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Effects of alkalinity variations on photosynthetic activity and exopotysaccharides of
Chlorella pyrenoidosa
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Abstract: Effects of bicarbonate (HCOj") alkalinity on the photosynthetic performance of Chlorella pyrenoidosa was investigated in
present study. Photosynthetic activity, pigments, MDA and ultrastructure of Chlorella pyrenoidosa were measured for when they were
cultured at two different alkalinities including 2.3mmol/L (ALK2.3) and 12.4mmol/L (ALK12.4), respectivily. At ALK2.3,
photosynthetic activity was stimulated at the prophase of culture and then inhibited at the anaphase. At ALK12.4, it represented the
same phenomenon, but inhibition effects were weaker than those at ALK2.3. Ratios of Chl.b/Chl.a was increased, but Caro/TChl
ratios was decreased at elevated alkalinities. The contents of MDA increased at ALK2.3 and decreased at ALK12.4. In addition,
secretion of glycocalix-like layer was remarkably stimulated at elevated alkalinities. These results showed that elevated alkalinities
promoted algae carbon assimilation and stimulated secretion of glycocalix-like layer. Carbohydrate could alleviate stresses at elevated
alkalinities. Secretion of glycocalix-like layer could decrease the synthesis of excess products of photosynthesis and relieve feedback
inhibition, which will increase the stress tolerance of C. pyenoidosa at elevated alkalinities.

Keywords: Alkalinity; photosynthesis; pigments; exopolysaccharides; malondialdehyde

B S KA R 25 B MR R FE b, A RE R I T 22 I ) 0 ) R K Rl B 4 o T 2 Fh 2R 11,
GRS . WIRREL . BERR AR SRR S, MK S R AR EL | EEARIRER S SR Y o
B SERERERER A M AL 2200x10%km?, 295 LA 159% 23], Hb AR A I N5 3 it S5 ) 7K
DR A Al T R TN, K2 SRR Jy 2.0-2.5mmol/LP, 0K i1 A m B 5 L 0.69—2.63mmol/LI).

w  ERRE B HEREE TR E AT MR H (KZCX2-Y W-426) 1 [ 52 H 5 LR & 2 <973 5151 H (2002CB412300,
2002CB412306)1:& %5 ). 2007-03-28 Yitki; 2007-05-22 Wi ek, BEmitE, o, 1979 44, HH0F5ek:.
sok SHTRMER; E-mail: liuyd@ihb.ac.cn.






252 J. Lake Sci.(#1:a#+3), 2008, 20(2)

Btk R G5 TR K S PCO,, AR TFHIOES R, s i 4 7= e BAE st A A . i
JEAE— 5 BREE N K AL AR AT AR AR, (B — 2 BREE k% A 72 A S R ), 7
P ZGerh, BEFRUR R0 M THE SN BF R . COHCOS FINH, /NH, I F T L), 78 Wil b i
(4 T o — FREAE R 325 0T LUR FTHCO, [ R AR, CO/HCO, &4 N FH 15 v 248, HCO, AI/E N
Wl A SR 1SS, B 2IE COyHCO, K SACHETE e e R UM LIERIBSE b, XhlizE
HYIIBIRE Z, TS, W SRR R,

BRI R A TE A WRRSE TSR, ARERIEE S5 i i A i AR K A s, JE 1 i 2 Fp s
) X AT S, R R I S (R ik e s D A | g R KR L AR AR R AR
AR K AL A A e, R S R B S X A PR A 5 (R &), R T i — R T i X VR
R, AR SC LA S50 8 00— i i B LR/ NBRSBE R R, S T s %o s 20 i A B AR i 2 i
AT, B TR0 T 55 4508 F s 2 iy AR B A AR e vk AR R B A, 33X T MR B4 sk 5 A8 A 5% )
THI A T e DS () A B AL 3L,

1 ST

1.1 #RESR
S FH SRR 4% /NER B (Chlorella pyrenoidosa FACHB 9)% F R EI R} B /K A= A Wy iF 5% fir gy 1% 5%

PRI O VR AT .
R AFIE R ARG T 4h S pH FLJEE R J110.02mol/L. HCHRRSE, L A5 — Bk £
Tab.1 Salinity and pH under different bicarbonate 35755, iy F 52562 BT 3G SR L P MR OR, TP B
alkalinity PRTRRE %, EE IR L RE A SREE . B LS 1L
X ALK2.3 ALKI12.4 ORI AL LE AR S, X IRAUR FBG-1115 37 3L
%) 1.2 1.2 1.8 (O] b $ 20 1% 3% B R FH 0 R M BG- 11 B R 58, Bk
pH 7.1 7.6 3.8 Na,CO;, F:FHNaHCO, 8 Tk . KBk iR 15 B B 4 Ay 2.

HF AT, M E B s  pHI s dilfE
ER ARG (FRD). 70 B S N2 3mmol/L(ALK2.3)112.4mmol/L(ALK12.4). HHI%3REE, 455
(.

W KB 35 BB TP 32 A K 28K W85 35 24h, Z R B0 3 B, ARFEE IR, BRRE
25+1°C, JEH35uE/(m?-s), 24hFELLEIR.
1.2 AEEEEFNEAZNRGENAESEYE

HEATEIEHIM 4 ER a POLFTR, MHERE a SOCHIFIERY PO (PHY TO-PAM, Walz GmbH, Germary)ifl]
SE. MEAEE R T UEFT, WS 15min.
1.3 BESEMNNE

MR HRIE MR EEMIESBEE A T O AEBA AT AR ) - T 95% LBt
BAMBRE R, TR L SCHk[17].
1.4 AZEMNE

B—E AR, BO IR AN, A SRR =& 48 SHACE 28R, Fh20min, Hi#E
H1, 5000%% /minEs.0>5min, E450, 532H1600nmAYER L. THARES PMDARY & . AR L
fk[17].
1.5 BRHME

B0 M EETTNE, FpH7.0090. Lmol/LESRRZE MR i3Ik, SR FAS%(V/V)IX R (FH % 0.5mol/L
A, pH7.2090.2mol/LEY — F BHIR N ZE nh e i) [ R 2h; SR 05 F_ LB RR 28 i e 21k, FiHI2% OsO,[H
FE1h, 2R PRSI K G, AR R R B EER; B TR R _NEEh, B
4 7205 T Y] 7 HLLKB)# AT ) . BRI R A AU (0 B )5 7R 5 L BE (H-700, HITACHI)
AL,



TR BRI MmO RE RS ER S I % MR 253

2 R

2.1 WENEAZ/NKGEXESEENZIE

N ) B JBE 435 37 1) 2R FA A% /INER B 1) - R U BB/ Fm(F R e B ROR) R W, FEALK234ME T, &5
FAPDEARCRE B E WG &, WHEARTFRIEAROR B EIC T X IR, E56R, MR 29i512%((P<0.01,
ANOVA), ZJa WA IR T, 7R 8 KAk 2N K, EEI10K, EADLAISEEF AR E ST
Xof B e A Y ) S A ] R PR R, FEALKI2.454FF, SHEALK2.351F T2, 559740010
R RERG AT BE RGBSR N W3, BSR4, BRI I B E MRS RCE, ZREOLE IR E
FIXFHKOF, BISE10K, BOGATEEDRE & X A,
2.2 WEMEAZNKELEBEILGIMENE

S 6,2 IR 1 W23 T B R, ALK2.3 Fl ALK12.4 454 F X4l Chl.b/Chl.a 5%
WML, A A B4R, ALK12.4 B2 R BE i T ALK2.3. 16 ALK2.3 F, TR HATESE 6 KB
#2555 ChLb/Chla M. 75 ALK12.4 T, M55 6 KEIE 10 K Chlb/Chl.a AU{EFLE 255 T4 IR (& 2). ALK2.3
STEEAHM Caro/TChl AU 835, 78 ALK12.4 4bBRF, BEFRHT 10 K, S8 M9 i i 2% Caro/TChl f1{H,
LA FEAR TR AT 34 249%(P<0.01, ANOVA). Z 55375, Caro/TChl K& 2%t R K- (K 3).

0.651 0.65r

—— X R
0.6 & 0.61 ——2.3mmol/L
‘ o
g % 0551 ——12.4mmol/L
& 0.55} @)
—— X IIE é 0.5
0.5 ——2.3mmol/L @)
0.45F
——12.4mmol/L
0.45 1 1 1 1 1 1 J 0.4 1 1 1 1 1 1 )
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
i [fl (d) i TE] (d)
1 AS[R)BREE T 8 A%/ N R B Fv/Fm 784K P2 R 0 2 F1 A% /N R ChlLb/ChlL a2
Fig.1 Effect of alkalinity on Fv/Fm in Chlorella Fig.2 Changes of Chl.b/Chl.a ratio in Chlorella
pyrenoidos pyrenoidos cultured under different alkalinity levels

2.3 WEEBQZ/BKE MDA =2/

TEALK2.351FF, K320, 808 X 4N MDA & 5 BRI A B3, 26 KM 8K, Tl i
RS THMMDAR & i, BT IRF]57%(P<0.05, ANOVA). F|1537 511, MDA & 1k 52 ) % IRk
T ALK12.4 5 L ANEMDA & i, BEACRELE nT 43168 % (P<0.01, ANOVA) (Fl4).

0.24 ¢ 0.051 o G
—a— XA —_ X
— 0.22 = 0.04 ——2.3mmol/L
) ——2.3mmol/L =Y.
=02t % —a— 12.4mmol/L
= —a— [2.4mmol/L =0.03F
E0.18f 50
So16f E£0.02
S 0.14% é
0.12f 001y
041 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
I [l (d) Il (d)
B3 B3 %) 2 1A% /INER 8 Caro/ TChIRY R K4 ARG T 3 R/ DR MDA i 484l
Fig.3 Changes of Caro/TChl ratio in Chlorella Fig.4 Effect of alkalinity on MDA content in

pyrenoidos cultured under different alkalinity levels Chlorella pyrenoidos



254 J. Lake Sci.(#7##}5), 2008, 20(2)

2.4 WEXEBZRNIKE-IN S R

S 8 0 B P A%/ N IR A o 2t 4 e ) 0 0 7 A L B T 4, YRR, A M. AL
AU ALK2 3505 T, ZHMIEIR 38 B0, B A Tke, ek, MISNZHER R 2R, Wik
JEALKI12. AZFF, MU AG, JERRIIR D, MIAhZ 02 B 5002, (B 2 (515).

b 12000 17000 g g 3
12000 0 ] -~ o T
1 i K2.3m! ALKI24mM ’! o~

E B - LS
BSOS IRIBREE B A% 1 B 9 0 2 1R INBR R (0 I S 2 a5 1k

Fig.5 changes of ultrastructure in Chlorella pyrenoidos. S-starch granules, Gl-glycocalix-like layer
3 itig

— AN B RNk B BRSO3, B FIIHCO, i RE Y. AHIE i, B
IR B TE R 2 e e S LS AR Bk A 8 | 1856 DL ok AL S W A i, 3RS BRI AR B A K
RE N R I AR R, BRI B (ALK 2.3) % b H 1 2 11 A%/ N R BT 4 1 1Y
SR S B — I — S HEAORES. VR DA VR R (HCO) RN, T REE WG A 1 Pk i Y
JFi[HZ —. Kahara FIVermaat™ i i xR /K KRR ARG BETE R I, #2204 m K AT, A3
ol 06 4 1 5 I T 3R A1 S S 2 T R R R N RO B PR R 1 55— SR T R
SRR B P B L AR . 5 Y A R B R A TR AL B P A R S S BT AN, BRTR A
VAL PR AR KO AR “Na' " DAZERFM AR A IE 3 A PO RE, AEARAE “Na'Ji2” ikBIREZ
R HEATRE A SR, A b P/ DR BE T BEAFE R IR WU (ALK12.4) 5% F T, HigRih &
HNa YRR, BT IR B I [ A, BT ATE SE S B B B, RN ER B RO A S PR A Y
BRSNS - 2k, ORI 2 T A AR 0 A B, BRI B 30 R IR T3
&, JeB R AT A B R ubisco 7 AE PR A RS Rt il SRS AR K Ab & W B 3™ A 19 BB i £
HI. AEARBETE R, B L THE SR P DS PR Z B, 65" W SIS ] T RE i A 5
DA B SR ML P2 B B2 P T T T, T 8 R/ N ERBE I DG A 16 PR RE R O S 1 RS
ARSI 52 B E . B PR A OG A A FEE AR RN # 1 40MOL & 7 W& AR R, Fod ok, K
BIA ) AW HDE AT — 2455, Hideaki Usuda™ X #1880 N 9BFFE UCHARX G S = 0555
JER R EECO, FOLE TR PEBA T VA A T 2250 el B 38 i o0 22 Bl o I8 )38, Ma & 22 )2 78
JE, HRENTERPRLIN D, SEa TR RS Gen T IR B, SXIRARLE, S A T TR (1515). FRaniEik
B WS, N PR TR AR PR 52 BRI, B RE 38 st 2 B 0O S TG PE RO et X A= SR DTN
oy, BRIR S AL B AR vh, R A 5 A B, TR N e AR Y. FE BRI T
T v Y BE AR AN R (R 1), M X e e A 5 e R A 21 B2 5 pH R I A 2 0 oA K SO 5 TR k2
Wi F) 2 2N R 4 3R).

ML FR AN E ORI, KEORMECR . HEIRDCE A EER. WS N
R AU NER BRI SR R b/a U fE, BT E AR S Kb, R Rb DO RE AL SRR E A
RSy, ENTE AR TR ARE ZHOCOREAR G, etk B POCRER R, 5
g e RE R, AT B e SR e, MR R I PO th, A P Chla/ChLb{E TR, 7T
BTS2, 6— —SAMEEERYIEIERE ), AT B T RO S BRI AR TER B . EAR SRR, BUREIRS
GRb/alf IR A RE, LS MBI, TR LA R TR, FEEERZ, 5k




B4R S BUE I st B GRS RAE RS I S e Hh 255

PR ER N T

KE DRIV RN EA T E R AR FIIRE, ERMEYDCE RO R, TR
SR M AURIMEAL B R AT R R AR, AR R, RO (ALK2.3)X 20 8 MR
5 A SRR A LRSI AN 3, R (ALK 2.4) 0 RIS 2 N R B R A L. 812 |
RIVEFABICIAP AL, AT R RN RED. A RFIER I, COLMRIE AT AT $2 s 2 8 N A 1t DY,
[l 230 /D ATMDA & . [RIRE, ARG TR0 v th R BRCOL % Al i 2 M ARMDA ) &5 1Y A BF 5 A
A, COMRBER N T 2R BUE T2 (B /NR S SRR i B 0 XIS Z AT B8 . 7T LA
& RSG5 COMMAEANIR], B RE S A 2 B 4l B i I BE T s, RCE SRR A 2 W ) 23, — 7
R i R CE ™Y, 75—Jr e AR, AR TR PR SR Xl
AT LA R T 4 IMDA S i 0 & i, MDAJE AU AR IR At 2 —, ER &R Z MR T
Jid ALY RR L. MDA 0 38 TR, SR Tl B 5 1k 38 1 S A nt 5 H AT — S Y P VR .

TIPS B, 350 2 L P Ak 14 T 02 5 | 2 1 T e ). AT XL o 1 M Tt 22 Y, 7 A 4 i K A
BREEAERT . —OAh, TEARCO MR 8l i pHIE A /K A BTHCO, hy R TCHLB IR /K A, i e E AL
T AR, TR AR S 25T, SR AR B o AR 0 0 B0 107 A pH B2 K T4k, e
T — R ) A SR TE A, (FUR R B A HE— P T, U5 S N ER T A —SE
B, RSN M. SRS ZHE WA B IEIANAL G2 i 1O g S AT, T ELX B A i
EF—E R NS B AN R AR S AR R R X — 45 R R A K A
{14 42 3H B K Ao (438 h A — i AR

4 SEHE

(1] RPN G A7 ) i o, KA A I 34 75 vk = . dest: wh EEREERL A ikt 1997: 234-238.

[2] FElEsk. BUCHR MR, H2FRTLR, 1997, 4(1): 17-25

[3] Wt R, WX AW RGP RIPUE. HeEwTZ%, 2001, 8(1): 203-209.

[4] Raymond PA, Cole JJ. Increase in the export of alkalinity from North America’s largest river. Science, 2003, 301: 88-91.

[5] BRfEse kb, dent: hERE TR, 1996: 46-51, 63-74.

[6] Chen YW, Qin BQ, Teubner K et al. Longterm dynamics of phytoplankton assemblages: Microcystisdomination in Lake Taihu,
a large shallow lake in China. J Plankton Res, 2003, 25: 445-53.

[7] mhof JF, Sahl HG, Soliman GSH ef al. Tile wadi Natrum: chemical composition and microbial mass developments in alkaline
brines of eutrophic desert lakes. Geomicrob J, 1997, 1: 219-234.

[8] &AL, INIHE, BT, B R B X 7 58 (R ARG IR I B VR . 7K 2%, 2004, 23(9): 3-6.

[91 Espen G, Sverre M Myklested. A photobioreactor with pH control: demonstration by growth of the marine diatom Skeletonema
costatum. Journal of Plankton Research, 2002, 24(6): 557-563.

[10] Ora Hadas, Riki Pinkas, Estelle Delphine e a/. Limnological and ecophysiological aspects of Aphanizomenon ovalisporum
bloom in lake Kinneret, Israel. Journal of Plankton Research, 1999, 21(8): 1439-1453.

[11] Ko KC, Paradise RR. The effects of substrates on rat atria depressed with bicarbonate-free medium, citrate, or low calcium. Proc
Soc Exp Biol Med, 1970, 134: 469-476.

[12] Ko KC, Paradise RR. Rate of depression of atrial contractility inducted by citrate, bicarbonate-free medium, hydrochloric acid,
and halothane. Proc Soc Exp Biol Med, 1971, 136: 1222-1226.

[13] Ko KC, Paradise RR. Effect of starvation on contractile response of isolated rat atria to citrate and bicarbonate-free medium.
Proc Soc Exp Biol Med, 1971,137: 1115-1119.

[14] Monteil C, Marouillat S, Fillastre JP et al. Effects of the medium HCO; /CO, buffer system on differentiation and intermediary
metabolism properties of rabbit proximal tubule cells in primary culture. Epithelial Cell Biol, 1995, 4: 131-139.

[15] XL, AL, o) R4, pHIEMHR K EEZE A K AR AR ALY SE IR . AL BREERL 2722412, 2005, 24(2): 294-29.

[16] Stanier RY, Kunisawa R, Mandel M ef al. Purification and properties of unicellular blue-green algae (Order Chrococcales).



256 J. Lake Sci.(#1:a#+3), 2008, 20(2)

Bacteriol Rev, 1971, 35: 171-205.

[17] 254, YA B SRR AR R, AT #4580 ik, 2000: 135.

[18] Miyachi ST, Suzuki M, Avramova ST. Utilization modes of inorganic carbon for photosynthesis in various species of Chlorella.
Plant Cell Physiol, 1983, 24(3): 441-451.

(191 i #%, TEEAL, TSR, AMPYXT R TCOM BT MG & 15 SEHLEF ST L. i [ Al Bk 412, 2006, 8(3):29-34.

[20] Kahara SN, Vermaat JE. The effect of alkalinity on photosynthesis-light curves and inorganic carbon extraction capacity of
freshwater macrophytes. Aquatic Botany, 2003, 75: 217-227.

[21] B35, £I0M, XSCHAE. Hmhia T aA RN TEHLE TR, | PEHEY, 2006, 26(3): 304-307.

[22] FIRIE, JE)T . ARRISEE SR AE YIS m BT ek . BT S 3R A 024, 2004, 10(3): 394-397.

[23] Hideaki U. Effects of elevated CO, on the capacity for photosynthesis of a single leaf and a whole plant, and on growth in a
Radish. Plant Cell Physiol, 2006, 47(2): 262-269.

[24] Zhilong B, Tadashi I, Yutaka S. Effects of sodium sulfate and sodium bicarbonate on the growth, gas exchange and mineral
composition of lettuce. Scientia Horticulturae, 2004, 99: 215-224.

[25] ML, BRI AR R S alb UM S50 A BB AT PR B G R . AR E B, 1965, 2(3): 179-184.

[26] JARES. gl AN Ta] i 4 2R a/b LU X4 J502, 6- — Sl e Bh e 0 I A LA A B2 AL, 1964, 1(2): 154-159.

[27] Jt 3, JRabE, FRACEC. UGN ERGEHI A MM S B I LB, IR 54 T, 2003, 33(1):23-25.

[28] Camara B, Bouvier F. Oxidative remodeling of plastid carotenoids. Archives of Biochemistry and Biophysics, 2004, 430: 16-21.

[29] Sosik HM, Mitchel BG. Effects of temperature on growth, light absorption, and quantum yield in Dunaliela tertiolecta(Chlorophyceae).
Phycologia, 1994, 30: 833-840.

[30] SRIHAE. RR AT RIS E AT YA, 1999,5: 32-37.

[31] T 48, RE%4E, sREEESE. COJME X PRI AR AR | S B R FIPTAAMLRRG TR, A2 252531, 2005, 25(2):
197-202.

[32] HalzE, wbhil. AR COM LT iR A% MR AN A 1 A8 Ak, BT BTSE, 2002, 20(5): 403-404.

[33] Ora Hadas, Riki Pinkas, Estelle Delphine et al. Limnological and ecophysiological aspects of Aphanizomenon ovalisporum
bloom in lake Kinneret, Israel. J Plankton Res, 1999, 21(8): 1439-1453.

[34] Qiu Bao Sheng, Gao Kun Shan. Effects of CO, enrichment on the bloom- forming cyanobacterium microcytis aeruginosa
(cyanophyceae): physiological responses and relationshios with availity of dissolved inorganic carbon. Journal of Phycology,
2002, 38: 721-725.

[35] Oliver RL, Ganf GG. Freshwater blooms. Potts M. The ecology of cyanobacteria. Netherlands: Kluwer Acdemic Publishers,
2000: 149-194.

[36] Kaplan A, Reinhold L. CO, concentrating mechanisms in photosynthetic microorganisms. Plant Mol Biol, 1999, 50: 539-570.




<<
  /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 /Warning
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


