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Extracellular products of Pseudoalteromonas piscicida P3:
mechanism of inhibiting Pythium porphyrae and control
effect on red rot disease of Neopyropia yezoensis

WU Lei'?, LI Jie*, MO Zhaolan'?, WENG Peiwen*, MAO Yunxiang’*3, TANG Lei"!??

1 Key Laboratory of Tropical Aquatic Germplasm of Hainan Province, Sanya Oceanographic Institution, Ocean
University of China, Sanya 572024, Hainan, China

2 Key Laboratory of Marine Genetics and Breeding (Ministry of Education), College of Marine Life Sciences,
Ocean University of China, Qingdao 266003, Shandong, China

3 Yazhou Bay Innovation Institute of Hainan Tropical Ocean University, Sanya 572022, Hainan, China

4 Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
Shandong, China

Abstract: [Background] Red rot disease, caused by Pythium chondricola/porphyrae, is a major
disease occurring in the cultivation of Neopyropia yezoensis, whereas the current control methods
have limited control effects on this disease. [Objective] To extract the extracellular products of
Pseudoalteromonas piscicida P3, investigate the mechanism of inhibiting P. porphyrae, and
evaluate the control effect of the extracellular products on red rot disease. [Methods] Organic
solvents were used to extract antimicrobial components from the cell-free supernatant (CFS).
The disc diffusion method and dual culture bioassays were employed to evaluate the inhibitory
effect of the extract on P. porphyrae. We then evaluated the control effect of the extract on red
rot disecase by adding it before and after P. porphyrae infection. The differences in gene
expression of P. porphyrae after treatment were analyzed at the transcriptional level. [Results]
The ethyl acetate extract of P3 exhibited the strongest inhibitory effect on P. porphyrae. The
treatment with the extract resulted in decreased biomass, curved and thinned cell walls, loss of
cellular contents, and oogonium appearance of P. porphyrae. The extract added at a final
concentration of 15 mg/L before and after P. porphyrae infection demonstrated the inhibition
rates of 96.64% and 85.06%, respectively. Transcriptome analysis revealed downregulation of the
genes in pathways related to the cytoplasm, membrane, and phosphatidylinositol. [Conclusion]
The extracellular products of P3 have a significant inhibitory effect on P. porphyrae and
effectively control red rot disease in N. yezoensis. The findings provide support for the
development of new control techniques and agents for red rot disease.

Keywords: Neopyropia yezoensis; red rot diseases; Pythium porphyrae; antagonistic strain;
Pseudoalteromonas piscicida; biocontrol

S8R AR b X T2 A R TR 2 O Vi SR
s, SR, HEESEFRFH LK, IRJE ¥R (red rot
disease) st — B ARG AR M EZ —,
P SR Y R SR, T BRE R
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o OJE R OE il & K 8 % (Pythium

chondricola/porphyrae)s |, 25328 & & —28 0
R, B TACIREFRAL, i A TR AR
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WAL AT, YR RIE A RE K
JEH—FPLR BRI AR, U1 Zhang S5k B
fil A% (Trichoderma asperellum) HG1 545 2F
F14F 1 (Bacil lus subtilis) Tpb55 B L4 4 i 3%
i A 552 25 (Phytophthor a nicotianae) , 3 H A
A RER R Y By I S R K3 O N F 759
JNERRRUE. B TS, (BAATETS YL
Bl i g S P T PR L B TR AR A PR S R
T i 2 A8 000 35 S P A A 0 B0 08 Sy T T s 56 1Y)
BifEdeft TS mS%

HEWIOE Y R B, R fa R s B IR R
(Pseudoalteromonas piscicida) P3 X} £55¢ Ji %
(P. porphyrae)Ht i# UR B 2P, AWF5T LA K
P3 NHF MR, PEM IR P3 LR CBRTREUXT
L8R E  I TRTIG O 7R S P B IR AR, [
FiF 388 20 43 BT e PR e SR R IR AKOF- 22 R RS R AR P3
LA = 0T 58 SR B B BT IR LA, LARA Ry 2838 00R
JER I AE D B iR PR AL R SRR
1 Me57E
1.1

PR A AR T (P. piscicida) P3
YA RBEEESE, DRAE T EDK R B B
TR HEGET, 28 CCHFE R 75T 2216E Billg
R 3R B0 9 [ 45 2 1 25 (P. porphyrae) NBRC
33253 WK T HA YW IR)%E, 24 °Cip B R R
F2E 7K £ KKy (semi-seawater corn meal, SCM)
LRGBS IR K 24 °C (100 r/min 5575 T A RN
WARKEFRIREL), SRBEESE RZ RIS = 5
B, 15 CRAFEFE T U Pro-vasoli’s enrichment
solution (PES) K IEREZK H, JEHE 62.5 pmol/(m*s);
JEE R LiD=12:12, 4FE 3 d BEHeiEK,
12 HEHE, TERAFLE

2216E BifgE; 3R | 2216F WRAAE: F73E |
SCM Bifig ki 7R3 . RATRPIRAKREE IR . PES
152 SCHR[9] L il -

LMROTE . Ak, ETEE, HEE, ki
MR A R A E] B e, HY

FEAE IR A BB PR W] 5 LR B A o e (8
W Z KR ARAF B4R, BN
Y. SCRBEFRAE . AR RS, B R
BHEABRA ]

1.3 Bash=Hrviz B

225 TN i A WL R 2R B X T
P& I W (cell-free supernatant, CFS)i#E17 & B%
LR 25 K bk P3 #EF0 T 2216E WA 5+
H. 28 °C. 150 r/min 5357 48 h J5 5 000 r/min
B0 10 min, £ 0.22 um JERR G IEIRTS CFS,
HAEE . CROER . 1E T ESX 3 AT LT
X CFS #EA T AL B, 20% H B i 45 )2 2 BURE
PN 15 mg/mL,

1.4 BHLAFRB4I ¥ 7

K AC R B Ek I I RO A
HLEF I . % BAR 6 mm 5388 5 W k%
FlF SCM Bt fig 45 57 5L 10 F-d e, 5 25 D 1F
2 cm AbHCE HAE 6 mm JEAC A, 4390 54 100 L
A PLE R SR TR R E M SciRdl, = H
X HRZH 55,32 100 pL 20% B, SEB i 3 4k
YiFEE, 24 CCHPEIGSR 7 d & R0 %
ARKEIFRIE AL (DI EMEZE,

PR3 (%)=Ch BREH JE 5 K B — S0 I A
KX B B B4 > 100 (1)
1.5 e ZEsREIHIFI ZRBEIFMN
1.5.1 ZCEZEEREWIM ERBES N

R L 2 SCM g 15 77 JL At
TPE28, 115 O MR CBREREUY) 35 7 810 5 78 S
BOLHRE ECsoo HARLTE. W EIIHFHRE
AR TR CEREEEY) , RIRCh 6.72 .
13.45, 20.17. 26.90 F1 33.62 mg/L, %5 [1%} R0
NG, B 3 AT, B ERE 6 mm 3
JREE R PR T AR b g, 28 °CpEEESE 7 d
JE R TE B, RIEAKXQIHEME R, K
F DPS 34X P Bk B A 28501, 115
B 1 BIA I R ECso

I TR 28 %o)=(hT BR 2 Ji 2 TR0 AR — 52 6 20 i 5
TR/ REZH B 25 T AR - TR D IR ) > 100 (2)
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152 EXBEELEKETIK

B 0.4 g SERIETE 2257 A S5 4 )
2R, SIS A A A E IR AN R K IR AL B
AR TR CERER LY, RIRCA 15, 30 Al
60 mg/L, =5 [N BRI S e By, fpdlix
3 ANFAT, 24 °C. 100 r/min 5555 14 d J5 U4
W L2WAKTFHET, w2 TE, W AKEO3)
PRI R

PR (%) =0 FEZH P 22 T -S4 i 22
T )/ % REZH TR 22 1 FE < 100 (3)
153 EXEBEELESTWK

TN RBP4 SCM B3R LA R, W
S0 B TR 22 e AR U A B S TR S AR, SR
WM 15 mg/L ZFR O BREREY), 25 P
PRSI, B4 3 AT, TG
A EAR 6 mm SESRWRRYE, 28 CCHEE R
7 d, FHZLERE AR el e o5 7P, e
BRI ER AR

B 0.2 g SRR 2257 BN S R0 4H K 25
FIXTREA , SEIG A A A PRI R 755 15 mg/L
LR CBREEY), =5 I B NN S 32 50
4 3 AT, 24°C, 100 r/min K535 12 h, B
S 2 Ko A5 10T R TR 22 B NG T A [
W, B A LA R S AR
1.6 ZHERZHERIREIMBERIAE

S SCHR[12-13]0 7 355 = 5 30 S 25 e 3
6l F A TR YL 5

HE—: LIRCTRIEIYFE 3B &)
HIFRYHT 6 h I ASESRIEFRIKR . LA
WREIN 15 mg/L $2H1, 6 h Jg i inZauk iy
10° spores/mL {8/l . UK 1 535l & Bk
XTRAZH | PHPEXT BELLFNZs FIxd IR, AR 3 A4
AT, B LR FHT % 100 mL 227K A 250 mL
HOEM R E R SR, B 3 ESE(H IR 30 d),
BR 3 dsin 1k PESY), REgR&MFR 1.1, &
55 7 KR A Imaged A4 5t - 7 TR L B
TR, B B0 258 R BRI o) 3157

HE: LIROERIEIYIAE LB &)

2G4 72 h JE ARG IR R . LI TE
WIEN 10° spores/mL HIF T4 72 h 5 (B
% 4 RV IKIVRBERD I IMZREE 15 mg/L
FEREY) . Wk 2 B BPEXT IR . BHMEXT R
LN ZS POV B L 7R3 7 R Hs HEA 00 A0 44T
BEFR A . WEEFNE R 43 ik )y 56—
1.7 EXBEHRFREAMNFSTH

B 0.2 g SRR 2253 A L g 4] Je s
P REA . SIS 2 PR A 7 5% 15 mg/L

R 1 EXRBERIIRMIER ZEERNY

Table 1 Addition of ethyl acetate extract before

infection with Pythium porphyrae

Group Ethyl acetate Pythium
extract Z00Spore

Experimental group + +

Negative control group + -

Positive control group - +

Blank control group - -

+: WINZH Sy 15 mg/L (1) LR L BRIR B sl vk By
10° spores/mL 15832 I T e sh 15 —: AUSIN EidY R,
+: Ethyl acetate extract with a final concentration of
15 mg/L or Pythium zoospores with a final concentration of
10° spores/mL were added; —: No addition of the above
substances.

R2 EXRBEREEARMIECEERRY
Table 2 Addition of ethyl acetate extract after
infection with Pythium porphyrae

Group st day 4th day
(Needle-tip-sized
lesions appear)

Experimental Pythium Ethyl acetate

group Zoospore extract

Negative control  — Ethyl acetate

group extract

Positive control Pythium -

group Zoospore

Blank control - -
group

= AL PE N 15 mg/L (1 2R £ B 4R B sl 20k Ji
9 10° spores/mL )48 i Bl s F .

—: No addition of ethyl acetate extract at a final concentration
of 15 mg/L or Pythium zoospores at a final concentration of
103 spores/mL.
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LR CTRIEEY), = X AR TR,
Hi% 3 FAT, 24°C. 100 r/min ¥55% 12 h, 43
HGE 1 R 22 S SRl Y, i kS
}%Eﬁ
1.8 WGt E

FIF SPSS 27.0 X £ 421 7 HL [ 25 ANOVA
K, fe 45 R B EAbR 25 (X £SD)FRIR,
P<0.05 £/n B EH2ER

2 ERE54M

2.1 Bash IR0 BRAD TF ik

SEEG AR, CFS B[R F 32 BU
IR A, G2 AN R RO LA 1,
Kl 2, IR ERIEHUINTE 2R 60.67%, B3
o T TR TR AR ERU) I TR 26 15.57% B TE T BB X
PR 1.76% (P<0.05), BT LLE$E 1R LR 4R
BYAT N —4 55,
22 CZERZPEERBIMERBEEKD
=AU

ik 3 i, LR FERIEEUINT LR
E@W@l%ﬁﬁa@aa%ﬁﬂx%%m&:ﬂmﬁﬁig
hn, EeEn R 92.60%, 2 Sy EH
IR y=—0.720 5+4.789 6x (R*=0.99), - F 5Lk
J& ECs0=14.92 mg/L (J5%% ECso #K ] 15 mg/L).

1 Etk P3 IREMAINER
RN 2 5 1 3 (P<0.05),
Figure 1 Antimicrobial rate of strain P3 extract.

Different lowercase letters indicate significant
differences (P<0.05).

RN T4

2 Eik P3IREMINIMESRE A 2K
CEREEH; B: AmEHEEY); C: 1E T EEREIL
Y, D: &4,

Figure 2 Antimicrobial effect of strain P3 extract.

A: Ethyl acetate extract; B: Petroleum ether extract;
C: Butanol extract; D: Blank group.

®3 ANEIRE B BRI RER BHHIR

Table 3 Inhibition rate of different concentrations
of ethyl acetate extract on Pythium porphyrae
Antimicrobial rate (%)

Ethyl acetate extract (mg/L)

CK 0.00d

6.72 3.80+1.19d
13.45 50.7543.15¢
20.17 78.45+5.64b
26.90 90.79+0.19a
33.62 92.60+0.42a

CK AR FIX IR ARRVNG TR RN B AF7E 5 2
5#(P<0.05); AR 7Bk 7R $idl JC .2 22 5:(P>0.05).
CK represents the blank control group; Different lowercase
letters indicate significant differences in the data (P<0.05) and
the same letters indicate no significant differences in the data
(P>0.05).

T 2 4 K I 2 TR 2 TR AR U e B T
52 R B, 60 mg/L 424 b B 22 26 K
ik 66.04% (£ 4). WK 3 fis, 15 mg/L $2HL
WIAh PSR I ST, TR, WS B e
BRSL(E 3B), 4HMLREAS T FLIHBUAS i, 403

JRRAR A, MBS, R R A
MR , AHIN ERAS AL RIS B (] 3D).
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%4 FREREZBZEEDUAEREIEEE 23 ZHZEENVAESELNE

aztere treatm::lltge\szvilgl ngltgfeie(l)lt g(t)nlclferthgl?ir(?ng r?)? %’[ Z‘E&ZEE%W%E@ Efé%ﬁﬁﬁﬂf\ ’ £
ethyl acetate extract SCHG LA, SO . BHMEXTREAL . PHYEXT B
Ethyl acetate ~ Dry weight of Antimicrobial rate of Rz FIAH LSRR ESWE 4 s, 365 Al A4S
S ) e ) e n O S0 S5 BE 5 R B, 5525 4 55 3 1 95 B
15 31.3340.51b 40.88+0.97¢ N 2.36%%, A 2 AIKT B X B 255 1 s S
30 27.33+1.37¢ 48.4322.58b #70.28% (P<0.05), i BEII 3 F ik 96.64%,
60 18.00+0.89d 66.04+1.69a 25 A5 T BAL SR EH A . ikl 5 fr
CK AR (I AL RF/NG FRFORHZE TESN IR, MERBEHDMFEREE 20 5 HH
13 B BB A7 A B35 2 57 (P<0.05) EFRR/NFRBE . TR O TRIEIFE IR Y 2 H B

CK represents the blank control group; Different lowercase

b 95 B B SR S Y
letters indicate significant differences in the dry weight or FHIRR/INEBERS A, §7’:g@/n$ , SEHRA |
antimicrobial rate data of mycelium (P<0.05). R B ZE . BHAE X R4 R 25 1 2 ?%ﬂ(/j&ﬂﬂ

— S

3 ZERZESIREVICEXM ERBERSEM A 25 P EE 8 225 W24 8 s R (Ll
R: 20 pm); B: 15 mg/L SR AL BIZH 58500 B 1 22 SN IDE - B e AR (U B R - 20 pm); €2 25
BRI T IS B S B R (IR . 2 pm); D: 15 mg/L SR A0 J2H 58508 25 B8 T 4 10 35 55
AL MR (LB s 2 pm).

Figure 3 Effects of ethyl acetate extract treatment on the morphology of Pythium porphyrae. A: Optical
microscope image of the mycelium of P. porphyrae in the blank group (scale bar: 20 pum); B: Optical
microscope image of the mycelium of P. porphyrae in the 15 mg/L extract treatment group (scale bar: 20 pm);
C: Transmission electron microscope image of the ultrastructure of P. porphyrae in the blank group (scale bar:

2 um); D: Transmission electron microscope image of the ultrastructure of P. porphyrae in 15 mg/L extract
treatment group (scale bar: 2 um).
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4 EXBERIBANMCEBIEREY A LRA; B: FAMEMIEA; C: HMEXTIRY; D: =
FIXPIRLL . PO 1 em; (1A E Sk FHIET Rl R 45 O 55 S T B2 R U 7 d Jm B BE o

Figure 4 Addition of ethyl acetate extract before infection with Pythium porphyrae. A: Experimental group;
B: Negative control group; C: Positive control group; D: Blank control group. Scale bar: 1 cm; The arrows
and circles in the figure indicate the lesions 7 days after infection with P. porphyrae.

®5 EEBEBEIERNMZEE CEREIRIINH MR
Table 5 Inhibitory effect of adding ethyl acetate extract before infection of Pythium porphyrae

Group Experimental group setup Disease spot rate (%)  Disease spot inhibition
Ethyl acetate extract ~ Pythium zoospore rate (%)

Experimental group + + 2.36+0.72b 96.64+1.03

Negative control group + - 0 0

Positive control group - + 70.28+11.70a 0

Blank control group - 0 0

+: ININZAWTE N 15 mg/L 1Y 2R LRI B R M B 100 spores/mL X BHEHF MW T; — AR Ed®E; A
() 7 B 22 7R BOH e A7 7 11 25 2% 57 (P<0.05)

+: Ethyl acetate extract with a final concentration of 15 mg/L or Pythium zoospores with a final concentration of 10° spores/mL were
added; —: No addition of the above substances; Different letters indicate significant differences in the data (P<0.05).

A B

B 5 ZEEHFREUNEA)FERMBEINEB)

Figure 5 Macroscopic observation (A) and microscopic observation (B) of Neopyropia yezoensis lesions.
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RE

Bl 6 frn. 3 6 AIHIZS A SR BER SR BEN  fkbndE, JL3R1 667 4~ DEGs, H 176 4
TR, SLERAERFERIREER N 9.42%, BEME  DEGs LKL, 491 4 DEGs TRk (A 7)0
T B X HE A1 2832 A9 BER 63.04% (P<0.05), 242 HFREAERFTIEEREM KEGG B

Joi BE 2R 0 1k 85.06%, 25 FIZH- S FHMEXT BRZH o #R

BERIEH AR . IR BN e i w5 (R U i el 8 o, X225 AR IEIN I T KEGG
TIN5 2P 2 Ry % o T8 A ) 0 77 28R B A WML, SN2 SR, It
2.4 BEFEZFHHT £ 1324 LR IERY DEGs &0 5] 39 M ha
241 EBRES FE, AR REACE RS AU A DE T S

L P<0.05 Hl|log, fold change|>1 fER 25  RorFAar¥ g fCSHAISCE H, 5 005 A IE
ik (differential expressed genes, DEGs))  HAEKSEIIALFMI 277 4~ T JH&KIEH DEGs

'l B C D
6 EXBEREEFMIEEIEIRIY A: SLW4; B: BAMEXIIEA; C: FHMEXIEA; D =H

XA . FEBIR: 1 em; BIVRIRI RN S SRIB R R Y 7 d J R Bt .

Figure 6 Addition of ethyl acetate extract after infection with Pythium porphyrae. A: Experimental group;
B: Negative control group; C: Positive control group; D: Blank control group. Scale bar: 1 cm; The circles in
the figure indicates the lesions after 7 days of infection with P. porphyrae.

%‘54 6 %irﬁ’fnx nnj\\i]l:lZﬁazlﬁﬁhﬂll%ﬂ’]?[ﬂﬁﬂxﬁ%
Table 6 Inhibitory effect of adding ethyl acetate extract after infection of Pythium porphyrae

Group Experimental group setup Disease spot ~ Disease spot

Ist day 4th day (needle-tip-sized lesions appear) Tate (%) inhibition rate (%)
Experimental group Pythium zoospore  Ethyl acetate extract 9.4244.71b  85.06+7.48
Negative control group — Ethyl acetate extract 0 0
Positive control group  Pythium zoospore — 63.04+11.55a 0
Blank control group - - 0 0

+: ANINZAHE N 15 mg/L 1 2R LB AR B B R M B 105 spores/mL ISR B\E I T; — AR ERYFE; A
[7] 7 B 3 7 B A7 A B 2 25 57 (P<0.05) .

+: Ethyl acetate extract with a final concentration of 15 mg/L or Pythium zoospores with a final concentration of
10° spores/mL were added; —: No addition of the above substances; Different letters indicate significant differences in the data
(P<0.05).
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Figure 7 Volcano plot of DEGs of Pythium
porphyrae under different treatments. Red and
green dots indicate up-regulated DEGs and

down-regulated DEGs, respectively, and gray dots
indicate no difference in gene expression.

FENLE] 42 M@ EE D, AT IR LA
BENREEALEEAG 5 R G . syiih . rmgik, 223
J5 % b & 1 ¥ B (mitogen-activated protein
kinase, MAPK)f5 ‘Z il 55, 5HIEH 4K &3
A O,
243 BHREERFEERER GO BESF
GO B MEIR R, EIRAIF R ILR
DEGs @?ﬁi%ﬁﬁz(biological process) 15 AN
BE . 4 ZH 57 (cellular component) 10 VA Al
41T 3 6E (molecular function) 6 (K 9).
5 KEGG B4R, FIFER 54K
FHHA, FEIMAEA Y R S o T 2 RE
Krp, B FIHER E AT 20 £ U4
Wb 4= 3R Ak A W) 45 & (heterocyclic compound
binding) . A HLIRAL APl (organic cyclic compound
binding) . #% FH R 45 & (nucleotide binding) %5 ik 7%
b FIHFRIAN DEGs TEMRALrh i £ .

BTN EER 20 Zi@mie FEEPE
4f Jf1 J5T (cytoplasm) . B (membrane part) . £k
LA (mitochondrion) %5 41 JU 45 F4) 40 OC ) i 42
HW2EKA K,
244 FEEERERNERFRIEERNTH

il 10 pros, FETJEZER A ERER 10 4
S ACH R AR AR DGR SE DN, AR E R
UDP-N-Z ik #ifli e O-Ft 4% [ . DNA B85
B AW AR-S-BL RSBl . A A 7R I S 1 S A
WIAH G ZEE N, W ROBEACHT . R A
DNA Hflsii e . 26 AW~k
i, RIS, $XEHEE
AWK O AT 2 7R rh A O B L R g
i, X AT T A M Gk i aE R B A o
P B IE T 8 NI S KX E R T
M, fF5 CRN Z % # M (crinkler effector
protein family). ffi il . #f EAHCHE . RXLR
Kt 1 (Arg-X-Leu-Arg effector protein family)
FVG PR MG, W5 MO AN AN B [ f i . D1 TR B
J1 R0 R - FAZ e A T %) 26 B 2 A 4 A o6 3
R, kBB BE D A IR 3R IA P B 5 | i KSR I & A7
PRE I MEE I TR, BRI ERER 2
S AR AR AR G R B, g
STE/STE11 #& Fi# B (Sterile/Sterile 11 protein
kinase) . NAD"& il . L- K42 W A fL g
ULK/FUSED % [11#4/##(Unc-51-like/Fused protein
kinase)%, TEMR Y ATEMSMET, £K)HE
B P A PR I 0 TR B B A TR
I STE/STE L1 £ 1 3 Al Je: 181 42 4 i 30 7 114 45 1L
A AR SRS A LN 7, xR B
ARSI TR ) B AE AR 25 K 2 ) PO e 5
HETEZE R K o
3 itib

AWy 7 i S N B TR A RO R, ik
AESRAE Rl A RAE Y B8, AN A ZF LA

i (Bacillus licheniformis) BLO6 . M4k i BT
& (Xenorhabdus bovienii) YL002 &5 X} BbU%E 55

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Ho
it

S| RS E AR P3 AN MBS B ML S HO BESRIRB Bi i ORI

2285

Renin-angiotensin system

Drug metabolis-other enzymes
Nicotinate and nicotinamide metabolism
Aminoacyl-tRNA biosynthesis

Caffeine metabolism

Degradation of aromatic compounds
Caprolactam degradation

Metabolic pathways

Cholesterol metabolism

Spinocerebellar ataxia

Pyrimidine metabolism

Glutathione metabolism

Nucleotide excision repair

Gap junction

Purine metabolism

Lysosome

Human T-cell leukemia virus 1 infection
Ascorbate and aldarate metabolism
Progesterone-mediated oocyte maturation
Sulfur metabolism

Taste transduction

Ovarian steroidogenesis

Regulation of lipolysis in adipocytes
Cortisol synthesis and secretion

MAPK signaling pathway

Pathway

Steroid hormone biosynthesis
Inositol phosphate metabolism
Atrazine degradation
Spliceosome
Phosphatidylinositol signaling system
Drug metabolism-other enzymes
Glycosaminoglycan degradation
Lipoic acid metabolism
Metabolic pathways
Autophagy-other

Phagosome

Thiamine metabolism

Arginine biosynthesis
Hepatocellular carcinoma
Aminobenzoate degradation
Caprolactam degradation
Protein export

Small cell lung cancer
Cholesterol metabolism
Epstein-Barr virus infection
Lysosome

MAPK signaling pathway-yeast
Tyrosine metabolism
Pantothenate and CoA biosynthesis
Autophagy-yeast

Pathway

Top 25 of KEGG enrichment

Gene number
®5

®10

@15

P value
0.20
0.15
0.10
0.05

0.00 0.10 020 030 040

Rich factor
Top 25 of KEGG enrichment

- ]

R

- ®

- ®

I [}

- . Gene number

- @ e 10

i ® 20

- e @30

L = @40

I P value

[ 0.20

- ] 0.15
0.10

- [ )

L . 0.05

- e

= L ]

- e

= L]

= L]

B 1 . 1 1 1 1

0.00 025 050 075 1.00

Rich factor

8 ERERKEGG BESIEE A: FEERENE; B: MEAZERER.
Figure 8 Bubble diagram of KEGG pathway of differentially expressed genes. A: Up-regulated differential

genes; B: Down-regulated differential genes.
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Figure 9 GO annotation classification statistics of differentially expressed genes. A: Up-regulated differential

genes; B: Down-regulated differential genes.
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Figure 10 Heat map analysis of some differentially expressed genes. Gene function annotations are provided
in National Microbiology Data Center, No. NMDCX0001725.

B i RCR , Herh g 2 SO T TR A H
2 T X5 OABUIE 98 196 97 OR3P R0 4l oy
68.14%F1 65.46% 121 T {58 B Bt TR Je8 41 PR
JEAK P FRFEAT) 2 N R B AR B R, KA L
RSO B S5 HLA AT BRI, ok i
R M TE (P, undina) RE % A 20 i A 5 4
MR aE e, SR ISR e sh A k0,
A AR AZ R B T (P, piscicida) [T LA il A1 13

9K B (Mibrio wulnificus) . &l % 1. 9K & (Vibrio
parahaemolyticus) . K N [G i %1 G 1 (Shigella
sonnei )% Z A AT U7 FE RIS E A W)
Bl 36 5 T, 50 D SC DA 25 B0 45 S0 Ak B g DX 1k
Bl — MR R RSB UM TR P3, X R SE S A A D
il %3k 95.79%, HAT RAFMFEPUSCR . AR5
ARG B P3 (1) LR BRI B 2 P i) 4%
SETREE , IFXF IR B B 1A SR RS BUL T T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2288 (YIS Gk

Microbiol. China

i — 2 BB SRS 2 AU TR ) T 3 SR A
T IR R4 B RE | A IS A gt , T
Pk TA 955 it T 45 7 1T 22 496 1) 1 B A 7 R 0 o 1
TH I, FEPURBAAAE HGlL SHEEF
FFFTR Tpb55 s 35 (0 L S0 g b PHAH R 92 g
(P. nicotianae) 12 h 55|40 AR TE | 41 g EFn
S PSSR L K At B e B0t A S B e U1, S A
P25 Fg AH MR — B, AW YL P3 1 R
LRI AL PSR FE 12 h 5 AN i e
AR AR R I

ST R HUY AL T 5 55 SR E B ) AR R R AL AR
b, PR IR A IR E8O . HT
] N SISO 5830 R B AR W B v i FEE 5
Ding 2N e SR AS— iR i 7 (Cladosporium sp.)
N5 BB IR IR . WFRIK L IRGEZFh LY
J, HA o F B E AR T T 5 Vallet
24 1200 % 3 1] — Kk I BR B B (Phaeosphaeria sp.)
ANS96H , H Ak 74 v 43 25 2138 43 nik g 1 25 AL
B WX 25 S T B e Gl 58 S IR A S ) S 2 4 o
YER . W9 R LR LERZE BV ) /oy -4k
WY sEE Y AT, FREY YU, AT
DA = 6 T B B TR AR P, A IE R R
LRI P3 LR LTRHE Y (3 il 4550 16
BROREAE, 7RSSR AR YT S5 Es i
LU N 15 mg/L EREY, 9 BERN i 2 51
9 96.64%H1 85.06%, iH—LIETL T Rk P3 1)
B v e FHARCR .

i SR 2] 28 3 BT 4B R FE BT TR 4 RO A S s D
AT 200 L R K A4 5 5 A DG L TR 2658, 5% T i
WIEH g, MWmimdlm 24K, Fet2iry
SHRETT . S, BTEEIR . AR BEAREEALEE
MAPK | & J7 [F 4538 B AH G iy JE R .
GERIN, YRR BK 26 35 T IR AT BB X AR
WMMAEKEEZHMH, WRSHIE
(Fusarium graminearum) -, B 32448 2% 1) T I
FEOH A K R H ZP e B R T 22 T A
Koab b, B A A T 9 AT BB [ A S 3O
A Kz B o 7E A5 R 9 R (Magnaporthe

oryzae) "1 21 it B IR P9 A AH DG L R R R A BE
R R A K R T FRARECR e 1224,
MAPK FI85 A Bk U X% 25 A A= 18 320 7 & 4
5 AR RS2, MAPK 2% Bk 2 )W Al 5 | E 5
SRS fERiE, KRE R (P. sojae)t#£
S JEBOTE B P R R PSMPK 7 23k R R AT LA
FEARR gL 127, AR R & K KR &
RXLR W AR CRN & &4 PR
ik, WEE TR EN, fEWRES5HEE
FEREAER RAER, HILH R T R R AR
I R PR e B 1P EM AR A T,
SR AR A AN O R R Rk, R
IoE XT38 FR B8 75 [RIBST b 8 2% 38 A i A FE 41k
FHOCIE B, X5 ELREU S
T P o S A M A FE A A — 3, BRI E )
FETCH AR, A TR S50 s BA A
FEPT, AT RE T LR £ R AR H B 0 B
JEXT 5 3R 0 g T A R AL A A

4 Z

AR HIE P3 LR BEIREY) B
FZANHERE T, SRS EE 2 R Z
B IR, AR PSSR T | P R A |
o T REEAE, iR, B, BTREE K. #F
WeAA . BEARTEALEE . 200 P TS5 AH G SE H g 2%
T, RS EARYLRT L 5 S ek By
15 mg/L WIFRE, SRBEMEIZ 5558 96.64%
1 85.06%, XF AR B A R AT BIIA R . A WF
XG5 Iy 55 SRR 9 1 T B I 25 ) A R I
R T 8¢

B # Tk~ W

R MR BB, SR AR
i, S dleotr, SCEIRYE; B Msis
FBIELRITR, BUCCE; KR, A5
SPEIESLI TR WS M5iR FBIES R

Uils
BAE, BUOCCE; FaM: N5 RBIESE

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



R F | AMESE R P3 AN YUK SR BN S O S SIR B B ia ORI 2289

B

% B SR RBIESR TR, 155%
BARfE, f5 B, BSoE.

16 A 25 ¢ BT = WA

VR P W 4 JCATA] mT BE 22 52 W AR SCHIT 4 A
TAER E 2 A sl AR

REFERENCES

[1] SUGIMOTO M, OUCHI KZ, NAKAMURA Y.
Comparison of contrast improvement of extracted laver
cultivation area wusing parameters derived from
polarimetric SAR data[C]//Remote Sensing of the
Marine Environment II. Kyoto, Japan. SPIE, 2012:
80250R.

(2] WHINIAL T 2R 48 i O Y 3 56 X0 T L 2 IR A2 4k

fi6g o 18 K A 25 AR 55 i (ELPEA (D], TN AR BT
Rt A=A B 3L, 2022.
HU SS. Study on the responses to marine chemical
environment changes and the evaluation of ecological
services of marine macroalgae in the waters of
Guangdong Province, China[D]. Guangzhou: Master’s
Thesis of South China University of Technology, 2022
(in Chinese).

[3] ARASAKI S. Studies on the rot of Porohyra tenera by
Pythium[J]. Nippon Suisan Gakkaishi, 1947, 13: 74-90.

[4] KLOCHKOVA TA, SHIM JB, HWANG MS, KIM GH.
Host-parasite  interactions and  host  species
susceptibility of the marine oomycete parasite,
Olpidiopsis sp., from Korea that infects red algae[J].
Journal of Applied Phycology, 2012, 24(1): 135-144.

[5] JE&h. 4% B 530 0 K % 22 58 KBt o i s AL (D).

i PEIRPERH A AR5, 2019.
TANG L. Innate immunity system and red rot disease
resistant mechanism in Pyropia yezoensis[D]. Qingdao:
Doctoral Dissertation of Ocean University of China,
2019 (in Chinese).

[6] LEE JY, SHERMAN DH, HWANG BK. In vitro
antimicrobial and in vivo antioomycete activities of the
novel antibiotic thiobutacin[J]. Pest Management
Science, 2008, 64(2): 172-177.

[71 ZHANG XF, LI QY, WANG M, MA SQ, ZHENG YF,
LI YQ, ZHAO DL, ZHANG CS. 2E, 4E-decadienoic
acid, a novel anti-oomycete agent from coculture of
Bacillus subtilis and Trichoderma asperellum[J].
Microbiology Spectrum, 2022, 10(4): e0154222.

(8] B, O, WKkME, B, Fof, KR %

O g B B B R A BIE ST (D). TR,
2019, 43(1): 101-111.
YANG HC, L1J, YAN YW, TANG L, MAO YX, MO
ZL. Research progress of economic seaweed diseases
and their prevention and control techniques[J]. Marine
Sciences, 2019, 43(1): 101-111 (in Chinese).

[91 SFHSC. 583G A B 1 19 0 1 55 PF A [D]. JE st
rh E AP BR A BE AR 2 AL 18 3, 2022.

WENG PW. Screening and evaluation of biocontrol
bacteria against red rot disease of Neopyropia[D].
Beijing: Master’s Thesis of Chinese Academy of
Agricultural Sciences, 2022 (in Chinese).

[10] T, SR PR JG1 MEHLABTE[D]. &
By RS W 22 A8 5, 2013.

YU M. The antibacterial mechanism of Pseudoalteromonas
flavipulchra JG1[D]. Qingdao: Doctoral Dissertation of
Ocean University of China, 2013 (in Chinese).

(111 & 5% . ¥ ¥ BhC2E W 5 B30 4 T Bk 1 o) B K

Aspergillus sp. HO75 $T 8 H 4k [D]. #0L: #)
JERAEAA2A 83, 2012.
LU H. Isolation of antifungal strain from ocean samples
and purification of antifungal protein from an
Aspergillus sp. HO75[D]. Wuhan: Master’s Thesis of
Hubei University, 2012 (in Chinese).

[12] UPPALAPATI SR, FUJITA Y. Carbohydrate regulation
of attachment, encystment, and appressorium formation
by Pythium porphyrae (Oomycota) zoospores on
Porphyra yezoensis (Rhodophyta)[J]. Journal of
Phycology, 2000, 36(2): 359-366.

[13] ADDEPALLI MK, FUJITA Y. Regulatory role of
external calcium on Pythium porphyrae (Oomycota)
zoospore release, development and infection in causing
red rot disease of Porphyra yezoensis (Rhodophyta)[J].
FEMS Microbiology Letters, 2002, 211(2): 253-257.

[14] ZEHE. HbAC ZEFHT B BLOG6 X SUABURE M ) A= 7 Vi K
HHTE LR WIR[D]. F At B AU RO R A L2 i
w3, 2020
LI Y. Biological Control and mechanism of Bacillus
licheniformis BLO6 against pepper Phytophthora blight
(Phytophthora capsici)[D]. Nanjing: Master’s Thesis of
Nanjing Agricultural University, 2020 (in Chinese).

[15] FANG XL, L1 ZZ, WANG YH, ZHANG X. In vitro and
in vivo antimicrobial activity of Xenorhabdus bovienii
YL002 against Phytophthora capsici and Botrytis
cinerea[J]. Journal of Applied Microbiology, 2011,
111(1): 145-154.

[l6] MAEDA M, NOGAMI K, KANEMATSU M,
HIRAYAMA K. The concept of biological control
methods in aquaculture[M]//Live Food in Aquaculture.
Dordrecht: Springer Netherlands, 1997: 285-290.

[17] RICHARDS GP, WATSON MA, NEEDLEMAN DS,
UKNALIS J, FIDELMA BOYD E, FAY JP.
Mechanisms for Pseudoalteromonas piscicida-induced
killing of Vibrios and other bacterial pathogens[J].
Applied and Environmental Microbiology, 2017,
83(11): e00175-17.

[18] HOLMSTROM C, KIELLEBERG S. Marine
Pseudoalteromonas species are associated with higher
organisms and produce biologically active extracellular
agents[J]. FEMS Microbiology Ecology, 1999, 30(4):
285-293.

[I9]DING L, QIN S, LI FC, CHI XY, LAATSCH H.
Isolation, antimicrobial activity, and metabolites of
fungus Cladosporium sp. associated with red Alga
Porphyra yezoensig[J]. Current Microbiology, 2008,
56(3): 229-235.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2290 WA

FiE Rk

Microbiol. China

[20] VALLET M, STRITTMATTER M, MURUA P,
LACOSTE S, DUPONT J, HUBAS C, GENTA-JOUVE
G, GACHON CMM, KIM GH, PRADO S.
Chemically-mediated interactions between macroalgae,
their fungal endophytes, and protistan pathogens[J].
Frontiers in Microbiology, 2018, 9: 3161.

[21]FEI LW, XU XW, FENG JY, HAO LY. Inhibition of
oil tea anthracnose by natural product extracts from
Bacillus and Pseudoalteromonas isolates from
mangrove soil[J]. Frontiers in Marine Science, 2023, 10:
1299118.

[22] YIN YN, WANG ZH, CHENG DN, CHEN X, CHEN Y,
MA ZH. The ATP-binding protein FgArbl is essential
for penetration, infectious and normal growth of
Fusarium graminearum[J]. The New Phytologist, 2018,
219(4): 1447-1466.

(23] R, Rt 1 4 P e AR A o i A 9 42 TX 1~ 2
REBFFE[D]. BT : WL 2 6018 3, 2020.
ZHU XM. Studies on the biological functions of the
autophagy and endocytosis regulatory factors in the rice
blast fungus[D]. Hangzhou: Doctoral Dissertation of
Zhejiang University, 2020 (in Chinese).

[24] REL. R E SNARE & 11 E W15 B 2800 &

Mgsec22 KWJIIREWESE[D]. FAL: A AL A K22 AT -1
LB L, 2009.
SONG WW. Bioinformatics analysis of snare proteins
and functional characterization of Mgsec22 in
Magnaporthe grisea[D]. Nanjing: Master’s Thesis of
Nanjing Agricultural University, 2009 (in Chinese).

(25) 5 3. WEARWELEE 3-8 IR fEAS [ 5 e 25 HAR Y

DIREWT I [D]. B AT B AUAR ML 2 1l e 2 738 3,
2014.
LU S. Functional characterizations of phosphatidylinositol
3-phosphate in interactions of Nicotlana benthamiana
and Phytophthora pathogens[D]. Nanjing: Doctoral
Dissertation of Nanjing Agricultural University, 2014
(in Chinese).

[26] 3L, %, EWEH, EIRE. RERRE MAPK

BN B S E S R R AT [0]. R BEAE A, 2016,
46(3): 338-346.
YE WW, LI AN, WANG XL, WANG YC.
Identification and transcriptional analysis of the MAPK
genes in Phytophthora soja€e[J]. Acta Phytopathologica
Sinica, 2016, 46(3): 338-346 (in Chinese).

[27] GAO J, CAO MN, YE WW, LI HY, KONG L, ZHENG
XB, WANG YC. PsMPK7, a stress-associated
mitogen-activated  protein  kinase (MAPK) in
Phytophthora sojae, is required for stress tolerance,
reactive oxygenated species detoxification, cyst
germination, sexual reproduction and infection of
soybean[J]. Molecular Plant Pathology, 2015, 16(1):
61-70.

[28] UHSE S, DJAMEI A. Effectors of plant-colonizing
fungi and beyond[J]. PLoS Pathogens, 2018, 14(6):
¢1006992.

[29] DRENTH A. Genotypic diversity of Phytophthora
infestans in the Netherlands revealed by DNA
polymorphisms[J]. Phytopathology, 1993, 83(10): 1087.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /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 false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /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 (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


