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Physicochemical Characteristics and Biocontrol Efficacy of Antagonistic
Protein from Bacillus subtilis GB519
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Abstract: The strain GB519 of Bacillus subtilis was isolated from the soil and showed significant antimicrobial
activity against rice blast caused by Magnaporthe oryzae. In order to clarify the physicochemical characteristics of
antagonistic crude protein of strain GB519, the effects of illumination, UV, temperature, pH and enzymes
(proteinase K, trypsase and pepsase) on antimicrobial activity were analyzed. The results showed that antagonistic
protein was stable in illumination, UV and three kinds of enzymes; Antimicrobial activity remained stable at 40—
100 °C for 1 h and decreased by only 7.4% at 121 ‘C for 30 min, showing good resistance to high temperature;
Antimicrobial activity remained stable from pH 2.0 to 10.0, and declined by 14.9% and 18.1% at pH 11.0 and pH
12.0, respectively. Antagonistic protein had antagonistic effect on multiple crop pathogens, especially among which
the antimicrobial activity against Sclerotinia sclerotiorum was 72.7%. Under greenhouse conditions, the biocontrol
efficacy against leaf blast reached 80.1%. Therefore, the B. subtilis GB519 could be developed as biocontrol
potential bacteria for the control of rice blast.
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KRR R EENR Y —, R ERRAT, FEAREKREAFREE AW, BFiE
J 10%~30% (077 B8 o PhORLHT bl S B s R o M 280 . AT 28 FABEAUF IR vk, R T RS
o5 T A S P R BT SRR AR LR R B R B PR SRR IR, AR AT R B
FRAAR BE AR 5, EA 5 P AR 2Tk B G R . R A A PR N 3 05 i i A e 2 2 1) ), g
Ko AR IR AR 2% 24 7] B 45 Rl 05 S5 R B 2 3] 18] P A EE A

M 2 AT A PSR 9 BURNE R 3 . FRBE AU ), SR R RS 4 (0 42 1) T B
wirz 1N, vb g B POKRE M 2 B R 3 MR R TR AT v A (R v, PR R T
Bacillus subtilis SYX20 %t H-JEIBH IR A 73.5%~83.5%, SRR KIBTIERUR N 64.0%~85.6%. HEMIAT
TR (30T B8 1 P 5 0 (K 2 PR B AT 6, PR IR RRUE PR R B A B N %%, Wang 5P
9% T Wik EIR-J (TR 25 A EP-2, £F 100 ‘CALFE 30 min. 25 K FISRER MRS 1E R IntEHAFaE . ]
i POV R AF0907 H 43 5 B/ IN A2 AR B0 14 48 kD P R 1, 7EARIE FRRGE, 60 CLL ki .
MR 2R I KRV 461 P AR - T AV S T bk B2S RT3k 38.7 kD ISR ER (1, 76 pH 3.0~
8.0 M1 100 CA4M NHaE, fEEAM K 40 R E Tt THE. Rao 2512 B HIHT R & 1 ATAFPRo 100 CALBE
20 min FEPEARE, AbFE 80 min WAL K. AR BINRIRSEY) JITnT LUIN T eAN R 5702, AR R Ak
FHHATIT RS M,

AT R GB519 J& A FE U8 SRAR (1) - 358 rh 43 120 56 0 kRl 8 2 RO 81 A RTAR AT ) 1S R 406 i e
AR PERE KRR A KNP S AR DO I 56 2 B, a0 S N R RIS R I = B s, B
BAERAEDIE, AR BCH B AYI AR 2 CBUR AR KRR « WIS T GB519 KEFHK T TR E )
PRAGME T, PR ISR AE PR, IS X R A 7 B8 e At — 20 N F R AL BRI R S AR A
1 #REREZE
1.1 &R

PR GB519 J& ACSL I 5 73 B9 R 15 I AT S5 B ORI B (3G PR TRT AR, 28 55 e Rl R 2 RO o8 (% ) R
5 201810228606.9) .

1.2 #HimEREE

P95 SR R K FEFE I B Magnaporthe oryzae IKFGEUNiI B Rhizoctonia solani~ 7K K8 % 1 I
Fusarium moniliforme (Sheld) « KT AN F. graminearum V9)NAZS05 6 F. oxysporum 78 IR IH
Colletetrichum lagenarium~ i W40 ¥ Sclerotinia sclerotiorum- ¥ JN K590 B Borrytis cinerea AN
KB AT
1.3 E#k GB519 HiE & B A9 HE Fil & & & 1A
1.3.1 GBS19 #F RKEMEFR  FrHRM (0.5%MERHEIY), 1%BE IR, 0.5% NaCD) £ 121 Cig#vK
30 min 25 HHo KRBT TR B PAR SR VR LR T 5 mL AP35, 37 °C. 150 t/min 3537 12~16 he % 5%
PR AN BRSO mL R FRIN (0.5%4: B, 1%E AN, 0.5% NaCD [ =il (250 mL) ', 30 C.
150 r/min 1577 48 ho KWL 14000 r/min (= B OHLE L 10 min, B THUE YU T4 o
132 GB519 418 & & 6y 6 & 1] 6 mol/L HCUY3RAF ) L3 Wi pH £ 2.0, 75 4 “CUKAA T E 12 h,
fE 4 °C. 14000 r/min F &L 20 min, WEEUTIE; H 5 AR R BERISEDTIEY) 3 IR, ek 2 R T, T
B 71 2 mol/L NaOH Al pH £ 7.0, £ 4 ‘C. 14000 r/min F 20> 20 min, {5 iy 115
WL R A £ F o AR50 FH JC TR K E 0 b A v BE 4 10 mg/mL CBRECIRA) , JFHIJEIE 0.45 um
Tl 7Y St A Ik R TR
1.3.3 GB519 Hidi & B X AR W W 2 s ER KA BE, 7EEAS0 90 mm ¥ PSA (1% A1,
1%BE0E, 2%ZIER ) PR h e Fh K R R B AR 5 mm I BEDE, 43 fEFE R UF 42 25 mm AbFT H
%0 5 mm L, BELIMAPUR A AW S0 pL (10 mg/mL) , BT 28 ClHIEE FRFE P E 7. LA AR
(IE R GB519 KBS . BRUTE AT (] 2 mol/L NaOH R/l pH £ 7.0) RITCHE/KIE XA, BT
25 CREFEE TS, frxt ALKy FR I (14 d) , RGTEE 3 R, MESAPE R A HAIETH R



780 HOE R BT e R 36 &

WEPE. BT TE (%) =100X OO BRIV ELAE — A BE S BT AT S0 TR BT BAT
1.4 Btk GB519 nE &R REERNE
141 RARFENE KA 1 oL HUEEAB®R (10 mg/mL, FFE)D FEFRILET 30 W HETF, 2
AR 1. 20 3. 4. 5. 64 12 F1 24 h, DCRACFEAIFE SRR, SRS BSEN R RV BEAT, A3 &HE
D7k 1.3.3, BEALEE 3 IREA .
142 BAEREMNE  KEE | mL Prm AW FRILE T 30 W B4MTF, 2SS 1. 2.0 3,
4. 5. 6. 12 F124h, DIARICHEFES X, WS HEES. AR 3 RER.
143 EEREMENE  HEA 1 mL P S A e 2 E T 40 .50 CT.60 C. 70 C. 80 C.
90 ‘CHI 100 CHALFE 1h, 121 ‘CALFE 30 min, DAARKCFRFIFE 56, SR B AT, BRERE 3 IEK
144 BHAREMNE K1 mL U E A0 pH E R 3.0. 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
11.0 A112.0, ¥ FAEE 2 h )G, FFAF] pH 7.0, PLRACHERIFE SO SFIR, W SR %E Eie. fEAEE 3 IR
K.
145 BEEREENZE K 1 mL PUeE AR S SR R e R AR I KR R A
WIS (BFMEGAAEE N 1 mg/mL) , T 37 “CAK#rse Y 90 min, #RJ5FF 80 ‘CAL¥HE 30 min, 4 “CAir
RIVA 1. DAARACE AR S 5t I, MR A EAR. SR 3 IRER .
1.5 &k GB519 EERMANE L

JIER 1.3.30 BF—MEYRE SR AR B NPT 8 W 50 L (10 mg/mL) , B KA/EX I, 3K
KHEE 3 K.
1.6 REZHTHERFHERMGIZHR

Pk o KRR 775 K 88, R T E AL (600 mmX 300 mmX30 mm) , HIEEPEH I E N+,
IEH KB B, KRG K] 4~6 MR, T2 o5 S miitia o 10 mg/mL BIHUR & EHH, A E B
FEWUE 20 mL, BEALHE 3 REE, AR BUREE LA ELG 24 h BB ERIR B 11X
10° fF/mL FOREINS B 0 7R W 30 mL. Rk SR B T 25 C. AHXHEIE 100% 450 s ) fR
335 24 h, RIGET 25 ClREN, ARSI, 7d FHRAHE RGN, TR0 8ot
1.7 BEFITEHH

K ERAT SPSS 19.0 X #4122 ¢ B E A (P<0.05) &

2 ZFRESH

2.1 MEEREREEEN

AT BRI GBS 19 XK FEFEE I B B 22 AR KA Rm I E Y, R IR SO ) R Ve AR 49.9 mm, A
TEPER 42.0%; TMIPUEER A EE A0 28.6 mm, FIEIEIEN 66.7%, & mT REFEEARE, 790
PR T 58.8%411100.0% (1) .
22 MEEEMELER
221 AREWRE GB519 PLEE AL 24 h LI, PN REE B 005 Pk 56 A LG, 7 H
RN TR E T B AR, WETEYE 76.0%~79.0% (& 2) o EUZHUHEE X OEARBUR, HH KT
IR IRE T .
222 RAREMRE  GBS19 PLEE L 24 h (SR ML RS, LB G k0 A8 4k, s T
76.0%~80.0% (K 3) , RIIZPURE T AN LIMEABUKR, FRMBIIPUEIN LTI RE
223 HEEFHRE R EEMN 40 C~121 CHL 8 MHYREAFE, B PR ERT &, PIHEEAR
TR AR A K AE 100 °CFAREE 60 min F R IE TR 77.3%, B0 RO IE #4840 76 121 °CF KB 30 min
B TEN 72.9%, SXTIEAALL, WETERAR T 7.4%, RUZPIREE AR SRR (B4 .
224 BHEMAEMERE PEEAZL 11ADARR pH AH G, HREthg BE&W, 7 pH 3.0~10.0 #E
AR SXTAHLE, pH 11.0 £ pH 12.0 AbBE 5, HRRE 225 FRAC, 200 R RE T 14.9%F0 18.1% (1
5) o RWZPUHEATERYE kBB PR R # AR, AR ER B B — e p AR e M.
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Fig. 1 Colony diameter and antimicrobial activity against M. oryzae by antagonistic protein of strain GB519
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Fig. 2 Effect of illumination on antimicrobial activity of antagonistic protein of strain GB519
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Fig.3 Effect of UV on antimicrobial activity of antagonistic protein of strain GB519
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Fig. 4 Effect of temperature on antimicrobial activity of antagonistic protein of strain GB519
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Fig. 5 Effect of pH on antimicrobial activity of antagonistic protein of strain GB519
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PR GB519 U R X 7 Pl 400 S B0 BEA T30 R 106, ST AN R AR A by 22 A5 K, o
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Fig. 6 Effect of various enzymes on antimicrobial activity of antagonistic protein of strain GB519
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Table 1 Antimicrobial activity against multiple crop pathogens by GB519 antagonistic protein in vitro

993 J5L B4 Pathogens 7% EL12 Colony diameter (mm) 75 M Antimicrobial activity (%)
T W% S. sclerotiorum 235%15e 72.7a
IKFBSEMR T F. graminearum 32.7£3.1d 62.0b
IKTBLH T R. solani 37.0+0.5¢ 57.0¢
IKFEEWWRE F. moniliforme 435+09b 49.4d
T K B3 1 B. cinerea 57.8+19a 32.7e
VERIEIR B C. lagenarium 58.8+0.8a 316¢
VG S5 B F. oxysporum 60.0+3.0a 302 ¢

T RPEHE AT EME AR, AT RERIR 0.05 KRR EE. .
Note: Data were presented as mean & SE, data with the different letters indicated significant difference at 0.05 level. The same below.

R MEEREEEFH THHERMERHR

Table 2 Biocontrol efficacy of GB519 antagonistic protein on leaf blast under greenhouse condition

AL P Treatments JPi i #54L Disease index B %A Biocontrol efficacy (%)
PR 1 Antagonistic protein 95+1.6b 80.1+£4.6
X} Control 48.5+50a —

H A 25 BT B b R IR R TR 22 DK, R P S L R I . BRI RS B PR Elze
A N B DG o T AN [R) R PR B A 2 1 I B U 2R ,\ﬁKHH’JHﬁ*ﬂT%DHﬁE&Mﬁ Xof i P B
PEZE RN o AT B %E@Hl GB519 AR =d, Wiy A3k TR & A, &
JEHRIE AN G (0~24 h) FaE, SXPEAMEIRET (0~12 h) AEURPHIE AN, A2 CHRaE
PR g BTN S AR ﬁn%ﬂﬁﬁé£2°N\l$ﬂi JA RHAFRRAEIE, 121 CALFE 10 min GG PEE A FRAE,
AbFE 120 min JEIETEAL R % 25%: Zhao 25PN kK XF-1 4> B B BT & 11 PBT1, 7F 100 C4b¥H 20 min
Ja PRFFE 100%35PE, 121 CALEE 20 min J5{RHF 60%K13EPE « (HIFA R FTE FIbu i 8 A A -RA i sii i he
BN PUB AR (AL 100 CLL b i ALFL g, JEEM B At k. W1 Krid 5P W5 LW # Mk F1. F-4 A1
B2 MIHLEE I 80 “CALFT 30 min G TR, 100 CALFE 30 min 3§52 4 0 B4 Li PR It
AR 11 B291 7E 80 ‘C LA RIEMEALE, #1100 CIimME; M Sk e B 12 2 im0 N wikk P72 3k
S PTERA, A 60 CLLNRE . MRk GBS19 FEA BT FAAE 40 ‘C~100 ‘CALHEE 1 h Jaidth
ALk, 121 CrEi AR EE 30 min JEiHPEAL N 7.4%, DESCRRARIE 08 A RE ) S, nTREIZ s A
RoEmgity, HAH— PR mE.
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AN PR R 1 B AN R I BB . BUR R EP-2 76 pH 5 iﬁ‘rﬁ‘fﬁ, Pk B K pH 3 T3 BRI,
pH 11 LA &R, l’l‘fk P72 (PR R A AE T PR RIR E 4 1F R, Bikk AF0907 I B2 BE7N- e A E Pl
FEFPPESAE R LR el ), RRR JA R BL1S [R5 8 70 O R 2 Bl 4 1F B Lhscda e 0> o i i bk
GB519 HiE & H 1 pH 20~100{£r&m , pH 11.0~12.0 iFPEAU R FE T 14.9%H1 18.1%, 'Ejﬁ% B034
MPURE AT (pH 4~12) HIBL, SFRRHRIE N 56, bh TR B8 11 o i MR ol o

AN ) T AR ) ) B AT R 1) PR e 1 22 S AR AR, TR RE B1LS R B034 [T AR (OO B AR T g e
of 2 T K ALBR S S PE 2 PG T 21.4%0 26.7% 2201 1Kk B-916 FHT I a 00 8 G KRB AR 1
AEE, ABEJETETES B BT 75%8 20%, B47 Bikk EIR-J. AF0907 A1 B2 %2 (1l K fasg th %,
yﬁ‘ﬁ%ﬁUTwT 71.9%. 60.68%F1 100%°'%* , itk GB519 Hiik & FInt 6 (AN K. JBE CIRE Pk LA
FesE, SIORMEIEAEL.

WAk GB519 PUIR A [ E i % 45 PF R /KA IR (B VA 2RI 80.1% o 1288 I ANME /K R RE Lo 11 AT
TR pAmIAE R, i HoG A 7 B VR0 SR S B Y A AN R R B R v o, AT DU s 2 e . 2B
TR R FE A A5 7 A 2 Bl R AR M P 0 R 25 fengycin®®) L AFHAS BB 25 iturin ™RI5 1k % surfactinm]
SRR TARDG . IR TR 2 () — RN TE I G, L B A SR . 0 R R A
WPE, WITAEEAR 25 1 HATAER 2 R A ED 2 AP g R, Bikk GBS19 P 2L PR A
SRR BT, 5 CARE TR B AT L, IRk GBS 19 PR 8 1 B AL M5 s A, BRIV R el S i vl
PURRRE IAR0T, R RAEVEDI B VA ORI OCHER 22, BATRE— P IF R BOB B A B 77 b 1098 . 1 00
Pk GB519 PupE & 1 45 IEAEREAT AR AT o A FT AT AL 528 BT B GBS19 BUp 8 I IRFIE, K M 48 s iR
FEBT V6 KRR PO L 2 w5 7 v R R R A QI R B BE A, B b £ 1 A S S A B4 ) ]
10 R R T 5

& & X

[1] Yasin F D, Kae Y, Gulay D. Septin-mediated plant cell invasion by the rice blast fungus, Magnaporthe oryzae[J]. Science, 2012, 336(6088): 1590-1595.

[2] Miah G, Rafii M Y, Ismail M R, et al. Blast resistance in rice: a review of conventional breeding to molecular approaches[J]. Molecular Biology Reports,
2012, 40: 2369-2388.

[3] Todorova S, Kozhuharova L. Characteristics and antimicrobial activity of Bacillus subtilis strains isolated from soil[J]. World Journal of Microbiology &
Biotechnology, 2010, 26: 1207-1216.

[4] KL, ZE0R4E, R, S RRURRAT R TREE R AL, ThIE G, 2006, 22(S): 82-88.

[5] Tokpah D P,Li HW, Wang LY, ef al. An assessment system for screening effective bacteria as biological control agents against Magnaporthe grisea on
rice[J]. Biological Control, 2016, 103(1): 21-29.

[6] Ghasemi S, Ahmadian G, Sadeghi M, et al. First report of a bifunctional chitinase/lysozyme produced by Bacillus pumilus SG2[J]. Enzyme and Microbial
Technology, 2011, 48(3): 225-231.

[7] Huang X, Yong X, Zhang R, et al. The supernatant of Bacillus pumilus SQR-N43 has antifungal activity towards Rhizoctonia solani[J]. Journal of Basic
Microbiology, 2013, 53(8): 657-663.

[8] YA, FEI, e TN LI 2 AT Bk A BOR ). th EAEIBG2R, 2016, 32(4): 474-484.

[9] Wang N N, Yan X, Gao X N, et al. Purification and characterization of a potential antifungal protein from Bacillus subtilis EIR-J against Valsa mali[J].
World Journal of Microbiology and Biotechnology, 2016, 32: 63.

[10] WIWery, ERth, ZM, . JREIR PR Bacillus subtilis AFO90T HLHEWRBIFE[)).  HEWB623R, 2015, 31(3): 378-385.

(1] T2, KRR, WA, & AR fRAT I B25 HUsti e L s 8 A i o B UL D). eI 2% S T ZE 22, 2016, 35(3): 629-634.

[12] Rao Q, Guo W B, Chen X H. Identification and characterization of an antifungal protein, AfAFPgy, produced by marine-derived Aspergillus fumigatus
RO[J]. Journal of Microbiology and Biotechnology, 2015, 25(5): 620-628.

[13] EVED, Ve, sRoRNE, 55, MU 28 AT 1 T 82 R RN BIVABOR K Z VNI, T EZEvR274R, 2017, 33(2): 241-247.

[14] Chen H, Wang L, Su C X, et al. Isolation and characterization of lipopeptide antibiotics produced by Bacillus subtilis[J]. Letters in Applied Microbiology,
2008, 47(3): 180-186.



53] RS RHCZFAT B GB519 HUi 8 A B M IS 2B B R 785

[15]

[16]
[17]

[18]

[19]
[20]
[21]

[22]

[23]

[24]
(23]
[26]
[27]
[28]

[29]
[30]

[31]
[32]

Prabavathy V R, Mathivanan N, Murugesan K. Control of blast and sheath blight diseases of rice using antifungal metabolites produced by Streptomyces
sp. PM5[J]. Biological Control, 2006, 39(3): 313-319.

Spence C, Alff E, Johnson C, et al. Natural rice rhizospheric microbes suppress rice blast infections[J]. BMC Plant Biology, 2014, 14(1): 130.

Meng X K, YuJJ, Yu M N, et al. Dry flowable formulations of antagonistic Bacillus subtilis strain T429 by spray drying to control rice blast disease[J].
Biological Control, 2015, 85(1): 46-51.

Fan HY, Ru J J, Zhang Y Y, et al. Fengycin produced by Bacillus subtilis 9407 plays a major role in the biocontrol of apple ring rot disease[J].
Microbiological Research, 2017, 199: 89-97.

R, RIFIS, ST, A RNRCZENURT R IAMUR B A D A B R ST )], R ERYT, 2015, 41(6): 49-54.

gk, TR, Wt A RRCZEIATE JA SUREPRTEROOTIC S B IR 2 B AiAL (). BUAEPIAAR, 2004, 44(4): 511-514.

Zhao J, Wu Y X, Ho H H, et al. PBTI, a novel antimicrobial protein from the biocontrol agent Bacillus subtilis XF-1 against Plasmodiophora
brassicae[J]. European Journal of Plant Pathology, 2016, 145(3): 583-590.

krid S, Rhouma A, Mogou I, et al. Pseudomonas savastanoi endophytic bacteria in olive tree knots and antagonistic potential of strains of Pseudomonas
Sfluorescens and Bacillus subtilis[J]. Journal of Plant Pathology, 2010, 92(2): 335-341.

Li J, Yang Q, Zhao L H, et al. Purification and characterization of a novel antifungal protein from Bacillus subtilis strain B29[J]. Journal of Zhejiang
University Science B, 2009, 10(4): 264-272.

HeBE, TR, AR NSRRI P72 PURYITN o B AL AR T[], LUt R, 2009, 37(6): 2576-2577.

AR, FROCHK, e, AF. RREZEURT I B11S HURER H 00 B4l KA ERT[I]. KAEED R, 2005, 29(6): 689-693.

BATLS, AR, PRI, SF AR B034 SEPUER A I A KA TEINTI]. AR E R, 1999, 39(4): 339-343.

WRakiis, VERSWI, BEML, A5 FSPUANR B-916 3 IR K BRSO I P AL I Mk S HAUR P BT 7L )], TEIRAR LR, 2000, 16(3): 148-152.
Magali D, Michel P. Effect of fengycin, a lipopeptide produced by Bacillus subtilis, on model biomembranes[J]. Biophysical Journal, 2008, 94:
2667-2679.

Stein T. Bacillus subtilis antibiotics: structure, syntheses and specific functions[J]. Molecular Microbiology, 2005, 56(4): 845-857.

Carrillo C, Teruel J A, Aranda F J, et al. Molecular mechanism of membrane permeabilization by the peptide antibiotic surfactin[J]. Biochimica et
Biophysica Acta-Biomembranes, 2003, 1611(1-2): 91-97.

Ongena M, Jacques P. Bacillus lipopeptides versatile weapons for plant disease biocontrol[J]. Trends in Microbiology, 2008, 16(1): 115-125.

R, XL, BEPOG, A5 RREZEMIATE B-332 BMOG RN 1 PG RO KO IR D). A ORGP, 2007, 34(2): 123-128.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


