biochem. Eng. J.
48: 173-180.

Gupta, R., Q. K. Beg, S. Khan, and B. Chauhan (2002) An
overview on fermentation, downstream processing and properties
of microbial alkaline proteases. Appl. Microbiol. Biotechnol.
60: 381-395.

Bryan, P. N. (2000) Protein engineering of subtilisin. Biochim.
Biophys. Acta. 1543: 203-222.

Estell, D. D., T. P. Graycar, and J. A. Wells (1985) Engineering an
enzyme by site-directed mutagenesis to be resistant to chemical
oxidation. J. Biol. Chem. 260: 6518-6521.

Ness, J. E., M. Welch, L. Giver, M. Bueno, J. R. Cherry, T. V,
Borchert, W. P. C. Stemmer, and J. Minshull (1999) DNA
shuffling of subgenomic sequences of subtilisin. Nat. Biotechnol.
17: 893-896.

Davis, B. G., K. Khumtaveeporn, R. R. Bott, and J. B. Jones
(1999) Altering the specificity of subtilisin Bacillus lentus
through the introduction of positive charge at single amino acid
sites. Bioorg. Med. Chem. 7: 2303-2311.

Bhosale, S. H., M. B. Rao, V. V. Deshpande, and M. C. Srinivasan
(1995) Thermostability of high activity alkaline protease from
Conidiobolus coronatus (NCL 86.8.20). Enz. Microb. Technol.
17: 136-139.

Becker, T., G. Park, and A. L. Gaertner (1997) Formulating of
detergent enzymes. Surfactant Sci. Ser. 69: 299-325.

Kumar, C. G., R. K., Malik, and M. P. Tiwari (1998) Novel
enzyme-based detergents: an Indian perspective. Curr. Sci. 75:
1312-1318.

Joo, H. S., Y. M. Koo, J. W. Choi, and C. S. Chang (2005)
Stabilization method of an alkaline protease from inactivation
by heat, SDS and hydrogen peroxide. Enz. Microb. Technol.
36: 766-772.

Joo, H. S. and C. S. Chang (2005b) Oxidant and SDS-stable
alkaline protease from a halo-tolerant Bacillus clausii 1-52:
enhanced production and simple purification. J. Appl. Microbiol.
98:491-497.

Joo, H. S. and C. S. Chang (2006) Production of an oxidant and
SDS-stable alkaline protease from an alkaophilic Bacillus clausii
1-52 by submerged fermentation: feasibility as a laundry detergent

41.

42.

43.

44.

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

additive. Enz. Microb. Technol. 38: 176-183.

Joo, H. S. and J. W. Choi (2011) Cloning and expression of a
alkaline protease from Bacillus clausii 1-52. J. Agri. Life Sci.
45:201-212.

Joo, H. S., D. C. Park, and J. W. Choi (2012) Increased production
of an alkaline protease from Bacillus clausii 1-52 by chromosomal
integration. J. Agri. Life Sci. 46: 163-176.

Gonzalez, G., C. Gonzalez, and P. Merino (1992) Thermotabilization
of Cucurbita ficifolia protease in the presence of additives.
Biotechnol. Lett. 14: 919-924.

Han, X. Q. and S. Damodran (1997) Stability of protease Q
against autolysis and in sodium dodecyl sulfate and urea
solutions. Biochem. Biophys. Res. Comm. 240: 839-843.
Otzen, D. E. (2002) Protein unfolding in detergents: effect of
micelle structure, ionic strength, pH, and temperature. Biophys.
J. 83:2219-2230.

Siezen, R.J. and J. A. M. Leunissen (1997) Subtilases: the
superfamily of subtilisin like serine proteases. Protein Sci.
6: 501-523.

Kembhavi, A. A., A. Kulkarni, and A. Pant (1993) Salt-tolerant
and thermostable alkaline protease from Bacillus subtilis NCIM
No. 64. Appl. Biochem. Biotechnol. 38: 83-92.

Lee, S. and D. J. Jang (2001) Progressive rearrangement of
subtilisin carlsberg info orderly and inflexible conformation
with Ca>" binding. Biophys. J. 81: 2972-2978.

Ghorbel, B., A. Sellami-Kamoun, and M. Nasri (2003) Stability
studies of protease from Bacillus cereus BG1. Enz. Microbial
Technol. 32: 513-518.

Hajji, M., S. Kanoun, M. Nasri, and N. Gharsallah (2007)
Purification and characterization of an alkaline serine-protease
produced by a new isolated Aspergillus clavatus ES1. Process
Biochem. 42: 791-797.

Stoner, M. R., D. A. Dale, P. J. Gualfetti, T. Becker, M. C.
Manning, and J. F. Carpenter (2004) Protease autolysis in heavy-
duty liquid detergent formulations: effect of thermodynamic
stabilizers and protease inhibitors. Enz. Microb. Technol. 34:
114-125.

Kravetz, L. and K. F. Guin (1985) Effect of surfactant structure
on stability of enzymes formulated into laundry liquids. J. Am.
Oil Chem. Soc. 62: 943-949.

Lalonde, J., E. J. Witte, and M. L. Oconnell (1995) Protease
stabilization by highly concentrated anionic surfactant mixtures.
J. Am. Oil Chem. Soc. 52: 53-59.

Kotomin, A. A., M. B. Petelskii, A. A. Abramzon, A. E. Punin,
and O. D. Yakimchuk (2001) Optimization of the component
concentrations in solutions of synthetic detergents. Russ. J. Appl.
Chem. 74: 2038-2042.

Kumar, D., S. N. Thakur, R. Verma, and T. C. Bhalla (2008)
Microbial proteases and application as laundry detergent additive.
Res. J. Microbiol. 3: 661-672.

Sekhon, B. S. and M. K. Sangha (2004) Detergents-zeolites and
enzymes excel cleaning power. Resonance 9: 35-45.

Russell, G. L. and L. M. Britton (2002) Use of certain alcohol
ethoxyates to maintain protease stability in the presence of
anionic surfactants. J. Surfact. Detergent 5: 5-10.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


