T W Y. AT -

B RZER R A AR

AN BRMERASRANE SIS F S S TR R &
NERITEEHSE LB NBEAEBRRNTIRE, B4
ELH XGRS, FR AR (IR SRR
GRIT))

B, BHRIN ¢ 2R ) B (i)
RBTRARE, 38 ( gugz ) W () SRRERFHR
B C Rk ) KBERA. (HEEY LS NS
REASKARLRELR, FHRTERNEN, 7Rl
%.)

FEA (E5): %*ﬂﬁ

wl #bpH






LA
Y1978429

BNAZZAOS X EERUERE P

AANFBEITARE (RN RSB 20 R OIT A5
SO REAEFIEART, J0 E M TR R 2 it
X CEERRIAARTAD, AVl A B k2B R
BEMEN. 0. AAFEETASHERRIMALE N+, Bit
SO0 R AR ATRR, 2R AR A 4
i, RARE. FORELTHRABESIEMRY,

AR T

(4 LEENKEREERATERENRELE R, T
2013512 B 30 BF%, MEEER LRI,

(V) 27GE, ERLRER.

GEEEB ARG BT « V7 S LARRI Y, (R Rrib S
RELEITAYRERALHRAMEUL L, REETKLEHER
SEEILRRTIA AT, HARETHEN, Ay AF
SR, BEALAEAL)

moA et HTh

~N & (Al A






B

H F
" E 1
Abstract 3
F-E wE 6
1 FRAWEA. BERREHBS 6
L1 FREIHITE X coorreresrsssssssssssssssss oo esessse oo 6
1.2 FHHRERE .8
12.1 EYREK 8
122 AL BE coooreeseesenseessrssssssssssssssssssssssseesssesssssssmesssssess e, 9
123 MEEER. 10
1.3 BREFEKRE-ES 10
13.1 SEHK, HRGM 1
132 FERFEK. HES. BEHL 12
133 FiERAEHHEES 12
134 FRBALBEHE oo 13
14 FRHIIE R BRI oo e see e 13
141 BWBEESRELEH 14
142 ST FIRITBEIR v sesses s 14
143 MARBENEE .14
L44 SHRanL AR Rk AW .. 14
2 FRIMBHA 15
2.1 FERITIRY 15
2.2 FEHR R 15
2.3 FEHRE 15
2.3.1 Y% 15
232 sk 16




B

233 EWIE......

3 REERAEBE D ROT KR

3.1 AEMERZ MR

32 MEMHLIFE.

3.3 WERHOERTR

3.4 WEEEIIRIIFA

.

----------

3.5 BENBEEXATREN

4 MIFRENEFEERLSHE QT
4.1 BREKRER(One Variable at a Time)....
4.2 ¥t (Uniform design)....

5 IRREMHIH IR IR A

5.1 FRBETAE PRI R P

52 WAEMERAEA ..

52.1 &Y eI

-------

522 BERWEARREA ...

6 ZRXHMRAZRENX

=% MR55%

17

19
19
20
20
20
22

22
23
23

24
24
25

. 26

27

28

30

1 ##

1.1 B

1.1.1 FESHIT

1.12 BrpfRigl. FEUAT K.

1.2 #Fp

1.3 HE5r

1.4 FERFMME .

1.5 FERHE.

1.6 FEFHEH

1.7 B3

30
30
30
31
31
31
33
33
33
34



B#

2 BE%H%

2.1 BiFF & MX0 B DH46 4K KNSR IR W
2.2 BEEFEXNERE DH46 K RIMER R W
23 HARHER G RA R
24 BRI E E LN EE TR
241 BBEEHNH '
242 BIREEN/PRIEGETIF
24.3 BIREELHIEE AT
244 [k B
245 FERWBEDMRMELR
2.5 REBAKE LR
2.5.1 REBREKRANATAR
2.52 BB ANEET BTN,
2.5.3 W #H DH46 7£ PUF LB ibEK
2.54 BEEMNEE ERHE R E
2.5.5 PUF B BB BB AN ...
2.5.6 Bl WA FH%E
2.5.7 AR R R BB B B I R AN B DHAG6 oo
2.6 ST
2.6.] WEBEEKRRIFHN
2.6.2 MMEBCR P

F=E GREAMN

1 FEEFE 4 DH46 EXFDEH RO MW
1.1 357 I ()% B A RN B AR I
1.2 B R A KRR R
1.3 SEFFEAR R pH N B4 KBS R H
1.4 7N 5 BE X B AR A K A S R I W
1.5 NREEX A EKFMERRNEW

35
35
35
36
37
37
38
38
39
39
39
39

.39

40
40
40

.41

41
Iy
ry)
IY)

43

43
43
43

45
46



B¥

FME Wig

2 EAEFEMDER DH46 £ KR ITHYRHTW

3 BTFHRTMEFEAS L

4 BEBRW-NILEY CEERULHR
4.1 HREBEETHURRENER

4.1.1 WEMNRENE

4.1.2 TUFLIERBIRBE BTN cooovevveoeeeevevessessssnassssssssssnees
4.1.3 FAERE K w

42 BIEEEUEHERE......

4.3 A E L XTIEE DH46 4 KAF R 2

4.4 WIRE B DR E LR

5 IR REERABERLINESR DH46

5.1 BRI P B AT BT EMI L oo

5.2 ¥ E DH46 7E R E B 10K ] 52 L 8 L R BH L

5.3 WEEHTE PUF B e & A ENE KM HER........

S 2] L A R e

.....

5.4.1 RE B AT 0 B s AL B 3R 0 50

5.4.2 REBSKF RS B2 L EFR1EM.
5.4.3 EF BN H TR OE W

5.5 PUF B @ LR A M #E LR

5.5.1 Hi#x DH46 MBS B EAREEEL

552 HEMEZIMERE PUF REMEKRT oo,

5.5.3 ERBIIGEI .coovorrrnrrsrrnes

1 BEREMEFRNENEEPROER

2 B ENEDEREERLRR PR

3 IERE MBI BT R IR

47

49

52
52
52
53
54

.55

56
57

58
58
59
60

.61

61

.y X

65
66
66
68
70

)

71
73

75



BZ

BRE ZitE5RE 81

1 i 81
2 BXHEHA 82
3 RE . 82
S0k 84
PR 98
BEMHTMRE 98
RENBGERNERR X REF 98
EREE R 99 .
TLHGWH. ZHAL 100

o 102







Contents
Contents

Chinese abstract 1
English abstract 3
Chapter 1 Introduction 6

1 Influence and cause of red-tide 6

1.1 Definition and classification of red tide 6

1.2 Cause of red-tide 8

1.2.1 Biological factors 8

1.2.2 Chemical factors 9

1.2.3 Physical factors 10

1.3 Current status of red-tide in China 10

1.3.1 Increase in frequency and affected area 11

1.3.2 Increase in duration, range and damage 12

1.3.3 New records and poisonous species 12

1.3.4 Various types of algal bloom 13

1.4 The hazards of red tide and ocean health 13

1.4.1 Effect on marine ecological system 14

1.4.2 Effect on marine fishery and aquatic resource ...........o..ovversnnn.. 14

1.4.3 Effect on human health 14

1.4.4 Effect on tourism and entertainment 14

2 Prevention and management of red-tide 15

2. 1 Prevention and management of red-tide 15

2. 2 Monitoring and prediction of red-tide 15

2. 3 Management of red-tide 15

2.3.1 Physical method 15

2.3.2 Chemical methods .16

2.3.3 Biological methods 17

3 Advance in the study on algicidal bacterial and active substances........ 19



Contents

3.1 The foundation of algicidal bacteria 19
3.2 The species of algicidal bacteria. 20
3.3 The mode of action between bacteria-alga interactions ...........c..ccevense. 20
3.4 The types of algicidal active substances 20
3.5 Relative research on bacteria-alga interactions in China ..........cccuueu... 22
4 The optimization design of culture conditions 22
4.1 One Variable at a Time 23
4.2 Uniform design. 23

5 The exploration and exploitation of environmental biological agents...24

5.1 The application of environmental biological agents..........cc.eererreerereenne 24
5.2 Immobilized microorganisms technology .... 25
5.2.1 The immobilization methods 26

5.2.2 The characteristics of immobilized carrier........coccoeuvervurssninnnnn 27

6 Significance of this study 28

Chapter 2 Materials and methods 30

1 Materials ’ 30
1.1 Bacterial Straif.......ccoccevessensesnnsersnsssoseasasessnnses 30
1.1.1 Morphological characteristics 30

1.1.2 Preservation, activation and incubation of bacterium ........... 31

1.2 Algal specie 31
1.3 Culture medium 31
1.4 Reagents and materials 33
1.5 Processing softwares 33
1.6 Reagents preparation............ 33
1.7 Instrument..... 34

2 Methods 35

2.1 The effect of culture condition on on the growth and algal lysis effect of
Alteromonas sp. DH46 35

2.2 The effect of different complex nutrients on the growth and agae-lying



Contents

effect of Alteromonas sp. DH46 35

2.3 Uniform design for optimizing fermentation medium ....v.....vovoee...n. 36

2.4 The research on immobilization of DH46 by sodium alginate —microporous

starch 37
2.4.1 Immobilization methods 37
2.4.2 Properties of calcium alginate gel beads 38

2.4.3 Determination of preparation conditions with entrapment method38

2.4.4 The fermentation of immobilized cells 38
| 2.4.5 Algicidal test with immobilized gel beads. 39
‘ 2.5 The research on immobilization of DH46 on polyurethane foam......... 39
2.5.1 The pretreatment of polyurethane foam 39
2.5.2 The comparison of elute the immobilization celis........................ 39

2.5.3 The algicidal bacteria DH46 immobilized in polyurethane foam 40

2.5.4 The adsorption conditions of immobilized cell on PUF...............

2.5.5 The distribution of algicidal bacteria DH46 immobilized on PUF40

2.5.6 The effect factors of PUF on immobilized algicidal bacteria....... 41
2.5.7 The observation of immobilized cell on PUF with SEM.............. 41
2.6 analysis measure 42
2.6.1 Evaluation of the bacterial growth 42
2.6.2 Evaluation of algicidal activity 42
Chapter 3 Results and Analysis 43

1 The effect of different culture condition on the growth and algal lysis of

Alteromonas sp. DH46 43
1.1 The effect of different culture time on DH46 43
1.2 The effect of culture temperature on DH46... 43
1.3 The effect of culture initial pH 0n DH46.........vovvvemmeesseoooeooosoo 44
1.4 The effect of different salinity on DH46 45
1.5 The effect of rotation speed on DH46 46

2 The effect of complex nutrients on the growth and algicidal activity of

i



T ey

Contents

DH46 47

3 Uniform design for optimizing fermentation medium ..........ccoeeveucerieseces 49

4 The research on immobilization of DH46 with entrapment method 52

4.1 Influence factors of entrapment method.........ccoeereevennnce 52

4.1.1 The effect of the concentration of sodium alginate.............cccveee.. 52

4.1.2 The effect of the concentration of microporous starch................. 53

4.1.3 The effect of the concentration of calcium chloride............cverer.. 54

4.2 The morphology of calcium alginate gel beads 55

4.3 The effect of immobilization on growth characteristics of DH46......... 56

‘ 4.4 Algicidal test with immobilized gel beads 57
5 The research on immobilization of DH46 on PUF 58

| 5.1 The comparison of elute the immobilization cells with ultrasonic and

squeezing methods........cocreuveeeee 58
5.2 Sorption percentage of algicidal bacteria DH46 on PUF ...................... 59
5.3 The distribution of algicidal bacteria DH46 immobilized on PUF ....... 60

5.4 The effect factors of PUF on immobilized algicidal bacteria................ 61
5.4.1 The effect of PUF shapes on immobilized cell........cccoeurerenrerenncne 61
5.4.2 The effect of PUF quantities on immobilized cell..............cceeurun. 63
5.4.3 The effect of inoculum concentration on immobilized cell.......... 65
5.5 The inhibition test on Alexandrium tamarense we. 66
5.5.1 The algicidal test in conical flask 66
5.5.2 The observation of immobilized cells on PUF by SEM ............. 68
5.5.3 The field test with PUF-immobilized cell 70
Chapter 4 Discussion 71

1 Application of marine microorganisns in red tides control with biological

treatment 71

2 The application of uniform design in the optimization of microorganism

fermentation 73

3 The development and application of environmental microbial agents.. 75

iv



Contents

Chapter 5 Conclusions and Future directions 81
1 Conclusions 81
2 Innovative points 82
3 Future directions 82

References . 84

Appendix 98
Scientific research project and funds 98
Papers and patent 98
Abbreviations 99
Pictures of bacterium strain and algae 100

Acknowledgements 102






B

REFRNCERN LS LRUNBERE, SPLRHAFIHRE B HHD.
HTARBEHTERNAX ARKEZ—. FEORERRCERERERR AL
ZEARBATFHTRELBRHENERARORR . FERTEN, H-BXRE
MERE NG FREs P REEEEA, T ¥ 25 400/ 3% SR A0 B8 10 A B K S
RREIRGE T WTRERR R,

HATE RS AR A R E RO R RRIE T — LR, SR
TAEPRAERR BB AT F A VRS A ks, (R, LIV R T 0
MERAEAR, FR-FFUEROEDRERAR, DRSSy B
BARERAFEEMNILE X. ERXUERENHRBN AN S
Alteromonas sp. DHA6 ARSI R, B RALSES & MRS SR B 0 ik B 21
7 REAHTE RN, 0t E L R IR A R ®
BHEELRWT:

L. Bl ZoBell 2216E bR %, A BEEERBMIBFRL M, EOTHHE
KE(TE) MMEE, RBE. BF. BE. W06 pH . 5E, hremsmy
BERHIRE LY RAEE YR OBM. SRRV AENREEREY: VB
PHA 7, EEEH 30%, HBAEN 28°C, 3% 180r/min, BE3H A 24h.

2. BEHNRALRRUKEREAS, LRTIREMASNER, MbikE
ERYMETHTHH8GT . BIEEHE Al . TH RS B . NaNO,. MgSO,
HEERWET, UEGTENPE, $TRAT8, R DPS %xf
REHATEIRMT, BIIFIIER., PRALSE BISE SR A N (/L) BB E1E 14.0, BE
B8 163, JERY 5.0,NaNO; 1.6, MgS0,2.3. ZERGE I £ 1 T RA ML E it 5
Higt, REHCTENRBENFN 736 gL 5 98.4%, HAMAAIEET 107%
1 10%.

3+ R RIMRN-SALVEH 5 A B 520 B AL WS Alteromonas sp. DH46. @it %



S

=

BoBEEHNEENERER, WA TEECARNNGEEEE. LEHEER
WIETRIRE K 20g/L, HALIERIIRE 20g/L 1 CaCl, ¥RE X4 30g/L B, AIHIARIEH
320 + 0.08 mm. HURGRMEE REFHIMEICHAER . BT T AR =W E DH46
RN, FFRRZE S 8EE T LIS DHA6 BTINENR, hHAET
W N RR S %,

4. KRR B R b B AL 32 3F Alteromonas sp. DHA6. 813 /T4 % 8 DH46
7 PUF 84 B WER, BRESATNLN, FEAREARER, HER
KBEK 5MEE DHA6 EWIHE, FAEHSIRIE € DH46 HAM. BEidE%
BRNT BhENEMHBEERENEAEEHEFNER, RETRERRKE
EALEFMBER %M, 75 Smm®PUF 183K 1.0g, 28°C, 150r/min &4 FE 2L
#i5% DH46, 24h FRANEAEEIXT 5.26 10 cellig, ABIFHEFRM 4 5 2EH,
Bm 2.0g R BB € L8 A% 48h JE M AT 86.1%.

KB WRENE; FrFOHMNL; BEUER



Abstract

With increasing eutrophication of water bodies throughout the world, the occurrence of
harmful algal blooms (HABSs) has led to extensive ecological and environmental issues
and huge economic losses, and a significant increases have occurred in their frequency,
scale and damage every year, which is also one of the two main natural disasters as a
result of human activities coupled with the dust storms, Currently, HABs have become a
worldwide public hazard, affecting more than 30 countries and regions. Therefore, the
study of HAB control methods, and the development of relevant countermeasures has
become a priority in many countries and regions.Of the factors that regulate the red tide
dynamics, algal-bacterial interactions are increasingly cited as potentially regulators in
recent studies.And a series of the exploitation and identification of algicidal bacteria open

a promising passage for the treatment of red tide with biological methods.

At present, research on algicidal bacteria and their active compounds is mostly in the
preliminary stage. Although some achievements have been obtained in this field, the
utilization of algicidal bacteria is still flawed in actual practice as a result of the lower
algicidal activity and efficient biomass.Thus, the studies on optimization of the
fermentation conditions and immobilization technology to develop a novel technology
for removing the harmful algae with biological method are of practical and theoretical

importance.

In this paper, a metabolite which was strongly toxic to the dinoflagellate Alexandyium
tamarense was produced by strain DH46 of the alga-lysing bacterium Alteromonas
sp.Aiming to improve cell density and algicidal activity, the effects of shaking-culture
conditions and components of culture medium were studied, combining with single
factor method and uniform design method. And microorganism immobilization
technology was applied to enhance the effect of anti-algae microbial agent which was
prepared for the application of algicidal bacteria against HABs.The main results were as

3



Abstract

follows:

The culture conditions were first optimized using a single-factor test method. Factors
including carbon source, nitrogen source, temperature, initial pH value, rotational speed
and salinity were studied. Results showed that 28°C, pH 7, 180r/min and 30% salt
content favored both the cell growth and the lysing effect of DH46. Next, the optimum
medium composition for DH46 was determined by means of uniform design
experimentation, and the most important components influencing the cell density were
tryptone, yeast extract, soluble starch, NaNO; and MgSO4. When the culture medium
was (g/L): tryptone 14.0, yeast extract 1.63, soluble starch 5.0, NaNO; 1.6, MgSO4 2.3,
the largest bacterial dry weight (7.36 g L") was obtained, which was an enhancement of
107% compared to the initial medium; and the algal lysis rate was as high as 98.4%, an

increase of nearly 10% after optimization.

Sodium alginate and microporous starch were selected to immobilize algicidal bacterium
Alteromonas sp.DH46.By examining the factoers affecting the immobilization, the
optimized preparation conditions of algicidal bacterium DH46 were abtained. The
optimum entrapment conditions of SA-MS were introduced as followed, the
concentration of sodium alginate 20g/L ,microporous starch 20g/L, CaCl, 30g/L. Under
this condition, the beads were 3.20+0.08 mm in diameter with excellent mechanical
strength and permeability.And the effect of immobilized operation on the growth
characteristic of algicidal bacterium DH46 were studies, and the immobilized beads were

also applied to algicidal test for the industrial application in the future.

The immobilization of Alteromonas sp. DH46 on PUF was proposed in the present work.
The results indicated that PUF was a suitable carrier of the efficient immobilization for
DH46. Electron micrograph images also showed that how DH46 was immobilized on
PUF carriers.And The factors affecting the adsorption were optimized to attain high
density of Alteromonas sp. DH46, including PUF particle size, the adding dosage of PUF
and inoculation quantity.The commercially available polyurethane foam (density 65 kg

4
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m?, porosity >90%)was cut into 5x5x5 mm cubes, and 1% (v/v) algicidal bacterium
DH46 seed was inoculated into the flasks containing 1.0g pretreated PUF carriers with a
cell density of 1~2 x10° cell/ml and, cultured at 28°C for 24h with a rotational speed of
150 min™.Under the condition of optimization, the highest cell density of DH46 (5.26
x10'cell/g) was achieved which was about 4 times higher than that of free-cell culture in
medium. During the algae-lysing test, algicidal activity can be as high as 86:1% after
added 2.0g PUF-immobilized bacteria with air-dried treatment for 48h.

Key words: Algicidal bacteria; Optimization of culture medium; Immobilized

technology






% Wy

2% §E

BEREMNRE, BEERRETN 71%, AKTHEZ0HEREER 9
B, MR—AEEKKIR, TUHMRELGETER. BEFEREEENT
BB, RARBSRBHEELM, BR, tRNELROHERRRA M
THREBNESTEREES RS, SHEREEETE R, £2ALEHR
PTRABK, FANBRAR. BENFGEDHHLRERTY MY, NFE
BALE, FERBMREEOEK ENGD, SARERD.

EER, FENAERRCERBRHOX SR NBELSF T RERE
R PR kR 2008 4F, RESMILRERS 68 %, BIHER 13 738
FHLE, SEEML, ¥MN2128 FHAR, BREBEFRELN 0.02 25T,
SWHIRA 500 AR EMATRABATEFG O K, B, HEf4E
WIREFE 11K, REEH 610 TAAR. 2000 4, 2MHRIERIFH 68 Xk,
FRER 14100 FHAR, o REHM 362 FHAE, BHREBELFRE 0.65 17
U 2010 %F 1-6 Ath, SEESRILKI 45 AW, BIEHRL 10 000 FHAE,
ERRERZFRKIT 72.7 T,

IMFIERHF B SR RAB IR, HFDEREFT—HRENE Gl
W, ERAENE. BEZNTEE SRR B ERANE RS E
—l, L& FHEMNBGFIS D, ABRBSHXTE-BHTLE. HEAH
MINERBRNERTR. EAMRERS, “LERR" Eh—FEmn. SEK. F
BRERGEDEH T EERNEF LRBEEE RN RRAT , KA
LI,

1 FBNEE. BEREENS

L1 FRAREN S H%

I (Red tide) RIGEE—EMABAHT, WK LTI, BEEFY.
BRAHER AR BN EEREMSBAAEEHESRENG, KE%
FERTEN, BEERREPHEEOFA W NE R EMHarmbul algal
blooms, HAB)ZH & 7F#l(Harmful red tide), EELER4HE. BRIHERL.
BAUKABUSESREHEESRA. BlAER, WARE, KL RALEE



% WE

WREERM . FYEVFEMLEL, SHUER. REAGTIER, FEEK
Wik L& (PSP), A IEWNSP), MEHNEDSP), RIZHENFASP), Fma
#(CFP%(R 1.1). BATHMERNERFEDE 838, HPUREREL, F 16
MR, 66 AN RERF 1AME, 6 M REHEENEINE, 6 M Tl
ENE 3R, 5.

& 1.1 BEZHAS
Table 1.1  Toxin-derived Human Toxicoses

BEME b fEH
RRBE 1 JU(PSP) K W&,
FhE2HE TUE (NSP) fie v e N N Y
R E(DSP) Rava A
RIZHE LE(ASP) KIEHE i
74 In % (CFP) isbad Ty 4 #E A, OB

FERARKEIEQFERBOFE. KEBR, FIRFINEDTHE, B
RIE. K& BEFREMER. REMKRESAHE. KEHCHREHK
PR A R E 0 A E AR ML RN, RS AR R BRI SR IR AR 2 SR
MAE KR, RBETIRKFHOENFHRS DRFED HREE, SHERNES
RFa%. mormENRERSEOEERE", BREIEE—S0L, SHE
B, AREAMANATEENERXETFEDVEENFRE, RREFER
SR EREEAE S A O, B WBRLSMNEESNE) B, SREAISE
HXMFE 4 K. RLEBEEZBRMRENTANE. ERYTERELR
KEAEE, HARERS RO, BEY, FEY GERMEAMEME. LR
B, WARREASMER. Fukuyo A HH W EFENEHFMBARE, TR
AP EF A Fukuyo MARBE, H—HRIERSRERM IR ENFE
KEHBAEE, BAEPAXERE FHEFE. Afhe. FEFM4K U
ETERRE K ERFBGREHERBTRRER.



5% #s

1.2 FEHHE

FER—FESRERR, SHBEREENE2ER. B RIHNER
FAMEE. HWEBE. UEEE. KX£F. K244 RERNBE. B, K
REZIE. —RAHEERBWTHEEE, KBTL2N 4 M BR: BENR,
KREMR, BEHR, HEHER, WE L, aRRmEmimemntkinsg.

-~y

3

WL Wiy a4 i | S A O

o
e d

1]

B 11 AN REE
LEHEHER 2RBRHMER 3EFNBR 4HTHR
Fig 1.1 Schematic drawing of the dynamics in the Red tide blooms
EARHBNMERIRY, REREMERTSN: £YRE. LERENYE
HE.

121 £ P9R%K

FENREE RBEARYEDNEE, FHEDRFHBEONE,

FEEDTEQRE THIIEY. RESYMBE=KE, 3I8FHNEDHF
BEZ. BE, BEPREIRIFEY 4024 B, Kb 260 KRMFHEDHELE
BN 78 . BERW, EREGEYZIIROFMNRETE 40 25, HbEH
FRENFRRLY 10 Fh.

FAEPOERER RN, WHLAHEDEEFE, HBERBBKER N
BRARI K, LUEBHRAMN 10 celymL, H4 3 REHaTRERS. KL
FH—AMERRRARP B EKEE R THE, FHERE, SHEKERLF
BIBATER. FELYRIERNOEREE, BN LEEMRERMMNE BRYE
W AFFNRERBCEHEDR. RBKPHEENREFBENZ IS, BR
NROTFERFGEYRBLREFAREN AN EEEWRE. HyunJin Cho!



$—E AE

HT 2001 FHRIE, EHE. REQNS AERER, BEIAEXEEMFNERE,
RERRBHMERLE, URKEIEE 15C~20CH, NRTFHRNAERLSHL,
TR LD .

KKk, FEIBRREZELEEFGEDOER. BEESRAY, BEGA
ELMFEEY, ENPRFLR AT BRI S BRY RET MR MR
A BRI R MR R A P R T R R R B S ), g
BAEY (. RES) VRO E SR R MBI, N
T T AR .

122 HEER

EREBENERIEKEEERURFIMRNBEERE. HENSHXT
R KB INR, BRIS R (IEK. EFEK RUHKSHH
BO. SR B S5 RURKS TR ERERERNEERED, ZhFHED
W R T TR SR L B 0 AR

5TV LBARTHL, HAREAEERORARENT 4 345, BNAARY
MES, XEERR TEREFORMIKRE, R TEBKPELNEK, BEHT
KB FREY, WEEERERT 0.1 mgL ", ATEHBAT 0.02mgL"!
I, RAEFETFTREIER A s n0e, Foeis 4o/ & Ml BRI b =N 1 P A
Si | P) RELFHEWERKREEINE, No P Si XSGR B KK i
YRR AAEEYW. RERRZEFDYHREKBNEFR KT ERTERE
KSR AR EREE L REX mE £,

R 12 EFETEERARSFESRIHRREE
Table 1.2 Rough discharge amount of pollutants produced by fish culture

in the China Sea areas of resent years x10* t

FE4 HKaRZFE N P BOD
1999 1057.9 15.08 2.72 36.61
2000 1033 14.72 2.65 35.75
2001 1014.7 14.46 2.61 35.12
2002 1022.3 14.57 2.63 35.38

2003 1028.4 14.65 2.64 35.59




HERRMEEYUBNRARRBRAREFARENEE TN LT R0
. WREENMESEA Fe. Mn. Cu. Mg. Mo. Cor EIHENHEIET S
SEYENRNUBEEYEE. SHRIREN, SERETALR. ERREA
B, HFERMENRERE LEERHERAXNERED. XhEYREaE
VBi» VB DNA. B0, bz, HAIMERIM—EENDRAEEHD, @5
ERESRTSHELRES, RESRAMEREL TRL, NTEHHREX
FEYA,

123 MEAER

R RELHEHYBRERTFOEN. NERASKE, A0 8
AERHFLRZERR. BW. LR, KAEL. B, URKE. BF. %
RETFEETOYN. NWRRKE, FRHOE KBS SRS, . %
W TR BEEML, FLBEA T RARS LW E R & D,

F7 Dokai 2S£ S FREEERURE, EASUNRETS AR,
L. PR, KOO, AR T 0 2 5 PR P T A v v
PR IIBHIEE, I RSN A RN L B P AR L BR AT R
B 3~5 RB, HEE, Sl FEAEAMBE NI TRGR, . ARENE
B2 I, RERHBEAHASREFI, XS 5m R RO HK
B R A —EROHIE

AREREHEHIRIEN, BLBERAR. HE. BRNREFEE T
BHTTWE E RO R, JU/RBES S BOEN RS 3 Fl R A S RR
MNERESSKARERYE. MTUEEROANER, KEAEHTARRE
FERMERH LM, HEERFLREEL— KRB BB FH BAE
AR P R AT R LA B T — e R,

13 REFANRESLS

B 2000 SENRERETXTARNER, —BERRRL SR, miF
RIEARE (WFER) H— T EBEHERT SASEL0BKRERS. R
EEREWAHCROFARET 1933 4, FHHTAP=L0 2l R 50
FEW. FR—HRENBOLEAEC, HRZ 20 142 70 FRUE, AR
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B—¥ HWE

RAESR. 1970 F£LE, JLEFEESERERER. BATE%EH, M 1933 4
F2010F 6 A, BEEEBIERAE 1144 8, BELEHKRENE 1.2 k.

120 -

0 A . " e P !

1930 1940 1950 1960 1970 1980 1990 2000 2010

0

B 12 19332009 S EI R A FHG T
Fig 1.2 Statistics on coastal red tide events in China from 1933 to 2009

1.3.1 SRHX, HREM

ME 12 PATLEHABREREE EFHaS, BREM%. BIAEeg%it,
1970 4ELLRTHY 38 EPNE 4 BiER, 1970-1979 Fidx 1272, T 80 ERE, K
MR A BB AR, Hp 1980-1989 FiZXT 75 K, 1990-1999 &Sk T 226 X,
20002009 FiERT 792 K, FEBRRARUGTEMNA=FHEE LY, X5
REREBE2FRE. AREHERSHKER.

140 - -3
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B 1.3 20002009 £ EF# R AEH LR
Fig.1.3 Occurrences of red tide in China from 2000 to 2009
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REZHFN 1998 F24, GEHRETEABE 1000 km? HA AL .
2004 1 2005 4F AR HREE RHAUAEIZ) 27000 FHA R, =45F 2000 4EH 78 R
R, EEERE, FHCRRENERRERSEFTRE (B 13), MRt
BB RENAXEELR T ZE R,

132 HEMEK, BB, BEEA

BENET, 20 4 90 FRLIFT, RERENFI—RREELRES LA
B, 1998 F/RAMR LM EBER K. 2003 KA O RHLE R AL RS 4
REHPAZE 7T ATBERAERD 40 K, BHSRAK. HREETHEL S Wi
BRI 35 R, R—RAME RO EEZ IR KB 2500 FT. 1998-2000 E
B, . RBRETERISBLT R KRS, tRFR5, 20002000
FHERRHEROEEBH % B HE 15 2. T, HERG AL
REEREE, REFREGTFEGFRERNNETH, SF 1300 EADEEH
&R 30 ABET.

78, WRSRREENZ ERUBEE, BELRENR DAL R Wk
FALESER, BAMREE WRE RSB ERY Bk,

133 HieRMEFHAHEE

BEREFRHEEENBOLE. PRBER. KEH. ZRBME. LR
R BEETR. AR, FREE, BHE. RS, S80S, 5
LVER, —EFLIMANEE, WEHRNE. SAREE. ZUBNE. TR
REFE. FEES, WHMNERITH ENE D5 A%, BRI ILKEE. 2R
RIFR. BARHE. KIEEERIT MRS TR R G 2 55
A ) RS B AL B B (Pyrodinium bahamense)REPY, M kFiER BBl R SR P SRS
FHIVEMESR, HRHRY, R BRIRET 5 B Eg 209,

2001-2008 £, HEBRAYWRERIRNERBUAAEE—K (ME 14),
MR EZIETE RIS 2006 5 BELT RARKMAERN DR HAER
B, RERYN 41 K, HMETE 15000 km?. M 2007 T4, HEFMMITR
REFMERIFETRE, 2008 FBR 11 KEBHRE, BHEEY 610 FiHAE.
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Fig.1.4 Occurrences of toxic red tide in China from 2001 to 2008

134 FHXRZH

BRERGHABRE, KSR F LA, BEFNRER, FREH
TR, RA—Fh e ) & A0 R R T B R SE A B R o (R S T B 7R
B S DR, EHZERIABFHE EABS, W 1989 4 7 AR HAMAIETE
S ABEAEARPERHCY, 1991 53 H 2022 AAWEMEERREN
BOREAHCT, 2002 4 6 A 4 H—13 HAERLOFEEEL S —HRRETLL
WG B(Gyrodimium instriatum)F170 [ B 4% 8 (Skeletoaema castatum)5|FE KX A 77
B8, 2006 4F 6 A 24—27 BHFLH&H LTS EE 0T SRR EHEEHEE.
KIS E SRS MEREFIE.

GER, REFEKEMBYEEM, FMRERBIBT K, REBRRA
EMEREERY R, NWEEEZHNK, F#. AENFHEDRELEE, X
PR T REFE N EOEENE R,

14 FAWRESHHRR

FEAHRBELTERR. ERYET . SE KBS AL RAE,
BEEYNESRASL TEERERE. HEANEEENER, WAEHEN
B, BEHNE., BIZRENE, HAHNE, BnaE%, SHESHATN
LEEHRIGLL, BMARERE, REEFRZN, WESIMEAE KIS,
MERMEFENERYBIERY. ANERREE, 43BUKERLBERR
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B-E W5

R, WKGEBREKT. BRBENSES, MEEEYNESRESRTEEE.
4% Zingone FMBE, 37800 5 E B AT LS R DU K
L4.1 ¥RiBEESRGEH
RN S, EYEEMZ AHE KT HEHANERES RS,
EEFHERT, RETHNRBEHRAEERD L FHABROHEEED, ik
R R LR TRABFZHFEY, AEARERLNS RRBBhEEAYS
HRABRFHERR, SRRERREEEYIENRT, NEERER. GATE
BER. NBERSHVEREFRARRSKXTIREY. EEFADLAEREE
BRE, ERNENERI—EEEZIE, SMIEREBLE, F0E SRR,
T H, ERMERHHEZE R NBARRA TR, ERERRRENNE, &
BRHAEAEZEEEAR, BWEHEDNES.
1.4.2 3l ok = 4R RO R SF
TR L SRR BB ) BB R R LR A = B f 2
L, BHREAFEYFERRRZK, ERBENSHFRE. FREEEELA
KRR EERRAY: —F T, BEFOESEBERTREESHEY,
SESFHEENNARI:, HREENBHFRK: B—HE, FEASERTEN
BREXXERFEWERITE, EANTKEREH RSB ERE, 28
HEREUMREY, HFEFASRMFHEARK. K FEXEWRARET S
EHRERBARE, FEHATREAFBYGFLERR.
143 WAL BRNBE
HEFRHEMTENERTUEE W MR S RKER BB, BRARE
miss, WMRAMARHXLAIF. MK, RASRAGTE, FENT ST,
FAENERSIRBARPBFMERFLRBRHERE, AKBERR TR
B BIARYRELR ZAMF4E PSP, DSP BENERAME, FEeE
B ZRRERAEENLF,
1.4.4 Bl #03R Rl A9 B0
FHREBRKKREREYW, KERE, MERIFOEE=ET%K, B
WF. ~BRANREFERR TERRRESHERAESEN, B E5RE R
PrHERE. 02010 ERYIFBERBER T —RERL 15 FHAR, BEREKA
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¥ #s

20 RIFE, SBUERHFETH S0%, FHEXEAZREF.

gL, FEMREBEERT ENES. BE. FEHENEXNEFRK.
A5, FEAFRRERKBERH—NERES, EHrEFRERXMGEESIH
WOLRETEENTR, MESKR - BEREELEREEEHNKE.
2 FRFHIBEIAR
2.1 FRHEEOTABS

EERFHRABIAE M, BWEREASESY, XERKEELRATE
HREEMKKEEERL, MERAEKENRKXIET KEEEFLMEE. B
it BRIAE, EAEHBRERNFRER WRKECHE, WFEtLBEER,
RYPBERE. K, BHKAEFRBATREEEFLERTFENERRZ:
—J5 T AT AT A BRI HE TR/, S B2 AR B X, DA b5 N
A UEEERX EFEXEE T BRI EGRNEEY Y. BSKEH
Y. 5%, NTERYLREMKEESRE, RRABRIEEY. SRR
. KERERSYETRESERERER, DRETEFRNLRA.
2.2 FREBROEEA TR

BERINEHAT R TR, & S e X R AR R 2 IR
ML E LA EDHERRAATIRN. BitATAHBNNERS, B
ZERRULSA 3 K ERTWE. G- FENRERNE. 80 EUHR
RAKEZ BRIGERNREN LS EZROGEEMAL LR HPEEREEN
WEBRRXRE, BYFRNEEZENIRLRTRFANLELH,
2.3 FEEE

HElERF LR BAENEE T ER: Wk, EEREYE. RRBENE
YIRE BRI RRBIXNG, BEREDE TR OMRS S, ERERERE
FERE. ESTIREZ R, BAESHETRARRRAFANELEEERNESKE,
HmEREREBIEEREERAER. “UBERE” MOV —FHFMHEE
WEATRA REFONATR.
231 PE%

FEBRER, FEEY—REETKEREO~3m), REUTRD. YEY
BIREFERRNAYETENTR, SERATEAREY. Bl ERIMERRE



B—E s

HRNWETEE: BRE ARERRRESE, SRR TR RmE,
FIRRE RS, RAMECSRTERBAEY, HAH 8 %R S TR AT R
HARBBGR, ELAELERRN A 2R,
232 fE%
WETERAFRRRAE A, RRARE. HARE. REBRN—FHFE,
UEEAFEERKE. BRAREMRRT WERE,
2.3.2.1 EERTGE
(1) THLRREEH
HEAKERNRKRUEARERAEAGEY. RRARRE R ELE
FEMOLELY, ERREARE—EHEE, UEARE. MERARNN 2R
i, BFERARISREEERAC, TIE— (1992) MRRERERTELE
EREM, 30 mg/L KRBT LUEAHZIE 48h MR TH L KSR & 2R e
71, TSI KERBERN 490 5, FimuBEmELRIE, REREN,
REAHE [OH] AARBHELNE, BTCURRI A RAREY, AN XAS
B, BErSHt>), RURES. TREVNBRSEH, k5, KREBH. &
HRH, AR, PRELEASTHTEEATEY.
(2) BHURREH
HHF EREHRER, HAHRREORTIREN, 5N ThEWHRM
RBRRYIFR . HERFHBE KRR L B PR T — RS S R—T )\
TR, 1}10° MIZWIREE Imin WRRAE RIS RAMBRIN AN, 3 AR HMEY
E#. Barret %M Welch %1 ) FRAZFAEH. HESHTTLRHN, H*
B T RIFMMEAR: Pillinger 559 H—SWARN, MM Bbr4NRA
DR, RAZHMBEEROEEFUDR. FHES B MR 2%
¥, EENAHFERERERANG. SRER, AR 0.10 g /L. 120 min
i, ERREATIKREMNE 10% REE 80%LA L, HEMEERRNM, iR
BEE—HHR.
HRENUEYT S, FVBRENRALNRENEKL. WERTEMBRD
FHA, EHERNBE, ARHART BEEEYW, FHERA.
2322 BERRRE
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B8 WE

AR R, EREEYERER. FIRERERZTEEIERN.
REER LEARBERAF=RE: EHBRN. REEEARESFREF,
TEHVREZR A SRR A A R, BB AR BRI EY, TEFNRAEHM
BHTERKRETRBRBER T FEEDERREH . BTREEMREBR
RHMEAHER, RENMRRIEEEERERT, FUXKIEERANES T
AN RERIRMOFGERA. o, PAC. BRABESHA TRERBLEN
B ESHEENY. BERUREEFANEDERRNBAFTYR, SREHRFHED
BxtErdEmEmed, FnEREFKRER. BERARMEER,
SECLRTE R WS
232.3 RAWHREE

MR LT DR EFER B E AN EENFREE T B2 —, TERERERN
WA LEBAKP, EXPOENBRYERARRER L NERIERRR), U
REHEEREL. BEMHNBEEETARMARAR: —HAHRERLE, —
FIUUK B FH LS BB FRIERMAEDHT BN, BARFANARRY
WREAHNEEER, 20 R4 80 FRY], AXER)LSEELETEIRE—%E
PR L IREARNLR. FEPSEACET T LM RE SR, B
THIXFHEDRERS, HERAERKEE. BN ERENFERER. &
AR R R EENEMEDEFEEMERE.

233 &M%

EFAME, REFEIEBEANERT, BRBZPHAEREARRATE
YIBaEAR . EVEFERFAEYVAEZ FESRRZRERFE, XEEME
B EYOMHED.

2331 MR HINMEERRMRAXRFIEY

REFFMEDNEENTRE, BFRFHNYRIE A MR EEER.
Turnerh A1 Anderson*BFXIES:, RHEABEMMERERESTHEEREX,
E BB L AENR TR, NTABERKENRE. WEREEFRE
K B LU A 0 B B0 PP TR i R K R, B AR . Takeda %)
R AT Mytilus edulis RERERERKKEPREENNZREDE
BEER. W, ZRZRFRBENERFEEDRS, BAHEETRE
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% wa

AN REL.
2332 FIRABIKSEWENEIRE RIS FHE D ER

BHAEERBB K E MR LRSI, B SR LY R
EERTHUMKEREY, LR 6TRYOR. 2. 0. %, B
BHTH, FBTER. ROIBIMHEEH R REBETES, Jin A Dong!*!
WETHAE Uva pertusa 5HMRER H akashiwo FEBEFHLKE A4 tam
arense SEEFRI R RINFIXAFBBAK, TP MBERRE NGRS
KBRFPETHEYR. Singh %57 LR RIFASMBER M. geruginosa BB
— AR —HT 8 R ( hepatotoxin ), BYIRAMHI L LEREBHOLK. BE
EECFRT AR RIS BRI I il A K Em, ZEREFEA
BIHER 0.5 gL I, 3d JEXtEBIEH kS MEIRTIE 80 %.

BLEBFRGRER, KKV BRI T IEIER P B RN, AR
KERMBRT BTSN BRENEFRMEERNEL, FrBEES ISR
HRABYFRMHEERTEE. B, WK R — S aY, a5
RIFHEY). TUKEME, FRLBERREREL, KIS UKR. KEKESE
ZHIHB.
2333 LURMESRE

B HEEE K RP 2T A ERE RS MRREY, %R
M54 (Extracellular products, ECPs). L ECPs 4 Sy sia ik A AR R
REMBHENERRRZ —. B 35 MR RSS2k 2%
BILEY), R KV ERHE (Nodularia harveyana) RSHKHRBE) Nostoc insulare 1
REVIAHRBN RN RANEY . BA%E RNESE Dunaliclasp. ) FELE
BT ESFREBESR, 445 SORMARBIL. FABAEERE, SEnss
FRARARY, BEARBN, KRS ENMBYRE T A9mane, ue
R (Nanochloris eucaryotum)5}¥AH) Aponins, AT VAR =2 i (Gymondinium
breve ) %8,
2334 HANEDMHETEL

FIAMN R ER AR RN EE AR NS E. RS EST
FREMIBTE, BB IR .
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B—% WS

(1) FUF B TS I6 78

FHERER, HRARRARHERKEFBREENEDS, EBKREMN
HERZ 1090, SNREFESRATHIFRNT, BEFHEYEERLEH
EYHEARRHEDBSZARENBLED, R —HERRENIEIIETR
KHZ%E, AMIEETEIREXRIEHEFFHE K. Nagasaki F7" % 57
MFABH (Heterosigma akashivo) T RRLKTN, WNNERWE H. akashivo
FEH TP A RPN EEMA S, MABEHFART H. akashiwo virus clone 01(Ha VO1)
REEKKE, MPHEIFTHA Ha Vol RBBEFHRTEM RN
(2) FAEEMFIMEREK

— S ET BRI E ZRIER LY RINHIEENEK. Chen H N
EERBE Fusarium sp. B TREE Acremonium sp. B4 B HLEY Halymecin
A, ZYFHERFERN T E R EH B, Jenking SN —FHR SR K2
REFPRIT ZMEEF BN KE Dunaliella sp. I Solanapyroneseg.
(3) FIAHEMEIMERERK

HEHE 70 ERFREFFEHAEDHRUUR, ATIBENREHEHE
MEERKMER, BBBERTHEFAENMEEKIAEER. —TEAERK
BAFEFENDR, HABRRNEKREEFRENDENERKETF, M
KK AH—HE, PEBENEEROER EERBENR, NTTRIDFR
BN, REPE BRI RENE. AR REAERLTEDRAA R,
WAE T X iR
3 HRYE RIMEF Y RO R R

HEN WA ERRENRAERET XENAFHURLEWHEYD, ¥#
BB~ REMS ST RN ERRERE, BEXACMFRENTESE
B hFPEEREEAT.
3N AEMEARM LA

1924 %, Geitler 1RiE T —F & £7ERIEE Cladophora L., HAIEZFET-HIF
Y8 Polyangium parastium. WEMEHEF B HERAEERA T ABH. HERE
RIGHE 5B WEEER, EERABERRABEHEE. RIEEELRAHEFE
REFFREFRBE L WS ETIHBE. Furuki A1 Kobayashi ZB, %4KEKE
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% W5

(Chattonella antiquay KL BB KAMFE ER, ZXBPFEAE R ZEE KN
MERE, TMAARK, 2 C antiqua KBRS, LEEMAHEIBNINEZEG
HK); Fukami ZHRRAEREHELONFERRRELEER KL R
FAERALERNRNL, AEHBRNERT; NEEEXRRRBSIRMERNE
B, BHAIE 30 ERFBREFRMMA.

3.2 WEmER A

BAERXRONMETR, BEFRNSEHLECTHSHRIAENE. 208
BRSHRE. FEEUFERREN S FFRIOMN, SEXEAFFERTH
MBI T AP, XIFABSHIR: U8 (Bacteroidetes) I 4B
J& (Cytophaga) F1 J& 4% & 5 J& (Saprospira), 3% ¥ # '] (Proteobacteria) y-32 7 B 4
(y-proteobacteria) f] f& 3T & B M & J& (Pseudoalteromonas) 1 35 % B Wi & B
(Alteromonas). 7 IMER TUFFE 16 5 B (Flavobacterium). Zobellia B, v
A I E R (Vibrio) 1% T1 KK )& (Shewanella) . £ 2 KW EFEEHE]
(Firmicutes) ¥ AT & 41(Bacilli) i1 2 #UF & J& (Bacillus) Planomicrobium J& . iREX i
I"J(Actinobacteria) /(2% & 44(Actinobacteria) i i ER B B (Micrococcus) »

XL MBI R A EDINE TREOLHET T T RIFHER.

33 MRAEMERAR

MEMERER TR — R AFH, — BB B0, B E #8508 ¥ (direct
attack), EREAESEAMEEEMN, EZRANEARN. —SNEHEESH
MR, ESBATERA RN E AN NA R, SHEEREA
Y. MEAESER. ABE, R4, BEEURSHEEOBBEM:
FRE R (J18/MO1) /A 42 e 1k B (SS9805) At 57 b b 154 280 PP 80 A0k 4k 2
BREANEE R EREMEE.

ZRBEEE, BRI TUE X (indirect attack), T ECEAFFEEZSHRE
FREAH BRI REE. HPBREE RRERRER S0~ BRI R R
MM, BRIV SR RO A T ARV B ORI, T ELRT
LAE R BAN =R 50 B Al e 2 0 3 2501
34 MEEEH RN

AR LA R AR SR RN RAMR, WEAR. . EER.
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B—E WE

FUERMBEERTCEANRS, M sMIRRCRIGER 2, RS
MEEERAFR. HERAENEYREEET U TL%:
(1) EERSZKAY K

Lee %Y Pseudoalteromonas A25 Bk IENT A BB —H AL R TEE 45
(Skeletonema costarum) WINISMNEEM, 2 TB4N S0kD, N Kk gEEMET
ZWEH Ala-Thr-Pro-Asn-Asp-Pro. Imamura £\ Biwa ?ﬁﬂ*f}ﬁiﬂ—ﬁiﬁﬁﬁﬁ
BHERAE (Sphingomonas sp.), LEIEKBERS 4 W —Fhxd WEEFRIIRKIEM
MIABK Argimicin A, £FH K Cs HoNiOs, Argimicin A B—FRI0. e
I B4 R - Banin 8 — bR VBB BINE( Vibrio shiloi ) 864 FRIF5 W—Fius
Bk, RZAEEP, HERABIE NH AN, DR pH BN RS
R, SECRREIET, AMGEMMES. TRE. BRI F NS
RE-H A EEANEEAE DHQ2S, FMETHMMES P71 HRHAKSE
ERBE LUK (4. tamarense), BEFY P11 HEBEH, HTE 14.5
kD,
() REIFHER

Wang S VNFRBEME (Pseudomonas aeruginosa) H3eHih 4 BHIM B2
VBN AW FEE (H. akashiwo) FRZIMAEAKAVEIER, B2 A NSI %
JRAHE (Prorocentrum donghaiense) H4:K®", WENFH (Bacillus subtilis) C1 ¥
MEFRBFEERAEEN, SZREEEN M ARUERE (Microcystis
aeruginosa) R ER (Anabaena affinis) [ K88,
() R

Dakhama %™ \FAZBRAME (P aeruginosa) 7 B By e TR R A
BRMEK. Nakashima U\ H & Nagasaki HRAHEB] 1 BB MS-02-063,
RERGAWHTENEE PG-L-1 BTRELR) BB ATLRRMAME, R
TZERMF=ENE, RILXFEENER BB LER N BN SRR AR
FZA (homoserine lactone quorum sensing) #5516,
(4) HAbIEYR

Yoshikawa®™ & 2000 4E % YIRS T —HRIEHIE Vibrio Sp. C-979 FERAFM
DHENERT=EN p-RAER, SURRASUES SAUEEIRREL
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B—E Wy

ZHHE. Ishio BHFARIANE Vibrio. algoinfestus B&7=4: R4y 5 FF B AE K 40040
FIDGD, MTREMHIF R4 K. Kodani ZPUM 4 BATI 1 ZSUE Ui AT
H K44-1 (Pseudomonas sp. K44-1) 43 B 4lifk tH— sy %, I 45 MV IR ik
B, (harmane, 1-methyl-beta-carboline), J&—Fi4E45.
35 ERRBXREMRER

Eﬁﬂﬁ%ﬂﬁﬁ%ﬁ%ﬁﬁ&ﬁ%%ﬁﬁ%%:ﬁHﬁﬁ%Wﬁ%ﬁ¢,%
S MEDROFRBLTNSNBR, CERENMRERD, B,
BUED, HEHBAENNSBEETIRAIEY. B— PR RIS
mﬂﬁﬁ%.m%ﬁﬁmﬁﬂgﬁﬂﬁm%%,m%%%ﬁ\ﬂ§W§%WWﬁﬁ
ERREURMENHED, RERARNARTFEETS, BENEEREER
IR R SR B A BRI RfE P R

EYERGRERR, MINBELEOHRDFR: ORERBHEEE N
AARERMNANED G OMRMIEENENENEII SRR, OF
R AW R A M % R AT E (RO, @k
Z B EWIERRR.
4 MREEMIERRERUL S FHE T

AR BHFRAERR, N RERENEREBRMSDTIE, o
ERSMENZ DEH ERRERORICANXBR, AN R — e
BEEAR . AEEFAREKEBREE, SRERH—HEELERI N
FREEREFE, UEREREK, RMSMEEDRONT. B THR—2 8
EIAEYR TR B R A B RS R T MRT, Fit, i
EHRRRRATRMUTE, R SBORRERRUFTER BB N T,

BREANRAARGEMEWER B EBNERTE, REWREDEK
HEARETIE RN EERE. BHMEYE KRR EQREE AR (R4
WE) DARHESFRAMG GBI, pH M, BIREE, BHESD) B, h¥gmEs
ERHNE, BERERFERIER, RERTHOEN, B4, bTFNENE
FEABRKNRE, BEMTHERERITRORERES, ElERERLT N
BEXHSR,

EFRENRIERBEUT AN SR OFEERETOHA: OFRETH

2



% ME

g, UBE &N ETFREMERE; ORBEEZWETIRLNESR, BRRILFE,
@ LRERNBFRATMT, UHEHBRERF: © BREFHMKIE. %
R FPREMRAT LTS ZANATRAEDEFERRE T D, Hpth
RERAMEIRTERBREE. EXERE. 9% 2EFERERAERN
772 8

B i B 5K TSR AL B9 SRR R T —Fh D BUL R R R R TR
W EPN, KT ERERA AR, KRR — TR RE AR,
EERFHRUH AP UE - BRREEFHHLTF R DHTRARR, TR
GRTEMER.

4.1 BERXLL%(One Variable at a Time)

Wik “BER", ZAHTEREREEENAFELZLARANGRT, Ed—
RBE—NHEEMKFIMHAEREREAR, REZNMERRTER. ZRARE
B, 5%, &RBAT, FAREFINLET, Bk—EBRKEBEFREA MR
I M7k, ERrCE ARIR B E R RRN BS070623 HE B RA ik
17T REESEFREMARAR, METRENE. HERSHALRELRELE
TARSFREMN CEFRE. BRNE. BREN pH. BBEENEHEE) M5
BRIBKE ANO2 BEISTER M. SPRKI pH b 7.5, 28°C, HiFF 6d M B
REEF. 5, BEKNRGNRORELER FREFENR.

BRFZRREL R R RRA T LA AR, N F X2 H0EREN S K P
BESMHEROBS . BHRERREARRZMOHERLT, FEHITEREMHRRKEK
R AMA B e & B R RE MR, Rk R R R SRR R
FHEEH TR ERR, EFERATRHERERE. R, TIENERET
FERRS, MELFERES, BAAER. BYRERNERANEEREHF
T g106107
4.2 ¥5i%it (Uniform design)

B git RERRERHFREMAN —F 2 EHEZARMAZEIMP), 7k
BRI HREN LTRSS, EILVEEREYEFENRA G ECIRER DR
hiEl M. BERRHAREXRITRE WIS, BRI f R 3
SRAFENRRRERREEATS “W958” R, REEB “BFTH”,



W%Eﬁ&ﬁ%mﬁﬁ»ﬁ?ﬁ%ﬁﬁoﬁﬂﬁﬁﬁUTﬂ¢ﬁﬁ:U)ﬁﬁﬂﬁ,
BN . Q) BMERNENKEH—K B — KRG, () SEFEMKFH
e, REFEAPEMMBIYM. 025KFHM 9 B3 10 B, R K
A9 HmE 10; @) BARHETFEINEEKTRE, TRk 5D, vikiie
%%ﬁﬁ$%%ﬁ“&%ﬁ§ﬁﬁﬁ&,ﬂﬂﬁﬁﬁﬁﬂﬁﬁ?ﬁﬂﬁﬁ@ﬁo

ﬂﬁ&ﬁﬁﬁﬁ%%E%ﬁi?ﬁ%uﬁﬂ&ﬁﬁ&%ﬁ%&ﬁyﬁﬁﬁ@i‘
?*VWWEE%,EﬁﬁgﬁmﬁﬁTﬁﬂ%ﬁﬂﬁ%ﬁﬁﬁﬁaﬁﬁﬁﬂﬁﬁ
%%Tkﬁmﬁ%ﬂﬂ,@m%&%$%§%m$§ﬂﬁomfﬁ¢ﬂ§§“m¥
Rﬁ-&ﬁ%,ﬂ%,%ﬁ%%#ﬁ&ﬁﬁﬁ:*Eﬁﬁﬂ@ﬁﬁwm%ﬁﬁ@
ﬁﬁﬁk%ﬁi%%ﬁﬁ%yﬁ“ﬁ%ﬁﬁﬂiﬁZN3ﬁUﬁ%ﬁ%%ﬁ%@5
%ﬁﬁ,%%,ﬁ%ﬂﬁMﬁ%&ﬁﬂ%E@Eﬁ&%ﬂ%ﬁo%ﬂﬁm%%ﬁ
NRABTERFRIRE ( Porphyridium cruentum ) 3R EREFEEL
%%EML.%mUuﬂ?%)ﬁ@ﬁﬁiﬁ%%?ﬁﬁiﬁﬂ%%@ﬂiggﬁ
ﬂ%HﬁTﬁ%,ﬁ@TUﬁmﬁngﬁ%%ﬁﬁﬁﬁ,ﬁﬁﬂ%%T%ﬁﬁm
i%ﬁ?ﬁﬁiﬁﬁ$oIﬂ@m@Aﬂﬁﬂ@ﬁﬁ‘:ﬁiﬁﬁﬁﬁﬂﬁﬁﬁ
XHREH Bjerkandera adusta WZFF.W-Y11 FRMRARBEFERITRAL, TR
WM T RATIAS SR TRERE 9672 UL BBIEH.

5 IEREMHFIOTF L5 A

5.1 ZRRRAE Yl e B R

FURBEYIR SR WA K 5 R ERIR B AR, WP TR B8 K B
FRENEETE, NTEHNAFANE N, EHERAKIGTR. Ty,
WETEEREABROERT, EERRIGEI M E DR A HTF 5 5
WAERRRMZE. “BEXR" BRNRHART, WHETFREHENM
EYINERARRA T B KA,

HEMENHRRENARFPRHE U RA TR G, BE%5E SRR
EVBIRERBIN, B HIEEEHSRIE ESRT RN, FEEY RS
DERTRNA, EERREKENENEES RN EDEEHHE., EEEE
WHIK BB F RS EDRR, TUERNBARENE, FNRARL
WEKELPERT REW. EWHABRETHR, BEREN, HUEREY

%



L A E

ZHEKRINBRERSY.

BEl, EASCEEHEERMARSENED=RERTS. 1992 £, £E
— /A7) EBFHI Clear-Flo RFIBE AL TR FWIERLEEYHER. FREAERL.
FRGEREHRER. 1992 £3%E Moulin Vert KM Clear-Flo 1200 =4 H,
NHs*N M 0.02mgL™ [ 0,COD F&{E 84%, BODs FEIE 74%, Tt # (1,
L, %@%&%ﬁiwfﬁmi&ﬁﬁ%mma (Aqua Clean ACF32)R—FH 32
MERERHRGRBEMEDFR, CREBZEFMMRR. BEFRYIHIAE,
EXESERCHFSRINA. BRFE, EXRISUHEE S50 IR
¥ EClean RHEEHANAAEREFMFEAKS, FRRW: NAZTHAR
IR MR AR COD. BREMERE, MEIREAEK, REFBKEEER LM
B. 2EH%% EM AT EERNTEREREEEMRA TN, B
BAEDBNKARBEHE. HEE a YRNKEEWERR, THBMHELKN
K, BbKEHRE, RERW. TWR SHEE BB R 2
BREBABH RN ETEE, ARERLY: BRTEHR 3 AR,
BREFABRAK BODs. & BRERMES T 43.9%. 46.3 %. 25.5%F 43.6%.
BSLEI I, BAEDHIRIERE KK BODs. B2, B8, COD. NH, N, mEmY,
BHKAEEFULAEEENR.

EYHRIFIRR A EBAHEANRE, ——OFARSEFHN RN, XTLUEEE
LEMREATEFRMUER: —RIAEEALREFREEROREE. Bn
ERRAEDE NE — N RROESTHE, BAMELS, BHRRENHENET
fe, ELBENAPFLIBHRRE. BRMD, NEHERAME. RABEhE
ARHEHMAEYNE RN EDERS, BOBHAR, HRNEMAAEAK
HRRE, BMR—FERRFEDHREERFE.

52 WEDEREHER

AW BB (immobilized biotechnology) &M 20 42 60 ERFFHRE K
AR —THEAR, ©RESHHAYESET B E A R T RER
ZEX, FEERFEENTURZEAN—FHERBER. BetmEPERR
AREDFER. RNBE. MEDRERD. P05 5 8RR TR 5 S0
R, 2 REFERBARE, RIWISEILNATHRERP TR,



B—EWE

FRIRE S L RIENEBONEETERONHETEAGELNEK, BhTF
BRI B R AR X L SR AR S P 2 SE R A R 190, 38 )
ERMMEEEEE MR L, — TSI P I HREE, — AT
Dl RBAETE R — MR EE IR, BT ETHE B R0 5 8
M, BTFREUS KD, EFMEMETUERCA ERAFIUP, Wk
£, AEUERNAENEE, BALESERTRS, SmmEEEerErR
KA R R B MR
52.1 MBS

EREEHBESERTRNAR, THNRME. S8, NS4,
BN A%, HPUGBERARE, NHE . BARAECE. BEEs, 1
TRAXFRGBERE ST EHTHENE.

(1) 8%

TR RN RS R N N BT L B R A M e
BA . RERAMERTENG TR, GRS bR GBS BT,
R, FERA, BEMT, QENRAREEENNERENE L.
BERFE—LRS, MRATFERNTBERN, ERAVEEREN S TR
VIOEBHRE, PUMGRREEG trian,

BHEBSHARENRLEE- SRRNES A E MR
Micrococcus sp. FJUVRBEEILHR, FBMRFIMBER FREMK, Lok
FEHSK AL B AR SR AR
(2) Wbtk

XHBHGEE, RIKEHEOMEDBRARIAL g, REK DAL
WARAER, TEMEDARERERAKTRNABGREDRNHTE, T45Y
BRMERBETRENE. WERMHEREHLEERMEHOWR, WEER. Eh
R BARH. WA, BEL B WEH A8 S0 R i 255
EREHEEL: BFRRERAANENERERS TR TR AATE ETE,
R BB TR L, BB E L, % B TR AE DEAE—F4E.
CM—AERF. SHERERNSE, WEVEEIBMNREHOEZH A, E4H0
SEEEAAAD, Frbdasiax i, B%, Filemems 8 2 m &k



fIFh 26 B LR TEAR A R SR 20,
() ERERAEREUREDHAR

B R ER S M B R Y A SRR, NTREBMUEDRAN
KB, RN RRE—ERERFBRESAE. MeARHERREDES
BBk L, BARATBRESHEDRRZHKERER ARG, Tt RRHE
AR T VLR TE R 5 TR AT AL B, SRR LA S AR A
AR KEZWHEDEEOEE. EEECABEARNFREMHERE, TEHRM
—Qi, Al -EKE, RE-TREURZESRHRH— a8 -BES,
522 EREHENER
(1) BEREE A

BERMALOR—MANEETRIMRALEREY, SHREME(-HH®
AR PRHBEREHBEEROXENY, R—HZNANE LN R BEL
FRENL. L%, BERERANMBERRERS, BERNI S _MHET C®
Be, BRCEREH, NTIAIILREEMEEREEIAR. FiHERN (S
B, WERMERE. CaCl K. EKAT. K/ PMROERSENEN M
EHESHEEW.

() XA

KA BRI (Polyurethane Foam, PUF)RRMHEE e ¥ Az —. EAEHA
REHRRALEKR, WIMREEHERENECURMAE, THRER, TTHERK
BHILEENY, NARFREEER; TERRERXRKE, HESHEH TR
ERAN: CEGE, KR SEEITLAEENEASSS. BTYE
WX B A EAD, HNAEE, MRESEEATE REBRKECHERE
AT DME B R BRI E S I E D B BB, REBREER R, REREY
Sl U IR IE 32 B4 e 212,

Hiroshi % A0Vl ist 71 F 2% Me 0 oK B8 76 1 K A 40 IR 2 58 op 32 35 K RURT 48
M, BEAREREXET 5x107clls/om’ PUM. HE 1.5, 1A% PUM FALER
RUFIRMGEH, BEFEMNEERZRD . IREWENTRKEFAREE
PraE R METFIREMMHER/DMLP, EE) 99%EL BRI R,
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™ Macropores (finger-like structure)
B 15 B RERAKURLHNRER

Fig 1.5 Diagrammatic illustration of PUM

6 FRNHARHERENX

PRV AR R KA EEF LD B R ENILEFEN, ERLRY
PR AR A . B W2 B 00 R T B W TR B S
T T RIFMERL. BREFENRIEER T WED R SRR SR,
PEAEEE NI RAEWEDBEBHEFRAE.

HATE X AR = I RB RS E B RS, B X MBS R
WRATENFRED. FREANHSBAH T RN, his
HRHIER (dlteromonas, CCTCC NO: M 2010177), &4 % DH46. % FF % DH46
BB SR — SRR, AR R RBER A RIS S5 4 4 T4
B FHERAI R AR MESIA, R EAMERE, BN
RRUAT AT R,

FERAHE R FAR—EEEH AR BT, FRNEE
KRBT

28



F-E WE

() BEREFRHRRIE, SHRBIVEE DH6 KRBEGMEREL S
BATHAC. BREBMEFEN, WA BE. pH #. S5, BREESN
DH46 £ K KA EE M.

(2) T Zobell 2216E HEFFEMER E, BAFEEERS BF. BEELH
) BB, HiEEHEERT, KERAYSRIEREEFEAROBRERY.

Q) XABRM—EENRESE AT ANBEBRRKBRME, NWENE
Alteromonas sp. DH46 17 & LB 5

@) EEEHEREKNRHE N ESHEERE, feBRoEehss,
B2y —ESEATHNEEYERHETE.

29



F-% MBEhE

¥ MR5HFE

1 8

11 E#

LR BT 30 B Alteromonas sp. DH46 & ALK 4 7R @R [+ F 2003 4
78] 973 T B MC2003-2 fi 4k M 7R it 7] DX SR 4R B ) 8 7K B @ 43 B TR 18 31,
AT AR LA LA I E T, XT3 RAMNES BEXRE AKX
1R BeAXBRME, EZKREEHE, CCTCC /S M2010177.

111 JAS4HE

WHET 2216E PR LRI, 25CHF 240 FUREELE. BkafEBA W

B 3.1 FiiR.

2.1 Hitk DH46 MEEHAN MG R
Fig. 2.1 Colonial morphology and electron micrograph of algicidal bacteria DH46

DH46 ARR: BHZERKY, HR34mm, VR, UHEF, RELRE
HEXE, AEREN; METHEAFEZREENAME, HEHS:; WETRER
AR, AREREE, KK 08-1.0 mX2.023 pm, TERE—HREE, K4
7 um,

30



BE MHShE®

DH46 4+ F4E: RIAHEER M DNA, PCRF M4 1.5kb 1 16S rRNA A
B, [l PCR =913 F) pMDI18-T B bk, EREFYHUEHRBMERET, B
EH EREA R BRSG, BATRF . RBFEFULE GeneBank it AT LhXY, Alteromonas sp.
KC98716-13, AB072388 LXFEHIE 99%, EREXVEKRET v THEH
(y-Proteobacteria) , A& % 8 Ml B H (Alteromonadales) « % % B fu & &
(Alteromonadaceae). X HHIEE)E (4lteromonas).
112 E#RE. BeT X

ERAGRE: BORLTHHEKNEAER, MALKER 15%85H .
10%H] DMSO J ImL ¥ 584, ERAMHB NGFEBREE LS T-80CKIRE.

L MAERFE G Bk DH46 BRI —EFEEEARA SmL 2216E Wik 5%
B (HAR S5g, BRHRRY) 1g, BRREE 0.1g, pH7.6-78, BRGKERF 1L) 1
BES, KK 12-16 DA,

B B ImL iSIF BB 100mL SRR R AEIESE, ERERE 25
‘C, #%3& 150r/min.
1.2

TR FERAMERMD SN KREID TR LK E Aexandrium tamarense)
(ATGD98-006), % HBHAFKEEYAANEMHE, EEALRELHARIARE)S
BEMEER. RAEFARREN 02 BHRE. BRETIRA=ARESE BF
A 20£1°C, FBEMR 12h . 12h BEE,
13 #HE

(1) 12 5k

FERSREK 21
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BE ME5HE

Rl MBEFEIERS
Table 2.1 Ingredients of f/2 medium

3% ) 5 8
Witk EAEE 1L WMETE

FEERL , NA;EDTA.2H,0 4.36 mg
NaNOs; 75 mg FeCl,.6H,0 3.15mg
NaH,P04.H,0 Smg CuS04.5H,0 0.01 mg
HAR ZnS0,.7TH,0 0.022 mg
Thiamine HCI 0.1 mg CoClL.6H,0 0.01 mg
Biotin 0.5 pg MnCl,.4H,0 0.18 mg
Bi, 0.5 pg NaMo04.2H,0 0.006 mg

(2) Zobell 2216 E #5: %

Ak 5g

BERHRIY) lg

B 0.1g

i 10g (EAEFRRE)
B K ERE 1L

pH 7.6-7.8

EREEFFEE Zobell 2216 E B LB B AR

(3)LB ¥5#%

NaCl 10g

4] 10g

B EHEEY) 5g

i 10g (FAHEFRE)
LEF KEBF 1L

pH 7.0-72
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FoE HMES5hE

4) LB-Amp $i5R%E:
LB EFEKEE, HHET 50C, MABFFEREZLRE N 100 pgmL’,

5) BEEAM- NaCl 5375

BREH R 5g

NaCl 2%5g
F2Y7IN EEZEIL
pH 70

14 TERFRHE

FAlk. REAOK. BRRRY. BHE. £RF. EtHen. KEEOk.
MKERSE H . NaNOs. KBr. MgSOs. NaHPO4#H,0. NaOH. HCl 4 OXOID
e MRS H BARBNERRERAST, HE(10gL, 20C)/(PaS)> 0.02;
HABRFI A ER= 2.

8pm. 3 pm. 022 pm FILIERA EHgF 5L E R AR =5,

ZARMYBLTILEEMREHERAT, 40/% 200 H, FALE>90%, BAK%E
(g/g)>1.6, Wil (g/g)>1.2.

RARREK: TERERK, EEY 6Skgm?, FHREKT 90%, #HHHY]
B RS R
1.5 TERH

DPS Vi BVR: 538 REIAS T

Origin 7.5, Photeshop7.0 & Microsoft office excel: HIEALEFIER .,
1.6 TERBEH

1) 0.1M BARRZ K (pH 7.4)

FREX 2.28g NaH,PO, 1 11.502g Na,HPO, & F 1L Z&K+.

2) 0.01M PBS BEERZE M (pH 7.4)

FREX 8g NaCl, 0.2g KCl, 1.44gNaHPO,, 0.24g KH,PO,, T 1L @K,
A IMHCI #¥ pH £ 74.

3) B REH

FRER 6g BULBIE T 20 mL 21K, EZIEREMA 4g T, RlFE 2 ER,

3



BE MHSHHE

BmA 80 mL BBAK, LAERCRAEA;

4) 2.5%R B ER

FREX 20 mL 25%/% — B BIES 180 mL 0.1M BB, RIEKEAEZT 200

mLo
5) £EEK
{ FREX 9g 7344 NaCl, %A 1000mL 218K, 121°C &EKXE 20min.
17 £ENSE
1 22 FENHE
| Table 2.2 Apparatus
; e 23 =
SHZ-82 fEif k% 2% FHEEERBARAT
HH-2 $ BAa K B4R EMEERBERAR
DYX-2508-C L3574 MA R
LRH-250A #4357 4 I REEST B

Universal 32R %R 8.0
SDJ-ZS ¥ LIER
828 BT I FRRE
752 R R
WZ-202 HhE v
KQ-100DE R /5 S id e 2%
AL104 BT TR
SPECTRA max M2 B§471X
EEREZHE
UNICAM UV300 %545 L B it
R EKER

Hettich zentrifug.en, Germany
Nl 2
Thermo Orion, USA
LR BARAF
R TR E N BERAR
BUNESRBRERAR
Mettler Toledo {3 # fR A &
Molecular Devices, USA
Olympus BX41
Thermon Spetronic

Labtech




BE MH5HE

BioFlo 110 & X K EiE NBS, USA
WH-1 AR ERE A X LR
HAKEERE Millipore
JSM6390 s F B 1M HAfA St
MREOH | HANIL Micro-12
2 BXx7%

2.1 EFFREAINER DH46 £ KBRINEHRHTMW

O FrET IR INE MBS RLW: R RREIRER RN 28°C. Wi HE
PH7.0~7.2, 1%EME, 250mL =ABMEME N 100mL, 150v/min , HFHHEE
BB, WEEYEMMER, WEHFERE,

QISR RS 2 FIR SRR 20, 25, 28, 30 fI1 32
C, WHHFRE pHT.0~7.2, 1%EHE, 250mL = AEMER RN 100mL, 150r/min
BIKHESE 240 J5, BB T K 600nm FRIENEREE (B ODeo) FIINHEZ,

@ HEFFENM pH M. 25T FREAYIL pH BN 3. 5. 7. 9. 11,
BEFFIEER 28°C, 1%HEF R, 250mL =AM E X 100mL, 150r/min 2K
58240 J5, PREVEMMER, WEHERE;

@ HEREM: HALBKYHEFIEREMLE S 0. 100 20, 30, 40 7
68%0, 28°C, #1% pH7.0, HR%KME LRHF, REREBENEEYBRNE
ﬁ;

© HEMEW: 2HBEBKBESEE N 120, 150, 180 5 210/min, 5
BN 28°C, VI pHT.0, H55% 24h BIUKEERME AP BAMERE, WEHER
o
22 ESEFENNEH DH6 £ KRNEH BT

B Zobell 2216 HsrEE N ML RALIERE (ERBE. i), FHREER
RAENARBRE. BERTHEES dlteromonas sp. DH46 14K & 3 5 B b 15
WERRBITER.

1) BlsgL #AE, B, BEABNEABIESERE HL4458
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FoE MHE5NH

FITRMBEFRE. EREEN: BFHEN 1%, 28°C, 180/min, pH X 7, EHN
30%, IEMEISE 24h FREEYBEANEE.

2) 7 Sg/L R ABIMER LA B 1g/L MEES, R, FRRW, T8
i, BER, XSEAE, BKBEEAK, HEM, NaNO;, Mgso,. H{
AN ERTEMBERE. BREMH: BHED 1%, 28°C, 180r/min, pH K 7,
B 30%, FATHR 200 JEHIE ODeo MAIHE . %4 EK BAIRESZINA
(R4S RS DHA6 FE7EREER .

2.3 MR R R AR

HEREFLRER, RIAHNEE DH46 EK R MBEZW B ENET, B
BAK. 8. B, NaNOs. MgSOs, RABSRHFE, 2£3RY, %K
U 1I5) R REREFERERT AR, HMTHETERELIENHIEHR.
ANMEEAHBEHEEE Xiv Xou Xav XTI X5, ZEEATEY) BTN, 5%
FEBRE LMt BFHEY 1%, 28C, 180r/min, pH X 7, N 30%. BEE
BHRE 15 KF, HRERE 5 KP. LR NER | Fir. REARBBET
WHERR, FREFEMA S REREN ERRBFE S RS AR E.

R 23 Uss(5*x15)LREE K ILAKTF
Table 2.3 Experimental design table U15(54><15) from the uniform design

ERAH HXE

X1 X2 X3 X4 Xs
1 10 1 3 1 5
2 11 3 5 5 5
3 14 5 2 3 4
4 9 3 1 4 1
5 4 4 1 3 5
6 1 2 4 2 4
7 8 5 5 1 3
8 12 2 1 2 3
9 5 1 5 3 1



BB HHEHE
10 3 3 2 1 2
11 7 1 2 5 3
12 2 5 3 5 2
13 15 2 4 4 2
14 6 4 4 4 4
15 13 4 3 2 1

Xi-Xs AANRREREHEEAR. THENER. BB, NaNo, fl MgSO,, Y REFTES
BTE.

MARAHHRIRE 3.0, RIGEAKFERFER. BEEENEKFENE
RRBGHITETEE, BHEERE.

oL 36 AR A 4 1 -

(1) RIFERBIEHGER, Be—MULEH.

Q) BUMEERAFTBRERTRE, RAHTMER, FEhREMb T,

Q) AR TRE, HERNERMUTEA, —RaEHBHUTRTN
RIAR.

24 BEBRN-RILEN SEE L IMEE MR
2.4.1 GEBEZEKTE

1. EEBAH &

BORBERIEL, AT REREFREP, F28°C. 150r/min & H 5 12~16h,
2R B 0(8000r/min, 10min)UAEE 1k, KR L. DB EEKSIREBR
(10%celliml), FRINERH MAENRETH, #2LKEH 10gL.

2. HlEAME

TRERERMFT, BR—ERRWILIER TR, MAFBR, K LE8H
#. BE 15min HEARMESE, SHEEN 60/100(E14 100mL EEF P& HHY
T 60mL BB HE).

3. BN

BEREARL, B—EBNEERNBTEETK, % 0CKATHRAER,
ETRASGERGEELE Smin FIREBZEZR, BRHH. TRRKREER.
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B8 N5

R ERAMBBNA DR RRAER, BIOBNS, B SSE S A
TREREE. BUERIA M CaCL R, BRAMYSNE R, Fit— Bt
JEERH, FAEBEKIEVERCE 2-3 K, £ CaCLh Bl T 4'CTFALE K RRE
FEH.
242 SEERELMRIERERITE

1o RRABENER IR BB SR BE 1 52

RABERE, ERRANETDIAZIEDREENREE. %R
RRNERLRS B, BFAMENRARA, 904, LHEERnsms
ERHAS L S0g BERD, AT 60s, A 0~150mm bR R 4 SIMEHER S
HBAER, REHELAEERBLE, J¢ 22 % (Degree of deformatio)& X b :

Dd=Dt/Do, HH Dt AMIKEE t A TFHRAR, Do AHILER RN FHk
2.

2. BER/DERAOME BRI E

REREHE. BRI INEINRS MRS RIS BAD, WE 24h
RGP, VIFFRREABBERE, UL BB R,

3. BHR/MNERMBEIR R E

B 50 MHBHZ AR AMRET 1oml ABIKNERET, MALEERY
3mm FIBHER, TNIRIREL 28°C, 1500/m MK AEBITREF S, AT 20 K
JERBNERBEHIE L.«
243 BERELHERENHE

I\ HEERIHI IR

B AR MS IREE D 20g/L & CaChiREE N 30g/L, Ao R IR B A R0
PISA I, 1% 2.4.1 BRM IS B LIS DHA6 AIIER, £RARIK
i) SA MIRERRL R K.

2. ALK E W

JEEY SA WREA 20g/L K Cach IREE R 30g/L, BAMIREIZ W MS B EE,
ERATRERRZ LMW,

3. CaCLFHREZW

B SA VN 20g/L RMTLIEH MS RE X 20g/L, BSIRRIREN
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B MRS5S

CaCl, LW, B RIREMEER RERRLZ A E W
244 EELAMEE

EEESF T BB R k53 SR E 2 AR T4 S0ml 35REA 250ml
ZRES, T 28°C, 150rm EEBKFRTIESR, MITEIEE, WERKBEBEK ODso
1, ZEE R MERERIEH.

245 BRUESEIRNELE

AR AAE B /MR I L KERHR R, SRR RER SR
e F EHiREE:

1 EFMALRAHISE /R, 2 5 E 2 bR 1g, 3g, Sg HEMA 100ml
BERWHLKREBRS, WNZEEPREDXE, BB, WERDERRIFTEN
HlZ;

2. IR 1g, 3g, 5 MO 100ml EEEFHLKERD, R 1ml
2216E 357, MRETEE, MEMEMEHITEHE,

3. R 1g RIBE /IR, BT S0ml 2216E ¥5:5+, 28°C, 150r/m 444
TH5F 48h. BURBERE LRBEAMIER, 1% 0.5%, 1%H 2% (vv) HIA 100ml
BindEd, MEMERRITEMGIZE,

25 REERAEEERAR
2.5.1 BERRARENFLE

B RBBRRKHBI AR RS, HMTHES FAERRER Bk
Z30min A E, 60 CHTEIEE, KEEH.

REABRRBAMAEERLE, BREBBKREFEFTERE, BEK
1R, 2EBTKELE, &% 30 min FRT, ER&A.

252 EEAHENREGTEAENE

WRFCRAN A, WERE U EH DR EEEFTNT =F-

() TE®E: BEHRERECHEAMRMIE]L LOART SOCKTEE,
NRBHER, PIEGTE,

(2) EEE: BURMAERANEERARRE 25mL PBS S, 25CHBH
BH 10min. T EEERRITE.

(3) HrIkik: HURBRH B 1AM PUF 86 PBS B Ml Bt EB0R, U HEH
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% ME5HE

WEER, BRIE.

TR AR BB o R B Tk B A TR 0 BT L 0 4R F & e Ay 2
B, BEAHARBRURERENBEATER, HEFLE, ARRBEEM
FEERE R BOEE, SRTETHRES 3 KRk,

2.5.3 #PiEH DH46 £ PUF FE LK

) R—EREFLETHRERERKMAZSH S0mL B3R 250mL =%
M, KAXKE, BAMBEKYNEK, F2LKEH 1~2 x10 © cel/mL,
150rpm, 28 CHEIKF %1557 240, RAFE T EAEA.

2) W—EHEMLEEXENREREEMA— S RERARENNEE
B, F 28°C, 150rmin IEOREEE THHATHRM, BaRHIAEREN & B A ZE & b oh 1
AL
254 BEREHE ERMTERRNE

HUBFRIF MBI & REBRKBAIRI, 28°C, 1500 min BHEE Tk
TTREER, ENIBERE SRR Cour BRSNS AR NOBBN Vot
IR BB W IR Cono FEHAATR Vi, T 1 PO BB S AL L2220

Adsorption rate (%) = ———&"—*V*““’“*IOO
Cou*V,, +C. *V

into into

255 PUF B LIEHNEHNE AL %

PUF R & B IL M DG B (3R (L BB SR MRS, T A oh 3%
T SURT Bk B AR G B 2 A SR R R T 0 T B AF I T MRS B PUF Bk ik
MEKRE, "It TUTER, ReEE LTRSS DHA6 & K%
B, BAMILPURBANBOE S HER.

250mL WP A SomL B3R, A PUF 1.0g, B KEJE BHVIERIE S
10°cell/mL XS EUYIMIB 4, 28°C,1500/min K FH3 24h /5, WORE IS0

- &

() BEEBHER, WEERERAR, DERAMIEESHER,
() BEEFEEN PUF WKW, MA 25mL PBS W#, BMAEEY
150r/min FIEIRIRS, BUREMEEMBT BRENSL, YERERERLN, 4



& ME5E

BaHS58 A, WEEKE, B8 PUF BIEREE MG,

(3) BT 25mL PBS ZriiliP, REFEEKENEHTERE, HEH3
BN HEEUHEI .

256 EELEMATHER

2 T E ik PUF BB 35710385 DH46 A M HERIERS, #— PR T
—RAIER, ZRFATFANRERT, RBENE, BHBREMEHE PUF
Bk ep B BUR RAMEERR I .
2.5.6.1 BEARRKEERTHBEELIEFHZM

1) BEERESHVIR Smms 10mm®s 15mm?. 20mm* KNI, FE
MR EEK PUF BT 44 50mL 2216E WA SR HH) 250mL =/ S, 120CHE
Ig:

2) B EAEKIIRE S 1%V ER T LR &H PUF MsrES, B4HKRE6
AT, 28°C, 1500/min HBEIBKIREE 240, Kb 3 EPATHER TSk
H I REFER RN 1A,

3) ¥AS=AFAT PUF BUH, @SS WRT 24h, IIAZE] 100mL EEEHEE
W, SHUAMNRTHEE PUF MR, #5355 24h 5, BORE. EE, HEmsx,
2.5.6.2 PUF i N8 x3 Bl E L1555 K% 0

1) BARRRK Smm*E & BHK(0.5g, 1.0, 1.5, 2.0g)E T4 50mL 2216E
WARSEFRER 250mL =/AEP, R1ICHREKXKHE;

2) BTSRRI E i 1%EM T LI & PUF Wi sE+, BARE 6 MF
1T, 28°C, 150r/min {EVRIFSRIBHE 24h, Hob 3 WIRFATH B i vh-Sve bt th Y
REFEIR P I

3) MERBRW 2.4.6.1.
2.5.6.3 EMEXE B ILETFOZM

7E S0mL 33T 1.0g « ByYIh Smm*H PUF 84k, $RBARIEA (0.05%,
0.5%, 1%, 5% 10%) BANBEKYNEE, 28°C, 1500/min $E5F 24h. 25
BTV S (L R B BRI R R AR, i 2.4.6.1.

257 BHBRENRESEEKE LIS MIMER DH46
FF s BT 3 E DHA6 AR AR BT B S RIER. M
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P& MEE®

DE T IRMEEEEANRAERKRE, REETISBAEES:
(1) BEsE:

O FEE: 2.5% R _R@RENKACH) EE 2h, F 0.1M pH7.4 BB
WEYE 3 K, BIK 10min;

QJEFEE: 1% A E 2-3h, F 0.1M pH7.4 BHRREHREYE 3 2K, 8K 10min;
(2) BK: ZEEHERK 30%. 50%. 70%. 90%. 95%. 100% , K 10min, &
FERSHEHARTE, MEET 4COKEER, HRLSE:

() AEHTE:

(@) BTRIFORERRMSEE, KA ISM6390 T EMB MBS,
2.6 HHFMEFZ

2.6.1 R E % KR RITH

1) MAEHIE: (Optical density, OD)

IR EE LB R AR B, DL BRI, /A SPECTRA max
M2 EBFRACH E B B ODgoo 1, RBP4 KAF IR

2) WHETE (DCW)

R A ARURBHRE 8000r/min, B0 10min J§, F%LiHEHAEE TR
Fitk3 ik, BT 0CHEERM RELZEE, HHEARBANEATE (@L).
2.6.2 MEYRIEH

R BT R LM RSB MARIREER T, 1 4h GRS XKEREE,
EXREEHE T HHEKWTF:
N.-N

C

AF, NeRaxRATHARE, N RRERAPRARE.

Algicidal activity(%) = Lx100

2
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B=R 4R5M

FZE GRESH

1 FREIEFF A3 DH46 ECFHNERR AT M

1.1 EE Alteromonas sp. DH46 By K& AE
L1 RN AN A KRR

R SR T REC, B 3.1 RINMEAR R EABS, SAREHE (16h)
MBERIEEE 75% L £ BIKHEFE 240 B, BRYENERRBAHE. HHEEK
ERPEAIHE, EAR EFABERREAREERMESR, #lZEEYRT
RERAEHRRENBY, EARNBKAR, BEHNEE— MEHKE. B
B, MRS TERHESE 24h Z M RBEBAT MR,

1 [ ~SSAgicidal activity 12
—e—0D600

0s | N {16

66 112

0OD600

04 ¢ 108

Agicidal activity

02 104

777

0 3 6 8 10 12 14 16 18 20 24
time/h

B 3.1 AFBEFRI RN R E DH46 F4EK RRBEME W
Fig. 3.1 The effect of different culture times on the growth and algal lysis effect of
Alteromonas sp. DH46

1.2 BFREN AL KNPEHROE B

BENTHAEVNERFEERW. EBENBEMUBREREDEK, BF
M FMEFEEAEYOFERR R, FHIEET 20C. 25C. 28C. 2CEH T
B DH4A6 FAEKRI. TRERNE 3.2 Fik.
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12 r SSSSY) Algicidal activity
——0D600 114

NN

4\: .
NN

Algicidal activity
009dO

2 30
t'C
Bl 3.2 RRSSHEBENH%E DHY6 MK RIMEH RN
Fig. 3.2 The effect of different culture temperature on the growth

20 25 32

and algal lysis effect of Alteromonas sp. DH46

mE32ﬂﬂ,ﬁ§E2&wﬁﬁﬁ%ﬁT,ﬁEWEﬁMﬁﬁﬂﬂﬁﬁEE
ﬁ,ﬁ%?%ﬁ%ﬁ%%ﬁﬁ2%%@@W%ﬁ§%%&¢.@ﬂ%%ﬁ%%%ﬁ
E%ﬂ%ﬁﬁk,%ETﬁeﬁﬁﬁﬁﬂE*.ﬁ%iﬁﬂ%ﬁ%ﬁ%?iﬂ%é
“ﬁ%.%@%ﬂﬁﬂ%%ymm£$k,%@ﬁﬁ%%ﬁ&ﬁ%mmkéﬁﬁ
&M
1.3 S EREIANE pH X B L KN ER RO ZE

pH EMEMER RAMY MRS HEN, FOUHW R R AR,
Wﬂpﬂﬁi%i%%&ﬁﬁﬁﬂéﬁwoﬂ%%i%ﬁﬁﬁﬁ%ﬁi&pHﬁﬁ
%ﬁ?ﬁﬁ%ﬁpHﬁoﬁﬂ%gTIE%%EW%prvWﬁﬁDmmmiﬁ%
Bl XRLERWE 3.3 Frw.
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12 1 . - 7112
Algicidal activity
\

| —e—O0D600

74

108
106 Q
=}

X
104 S

Algicidal activity
=4
(=)

1 0.2

O_Anug
3 5

0.2

B -

B 3.3 NFAI% pH EX3E DH46 4K RINFEBR W
Fig. 3.3 The effect of the initial pH on the growth and algal lysis effect of
Alteromonas sp. DH46

SRR RPMBER DH46 A KMEE pH b 7, HEVENNERHRER
Ff. ZpHERT 9 RIET 5 PR EIRBRERE T EREKHZM, HEpH 5~11
Yo R H I E S R AT R TE 69%LA b, HEMLZIMEE Y R A B i 52
.,

1.4 FREEX B 4 KHHER RO F I

% E DH46 R4 B BRI AR, mEENERREN HAEKEES
FEEBX. SENTERFAFNERERETREWEEE, BEERRIFRLT
HARBREAESE, RAAREFSEH, NTTERHEDOFHRASR, B2
WIFFE o
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_ Algicidal activity
—e— 0D600

—

\\

2
72

7}

g

Algicidal activity
o
8

0.985

0.98
120 150 180 210
Rotating speed, r/min

B 3.5 N EXTMNIRE DH46 MAEK R RARMREW
Fig. 3.5 The effect of different rotation speeds on the growth
and algal lysis effect of Alteromonas sp. DH46

HRENTHEZWORMEMWENEERE, WEBRMINT e AL KCE
R, (BBENAEKEREZ AR EYRTZREECIEERR™E. BT
Pl R R A S R BAH T A K. B 3.5 BoR7EHER 180r/min B,
EVRIMBERSHH 1.085, 100%, HENEHEAKEKNFEEYRIIBRE
T 8

G bpTiR, BETELRERY DH46 U TRM4THESR, EKBE: HFREHN
28°C, JEELMEFRENME pH A 7, 2hPEN 30%, %5544 180r/min.

2 FAEFRENIDER DH46 K RIMEN RN

mTEEEFIE, BRI MChE X TERBEREFYR (nEAkk. BEE
), TUFRHLEHAEKNERFR, ERERLRS, EESEFRERER
ERBMABHYERS, EREIINEEGEFRBERETHRRR, AfERsE
FRGH—SHE. GREVREABRFREFRSBESMEE DH46 4K, 7
B AR B N0 R B T R B 4 (ODeoo 4 1.18, MBI ATIX 96.9%), ATLL
e R TRIERIVILEE F- D
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12 [ SSYAlgicidalactivity 112
1 1
:‘g 08 1 08
§ 06 1 06 g
% 04 1 04 °
0.2 1 02
0 0

0 10 20 30 40 68

Salinity,%

Bl 3.4 NFEHBEXH BB DH46 MK RINSEME W
Fig. 3.4 The effect of different salinities on the growth and algal lysis effeq
Alteromonas sp. DH46

B 3.4 B/R, DH46 EKREMBEEMARO LW BILKRESER
SBIFFBBEL 0B, BHLPTREK, MBEENY 14.1%; BEHLERME
RE, MEBRVBIGR; MEEXT 30%, ZEAIME R BHRS 28,
EREREIR. Ft 30~40%0 5 DH46 & A4 K AR,

1.5 FREM B E K ER R T
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Algicidal activity
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and algal lysis effect of Alteromonas sp. DH46
48

3.7 NRBMES RHEE DH46 KA K RMEH R BN

Fig. 3.7 The effect of adding different supplementary ingredients on the growth
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B 3.7, X8 1P URMAEESE—F RS, W2 hEER AR
IAEERERT (BD Zobell 2216E #5R%). 4REW, FARLRMAKEFHE DHI6 %
BEBAMBENAKR, ERNEXRRANNE, THhTERERSKREERRY
W7 DH46 PiE MBI Ee S, P RRFHE—S R,

A REAFON R 1 TREKEERMELETY BETXE 2, B
SEIRE: BRURRMALS T, VS0 FERE 0 55 3% R KO 0 B 0 R B R
23.6%, WHFEHR 68.9%, ITERMA 71.6%, BIETEREMERERN 89.3% M3
BE, RYXLEHRIFHRTER DH46 HEHMREREER; SERNAS
PRREEEN, BRAEBEOR, HERNEEEDBNMERFR R E LR
FEBR. BRI NaNOs. MgSO, HISEFF M R EREET] 95%LL E,
RBRE T BASENEYRNED . BRI B EYRNE KT
B ( ODew X1 147), EFRBEEAM. B, NaNO;. MgSO, ZFIAZ %8
il 25REEFEMMLTRE,

3 BETHERITHEFER S

HERNANEER S HERE, RIBLFFEIRERMEREOR. B0, BY
B NaNO;. MgSO, AEEZME T, LIEATEL TN, RAYSRER
EZHEFERERTHR, TREHRERLE L
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®31 5ER 15 KFHIRHR UG 15 RARL R
Table 3.1 Uniform design for optimizing fermentation medium

and experimental results

| %“&_% REAKE &k B} NaNO;  MgSO, DCW
[ (gL) (g/L) (g/L) (mv,%)  (m/v,%) (gL)
| 1 6 3.86 3.88 022 0.23 492
} 2 10 05 275 0.01 03 381
. 3 12 1.63 0.5 0.082 0.16 492
‘ 4 3 275 1.63 0.01 0.083 4.05
5 15 163 3875 0.23 0.083 481
6 14 5 1.63 0.16 023 57
7 7 0.5 1.63 03 0.16 327
8 1 163 388 0.083 0.23 351
9 5 0.5 5 0.16 0.01 3.63
10 11 275 5 03 03 541
11 4 3.88 0.5 0.16 03 467
12 13 3.88 275 0083 0.01 5.43
13 8 5 5 0.01 0.16 5.65
14 9 275 0.5 0.23 0.01 463
15 2 5 275 03 0.083 461

BTANERFAERF T, SRR BEREE RS 200, BT
W4 RE DPS Vao UBBALET, LURBHLRM R BANEN, HTERI)
NS, SRR TRENRD . B RS TRZSEE M, BYFEH

TIREA:
Y=3.2240.097X; +0.48X, -0.54X; -0.054X; +0.0017X, X X;-0.033

RP: WBEHHXRS Ra=0.99999, F{5=38461.5, BEKF p=0.004, ¥
RIFEZE S=0.00015, Durbin-Watson & d=1.78. R R A U b
TSR DHA6 £ K RIVIB MG MR, 300 B B K poil

50



=8 LGR50

HMRAER. RN EEERRLER, WK 32 fir.

&32 FRBAMEERER

Table 3.2 The significance test of regression model

BE WX RRE pfE | BE WX tRRME M
Xi 1 1825.06653 0 Xa*Xy -1 317.42886  0.00001
X2 1 1576.85232 0 X1*X4 -1 935.00321 0
X3 -1 2620.79079 0 Xo*X; 1 586.15807 0
Xs -0.99978  47.38144  0.00045 | X,*Xs -0.99987 62.50111  0.00026

Xi*Xy 1 472.74626 0 X3*Xy 1 1321.30416 0
X2*X, -1 772.99653 0 X3*Xs 099999 281.63626 0.00001
X3*Xs 1 3182.24638 0

MK 32 RBEEMHRR p EHKDTLUME, REZRFETEIER.

WREFEEATRBIMA ST R: X BREAK) 14.0g/L, X, (THEEER) 5.0g/L,
Xs (BEEH) 1.63g/L, X, (NaNO; ) 1.6g/L, Xs (MgSO, ) 2.3g/L B, Y {4 (&
HFE) E&K, H6.37gL,

KR EFEFRAEE 72 5 T DHA6 BRI, BHFEE&HHFRAMRL
HIREM. MEU BRI HAT 3 RERRR, JFEREREHTHE, %R
& 33, ERMPHEIF 240 )5, RBEGTERMNEES RN 7.36g/L 5 98.4%, b
RALHRE D HRET 107% F1 10%. RAF L5 3 985 95 Bt A s diig 5k
ERHEEE, B TRENEEL.

& 33 RALAEHFRBRN

Table 3.3 The comparison effects between the original and the optimization media

HATE gL REE %
1 2 3 FHE SFHE
B 341 3.67 3.59 3.56 89.3

ik #E 722 7.41 7.44 7.36 98.4
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4 BERR-NA R E2EELHR
41 EEEEELARNER

BRERNR—ARABHTEHE, MUEYEEEER. BRRELEHES
HARAYIRTREE . WEHE RS, HTEMMAEDNEE. FIREYHAR 2 TN
PREEEY, BREBED. HNSNE SR, B—BE kKRR —
MUBRRNE, TRKMAPREZEDRNRE. Big LR, HHERER
RBX, REEEHBR; EFRYRSEHT RBAHE, ESNERYRESRE
RARA, FIRAEEY0T RS B35, BAEWMEHER. B—FE, 6
WRERE AN e B e BB Bl BT IR e b, T EL s SLZE e MR R 2
FREBRFTEN, URERAMEDREEEYRRER NI, Ji%ER, &
BRFAERRIENRRE R EL B LS SRS BN EREN,
4.11 BERARENE S

LR PR ER AR R RS, %R Ik B R RS
BW. TREREN, WEGRERPRENM, B ARERRZM 2.63mm 8
% 3.36mm. TRERIIMIZTLZLRNBEE SA RE M INTIZEH R/, RHLEER
B, BERORKA R TESHE, BERB. & SAKERT 3001,
HERMERTERE, SAEMMB) 40g/L, MBRAERA, WMRMEAK: HiERRK
FERRRRET, WRBELAE, W 10g/L, Womskps s s,

B, &ER BRGNS TR TR E B OB MER, RN AR R
i, BUMUSHTMS FABIRMALY SOl . Ha%8, RILHAEHBERNK
X 20g/L.
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4 —
35 + .
3t {128
g o
B 25 ¢ 11 @
3 S
g 2 b n 08 2
£ S
S 15 - 4 0.6
A 5
1t 104 g»
—&— Diameter
0.5 r —=— Degree of deformatio | 0.2
0 ! 1 1 1 0
10 20 30 40 50
SA,g/L

A 3.8 ERMMHKTHNRESRERPRERHXE

Fig. 3.8 The diameter of immobilized beads versus the cocentration of alginate

# 3.4 WRBRAIREDN B e LB A EA R E

Table3.4 The effect of concentration of alginate on immobilized beads

TS BERH BEEE  GERY FRAE R WiE  BRER
(g/L) B i1
1 10 KB 55 KHR, BRB 5% +
2 20 HEEES 5 BAHR, XHER 0 +H
3 30 HEPE  BES WAL, K5, +H+
BEHER 1%
4 40 HEX  TREH EMERR, R 2% +

5 50 HER  BEE EHR, KEHN, ERRTE 2% +

e BRI ERE, +E, HEBIF, T

4.12 RALIRMRERIR I

WAL THREAARSMEF LN, BREH RFHRAERE, &
ALRFEMOHIEERRIER, BELEHEMBRROEE. TRERER
AR BE IR, BORFRAE/MBRESSI, VBIRENIE R, REE
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BEE GRS

MERES K, AR NEERE, BRENKMS HESEREMES)
P HEmMRE, BEAREH. G 3.9 W, EENMILIERIIREE 2025 gL
2, LL20g/L HH.

i 4 - 1 1.2
l 5 ) g a—F—F  * {118
| 1 1.16 o
1 3+ (s
| ] 114 ¢
B 25+ ] 8
‘ - LooqL28
g 2} 111 o
2 g
| S 15 + 1.08 S
(= 1L 1.06 g
—a— Diameter {104 %
0.5 | ~s=— Degree of deformatio 1 1.02
0 i 1 i 1 1 l
5 0 15 2 25 30
MS, gL

B 3.9 EEAfsk PR EHARRENXR
Fig. 3.9 The diameter of immobilized beads versus the cocentration of

microporous starch

413 BUSRENER

FENERMA AR EE RS, BUE CaCLTNAETSEERRETES
AR TKE “EK” 4. BETRERER, BREWE IR, BERNE
K EETRERM, BREWER, REEAD, JEETEE TR, HRa
BHEaTHRE. FHit CaCl MR EX R MYIMRER EEYW. NE 3.10 T
DEH, AEEREHARN, CaCl Xt FRMEEEWHERERZEWER/D. 2 CaCl
WHIREIRT 30gL B, BEEWRTRERK. BERE: KT S0g/L B, RHMMEE
BXHARM. ZEIFEENRBEEERATRDRENEDTHERSR Y
Wi, DHILIEHETE EH CaCl, 3R FE K 30g/L,
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4 ¢ 112
wE e 1118
)l 1116 g
g 1114 @
a
E257 {1128
St
£ 2 1Ll g
g P
g 15 + 1.08 E
1.06 »
1 i 1.04 g'
05 L ~a— Diameter | )
—=— Degree of deformatio 1.02
0 1 1 I i 1 1
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Cach, g/L

M 3.10 FEEAMBTERESRLERERHRR
Fig. 3.10 The diameter of immobilized beads versus the cocentration of

calcium chloride

42 BEEEERESAR

ERERLERBURMUMERE T RA: BERPKRE 20g/L, #ILER
WA 20g/L, CaCLiRFEN 30g/L. KAZ&M, FIRHERLE & LR DH46 K
Bk, KEsmBErR, REZEE. THENELRREH, GEREH,
R K/ 3204008 mm, RE—EMMEMERE, BEHERE.
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A 3.1 BERBRAN-HILRR O [ R AR AR RS IR
Fig. 3.11 The morphology and properties of the alginate - microporous starch

immobilized gel beads

4.3 SR EELFHIER DH46 £S5 HNER

12
1 -

0.8
g
a 06
o

04

—o—Free cell
02 —#— Immobilized cell

2 4 6 8 10 14 24 30 36 48
Time,h
B 3.12 RS S E EAHDEE DH46 R B W

Fig. 3.12 The effect of free culture and immobilization culture on growth of

algicidal bacterium DH46

Bl 3.12 3B DH46 W B 5 A R TL S S A AL 5 K oy
Lo GREY, 2 WEFHAMAREKABEL, WEI “S” RAEKNE, K
SA-MS Sk R AEREHIDHE DHA6 R K, BHRIFNEDHAR. B
WHFHNE S KERERTHB AR, 25 T —BRKNERIE B
R NI BR PR R SR 40 2 B AR A R ZE AR A TS R Y

X AR T R MR R XA RS AL A MR R SRS
—XERIBEREEA, IR R R Y s MR R B A Al — SRR R S R s
H, EREEEEAARENNBORRMNE. YEAREHTENNRE, K
BREERNT, AREKEABSEKNR. QBRI AR BRI —/ M
MR, WARHESE, HRABEDN. BEYBRG. SEEREREMR
EE SRS E AR,
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44 EEERLIRIERE

hEERAREAANRNEFHR, FRHFRETR R FABTHL
K3, PHARMNHIEARE 1.5%10°cellml, $EMER M NREBRARIE,
FRA; BAGENR, FEIER 2168 ML, WhHR B, RAEEEZL
BERVE IR ARG FARA, % C. BB ROWE, KRR
YRS B Lk AR R, 4R EFR.

—
1

0.9 A
08
.E 0.7
T 06
«
= 05
=}
S 04
B
< 03 - 1g
0.2 ——3g
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Algicidal activity
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Bl 3.13 038 B s AL BB TR I A B s 0
Fig. 3.13 The algicidal effect of the alginate - microporous starch immobilized gel

beads with different operations

B 3.13A B, MEBAREERM g, 3g B 5g HEEE LR, 5 10d
JEABEE 55000 59.6%, 76.7%R1 85.7%. BEH HMA R 5 14 RS B (s I
RRIREK, WHRMRZZH MBS, 5 Iml 2216E HIERM B Heb, Bh
lg, 3g M 5g (RIBEEIMER, 165 10d FEIBEES 5020 71.5%, 78.8%% 91%,
BZ A AMRERERE. MR MR RE LS TISLR, casEs
ARIRBIE, W 0.5%M 1%, MEERTLREFRHE, 10d JEMEREE 53 HIR
B 96.5%7 97.1%: HMBREZE 2%5WEEE 24h A3 T 63.2%, Bt 1R
TV BTSN I SR A 4R, 10d MBS BN T 99.6%. %k, WME D6 i)
BRARUMREMBITH AR, HRBERRICET RN, EanE
HBERH B F KR AA BRI B, R ME R S RS SRy
Bkt

5 FIRERERXBEEILNES DHl6

5.1 BlRULEKAE kit BrEum b
A PUF B R BN, ARETUERAANRERREABES
WEREHTEK, BAUERKIMISREPBREK, BlE DEEV—FR
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R AT SR T R 5 R AL R B B AR BE . MR T M AR kB E
SEH PUF WA TT . SHREEREAEE, 2T 3 KER.

—
o
1

- O ultrasonic method
- O squeezing and pressing method

—'
O e

= [ T

i ii iii

Number of trails

i

Cell density/(10 '° cell/g)
SO = N W R NN 00 O

B 3.14 [ 2 84 Py B AT B ER R AR
Fig.3.14 The comparison of elute the immobilization cells with ultrasonic and

squeezing methods

M 3.14 ATA1, RABERA XBEE PUF WIOE MR R LB, MR
RYRBEIEN 3-4 5. EEHFE. BRFB=KE, RN NESRECSKIE.
AT, FARIGEB ARG RGERE AR TTH. S35 N0FE, B
FTEAZRPREERESEE TR, WRHTFRARTNEALLE R 1
TERITRER R M4, T AR Y Ak

TR ERASER T RIS R R, BE T WERkNE LB AR R
Fike BMISBAIBRMEE, BKMA 25mL PBS B, HEFH. SIKFERBR
1A, TR BERR VR PR B R R B SE AL B B B A AR
5.2 ¥D%H DH46 R ERERABE B ILHE ERTRBHER

BYSUT W3R 5 DH46 ER R B IRHK E Ltk LA, % 25mL FSEHEFR4F
BAEER 3.0x10° celimL MEBHMAZIEHE 1.0g BEEIHHAN 250mL
®ALF, 28°C, 150rmin BKEETEATRMLR, EHEEENER &S E &
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The efficiency of adsorption,%

B 3.15 #% 5 DH46 7E R HMMHKE e LR & LB KR
Fig. 3.15 Sorption percentage of algicida bacterium Alteromonas sp. DH46 onto PUF

as a function of time

Hf 3.15 A4, BAARTE Bl P i b R B 3 S BRI B et ] i 38 o i 2
B, 7E 120min iAF) 57.8% B EBA R, WHEARETTE 1.44 x10"" cellg /5
WM REH K. 2t 360min ZHRBASIMERRERUATHE, BRHEET
fosE, ENE S B LOREAILTITH. X358 PUF SR S FLNG IS
Rl bR A AT A Y R IS B A, B TR e N B ETR B B A
RESE ERMEFAE, TaeRKNE PUF BB TFAE2BEE R, BT RH
K &S, BH—HNEARUBRZNER LR UEREKZRT. BTHRKE
HAMRAEKRET D RIFWIRARF A, BH S LR IR R MK
BRI 55 RIFHE, Mk T —FREMsETFERE, HETHEESF
BER, FEEERRR I K205 E L URAR G TR . X150 B SR AR ] B A A 2R R
[ AL v SR S E DHA6 R —E RS
53 MEME PUF BB LLNE KA HINR
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Fig 3.16 The distribution of algicidal bacterium DH46 immobilized on PUF
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Fig.3.17 The effect of PUF shapes on immobilized algicidal bacteria of

Alteromonas sp. DH46 growth
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Fig. 3.19 The effect of PUF quantities on immobilized algicidal bacterium of
Alteromonas sp. DH46 growth
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Fig. 3.20 The effect of PUF quantities on algicidal effect of immobilized
Alteromonas sp. DH46
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Fig. 3.23 Algae-lying effect by baterium DH46 on Alexandrium tamarense
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Fig. 3.24 Algicidal effects of immobilized strain DH46 on Alexandrium tamarense
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Fig. 3.25 Influence of immobilized DH46 dosage on the algae-lying effect
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Fig. 3.26 The observation of immobilized Alteromonas sp. DH46 on PUF by SEM
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W Pseudomonas fluorescens HYK0210-SK09 ZE5ifl5. MLk, REFHEKN
SfREALREEUBRETT R, FERUR AR B 5 S %
TARABBRIK, GREFUAEEBREINROE L&A, TRH
5.93x10°cell/em’ Bk, HRAERHX 95%.

PR EERIG 215 JoK R AR T RO, TR BRI b K 7e b7
TENMAFIRET —AMEFRNG . FELENEREYERRER LY
HIBERE AR, KOBEHRK ATS BREXNERZUN—HTELNE. &
WAE P.S. Lan FRAFRRE 2 MRELEVITGK, MERBRLRET 90%
U LEmERE. KARSPIHHEEREN EARAIREETEE, FHFER
ATFEKFEIRE 4d WHRAERRENZBRENIEZT 100 %H 893% ,
S EBHR A RBERR SR R R 2 BIR 100 %F1 73.9 % o Sashenka Fierro 21510 &
Endong Zhang %W M 2 /5 £ V5K U EBE BB TRAFHONE, HAE
EERETHEBRREMEERD. —BIANE RS T HANS RS
t EEHE, HE—ERE BT EENMRARMFE, BetansiE
BRI, MEEENKE LR, RERE.



BNE i

RERERNAENXERY, R BRI YA, RN, i
MAE R F YRR R W, BREWFITHHKY B.Gromov #iZ %K
EET%1&!@%%%6&&‘1"ﬁﬁﬂﬂﬁ,ﬁﬁﬁﬁﬁﬂﬁ?ﬂ?ﬁﬂmﬁﬁﬁ%TE%B‘J%E.
Heterosigm a akashiwo (REH)R—MBARRHMFEEL, Nagasaki 2%t Ha
VOLHE T~ MISH THA Ha VOl RIAT A S5 ST bt BIR
R, Ha Vol SR BESSAMBHBRIMERESELEX, H Ha VO]
F—tEBYE H akashiwo, RE3 ML AL [T BN, HIEME R EXRi, Ha
Vo1 REBFEREE H. akashivo B1—MRA BT BB MRS | RAEHLT
TE R B E LA SR LT 2 1 3N Bk BHBNEKER,
BRI FRRFES, XL T MM wEE, HREMEERRG: 8=,
ERBRRE BRI AN B, AEMEMEWTEEW, FEE T %
SHRIE. WA, ERRETARDEASR, RBH LB ERENREN B RE
&. HE, Ha VAL AR BRI A RS SR ABEET HaV KRR E
—¥. 4R, B HaV EENABFARE R ST SIS, WERBHEELE R
THRUHAHTE. .’

AP RA QSR B AR N R B 24k dlteromonas sp. DH46. 180 )
WERENEH, UMILIEN D EH, CaCl B, KB i 4% 2 1k %
B BEER EREFRMALIDE TR, REUSERNEEERE LTS
Bk, UH—SREEENREESRE.

BRRHENE C OB RIME, BHEILREHE, BrigfihE. ey
MERRD, NHEDARN T ERREERE, FrUAR B 8T RR &5 TR 8 1k
FRRES. FHRT & EZ—, AR R —FFHOTHER, BT
RERARBMESOKML, EGEH L% M, AT RYEThRENE Y R AR
B, %I?Li;'i%ﬁ%ﬂﬁ?ﬁﬁf@tﬂi%ﬁE‘J%ﬁﬁ%%ﬁ%iﬁﬁ‘lﬁiﬁm, A—H5
M KE. REMBRMA, 1 —FG R R+, PLRCHRR B9 08 B8 R i 3 |
BAMIKER. BREHRIERIS, B ERS AR E S RAMBE (dcaligenes
sp) MR 2, 6——#TH (2,6—2DTBP), % 100.0 mg/L WAIERRKET, HE
MR 12d 7153 86%, H5RETEKAL, BHLE B E R H
KK, BEELEHN pH ERRENENBEER, WEYEEESNER
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FNE itig

. SERERMILERRM ST EE R TR TR LSRN, Hue
HiEEn G, SRR, ERETEREURFETES, Mmilens
ST B R ERA . Ishii M RE TR 2, 4-D AALRB— R BBIKH,
SRMIEJE TRUTREYIAOF= i, FEh BR B F i o 0 B 2 K 344 A 1]

XPERERHRHERRARE, KBRS IS4, IEERAK
FE 20g/L, WFLIEMIRE 20g/L, CaCl, ¥REEN 30g/L, HIBHIBE/NERFERAM
BEES. TRERERY, HEBERPKENNM, BTHRRREEEX,
PLBRE R, EAEERIRAE RN, TAREN, Btk Ee e
Fiel, ARITFREAHEK. CaCl, WREN B THRBRRONMREEEEYH,
WELHA R R BB ERUBRED R RE, FREXSBERBRE R
Ao BXMIOHRE, ARHEREELTERARE, RARERIRETAT
AREEN S, BERRRTOLAREKER, X— A e G RIBEB AN
Ko REKRAD, BFYRZOT BHBEEE, RONERYFRESREEAREA
i, RN AR T R BRI, s RN, B KA
HEHRIRAR TAREDERS. ERENRL, AREKTNER, AR
MTHRER. Hit, EAARERREOMRERNS, EFEERRBR
BEFAENPRREE,

B ERABEEUPEEDHIE KSR W, SRRVHERMES
WEEFMRIRLES, ENERAROMEVSR “SH” EKEE, TRLEER
RRA-ALIE R G A B EDHACH A KIS MR AT H EEM. FRB=H
AREMETHR, BEEEEELHERY BREEBTHLRENMHNE, HE
BOME AL R B I L KR TR MEHER, RGBS
WEEHFRF, TRIMRKBERENRIVERN B, BERHHR.

AL RE R A B A [ 2 (LB AR P35 5% dlteromonas sp. DH46, BU/8
T REFMERAMMBERCR. ERRT AR T, BNEAEHBLSE N 5 ikE
ENEFRMERE, KA Smm’ Lk 1.0g, B 1%L FREEKBINASE, 28
'C, 150r/min &4 T EELETF 240 £, BRNERTRZE T 5.26 x10'%ellg,
MBI HTEN 4 5L, WRERLEFREN T EEN S5 E5RMER,
LRRYPBRH 120min FEBIREARM LR, 360min ZERMEELATRE, &
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FNE iR

RN SRR B SR B T RS BB A

IRIBRAL A B SR BE BT DHA6, MR T MEMENER, i 2.0g
RTE R HIE AL Btk 48h JEHBERETTIX 86.1%, MBNEEE. LARAmENE
SR, RYREERE EUBASEEE RIFNEMREL, FEER0%EHE
5E DH46 B4, mTFUMERHEANRS, FMEIBEERTEAEND, B
FEEATX, HkEEMLRFRAR, 8 PUF R 040 SR R L T,
Mz PUF 84BN, LBHE, E& KM T NEE,

B 2 V0L P R Y 2 A 55 5 0 3 P G Wi (Dictyostelium discoideum),
RGMIRTE 85%Lh L, A SL REEMERERS EFFH T AR Rk Y E SR
BRI EMRNS, BREAZRIAET 4210 mL?, BTBEEEN 24
e GEXTRER, WRRHBEMER. RERFEEENLRK LT LR K
REMEBZ), HALRIHE BRI U ERMT PUF RANAEE, BHE
RIS TR S, BT UM BB . Zhen Wang B0 ERAG BOERE B4 T £
REUER EUHR, KT AR B (Rhizopus oryzae, ELE)EK BB HIFT, M=
BHRE. HEREY, LREWEKES BB LRI T %R B ER,
BERIRERESHEARREUER LT ARE, HENRTFAELEERH
BoRAEREER, RERKRE,

Bk, EARHNBENEEATHS, NEREAESSHNER, iy
ERTENERMER, FABRLRERAME, FARTEEHERER.




o

FLE 4R5RY

£RE Zivt5RE
1 &g

A3 SR AT HIRAE 09— PR B BN HE B Alteromonas sp. DHA6 HHFLH &,
LR R FRK A RIS A TR R R AR SR A 5 T AL, 32
RAREERNREER, BB MBI RE. RENE
BEERWT.

() RARARERRRMBEREY, EEBHERRTENEE, L85
B RBE. BE. W5 pH B, B, SESEENSEN REBEY BRI ES
VIREIRW . B2 T RIS SR A0 W8 pH X 7, BREEH 30%0, B 28
'C, ¥HX 180r/min, IEFREFA 24h.

(@) EER b, NEBHSRTERERIEEFLAS, ERTRRELELE
ARMEGERRMESROZ0: ERREONR. RN, BE%. NaNOs.
MgSO, EHEREREWMEAT, UHATENENER, HTREYS®. FH
DPS KX KR EHATEIMT, BIEIER, RAEHERRAR QL) B
RAMK 14.0, B 1.63, W8 5.0, NaNO; 1.6, MgS042.3. RRMRAL F kit
TRAESER, REBEATERMREEIHN 736 gL 5 984%, WAL LHES
T 107%H1 10%.

(3) AN EBMEHEEN, LUMTLIRR ASH, CaCLMBELE, FRHEE
HEERUMR. BLERURNEREINEE, REREHETEAM, Wk
HRRARE20g/L, WMALRMIRBE20g/L, CaCLIKEN0g/L, HIAFHIRE K320+
0.08 mmBYF/MR, BREREBYE RIF. HERTOEE TN IEEDH46E K
REPERORW, S5 RRIIHAE KA SH R, MR- T S0 (1
AREBEFNERDHIOMER £K, RERENEDRAANE. FRSHIRGE
AR, BREIEE RN ST 1L KB A RR,  EL B B 5 AR
fEARRAA BRI, R MER2IER SR NIRRT, TR
IABE BN R MBI, BREXHHR.

(4) KRR BB A IR 4 15 52 AL 35 5% Alteromonas sp. DH46. ZERTH
R mERERRSE FEAE RS RNEN, BT RERRKES
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BhLE SR5RS

WHFMEERRAESE: BRI 1.0g Smm’ PUF KT Soml REKZR S,
%R THBERMOME, £ 28°C, 1500min ZHF B SR 240 )5, Bikpy
B PATE BERTIA B 5.26 x10'cell/g, BT RS RERE 4 R ES.

() HERRGERRYFE /MK PUF A% REFMAEVIREY, RiKWNIE
1) ik ﬁ%ﬁ%&%ﬁ?—/\Eﬁ%ﬂ‘]%‘ﬁﬁmﬂﬁﬁﬁ#%&ﬁ?ﬂ, ESNipsE: )l
ERRU T~ R R S5 ks, MRS P 52 43555 99 355 D,
A BB IR R, B 2.0g PTG HIE 2t Bk 48h J5 403 2 AT 14 86.1%,
WEXREE,

2 RXEVHA

() SERTFABRA =D RBRANRECE R E, (R PUE R P IE P
VBB R T BF R AT 1R AHRGET BRTREER SR, 35
FRREBRIERE AT T AR, LR B B R Y R =,
%éﬁﬂﬁiﬁ%ﬁ%ﬂ@ﬂﬂﬁiﬂ&ﬂﬁ?‘lﬁ%ﬁﬁ%ﬁﬁ%ﬁmo

()] iﬁﬂ&t%ﬁE%?&@@ﬁ’!-ﬁﬂﬁ%ﬁé@ﬂ%%&%ﬁﬂ%@ﬁ'—5Mﬁ%
Alteromonas sp. DHAG % LI HIAEYIHI 2R, XA B0 2 Ak 85 32 40 RRE E et
AT T BAHTNBIR. BT —Fh I 2 AL S S B B 0 5 i, MEXREE,
SA-MS TR A B IF IR, ERRBET RIERANTE, TR
BREEE, BFDSTHE, SaEs s, REFHKEN 578, khampizs,
BICRERHEATIECHE, 098 S T FF Ak k. KB LU iRt
—REHBENHE,

3 RS

AR T MR Alteromonas sp. DH46 MRBERALFRAS, FARE
R T B R B0 B R GEETRGHME NS
HRARXBIABR, WA BHETHBINT.

() RXPREFRUTA TR TR0, BiEALRE M TR
R BRI B R, BLETF R 36 SE A HL BB 3 T 4. ERBABRNOFESY
TR TR, mER—BERI PR R R REE A E. TR,
TE—SGEEREREE. KiK. TR R R R, e
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BHE 4ik5RE

BAEFRAKEE, NERBMEEEYRNFBOFRNRAERE. T80, #
B FEDRERN ZROKBAS, ERFNFILENER, UHALERE.
RETR.

(2) BmE MRS TRROERRE, EUERTIA TN EIA
HRWERE. pH. BITRY. RIFF RS HFHRER. T ERE4HR
e 3ok K SN L BR P BB A R MO, BNAEERIES
%77 T A BT ERARR.

(3) XU 4RIV EE DHA6 BATE EABR, 457 AR A LR R Hik,
BHZHAE (WNEEEYIE=Y; WEE. BRYRNESERD, Wa%
ERAM I SWEBEDHF, FRAZHEEAIR (R K. #F. 58
B EMR, AN ARG AR .

@) FEHEMFFOTRCRA REFMFR, FFRAH T HEORE, BEFT
ABAFARRNARTLREFN. BELRXREHIENA S>>, £F
By KERAE, B SRFBUK A T MR AEDHANEREITER, 1T
EHAEDZ2TN RHEERNBEFR.
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