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TEH (SIEAITH cyanobacteria) J2HIER R EHBMOEES BFREY, BRI
FAE e A, R KRR CO. BRIFSAVURILE Y, IRkl B i
8., RN R R ANSEE (chloroxybacteria), %43 (blue-green algae). ¥
G (blue-green bacteria) FIWE¥EAHY) (cyanophyte) §§, WKIEREAETFT—L
Wsmdh e, B RZHEERBEGFERICE BRAEY (aerobic photoautotro-
phs), HEFEBAF S, —LERORETSBENAE P RFERE, FLiE
HRE T REAERKIMAFRE S (Fay 1965)., WHE M T E A MR KFETE,
EANTREERUIK . BURK . K. TR EBEE ISR K, DL H A i Toik AR A7 A 3R
B AT, Bl R N B ES OB A LB @ MR YR, '
I — SRR L AR AN RS 9 SM B 3 (sheath pigment)] 3570
HAEAT BB IA S P AE N M (Mur et al. 1999), BEEBFERB AR
B kIR, Y, A4 BRI EMAES (Dor and Danin 1996) . ##aE
SHAMEY NEWE. Eek. FEE. #THEY. BFHEYS Bl3igx
R, MAILLE (endosymbiosis) BOARREEZ A Y SAETILRAMREIR (Rai
1990, Douglas 1994) , ¥EBEEME—A) LIBEATAE Wy I R B BE2K

BRI AR H S A FEEAMERE. ENEEENMHEEH, HEAE
HEFME. BAEREAF2RTIEMKEE A FOESE T SEENER
(Rai 1990) , WEBEAEARMEYE MRy mEA WA HNME, |
&, SHE. WRBOKE CRRALRVER KK B s R KR Rk 4E
Bf, AW RBKAEE, XFBERFI-L-FHBMNAEEM, MEANE
JE#E (Anabaena). W42 3 (Aphanizomenon), KM ¥ (Clindrospermop-
sis) . BHIEE (Gloeotrichia) FHTEREE (Nodularia); JEEIAMIMEERE (Micro-
cystis) . BAPE (Oscillatoria) FEE223% (Lyngbya) % (Paerl et al. 2001), —
SR (W BEFHE R (microcystin)] # i K K (WHO 1998, Chorus and
Bartram 1999, Carmichael et al. 2001) g RIFEMK=RFEANMKE, =&
faE AN (Chen and Xie 2005a, b, Chen et al. 2005, Xie et al. 2005,
2006),

IHAAE—BK IR RRBREEFEUKIE) RORBER—BRT, BRKAER
REKE? 2571k, TR H—DHIER. b TATBE R L
MEHZHOMWE T HEWEE CEEEREEMRETHR), Hik, WESES
A3 52 b B — 58 B R B T S R B T B B A A AT O SR GRS

e 1.




—. TN — AR

1. 5 3 40 Mo B9 45 49 AT

YA YR A EEA . A R AP RIEHE . FAZAY) (prokaryote) FI
HAZAY (eukaryote), WE¥E. 4HEH. WHIPA. BMRE. IR A, BRHEA,
AR FIAR AR SRR T FA A . JEAZ A ) ) A0 M G54 22 L A AR ) ) A 25
P TR BRI 25 . A8 5 400 M I = i) A B DR T TG J T (0 A A% 5 240 o P S0 A
IR B R . R/RIER, WM. WA SE AR s 400N i AL R GERR
WEAN B A JSRERSN , — B p 40 A PR R T, A R A 2R R A N AT B AR
M, HAhOGA a0 s 740 B I RE B R S8 EA TG EERT s ALREE 7% 4 v /e 40
s R g8 kAT RE R AN

Ve 5% A ) 0 i 8 Bk = R 45 M 41 g #%  (membrane-bound organelle), BfI
B BEIEAAMZ. ke gonik, HEEMMES. MELEEM (oxy-
gen-evolving photosynthesis) #RH 5H el HAZ BRI L B EMH YL, (Fay
1983), PRIMAIA A R 5 (A B RAE A . A SR 38t 1% 15 8 2 A 5 JHL At DA% 40 My st
el A —FE, E—FR DNA 47, BHEEERER, il 5E5EYMLTL.

2. BEMAKE RAF

FAE 1874 4F, Sachs A4 A AR FEFEE Y T BN (Cano-
phyceae), 1879 4%, Cohn #1377 FEM Y] (Schizophyta) , FrAR ¥ B4R E &
XEAY AL, 43 (binary fission) KA FEBEAFE TR, LhR EXATTEEE T
A5 (bacteria) . W # (cyanophyte) FfEEE (yeast); 1957 4, Dougherty ¥#f
e B Y B AEY), B 1961 ~1962 4E A 5515 W6 B M0 40 U A 45 1E,
IWERFEEAY, EMESMS5HEEE 3, B EERIMEEFRF (Stanier
et al. 1962), 1974 4, FEAUSH (AZRIRAHE % E F M) (Buchanan and Gib-
bons 1974) HIERFIH T EZ4AEM AR (Kindom Prokaryota) , H.Hr€L 5 T W40
B l1 (Division Cyanobacteria) #1471 (Division Bacteria) (531 E 1990),
B, R A — R RER, DL CEREY AR K
aan4s, BMEFMA A 282007, RUESERHEAE N EEAl . X R LUE S
PR ERRTTERTHE I RILFRZTOT RN, (HRI40MfbE Y fe2E 2
WUE RATZ AR . Bk, FEFAK, “HEE” B MA 4 H A2
RIS, SEBR FIE g Sk Y Z Bl & (Fay 1983),

A B KB 2000 ' (Graham and Wilcox 2000) , # B4k U5 A

KA EEBET] (Cyanophyta), AR[UAE 1 H—— 534 (Cyanophyceae) . kB4
e



fdE 4 4H. BER#E (Chroococcales) [ 1-1 (A)]. Hi#E H (Oscillatoria-
les) [ 11 (B)]. &%k H (Nostocales) (& 1-2) MIFAZ#H (Stigonema-
tales) , J& =A™ H A9 B A0 MO AR 1% T 22 R B A, A akiE B AL BB Al
JEEEHL T (akinete) mSE%IMI C(heterocysts) CEHPEIIFBLEI.L> 2006) , JEERE
TN RE—FRIR N, TR S B G, HA A S B e A
JEEEHL T (Graham and Wilcox 2000) ,

B 1-1 SR E W R A /KA e A e e (A A (B) (& - e B A AR 480
Fig. 1-1 Microscopic photo of bloom-forming cyanobacteria from Qiantang River in Zhejiang

Province: Microcystis (A) and Oscillatoria (B) (Photo by Dr. Zuoming Yu)

K 1-2 fmiEEEE (K d Dr. Hans Paerl $24E)
Fig. 1-2 Photo of Anabaena (Photo by Dr. Hans Paerl)

I3 T R GEEWITFE B A SRR e e AHC A I A A ) R LA AR W ) DNA JP 3
JEATTRE, T REEREE R, )R T HEAMREN—. @il 60 ZFA
[FIZH B 16S rRNA FF3 (0 5E A4 1 0 5 5 A e BEAL R A 1-3 B, i — R
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o8 SR — 4N B Al AR o 3R Rt A, SN TE R — ek 4y
F FE (Woese 1987) .,

g%gﬁ ](Green bacteria)
(Flavobacteria)
T4

' 2 Spirochetes)
U B Bacteria £ {iu le bacteria)
FZ G é)(Gram positive bacteria)
BZAEY 14 41 B (Cyanobacteria)
Prokarotes DUAR I BB (Deinococci)
TR 3 4 40 B ( Thermotogales)

PN Anieeh % 3 7 #: 7 (Extreme halophiles)

] 7% F B8 B (Methanogenus)

] B3 ¥ #BR 1 (Exteme thermophiles)

FHY(Plants)
R . EﬁgFungi) :
Eukarotes ﬂ]%( Animal)
£} H (Ciliates)
—— AR B (Cellulor slime molds)
= i (Flagellates)

P B (Microsporidia)

Bl 1-3  TCARAEMHEGR, BIRPIA T B0 A R A W AN LA AR iy 2 ]
MEALIEE (5] H Woese 1987)
Fig. 1-3 An unrooted tree showing the evolutional distance between the two major
groups of celluar organisms— prokaryote and eukaryote (Cited from Woese 1987)

#HHE Thermotogales
S0 AR 4 B Green non-sulfur bacteria
—— HEFRIR Cyanobacteria and plastids
K G+C #22 [CPBHMEZ B Low G+C gram positive bacteria
AT Fusobacteria

FRIG+CHE 22 [P 40 B High G+C gram positive bacteria

WG B / 2 R 0/ AT B 2K
fi=Zaeth Cytophaga/Flexibacter/Bacteroides group

4-4E 4 B Fibrobacteria

WZJ5E4A Spirochaetes

FE W/ &R A2 Planctomyces/Chlamydia group

B Purple bacteria

Bl 1-4 #3245 16S rRNA BN FEFIH 0 R G (3] A Olsen et al. 1994)
Fig. 1-4 A phylogenetic tree inferred from 16S rRNA gene sequences
(Cited from Olsen et al. 1994)
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HEXT 16S rRNA FEEFHI MR, IR 11 MEAEH 3 (eu-
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Fig. 1-5 A diagrammatic representation of the process of primary endosymbiosis, in

which a free-living bacterium is incorporated into a phagotrophic eukaryotic cell and

eventually transformed into an organelle (Cited from Graham and Wilcox 2000)



