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FEZR:

1. 2008 4 11 A B 2000 4 10 A, REWHTHENETERT. #E1T. KT
FEIT. 2FMNESITUANE, HPRERZZASNE -G B e, aEX
RE-_RRLME.

2. 7TA®. 8 ARABK KD 0.45um. 0.22um EEE M B X B A A KR F,
WRE, GrBamth, AE%EE 012, AEMEHE 1005, KEHEE 1028
WERABEHEAREN; TRERH 6 AR, 7 A4, 8 AR KB AERE
EORERAFTAREHREAR.

3.6 A 7 At 8 Af. 9 ARABKAR 0.45um. 0.22um EEE ZH#ERHE
MNE B A K NE G M EE 012 FHE, 6 X5, RERBHAMXE4M
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ABSTRACT

Recently, it has attracted great attention that cyanophage plays a potential role in
controlling the algal blooms for high host-specificity. This paper aimed to investigate the
annual changes of phytoplankton population, then extract cyanophage that could
specifically infect the dominant species and identify it.

In the present study, nearshore water samples of Southern Taihu Lake were collected
continuously for 12 months. Then, the composition, annual changes of phytoplankton
population and abundance of dominant species were analyzed. Furthermore, cyanobacteria
was infected by cyanophage extracted from water samples and algae.Viral infection was
confirmed through color changes and cyanophagé infection of microcystis aeruginosa 912
was detected quantitatively through growth inhibition of cyanobacteria. Meanwhile,the
purpose gene of cyanophage was estimated by PCR and morphological changes and
ultrastructural changes were detected by optical microscopes and TEM.

Main results:

1. From November 2008 to October 2009, phytoplankon species, belonging to 11 genera of
5 phyla including Cyanophyta, Bacillariophyta, Chlorophyta, Pyrrophyta, Chrysophyta,
were collected. Microcystis was the first dominant species and Anabaena was the second
dominant species.

2. The July’s water sample and the August’s water sample were successively filtered
through 0.45-pm and 0.22-pum membranes and then inoculated into exponentially growing
cultures of Microcystis aeruginosa 912, Microcystis ichthyoblabe 1005 and
Microcystis-flos-aquae 1028.The cultures were incubated for two weeks. Compared to the
control group, no significant color changes were observed in test groups.However, varying
degrees of infection could be observed when the June’s water sample, the July’s water
sample and the August’s water sample were concentrated.

3. The June’s water sample, the July’s water sample, the August’s water sample and the
September’s water sample were successively filtered through 0.45;pm and 0.22-pm
membranes. Then these water samples by gradient dilution were inoculated into
exponentially growing cultures of Microcystis aeruginosa 912. Six days later, the growth
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of cyanobacteria was significantly inhibited by the water sample without dilution.

4. Varying degrees of infection were observed when the cyanophage extracted from the
June’s algae and the July’s algae was separately incubated into the exponentially growing
cutures of Microcystis aeruginosa 912 and Microcystis ichthyoblabe 1005, but the
infection was not observed for Microcystis-flos-aquae 1028.

5. The PCR results of the cyanophage showed that purpose gene band of 400bp was only
observed in the concentrated June’s water sample, but was not observed in others.

6. The cells of Microcystis aeruginosa 912 infected by the cyanophage became roundish in
shape and dispersed, not in colony.Meanwhile cell membranes and organelles began to
separate,cell membranes were dissolved gradually, organelles were damaged severely and
cells were finally lysed.

Main conclusion:

1. The phytoplankton population in the Southern Taihu Lake from November 2008 to
October 2009 belonged to 11 genera of 5 phyla.In the whole year, Microcystis was the first
dominant species and Anabaena was the second dominant species.

2. It was confirmed that cyanophage that could specifically infect Microcystis aeruginosa
912 existed in the Southern Taihu Lake through morphological changes, ultrastructural
changes of cyanobacteria before and after infection and qualitative analysis for purpose
gene by PCR. '

Key Words: Southern Taihu Lake; Phytoplankton population; Microcystis; Microcystis
aeruginosa 912; Cyanophage
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FRAEEABEMEER, BREHOHHAUSE, BEREFOREEN, AEAE
BABKANER, WALBRABENEN; AFRTREANILR, SHERT
A HER, —BEk, REAHLZNFK, A, MK RENFH8H, F2
ERZFRABRRRARE 2%,

EARRMENTNF ZRER, ARAABEDNLIRARTHEN LRI RETH
FHAZOH SR FE LY, ERXEFLAREN, RRZFFHFLHHRC,
R¥mFFHR. FAXLF, BEEE SFRE, LAWKERN FEHKE, XIF
£Z, AR, UARRER. BEFTEERR LT P EARFAS, EFEKA
HIHSAANAEHEE, HEnPLRRTFRRREHEEREH.

EAREHRMRARERL FEL TR OHT, AERBTERXEHE, HiET
BEFAENCL, WEX, REFHEHE VR, FEARFSE, HERHH
THERMGRTETREOYH, HARRFRETRERED, THEN¥Y, &
FTRAEA, FREHEMER, REFHETECHTHRLAL.

AW XH WA TEB, BATFEMLE AR F R0 fof B, 7% ERW AR
PORERELFERB R LR E T, RHRFEFRRF¥ELRX PCR %
Bpkptey By, Rl 98, F44. #E. 3H. 88 KIEA. FE,
IR, BEA. B¥M. BB ARY. REBFRFMANLFEE ¥ THEAE
PRFHXROHY, REZAEMRE. 4B, RAR. REK. AT, 4.
W RAL., TRM. Twe. ¥ilh. BHEXELFLNBEH, #REITHRTHIE
FAEE.

wE, RBFAXCHEHIRONA. FFEPFL RARNEALTREKX
WX IR, EhE AL, HRRTAXANEREPNE, HARMERKLF
—HURAFBEHf I, —BER, AREMA, EARNET, BC—RENF I
T, FEAMNLHE!
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£—F %

B % (REHH cyanobacteria) BHIX E &R F HAKEEE K4S, BMNMAK
AR TG, ARANEY CO, RERAVR ML, HERBEHA. EXR
Wik EARRZELAT Y, FHLBILPWMERRAS ZANK L, EHREYD
BHRMR R T RE T XERER (BT, 2007), ERARKRTELE. X
AEAKENNECFER. EXNBEACERARAAE T HEAZRRR, KK
EAEENL BHEQEEHEN, AEUARNRFAET &4, MERZESH
Bk, RAEREEATRZNEM, 2ET - NMEXNREE, HBEF THHAR
WHEAT. EXEAEE/VELTH, AARGNERNME. BEAEXELEF LK
ERAKEKEAF ERE L EENEARa, 1990). EEAERXBWAEF AT
407 T LA A 0 B A {E (Paerl et al,, 2001), R& ik, BEXAXNEEHK
RAR, HAREEGAELHEREEKEGRL, SANKEFTEFERTE
AHRE.

Wk, AOHREEKURHLSEFABLRFRMENERAELRE M, &
mEEHARBROREER, RELENESN. PHABSAPRE EAEAAS
N.PEXREHNAMARK, F2REEANAKKEERMIARDBATE (RKLF,
1980; KRS %, 2005), MHRAKENERX (FTEREX) WAREEERAKE
ERUNEERMEZ —,

AR PENEZKRAKH, BAKITH. PTRZATC. UAMAFOH
KBRS, BETIHZER. HIAXBPLETUAREBREN—AHL, RER
36500km’. WK WA 3T MAFHRFTURELT, HbaEEE. AN TH. M.
X HMNEART, EAD 4000 FA. HER, HESFOHLNEE, KEH
FRABHNKRHAS, SIRTAENFR (EETH, 2001; FERE, 2007, %
BWE, 2009). FARERKERA, K20 #4280 FRWHE 1995 5, KHARK
AREABRTHAEY, 2UMTHEA. ERHETERFR 10 FWEm—FUL, K
KX 2 RARAETNARAELCEA 3 XANE, 2 XAKRERD 69.0%% /)2
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15.0%, 3 EAKH 30.0%3 k2| 70.0%(17 R K%, 2004). AE&KLE, KBAKEDR
HABMEERMAFME, HERFELRNSE, BEWAMBEAERLE 34X, B
WHRXEAES X, BERMBENEAT N FARNEL. B TFEERUBES
R, REFHRENRELHE, EXEERE, HRELAHAEK, E2HEXRNESE
PRANEHE. X. K3 T (EXEE, 2006), HXBEHERLFHY A,
MERMAEREHERBLRE THQUREABAR AATS, 2007; ALIE%,
2008 ). '

AMEENETREH TBRKOKRAR, 20 #4250 R4, KIS FHEY
MRFhaEEshY, RFEAESRERS, EEEHMAMBAR, BRAEN
WERBRELS S (BRI, 1961). 1960 &, B ¥ K AM 177 MR FKE KT IEHE
Al MRS, BAHEES£x0%, SEXLEN 96.6%, AKX
MRS S, SHELEEN 718%, EH L 9.9%. EFEHIFHILFREE
M, AELHLEEY, EESTUREERAERNBRERS, 2ARS (%
%, 1965). 20 #4780 - R, MAMATFHENHBEFIHAET, AMEKEEX
AMETER. BEORIFOREENA S, 1993), 20 #4290 F4K, #BiFxt
AMEREZXRFREY, KNEREBRIXLVEIFER (BRALKHE) bHELEX
RBGEFHE, 1998), #AN21 HELE, EEERANLEF FENREFKEE,
2005; Song,et al., 2007; liu,et al., 2008).

EXEWAERBRAMRT KEH AL, ERTEFNAERT. L5241,
AMRBFFEAKTRERNEFRRAN S0 LART, AAEEEKRENRERE
MYAKAFENANARE, IRTTENLLSEE, FFEERINZBEER
(Microcystis) 2%, BEBKAKKEE, BATAR, BFTARRL A
1 942 JE (Chen et al., 2005;xie et al.,2005), E i, W&~ FEEEMT. HiEAKEKE
KEGRAXEHESR, BH, BEERFLRARS %, wBHTIA. FAKEKX
P TERMR, DR E R ASREERE, 2001), ERIKERDPRTE
R, MREIKEXERRFEHRERE; FAARADR. RH. PRERY B
(ZFH, 2007), BRAN—ZRELRE THENKE, BREFTELR, WHEK
BE. MRA-SUFN T EZERBSRHARGERNERNLK, EEEQER
KiGH (FoWH, 2000; FHEN%E, 2005).
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% % {k(cyanophage)® — MR L EBEXMNKE, EHABRRENEZTHARKL.
HEARMEEIERGE L - WRAR B CE LB SRR EP AR ERATIRTH
% # % & & P (Fuhrman, 1999; Tomaru et al., 2004), Af1K JL7E B REK 4 th Ik ¥ A
PN ENEERES SR YEENAEHD (Shermanetal, 1978). HE, REx
EEXENFAENRELARTRS, EREAFARLA, RIAR. BESHER
FUEN. PEA¥MRARHS, ABEEERMEFNUBTHREEFEEQEH
1 % K 4 B9 %9 B F-(Yukari et al., 2007 ; Stoddard et al., 2007). — Btk 3., B EAEE
REARFVYHRAMEA, EPHALEEOGRNK, EREEAEHTLEHRE, B
PAREENEERR SRR EKBRENBENESTRETEREENAG,
BEMEHTEFNEK. BER, EHRKERERL, RAKE P ERREGESE
P8k M T B EM (Zhao et al.,2002; Stephen et al., 2005; Takashi et al.,2006).

ERNEFERNESEAURDSFAEYFAR RGBT RIRS, EXEEFT
BEYY, RAERAANARRY, AHR S RATRAERERNEERARA
KEWRE, Bk, HAERKKBPEZRNESERANGHESEEARTETENR
Xo MRBARBREFNEEANRXEN—F. AREARNENZTERINE
KMACR T AR B AR FEEUH AN G S MHEEEMAE, i
£ AKBARTRINGESERERERREMBNERE, ARERESEX AR LN
R, BANRENEREAMAERPA. BREH TR PCR EHAR I K E LK
RENHE, AR - S0 BT RHERAREEDY, b A# - FHARAERRN4E
SERRGESE.




L AFREFAIR HAMF YR EETEARERATIP TR

FoF BAHTUREHRRFTEL

ARG R B X B AU E A 2008 45 11 F 3 2009 45 10 A4 12 A A AH
WRE. BREURES, MTTART RN RBE R, £EESAUREEH
BEEEAER, AFREARRERBEEMS ARESE, G AL S BRRN
R e 2 B M SRR S TR KRR ’

2.1 #H
2.1.1 EEHEA

EEHKLEA (Lugol’s): ¥ 6g BLHFAT 20ml AP, #HELBERE, ivag
RADED, 2BE MmN 80ml KB,
212 TEZRMBNE

EHEFR, ZHA, FHANN, FHREDITHRE, £FEME.
22 |
2.2.1 RAEH K

JA 2008 4 11 A1 212009 4 10 Ak 12, & A RH—K, A AR FHM
AMASE R AR (4 F 30°94'~30°97', £ 120°1'~120°128'), & 2.1 fr .
222 AEREREE

Bk EAE (<05m), 4°C REHTF 240 WEELHE, HRENAE 30ml,
RAEAEMN 15%E T REREE, 4°C R#F.
223 FirEmEE

A Y K P E R A R B A A R BT K AR R
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Fig2.1 Sampling site in Taihu Lake
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2.3.1 U AR A R

2.1 48 AMIAERA ST R R K. B & T2, A 2008 4 11 A £ 2009
EI0A# 2AMAP, RENTHEHBTERT. 2R, KRT, PEN. 2%
TESTUANE, XX ERS, £SARE, 25 ALERE. PFRES.
WEXE. ATER. 4AARR; EXNSA2/MGE, 23 AREXBERRE;
BRENSHBEANGRE, 2AAFEZDRE, FIFXRNPLEIESA—XRE,
ARAAREBAHER, EAARTHEDHERER LB 22 7.
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Table2.1 Composition of phytoplankton population

R A% B[] F i p R
2008 4 11 A LTk REHNR
2008 4 12 A HEE. LEX. HEH. HTX
2009 % 1 A HEX. AEX. HEX. HHE
2009 -2 A HEE. AHE. HEE
2009 4 3 A HEXE. HEE HRAE HETX EH4%
2009 4% 4 A mEHX. 2EXE A4HF. KFE
2009 4 5 A HmEXE. 2EX
2009 4 6 A HmE*
2009 4 7 A mEF
2009 4 8 A mEH
2009 48 9 A HEE. BEX. MTE, KX
2009 48 10 A mEE sEX
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Fig2.2 Micrographs of phytoplankton population
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B 2.3 4K 2008 4F 11 F 2] 2009 4 10 A RAFLF A M BEE RO, WL
AR T UL P BT 5 00 ot R R R A B S B A R ey L. B, 2008
£ A%, HEdP RS, 2008 4 12 A4, HEEHT & 80E 0 th A 80%;
20094 1 Af2 f, FHEEHMELED, EMHBHRELILED; K 2009 43
FaFsea s At MEEKENGHS, HERMATENET IR LA, 25
A 50%. 56%. 94%; 6 LG —HEZ 8 Flte, HERLGBRSE FEESWILTE
A 100%; 9 Afo 10 AREHEFSBRLTH, A 90%.
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Fig2.3 Annual changes of phytoplankton population
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22 A 2009 43 F 2| 2009 4 8 A, HEFMHHFEEMNR BE
WHCR A TS E, AR EY)E, Ko iml Fir3Ed#THE. Bk TH
NI AFE—-HB 6 Fltr, REFAGBEEMNBLEZRN L, 26 AL RAME,
ZEHMEEMHRERA T,
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F22 MEEMBRER
Table2.2 Abundance of Microcystis population

it [ BREEKE (FAL)
2009 4 3 A 3870.30
2009 4 4 F| 22176.99
2009 4 5 A 97833.42
2009 4 6 H 449069.80
2009 4 7 A 105688.44
2009 4 8 A 3183.89

24 it
BWXTAMARSHENHELARORENBFRANOARLE . BEXEE
PFREHAERAE (RE2E, 2007, &EHE, 2008; BREK%E, 2009), *xt#
R WA, 3 A A T 4 B R B T AR AR D . B R e B K AR T A A
EH2M3BRTIANT, HFEXT8E, ZXIT64 8, #1398, REIT21
B, BET13RE, FHIT6E, X128 (FBEMK%, 2009; HREE, 2009).
RKFRKAEAMAB T HE YA ERLBMEE, AR LT RED RN E
AXMEERT, FHEDHHIHNBETER]. &7, ZE. FE. 257
£5MTUANE, HPEXT2A 2B, 2B EERPEEERE, AHEE
BEXERET, HEEMHEARS, R AERMEE. s EHEE. HAEMEE.
AEMEE. WRUEE. LHHEREE, HAHEEABLEASHERA.
AW B HEPHBRNET TURAN TN, 20 250 5K, UEFEEXK
ERS, ¥ HEMEERZ, AU FETREMBEERE LSS 3{EH; 60 4
R, EENREFEERBE L0 E; 805K, ERFEXANEFEHR. #F
fo EFoKE; 0FR, EX (BRAKE) bREXNES; 21 L FEH—
RATF. KAFRELI, K 2008 F 11 A 2| 2009 4 10 AR A S Mk $ st —
HERER, HARMEE, WHMITXNERNA LS. BRx20084 11 Afe T
RBRABETA, FHREMNLFLHRAT, RARN2FHEL, K 2008 4 12 A3
2009 4 10 AX 1 AMAF, BEZEGEMAGHERNE, HPREE LS LxtEH
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BWAREHEIONA, HBHRN3ARFHE, RAZHER, HRKEELAE, L
ABREEFRLNTH, REXRELHE, HAFHERFERE LA, REZAH
m, K6 Attfrse—H2 8 Ate, WMEZ/LELETFHENN 100%, R NAK
v EEY.

BAREA, ERATHENT LB BLEA, RATRERL, FEEAL A
2008 4 11 A2 2009 F 10 AX 24 A%, #EFEMREAR, FHELAH
BIEA 4 AR, BTHEE FEREHLERBEN 3% 25, MEREENAE
W, aRFENELEFETHE, 2S5 A, aEFHENETILN 6%, TWUHE
EE6 AR ARG GBI EE, EERAUI. BHoOANZE, HESLET
W, aEFXFHEN, FIELEN 10%LA.

HFER, KHBEFRNBEME, EEKEHFELR, Mo RAEHNEEFTER
EREEMAEZAN XAMEXNFANESERTEEA AR AET LSS,
R KRN EEEEZ— (Dawson, 1998; Sekijima et al., 1999; Kohoutek et al.,
2007), iaFEEENAEEEEARE, SRRNASERERCEBEEEX
W ERASIRTHARENEEEN, ARRARBYEMEEIR K HEHXE
R TRRKEERNESEAURE - REFAEFELEENE L.
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FZF AFAHABERERFRREEK
AR BIRE 2009 4 6 F 2 2009 4 9 A AHMAE YA UL ER, #—F
KRR BT RECEER, FRABAEARTHRERS, BIERNHE
A EH F AR RS, B KNG L8 T BN E R R E 012 RS
%5, A PCR EARAEEKRENERE, AXEURBERAZEMBELHE 4
MBS, BREHMKE, BEN LT A ELEHANARTEERSRERDAEHNE
% 912 tygE EK,

3.1 &%
3.1.1 EEHA

RT=8 6000 (PEG 6000), ®#H, &7, HAREMNE" 474,
3.12 EfERERAE

E LR

WE M EE 912 (Microcystis aeruginosa 912), B EHKEE 1005 (Microcystis
ichthyoblabe Kutz 1005), X4 % % 1028 ( Microcystis-flos-aquae 1028), A4 fE
# 245 (Anabaena flos-aquae 245) ¥ B o BB 2 B A & & Yok 5 B kA EFPE,

Bx&GHRA BGIl HEHiHE, XEBEN 2000ux, BEH 30°C, XeBEHEY
12h:12h,

BG11 3 5r4:

Working solution g/L
NaNO; 1.5
K;HPO4. 3H,0 0.04
MgSO, .7TH,0 0.075
CaCl;. 2H,O 0.036
Citric acid 0.006
Ferric ammonium citrate 0.006
EDTA (dinatrim-salt) 0.006

Na2C03 0.006



LKA 2R X MAHMFREYRBETRAREE SOV TTA

A5 + Co solution 1 mL
Add to 1000 ml of distilled water

Composition of the As + Co solution

H;BO; 2.86g
MnCl,. H;0 1.81g
ZnSO4. TH,0 0.22¢g
CuSO4. 5 H,0 0.08g
Na;MoO;. 2H,0 0.039¢
Co (NO3),.6H,0 0.05g
3.1.3 AHFLAERK
B KR

#og MAHET 20ml K, HETLERE, g REIEDH, 2BFMA
80mi A B °

TM buffer :

Imol/L Tris.cl (pH 7.5) 50ml
MgSO, .7TH,0 2g
MWARE 1L

3.14 B ERAMAREA
02M BB 4 H (PBS) B4
0.2mol/L H#HE—HWAEK (A#H) 610ml
0.2mol/L M -S4 EH (BHK) 390ml

¥ ABRE BAKRAEERK 02M #HK
2.5%% —BE B :

0.2M PBS/ml 50ml
25%)% = B K % # /ml 10ml
W E K A E /ml 100ml
Spurr £, 32 7| Bt 7 -

VCD # fig 10g

DER736 8g

12
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NSA 26g
DMAE 0.4g
3.1.5 PCR LHREA
TEM :
10mmol/L Tris-HCl, pHS.0
10mmol/L EDTA
0.5% SDS
150pg/ml EHBK
316 EENE

#, F X F(Sartorius A 8, E[EH)

AP-9925 Bh| Lk E (REZRBREFXBARAE, FE)
Microfuge®1g& 5 & # B 10 Ml (BeckmanA 5], % E)
BRATIAKRSE (THEE, TE)

AEBEET (MNEREFHRAZ, FE)

MRt B (LEERAXERE, #EH)

BEe (HEERZHFAT, $H)

A7 ¥ %X (Branson AF, £F)

B F 2 B4E(OLYMPUS A F, HZX)

A2 B Hl(Beckman A &, £[H)

ALIE KA (SO-LOW A8, £[H)

S04 (JEOL-JEM-1230 TEM, H &)

R HY K AL ('Reichert-Jung Ultracut E  ultramicrotome, 2 | )
I 5 & F #{X (Hitachi HCP-2 Critical point dryer, H &)

E &% %M (Eiko IBS ion coater, H &)

4,37 (SPI-CHEM Spurrresin, USA)

PCR X (Bio-Rad A8, %H)

32 ¥

321 KEXE
KAEEHE N 2009 5F 6 A2 9 Ay, BAXRE, FAEDBME KM AMA B K

13
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B(LE21), BRREABRMEHR (<05m), ©°CREHF 20 NEELRE, #7
T—F LK.
322 ABFEEEHRRYE KE

ABEEFREGRIC ¥ 2009 &£ 7 AGUEK 8 ARREHKE, 2RKAH
0.45um. 0.22um JRR/E, A 2%R Gk, KEAM, BFRA 20min LR L& E B
15, 4°C BAKRE.

CRBEE RS B 2000 4 6 F AR &M AHAM 1L, Kk 045um.
0.22pm ABHRE)E, WMNEEENHN 58.44g ZHOKE X Imol/L, BHMEHEM,
B 10%w/v v\ PEG6000, 74 M J5 BN 4°C K48 I, B & BRI, F 4°C
P11, 000g & 10min BT S & Bk, F EFR, ARETTM &R, £
BIAHSRSE A 12ml. [BJEEH 2009 4 7 A4 R & B A#AH 1250ml, B ERF %K
%, BEDRYE B 35ml; ¥ 2009 4 8 A 4R &M KHAMR 1300ml, 3B LR %K%,
R 23R4 A 30ml.

323 FAM P EEARNER

#2009 F 6 AUK T ARRENAHEH, 2HMN-20°C KEREFRB=
Ko BAREHFEARRMER 500ml WANBEERBUHNZLREHN Imol/L, BHFEH
M, T 4°C, 4000rpm %% 30min % RITE, EHREE 10%w/v m A\ PEG6000,
T BRIE BN 4°C KA R, (7 & FORM BRI, F 4°C LA 11, 000g B 10min
BRI R, FLEHR, TEETTME% R, MASERAGTHR, k&
AH, 20000rpm F 1h, F LW, A\ 2mLTM &4 A &R R IFIK, 4°C #HE
.
3.2.4 ARG 0Nk ERR S

#2009 4 6~9 F @ KMAMLYH T 0.45um.0.22pm BAF % EEEE, A BGlL
BREHT I0GHERE, 25 ER 10 FHBAME. 100 FHFBEAHE. 1000 EH
BARME. 10000 EHBAHURKEHBNARZE 11 9 il WNB A KM R R
BEHE 912 FA P ABARWEAARE A ER, BANARTIM 6 AT, 6
K& fu skt 3R 24T BT 5
3.2.5 RBETAE LS EER R

H3.2.2 9 B ARAE 100l A\ 2] 900pl 334Kk 31 494 S B 912, & E M % 1005,

14



WL KFREEA R BAMFHHYH RS TRARERENNSTR

AR EE 1028 R, FETTH. XBAFMAZEHLEN BGI HiX, &
B & BRI K.

$3.22 BRGE G B AHER 3 3R B 100ul Am N\ 2] 900yl ¢ HHH 49 4R 0 % 912
A, BT, HEATRANEHRXENAKEREERER, FH T HBERRRE
%.

$3.2.3 B EMMAR S R 100ul v EN 2] 900ul 2 H A ZREE 9012, &
EWEE 1005, AEHEFE 1028 &P, BT, ABAPMAZEHGLE R
BGl1 ¥ 5%, &0 EWHBRALILEK.
3.2.6 | PCR # v 4K B oy 2

F F 4 DNA #5: 2513 2009 % 6. 7. 8 AR WA E th AR HFREAILE 1
9 LAl MNBI M E AR E 012 FAF, BB, HELRARFN IR
*§ B8 41 9 7K 109,000 A B 30min, KUK # 3% 40 i T IR 1E b 4 5 #E 4T DNA 1,
ABEH SR T:

QO HH#EE MmN 100ul TES, B4, 55C 3 /Met;

Q MASHRBH-AH-F KB, E4,12000 t/min FO 10 240, # LERAF AT
N

O WANEERBEAL, B4, 12000 v/min HL 10 24,3 EHRBAFH B LY,

@EALS3;

@ & 4 frfs L PN 110 4RI 8 2 molV/L B4 2 (E AR i B A 28 ,-20C

HA&;
® 12000 r/min & 10 24k, F L
@ 9% DNA ] 70%ZB % 1 K, 12000 r/min X 10 246, F L3, BT, M

204 TE R RAMILE.
PCR R Bk %:

10xPCR Buffer 2ud
4dNTP (10 mM) 0.4ul

MgCl, (25mM) 1.6pul

15



BT A S B2 ArR FABITH YR B TR RERANSTR

reducAF (10 uM) 0.5ul
reducAR (10 uM) 0.5ul
DNA Sul
Taq DNA X458 (5wpl) 0.5ul
KA 9.5ul
B 20l
BB A

95C HEM2 o

%9°C 308

50C 45% } 35 PMEER
7°C 308

72°C 10 4k

4 C RE

Bl 4 it

# 3.1 PCR 5| %%t
Table 3.1 Primer design for PCR

BiFEH 5l 4 K7 (5'03')

ribonucleoside-diphosphate reducAF GTGGAGTGAATCTATGCGTTG

reductase reducAR GCCCTTACTCCACTCACTA

3.2.7 RAR R B G IR R w3 40 R 3

BRI MM A EHE: B 2009 5 7 HRRYSE oy & 8% R4 R 100ul v
NE| 900pl * $H B9 4R S M 3K 912, B EKEE 1005 AP, EXE, —BE KR
FAMNBANER 12 FHEdRA. TR BRE, A 1LS%HERRARRE 48
WEA, SRETRE#TER.

RAWEERAERENE: ¥ 3.2.6 PREZ By E MR E 2.5%H K —BHERX
PEE, N 2% B kB R E ARG, N 2.5%M X —BE X, REETH
PRAEHS:

16



BT K W20 WAHZHEHYHRE TN R E SO TR

O #EEZER, A0IM, pH7.0 B EZ 4 HEHXMER =K, X 15min;
Q@ A 1%HHEBARETH R 1-2h;

® HEHEEEK, HO0.IM, pH7O AR EW R EXHE R Z K, €KX 15min;
@

FBERE (43 50%, 70%, 80%, 90%F 95%F F kB ) & 7.8 %k ¢

BEHTHALE, S8RELE 15min, BF 100%4.BLE—%, &
K 20min; &5 33 E 2457 8 A 20min;

O AEEMNERWENREER (V/V=1/1) LERE b

® REENEAWNREHE (V/V=3/1) LERE 3h;

@ saEHLEHERK;

OUAIABBLENRELERK, T0CHARE, WEANLEFNRER;

Q@ # & % Reichert # Y HLF W K, K& 70~90nm Y1k, EY R SRR

EHERFREE KA 50% LB HFBERAERE 15min, 7 H K JEOL AT H
JEM-1230 & & e P WA,

17



WL A7 8L 74 8 X 7 HATT- i HUDDFD 5 1AL SR R ) B8 9L

L3ER
3.3.1 ABEE AN AR EXGRR

B304 7 AR ARMEWAEER P HRENA. dETE, 2IHA RN,
Srimamth, HEMEE I HERANE EXHB RN, o EHEE 1005
LA 5 Easat, e e fHEE.

B 3.7 A A B8R
(AOARRE—X; HOYREE+THX)

(A A Ky o (R SK 1005 SKIA; Ao b & 3 R 3K 1005 A P4L)
(By+ By A ISR K 912 L B4 B hWMAMKX 912 xHH4)
Fig3.1 Infection of cyanobacteria by the July’s water sample
(Fig @ arc infection on the first day; Fig @) are infection on the 14th day)
( A, and A, are test groups of Microcystis ichthyoblabe 1005;

Aq is control group of Microcystis ichthyoblabe 1005;

B, and B are test groups of Microcystis aeruginosa 912;

By is control group of Microcystis aeruginosa 912)



FHLRFWMEF e X WA Y R R Y A A A R SR R 0 B

B 328 8 A AR WA B RA P R RER. METR, SHEHHE,
SRENIRAEGMBAML, BN THE L.

v s L . -

At A ﬂni Ji; l By By Cr C:

M 3.28 KRR B SR Y R
(AOARRE X, HOARRETHER)

(A A AR 1028 LR AL, Ao AKX 1028 4 )
(By By WS HAHE 912 LR, By HFEMAE 912 2pE4)
(Cr CHEEMRE 1005 ZHA; Col & EHEE 1005 2 ¥ 4)

Fig 3.2 Infection of cyanobacteria by the August’s water sample
(Fig (D are infection on the first day; Fig @ are infection on the 14th day
( Ajand A; are test groups of Microcystis-flos-aquae 1028;
Ay is control group of Microcystis-flos-aguae 1028;
B, and B; are test groups of Microcystis aeruginosa 912;
By is control group of Microcystis aeruginosa 912;
C, and C; are test groups of Microcystis ichthyoblabe 1005;

Cy is control group of Microcystis ichthyoblabe 1005)



WL A8k 4 iR 3 HAHATE i LR I0F 75 15 AL BB 10 4) S0 5

B 3.3 HBR% % 80 1569 6 AR AMMNME M A REMEX 912 XA PR
REAEA. BT, SLHAHM, LRA5HEAML, FERX AHREE,
A BANERE, HREN 6 AR KB RZMEEIN2 LA TRE.

B 3.3 R4 6 At AR K M8 R
(HOABRRE-X; HOIERETWX)
(A A R BRI 912 RRAM; Ao W FERMBENR 912 1HE4A)
Fig 3.3 Infection of cyanobacteria by the concentrated June’s water sample

(Fig @ are infection on the first day; Fig @ are infection on the 14th day)
(A, and A; are test groups of Microcystis aeruginosa 912;
Ao is control group of Microcystis aeruginosa 912)



HILANFRLF LR X FASITT i VR0 5 T 2R 4L B SR R (0 01 B B

W 3.4 HBREY 35 156 7 ARANE AN oy 451 S0 K 912 A b #9 R
REAKA. METh, 24 Ko, SRARETHERWL, REXR, ARR
B, REANFRE, WREN T ARARARRBER 2 74 TEBR.

W34 HREH 7 ARARMERNRR
(HOARRE—X; HOHEREEX)
(A1« AR RRHER 912 LR, AN FRMENR 912 248 4)
Fig 3.4 Infection of cyanobacteria by the concentrated July’s water sample

(Fig ® are infection on the first day; Fig @ are infection on the fourth day)
(A, and A, are test groups of Microcystis aeruginosa 912;
Ao is control group of Microcystis aeruginosa 912)
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WL A8 5483 WA R R B 2 MO BA Y BB

B 3.5 HZREH 30 1565 8 AW AN A4 iR MK £ 912 F PR
REMER. HETH, B2 X, LRA54BAMtL, FEWEEX, LE
AXB, MBEAHKEE, BRGNS AR KA REHRRET L TR, HRPK
RAR.

W35 R&EH 8 ARAHAEXNRR
(HOHRFE-—X; HOARRE-X)

(A A HASBRE 912 TRA; A HHRRMEX 912 24141)
Fig3.5 Infection of cyanobacteria by the concentrated August’s water sample
(Fig @ are infection on the first day; Fig @ are infection on the second day)

(A and A, are test groups of Microcystis aeruginosa 912;

Ay is control group of Microcystis aeruginosa 912)
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WHT KBS A X BRI RSN R RS ST
332 RAKMHIHB AR EH GRS

3646 AAREHERBEMAARMNAEREF I EREHLEKIH
Wh. HETH, 6 KETEAEMEKE & 3.6x10° NMml # K 2] 22x10° AN/ml, T

HbEAERATEARBEAUABRED, Bb A EHB AL E 4L KNEHRHA
B, 6 XEEHMMBAA 18.4x10° N/ml.

M.aeruginosa 912
10° Cel/ml

No virus 1/10000 1/1000 1/100 1

B 3.6 6FAGARE XN EKINH

Fig3.6 Growth inhibition of cyanobacteria by the June’s water sample
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PHL A F 608 X BABZ YR RS RUREE NS

B37H7TAKBERERBE MR YA AEIBREERENAEKIMRE
R. HETh, 6 KEABELAXEMPHKE & 3.0<10° Mml K 2| 19.7x10°4/ml, @
AERBARAEARAKNHRAE, 6 REXBEMHKRN 103x10°A/ml, Hf
EERATHNIAR.

25

20

15

10° Cell/ml

10

M.aeruginosa 912

I A% 1

No virus 1/10000 1/1000 1/100 1/10 1

H37 7TARABEMNEERSEKNH

Fig3.7 Growth inhibition of cyanobacteria by the July’s water sample
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B K2 A0 R 3 AT EYHEFTRLREERNSTR

B384 8 AXBREHERE T MNFEEMEE 912 M BRE WA KIHE
K. dEBTH, 6 KEXBAFHEAIKE & 5.4x10° AN/ml ¥ K 2| 37.3x10° AM/ml,
TWMAXEHRBARURFERE 0B ARNSRATEEARBNEASLABLAY, &
PREBEAEANEARAEKNEHRAL, 6 K EAEHKRA 16x10°4Mml, Bty
NEARMEEE VRS, WHE 100 2. 1000 1. 10000 £y 5L 1 41 Fo 2 B8 446 W,

EEpKEMAED, EFRAE.

45 r
40
35 r
30
25 r
20
15
10

M aeruginosa 912
10 Cell/ml

5.

No virus 1/10000 1/1000 1/100 1/10 1
388 Al A XA £ KIPH

Fig3.8 Growth inhibition of cyanobacteria by the Augest’s water sample

25



WL A S FLFAR I FIABIE I AR B B AL RS IS TR

B399 ARRERERBE A EHAZHEE 2 ZREHAEKIHE
K. HETR, ERAKE, AEAEAHRKE b 4.8x10°/ml # K 2| 15.6x10° A/ml,
MANMBENLBAX BB N LAEAD, RexEHBAF A E a4 KW
HERWE, 6 RELRARMEHKIN 9.1x10°4A/ml, WHENTHE.

25 7
20 1

15

M.aeruginosa 912
10° Cell/ml
—

o

1 L b o 1 (%A

R ol 1

No virus 1/10000 1/1000 1/100 1/10 1

W39 9 AGAHsEERAKINH

Fig3.9 Growth inhibition of cyanobacteria by the September’s water sample
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WL K22 G- 2200 X A HATT i R RR RER Ak B SR R 1) e A

333 HARBOE R R E Ry &R

B 3.10 A 6 ARl RBCEFRMAA BN EAFORFEMEN. BE
W, 17 XetE, AHBEXRIROEIRAGABAMIL, HERARKAELN,
JUEAERG, TABAANRESE, AEHER 1005 yLRA5BAML, HE
HRATEN, ERANKEE, HBANREE; U TaES 245 %K%, WEHW
a4, A6 A Ra P RN LEBRERARRPAZHEZ IR M EFHE
% 1005, it fa f K 245 W LR 3.

B 3.10 A 6 F] 3% 4 M e 04 v SEUR G I K A9 R e
(HQARRE X, HOHERETEX)
(A A Ky R 245 K4 Aoy G JE X 245 24841 )
(B, By o G4 1005 KB4 Bo by 0k K 1005 A ¥ 4L )
(Cr C ARRHAEH 912 TRA; Co HMBBAK 912 XH4)
Fig 3.10 Infection of cyanobacteria by cyanophage extracted from the June’s algae
(Fig @ are infection on the first day; Fig @ are infection on the 14th day )
( A and A; are test groups of Anabaena flos-aquae 245;
Ay is control group of Anabaena flos-aquae 245;
B, and B, are test groups of Microcystis ichthyoblabe 1005;
By is control group of Microcystis ichthyoblabe 1005;
C, and C; are t test groups of Microcystis aeruginosa 912;
C, is control group of Microcystis aeruginosa 912)
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HIL K780 L4 e X AR B HU A BB AR R B ) F B

B 301 K 7 F S b R BCR R m \  SON R P R R R, hE
Th, %3t 12 Xetl], FEHER N2 HTRA5ABANML, FEHERLE®,
KAt MABARAAREE; aFHMEX 1005 YLRA5EaAML, Bt
MER, LRAKNGE, MBANEKE, RN 6 A0 % 40 b A0 H 1Kk
5 R R SR T K 912 Fu fo 4 ¥ 1005,

B 301 N7 A SR AR v xR
(HOHRIE—X, HOAREETEX)
(A Ayt H K 1005 4 Ao b & F & XK 1005 #8841 )
(Biv By AMARBR K 912 KR4, By HRMEMER 912 24 4)
Fig 3.11 Infection of cyanobacteria by cyanophage extracted from the July’s algae

(Fig @ are infection on the first day; Fig @ are infection on the 14th day)
( A, and A; are test groups of Microcystis ichthyoblabe 1005;
Ay is control group of Microcystis ichthyoblabe 1005;
(B, and B; are test groups of Microcystis aeruginosa 912;

By is control group of Microcystis aeruginosa 912)
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W K2 012540 8 X AT i RO R B AL A B R VB BT

334 A PCR AN EREYBSER

B3.02 AKEH6A. 7A. 8 AKMEEKMER 912 #TERBEERKEH

EEH PCR#BMER, METh, MBALBNRE, TREN 6 AHAFHRE
HEATEERE, KA K 400bp, KM T AR, 8 AMERARAHIE %

.

A2 B2 C2 D2 E2 M

| 500bp

250bp

A 3.2 EHEKE M EFES PCR &N
(A2 4 8 kB AKMA B, B2hH 8 ARE AN THRA., C24 7 AREAMBHERA.
D2 1 6 ARG AMG B, E2 4 6 FIRE KIS T4 . M # DNA 4T Marker)

Fig3.12 Analysis of the cyanophage purpose gene by PCR
( A2 is test group of the concentrated August’s water sample;
B2 is control group of the concentrated August’s water sample;
C2 is test group of the concentrated July’s water sample;
D2 is control group of the concentrated June's water sample;
E2 is test group of the concentrated June’s water sample;

M is marker for DNA molecules)
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L KT 2418 3 A HHYREEN AR BR AN STHR

335 REWEZHMA ERANE

B 3.13 A4 K % 912 fo s EHE ¥ 1005 W E KRR WG 09 40 i B A &
KE. mETh, aEHER 1005 BHRFREZE, ARHSRETHEEh, X
BEA, BorafELTHERS AEZHEEIRBERERLZE, AR LEEE
W, SRTEEABRERE, EREASEK.

314 hAEZBEF R BFHRERFWNEAREHENANLE. HETH, B
FURERBEHEN TN, SRBELEERERENE, ARBEHTE, #LAXE
HEER. RUEEANE. TRAEEAMNBMENE ETHL, FHERNE
HPERER, ARESARBRAENE, HHREZHERE, KEK BUEEan
BEERY, SRATHERS “TR”, EABRBEAERE.
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WL A58 L 6L i X A RO R B AR B ) BB

. b : 3 g
@ oy &
& 5
- G
o8 e . o - €
g - h'.& w (Jﬁt
W e ke
. & {“ ,- £ \
w o = ) (. ".
s’; Ay M Ay
| %
for . :U
- ¥ 0 4
e.atk & \
Z :
"‘.] I F.. s, "" r -».)
BV L, WO D @ (
bae 6 -
: ] ‘T."ﬁ - - v b‘n
%) By e By

H313 EARRREERALESLE
(3 AR RN th & F 0K 1005, AgléR/E & 5 AR X 1005
By R M R R R % 912, B L5 4R ALK X 912)
(B KR, 1000 )
Fig3.13 Morphological changes of the cyanobacteria infected by cyanophage
(A, is Microcystis ichthyoblabe 1005 before infection; Ay is Microcystis ichthyoblabe 1005 after infection)
(B is Microcystis aeruginosa 912 before infection; Bo is Microcystis aeruginosa 912 after infection)
( Magnification, 1000 x )
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WL K |24 i i AR R I T R R B R B S ENR

W34 ARAELFaRNBREHRE
(A A%, 10000x, 20000x, 30000x, 50000x, 70000x )

Fig3.14 Ultrastructural observation of the cyanobacteria infected by cyanophage

( Magnification, 10000x, 20000x, 30000%, 50000%, 70000x )
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BT RFM L2003 BAWIE I EYRBEE N LR R RGP
3.4 3tib

HERBEREXRFERETHAEF T AMARLHE ABRBHSUREN B
WHEEHREN, TEMREHAENEEAZHEFEMERAR (TEM) HERE R
FREEHEpE. 28k ARMSERENTEREW LK, X TEM RE &Y
REXTHERLEETBRENNAERE B, PCR HAR — MKy 3 DNA K
R, HEXFEZARLIHANG BT, REDNARGHHML, 2LdHELTH.
HERKUREREHASRAKR-NEAY, BHRT, FHENEENDNAK
BREY . PCR HAEN —FEBRNER, ERIEATEXRFNRAURDS
B. BE, AMTE4% PCR AR TAMRAKE T AL EEM LRI, HRE
EEFF LT L PCR A& # M4 7 7% (Freferickson et al., 2003; Dorigo et al.,
2004; Muhling et al.,2005 ).

HEANEARATRENIE Y, EECNRRR AR AR mE L,
REJTEN, HLHH DNA ENFRN, EHRAENTHK DNA HEFHUKXEA
Famk, HHBRTENERETY, ERERRRE, BEBEAN Y, REXAR
R, NOBEREFREER EEFERRLEMME DNA SR LFIL, BHAR
R B, EHEEBAHEH T RORGRM, ERNMELARPEEANLENE
2K A HK (Keizo Nagasaki et al,1997). ALK, BEEREA T AR KRS %
WA EHNERETEA, A TEEREE 1005 kH, BEENEARER
EwER, RHRFCERNTEZON, SIRTEXARMIEHNEML, TATF
FAEBMEE 2 k¥, FERREAREBRENER, WHARFELI %, FHEHN
BARS, AARSHNEIESEINHAURBAREHBRETRE, TELRE
REZEWABBENKTENALR, BREZE, AREABEERE, XEE RIUEK
S BEARYG, ABEHEARERN, ANEICETARATEY, FHAR
AT . EENETURNEMFRNRSFE P LR TRHEHEE 92 W amBHEH N
R, VANAE R R RS RN R R A X 912,

ALBM PCR HAMEEKENEEH#ATHA, REEHEAK Ma-LMMO1 55
ribonucleoside-diphosphate reductase #4 [F F 7% it 5 41, Ma-LMMO1 & B B B A K
BARKTAROUES O —HE#E, RESKARGRE, EEEK Ma-LMMO1
WEFL2KY 162129p, BLMEFRHF, B2 14 MEAKDEAFFFEA RNA
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FHLAZ B AR EAMZHEYH BT T RAREERGTIHR

2 [# (Takashi et al., 2006;Takashi et al., 2008). ribonucleoside-diphosphate reductase 2/~
BHEETEMENERAN—HZREH, & DNA SRHXBEHE, ©TURLEE
BH_RBRIFEARAZER TR, ERARENRTYE, BT JURE MA-LMMOI
B F 5 R Gl R AR AR FE, ERKEGXE#IT PCR BEMEF, X
RERERENBHREEYHAGTRALRS, pRFSFRERK RTEYHE
REAEN, ERAFORERREEN—F, RABEN T ZHRREOREHT
W, RRAAE T REEBMEGLE. ZRPRE 6 ADREARNRIAEH
BHA&W, THA. 8 AREARGREAHATEHAY, RIGZHT7IARS AL
BRATRFFEAMK, RKH DNA BXY, FTHAXRAERENFE. 6 A%
AR LI AR I I 49 B By LB B DNA K B R/MN4 2 400bp, &5 Bt B9 A/ 391bp
i,

ERREERRF RERE, AHFETEEHRALHAKS (Suttle, 200035 I 3
%,2003) KRENEREFEBRABESEXNUELRRBFFFHNTITX
FARARERERLRERNEY KEREHAZRE, hHEARGHELRFE,
FHEA M THEIE (Suttle, 1994). B, HEEANPERLTERAKE
RAKRF HAHT 045um. 0.22um R, REHE—E WGl mN TN EXER
FRAATREARNKLE, — AN, RANFARESERLERE, MAXLZ
FEEBFENRLEE (Adolohetal, 1971; Sherman et al,,1976 ). L5 & & Ji 49 10
ANEMH B AAKH B AT 0 EEE, B AKBARS R B S H2E R
fTRAPUERIAA TEEGRN D BRI,

ERAR TR ERZLERRTUNGE R ERAY, R IEEM FhHFF
RELRALFERFFURLNRE, RATHE G TERGORERMK, mLgkR
EhFERHRE TEERRARREIAR, TRBLENEARATERITHNUGE
BHELABPREAEERE-—TBE ENBEGHREE IR WAL, FHEEXY,
REPRHKENREEEIHHRA, FEFRRERD, AEDKERE, 5IRE
EHWHM (Gromov,1983;Wang, et al., 2003 ). LKL 6. 7. 8 AR AR EK
EEILAHAEKNBERAERADHINEER.

ERAEERRF—FTEUBREAHAEETAGE, F-FEFETHAER
W, BRLAREKBE, AREHYE, ARNERETERBHR, SRR B
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RN S v VAT BAMTHHEYHEESTELREESHYVISTR
FURNEEE, REBRTREFTRREARE v, FHEREREILER K, KT
EARKARRUERY., RERAEERRRESEAAF T EENRR, RAT
BEEFEREEE, —REBRERRASKER 012, FH—HEHRRRLALE
B 1005, LBE, 6 AERREAMNNER, 22— EHE, HEESEZHK
TH 012 BURARBEE 1005 KARY, XPASMEF L RPARENAE,
Tt JE 245 RRBHR, BUME —FERAT, BAHMARTHA BB RER L
MR 012 HyE LK, ‘

At B A AR EH I DK PCR HORSATREMAN, T BUE LM A WA
P AT AR R R R 012 v K, TR 012 B B BT M AWK
B A BAAN—hERER SAFRF LR AN ASAZRETHR
R, SRR AW S AL I A MR GRS BB, M4
EdALH R EYERNEA.
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WL KM -2 00123 HAMZERYHRF YV RLRERENTSHA

FWE £
1. 2008 4 11 F 5 2009 4 10 A B ABABTHMEAE S 1T 11 AR, BASHMS
B, 2EEXERS, RP UL LENGEMH, AEXEE - XESHE.
2. BAMEERRRNE N BAHAUREMENEAL, BT PCRHARAE %k
B e AT, GESE T P A A A S R A K 912 k.
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BT RZ L2418 X BAMEHHYHEE TELREERNNSHA
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2R

R AAE R E RN R R
BAXK, WES

XuE: B¥; BE; EEK ARNER

Key word: cyanobacteria; virus; cyanophage; microcystis aeruginosa

AABERMEENYREETEN —ANEARBEEE, THRAKENER (E
ERUF)NABREERAREERNMNEERMEZ —. ANEEFEAEHELE
BIARBRRANAKE, AIRTFENASFE, FLURKINRANERR
(Microcystis) =&, EEBHKBAXEPE, BATARK, £ETAXRREEA
Wi, ERMR T EEEN, BEKENRELCERIAMNKELRA,

BE, REXNEZRKENTENRELZARTRS, ERREARLN, BT A
B. BESHEETFURN. PELFWRA T M, AE%EAK (Cyanophage) 5t
EENRBTRREFEENLHEZRENPHET (Tomaru et al,, 2004), —#&
X9, BEALERRFEZFVTHAHLA, EPLAEZEfonk, EREEAEHF
FoBZ % K £ (Elser et al., 1999), HA—AMREZHEE R EFREABPHAEY
BENEATRRTERNEEN A, BARES T EE N4 K(Fuhrman, 1999). &
EXR BEAREFERLR, BRAE B g ERA £ S bR 2 EW(Suttle et
al., 2000 ; Stephen et al.,2005 ; Takashi et al.,2006 ), & [E 5 K & x5 AR £ A ¥ Fo
ATEWFHTTAEHNHR.
1 vE FAR LR

¥ # (Cyanobacteria) 2 —XFEHAY, wRMKERFLANKEEREN,
EAHEEN -, BhXERAESE. MM, PARERPEAFHREFR
A% # & (Sherman et al., 1978), ElIRFBHRENEZLRH L.

HEKRRERAE 1963 4 Safferman 1 Moris & — M EAREZHE (A
waste-stabilization pond) P2 EREN— XK EF, IR HELEHLE (Lynbya).
J% % (Phormidium)X £ % # (Plectonema), XX R F L ALK ER &4 A “LPP-1”
% (Safferman, 1963), MEMEX XA T H T M % E&K.

HERATLEREEEINLRNBREENT T XHE -—ANTFE, 00 BNFE
A & JE % (Anabaena)®y 7% %, 15 #R“A™% % (Rippka et al., 1979), R 4%k % (Nostoc)
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#“N”# % (Adoloh et al., 197)%; HHHFaE R Lk ¥ —% £ (Cospecific
host), W [E i ¢ 41 ® % (Anacystis o R 3k % (Synechococcus )H % & # & % H“AS”
# % %(Shermanetal,, 1976); FH X ALFAHLFEF TR, FHEm EHEARF X
X7, SM-17 & . “SM-2"# # X “LPP-3"# % % (Safferman et al., 1969; Mendzhul et
al., 1996).

2 RAEERGIH

B8 — R AKEERLPP-1 ARAKF2EE, 1972 4, Safferman FAME K
REFIXHEHT B — % %K AS-1(Sherman et al,, 1976), ZH XN £ HHEK,
LMERN 900nm, ¥H-ANATREGRS. NETEENREERPRIAFEY
BR# K 8.5h, BHEEMN 7.5h, FHBHE N SOPFU ( Plaque forming unit ) /48 K.
2002 4%, RUFEFALEHFE T XEE K A%EFK (Mendzhul etal,, 1996), &
v B4 Rt R 3 R 4 3 (Plectonema)fu J % (Phormidium), # % 4 X "% #4X PP,
RETRREERLTERN S2nm, BHRE, XEAARDMN 36kb, BANER
W&, 2TCTHREALFGANN ah, X P #RHN 3h, KEN Ih hREH, &
HFBKEH 200PFU/AME, RELEY, REARHRAEELH TR,
REAERBREARKPLI, ERXTUNARARAHEETHNS, AHLER

SRETRKREBEFOEEAERA KRS HRE, 1976 4, Fox §AKAM 4
EHE TREKR SM-2 (Fox et al,, 1976), AR LK IAE 4R LR EZMEE NPC-1
( Microcystis aeruginosa ). Benson ¥ ABF K T H&-1E F 30 % ] DA R 6 00 72 55 7% b v
K SM2 P, KARLIRY, BXHAAERAREEE REFEKRET
Bt &1 R RHEEM (Bensonetal, 1981 ). 1999 4, Manage $#F % T F ¥ & b7t
HEREZENEH, 6 AE 9 AR, AEKEENKEMEEEERNFEN T
B, WHSEEHKELTFRCHATEE, JLFRUT L% % % 7 (Manage et al,
1999). EREFHENFEMFEZEAFEEEEEZNX R (1=0.81,0=69,p<0.01) ,
R R A AKX R SO R A B R R R E E 4% "H (Manage et al,, 2001). 2005
%, FER AF T ¢ Baroon #] ¥, Stephen £ AL B it £ th ik 4 R AR H Z M B FAELH
REKR WL N EREAR Ma-LBP, ZRERETHERREHN, &t Ma-LBP AR KA, %
R FEERARRERHBMOEEZMXH(R=095)FFHEH B FZ 11.2h,
REER 28PFU/MM. ERWERZTE R, % Baroon HAM Y, EEEHKRTHE
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LHAGHEENREENHHRETF. 2006 4, HA¥# Yoshida EAXNEEH T —
T URBRATARBERNERKR, o4 A EFEK Ma-LMMOL, ZHKFE TN
FEHNFHREFHRER, £EAANDN 162109p, E %t 3RIR #F](Yoshida et al.,
2008)Ma-LMMO1 % 345 £ 0t , R HF W BRI 6~12h, BHE N 50~120PFU/ A M.
ERWERG DR T X EXRFERT AR R A M EEARE.
3 uERNEEINRAER
ERAMFEIERGE L —NEARERUEREERKRE P HMBEER
RIFRENBEER, AMAAEERRENERFKEFNT I EHEEKGEY
FREXNRERYD. hEBMARN, FHANGHERRER T HEX P XA W
REZHEE ARBRXAEERT LS 5HRE LR A, X BHRA TR kek
SEATXNHBERELL. BHEHFLBLA, B AR EREXNEAR S RHE
Loy, (B4 RAEEE P, BEOMRAMOKE. KR, $E. AREAEHERATHE
PG E (Gromov, 1983), SR WITH T HERALGE EHHNER
LEETEEZNEA.
4 BHERRI AP SR MG HE
EEENA AR A ST EER AW AR E RN, YA AN EEEE
B, R BEABREATN, TYPHEATNREEERE T, 4R
ERHERMERFONRAERREE. RBEDR. 8. K. ATy, &
2BUKE BRI EAERE (Wilhelm etal., 1998), o B N4 4T K4 &
REZHEE, BHRENAMMBAEEENREFHLXETE S (Weinbaver et al,
1997).
4.1 BwE R RS R G EE
HEENEIAERPEDRRERRHNR, TERdEREE THRE.
T8 4 M0 KN o AR B KD R
4.1.1 BEREHBW
FERBERYWERBEIME NN EERE, SEZARMRERZE—HAE
B, REAEPRBNERELREHANEE, LRFRHARDIERERENRK
D RARBERANEERGFRR AT IR RN E R T a A5 —
RERE, REYREZEREAT 10cellsmi” B, HFEARA hGHME. THRA K
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BHn, RHEEIH RS, A2 WP RH G HE BT EK(EERF, 2003). B
M EREA SRR EAERANR Y, WEYHREFE—EME.
412 MEREHDH

REOANKELRYFRERD RO EEFTZE. Wilcox f Fuhrman F X K.,
WREMFHEAFNHF VDC (Viral direct counts ) K E EA B FHAKTLHE, FE
BATH R E R L E KT 10PFUml 1R B MR A Y8 ERE R EREHRR
AF 10 8475 5 4 B3 5 (Wilcox et al., 1994). 78 F 40 i K /N Fo i 3 BUR A /N x4 B 2
RHABHTRREEAREREA, REESFHZIREEERFR LR ERMOEK
B RS R AR LB A (Hadas et al,,1997).
4.1.3 W BT APREH R

WEEER, AMTUANEEGARHEE-_NHEET (v Ca'. Mg™) 5 4,
FRARRALEREGHH R RENR A EE P (Safferman et al,, 1964). BA
RETHRERMAPHAANLRTRGHAR, ERARKABRENRETRE
g BARRMPTLTE, Hk, TOANERENRMEZ2METHPWE.

HEAERERBEHEENYHT AR, TERBRIAMFRERFEAETRK
REMEEHETFHRATEORETL ARG PR, R MEE, TEAALER
MARHETEIMEREEFLAEEH0, EREEEERAS-1 HRMIHP, KA
KR RH AR 2 &, TEAKEAERN 10min, £ 90min J& XA RAL LB
HEEARARMEE LM L. W EH4 PP WRHEAXRNA, ARHAE Tmin
BrARMatn, W RMNEKZF 15Smin A4 G E AR,
42 B ERARREHNRERET

EEREAEXRFEFZRSETFARY, X PmEaRwIERI LB, BE. #E.
EHRAF. pHE. FUUIREF. LEEEARANARA RGN RE SRR EENASG
(Clokie et al., 2006), R XA ZHFEE T LU F xR EARFEM Y HEAMN. BANRERNE
AN EEREHBEMNES % (Ultraviolet Radiation, UV ), LI K, Y HRAKTH
RELTELEABHT, WENKFEEN 10~40%h", HHFEH il 2B B,
HPFER BT UV-B thH1&(Wilhelm et al,, 1998). # LU E & xvk 2K PP #1479 X
KA, ABREFREHEALELRE. AMMMBKALATORELLE LENBEKRE
. BUExE R PP EXRGE HT UV-B ABE LK (Kai et al,, 2007), L
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EARENBL M 289%REET 92.1%, #HAERSHHEANLARAML, X
HRKXW, HEKPPE UV-B THREHTABEATRERRS. BALKAFR
| # A (Immunohistochemical detection technology)#F % DNA 7 1/ f1#5 & #7 Kk 7 Z &l
WkZLER, BENSUABENSEREDNANBETRTEREA. THL
KAFEFRAREPARNFEEEAX, ABERERENRERBAERTR
Bk 2] 25%, FEULR M EE SR B AR F N & 2| 50%0L L (Weinbauer et al., 1993).

BERYHERRBREANI N EEREZ. EXRNBEREMBENABAX
BEANEN, TEARKBAGTARARANLAVENEK. —BAN 4CTEER
Y RTHRE, EREFHEANEL, FENEERKEK. AXRKIEERK
Ma-LMMO1 % 4CHE# 100 X, HHFHBREFERRE T 90%,T0 £ B & T 7 i %
5 M R A R A 4 K A(Yukar et al., 2007). 182 BB XK HERBHRA, 40C
TERrBhAERT—Z/LAN, 2| 50°C L B A3 Rt & 78 (Maranger et
al., 2005). 5 JE xf o 3 CR 0 7 00 Y e AR T AR B x4 Y S B AR M R R L L
:o

ANAETFRIRMEFTUR R EAREN. % FKLPP-1 o SM2 £EH
M HER AR EFET AT ERE, AS- 1 U EEAMETHERERE, Hit,
HAth S T M™% Na' S b E 2o ik, P8 %K LPP-1 A RAR
LPP-1 FE—ZREH Mg REBAREGTENE, Y MZREA ImM KU Lk
BB LPP-1 RAR RS, W U%E N 0.1mM B & 3o 1% %k (Maranger, 1981). E5% &
HEEFHEREAFREXNHN, REARATHE G TAANRERRETEAE T
R TRARE RS .

N. PATH LY HERKGHEE, AARLA, EEFRUARIREBHEE
BTHEERAGTE, AW, N. P RESRARSNEANXTHEEZEA N. P
MTRERBEEG X DNA hERELEH.

pH EXEEGREUNTHAKA. FELA, RAERREE] W pH HERK
BARGM, v LPP-1.AS.SM-1 #67F pH & 5~11 B R #4% Z ( Safferman et al,1972).
BT ERA A EH pH R ZEE, BRTRANCGESY pHENKEF AT
FmEEEE KRR P U4,

ELBRE TR RN TR A — YN, B ELBETTUS 2 EERK
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KR, Lee AR TRMEEK AS-1 LELBFETRAERBN TR (Lee et al,
2006), KA C*R—HFEHRFLERBHFLET, % Cu™ & 3.1x10%-3.1x10"*M
i, HEKAS-1 ERAFE. HREUXIALBETH I ERFRRARBTREF
E FRAL A 8 % 46 A % (Stoddard et al., 2007)

BT EREFRS, XREE. HERUEAR. KK & GIFRASHLEK
ERBHRE, BXEFHEFRAANRATRREE, AREKAR S BNE AL
RRNG—HY, FHARTHRIAENETF. £WEE. SEHAERTAEANDE
MW ENERARN, EREMNFARRY, ABRREHAREENHEET,
%A 2/3 B ¥ 97 & 6 #.<320nm & UV-B it 2 X (Suttle, 1992).

5 ERNITEMERR

EEENDTFENEFRRAR —ANFHREOFHRIE, SRANERESF AT T &
MENELZIIEX, THAHRANEELRS, €40 E, AMEZ2TT L PCR
AR R BARR E, FEE 2% PCR HARF TN K KA b oy 4 XK
A, HREEEFHZELT L PCR ARSHERRA T %, RARSA ST HY
BAEAR (SMART) 2wk 2k by 3k B X DR ool Ak oy 2 AL 25 71 1 2 B 7R
T —RH B,

5.1 PCR } 4% 19 2 HE A

¥4, DLPCR AH W WA T Eol AP EEkm s P ERET
RABE. Takashima %7 x"% #K Ma-LMMO1 WR EBZ A H#THRTHELA,
UEFEAELAWEME, FIRLHRAEE PCREAR (Areal-time quantitative PCR )
F] DA 9 2 v 3 4R B 77 75 . Baker % B30 F| B E M # % ¥ 5 ( Oligonucleotide sequence )
A5 MR TEEK AN-15 KA EEHHFE (Andrea et al.,, 2006), F b Eh —
OB RA B T RAKB PR REFE RN, AFREARKB PR ERMEN S
HUERETAANTE. Fuled AR 44U REBERE (cPCR) HA A&
RERRENEEERAT T EUR A BN, AATEH A ZEARE G RAEk S
% Wy B £ B (Nicholas et al.,, 1998). HF N FANFHAFRMELR, FIREHS
BEEBK &K (DGGE) fu PCR HESWERFRRALEEKN LT AN ¥ A
REEOH R, wRAERRGERTH 20 EHER, AR EFERGTE L
WAL, BHERIAEWERT, HRERBL RPN BAR, HEFEEHX
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%, 5K (Phage) Z B E% X %R, F B #E M 5 0 # 15 % % (Freferickson et
al., 2003; Dorigo et al., 2004; Muhling et al.,2005).
5.2 SMART A t# 3 B £ 3l

SMART AR — &8T5 # I HE 6 RNA, I ABBRERRTMERXY HH
FHA. WERNFA SMART AR EERGERZEFRFH, HWREHEKRY
cDNA £ F X ERE T — XK. 2002 4, Hall £F A5 20 3 H 5 31y DNA h
4t (Hall et al., 2002), 5l SMART HA B % 45 5 942 90 1) #5 3 oF 09 I 7% % DNA.
2007 %, Wharam % AF|H SMART A #17% Hk6 2T 4 W ¥ 5 R (Susan et
al.,2007), RuA1H# g20 FRiE KA RE FKRE R E £ )5 R AHR. SMART HA 44
REFERIUREFIRZRBETX-HEZNDITERF TR,
53 REALFFME

EEARNEEFLLFFNEAT IR ENFRUEURSEEZERAHAS
KXERARAGE N, 20024, ChenFAKKT % A EKR PO HEAEAF
5854 X (Chenetal., 2002), AR BT, ZEAFAWNIANETENRLEE L Rk¥E
B & G 9T TR A B AR AL, T ELA 4408 K 4 80bp Yy # £ FF K i G AE (Potential
Open Reading Frames ), X 5 T7, phi-Ye03-12,SIO1 R A {4, BT A #91x &4 R 3k T P60
WEAA#NXR. BRAMCELETHIHRRERSFLI, BERFHEERE KX
FHEBBMN, MRERMKERERNEREHEANRE LR oE ZHM.
20074, X H R FARBAEY T R FOKEHE E 0975 % KPL-WMP4# 2 H K F 5 5
(Liu etal., 2007), F & W4SANBEFBELES, FOMYEEF I T8 & keg
RN, RAERIRRA, M TEERIRRERNE S T HSEE ERNAR
AW FTH A, 20084F, Yoshida®s B K *} Bk 45 R Je 4 1K ¥ % 49 ¥ AMa-LMMO1 #
TTRENF, KAMa-LMMO1 2 A Z R GALGAUBHERE, TXEHLEFETH
EEF RN, ERETEFIOREAXETEENES. TRPLEA
Ma-LMMO14 A NbIA# 7] 4 [, X ¢ EIEE A oy 2 B x4 b b oy Rl 3k
HEE.

HFE ML ERREHUAARTRRS, mEEREREENEEZ RN, &
ZARHFRERRRTHR, BTN EEREEIERNRERACHAR, £
REESFER HA¥. BERAANAE. BAZEFRAFAFHRACINRE T #
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WL KEEA0 4% R0l 3 FRWITT R BRI RS RV TER
FAXNEELE. AMIAAEREHKADNA REBERIREEEERNEH
EFaAE 20 RAMYBARTYE, BbTUMNACIEAFRERERG T HMAE
GRS NGE: oA & -8R Y R A
6 FRRE

BH SRR R EENEH LR ERRAANBHETELERT AN
WX, AREXRAKRY, EFEHIIRFAEZHAEFEKENZLCE™ E BB AL
HEABEZAXRRR. NBEEAKKTLEHFA NS BRNEREK, ELH
RERREETERIAHXR. SRAASEIAORBAR, AXEZEXEfok
BREHAMXZENRANHERKEZ RN ENEE RE—HLFTHEBAK &,
MAEEH R ERKRERRIAEEEANER.

REMEREAKAARRREEELSHAR, A TEUFHXARXLIREZ G, B
WA PCR AMHEMAN T LS E BB, 48 T IR A XA XA
AEFHEREMLXEIA, NAMKREDH 2 FHE4 (Diagnostic molecular probe )
Skt FE AR ELHE T, FIA DGGE 7 PCR H& & WA F BRI 5% HE K
MBS HEAMBAEK. FEEPEEEEMXZURTFAEEEEANTERSE, T
Fl SMART EAXMEEFAREAXELEERKKBEFEFEROARL EREEX
A
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