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Abstract: Algicidal bacteria can kill algae or inhibit algae activity in aquatic environments. This
paper focused on the application of algicidal bacteria. To be specific, we described the taxa,
combination strategies, application methods, and application scenarios of algicidal bacteria in
78 genera and 5 phyla, and the target algae in 56 genera and 7 phyla. Among the bacteria, Bacillus spp.,
Streptomyces spp., and Pseudomonas spp. are most widely reported, demonstrating broad algicidal
spectrum (inhibiting 23, 15, and 19 genera of target algae, respectively). The mechanisms are diverse
and most (83.1%) of the algicidal bacteria kill algae by secreting algicidal substances. The application
methods, such as direct spilling, extracting functional substances, fixing on carriers, inoculating in a
reactor, are selected based on scenarios. However, most experiments were carried out in laboratories,
and the effect in the field is unclear. In the future, for the purpose of algal bloom control, studies can
be carried out on the functions, application technology, and ecological safety evaluation of algicidal

bacteria.
Keywords: algicidal bacteria; algal bloom; bacterial agent; application method
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Figure 1  Counts of reported algicidal bacteria
strains (genus level).
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Figure 2 Reported algicidal bacteria (phylogenetic tree) and corresponding algicidal species (heat map).
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Figure 3 Mechanisms of algicidal bacteria attacking algae.
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Table 1 The source, application and algicidal effect of single algicidal bacteria
Algicidal bacteria  Source Application scenario Algicidal effect Usage mode  References
Bacillus cereus Pond Water samples from Mirs  After 56 days, the algicidal  Spilling agents [25]
CZBC1 bay shrimp pond rate was 93.75%
Bacillus sp. RZ14  Yellow river Quancheng Yingri lake After 47 days, the chlorophyll Spilling agents [26]
a removal rate was 87.15%
Brevibacillus Unkown Jiangsu fish pond After 10 days, the removal  Spilling agents [27]
laterosporus rate of chlorophyll a was 70%
Brevundimonas Campus vegetation Water samples from After 10 days, the chlorophyll Spilling agents [28]
diminuta AA06 soil eutrophic river a removal rate was 92%
Bacillus cereus Pond Zhongshan shrimp pond After 3 days, the algicidal Spilling agents [29]
CZBCl1 rate was 50%—-60%
Bacillus cereus Pond Microcystis culture and water After 7 days, the algicidal Spilling agents [30]
CZBCl1 samples from shrimp pond  rate was 25.32%
Pseudomonas Fujian sea Karenia mikimotoi culture ~ After 1 day, the algicidal rate Spilling agents [31]
flavipulchra was 99.67%-100%
FDHY-MQ5
Brevundimonas Campus vegetation Microcystis aeruginosa After 4 days, the algicidal Spilling agents [32]
diminuta AAO6 soil culture rate was 66.24%
Rhizobium sp. India eutrophic lake Microcystis aeruginosa After 10 days, the algicidal ~ Spilling agents [33]
culture rate was 95%
Xanthobacter Korea Daechung Microcystis aeruginosa Effectively inhibit the growth Spilling agents [34]
autotrophicus lake culture of laboratory algal culture
HYS0201-SM02
Pseudomonas Korea Patang Water samples from Korea Effectively inhibit the growth Spilling agents [35]
fluorescens SK09  reservoir Nakdong river of algae
Serratia marcescens Taihu lake Microcystis aeruginosa After 1 day, the algicidal rate Using bacterial [7]
LTH-2 culture was 50% substances
Streptomyces Lushan mountain ~ Microcystis culture The algicidal effect is Using bacterial [15]
eurocidicus soil stronger than that of copper  substances
JXJ-0089 sulfate
Streptomyces Changde garden soil Water samples from After 14 days, the algicidal ~ Using bacterial [36]
filipinensis LW9 eutrophic pond rate was 93% substances
Pseudomonas Shengli oilfield soil Dicrateria and Skeletonema 1t had inhibitory effect on Using bacterial [37]
aeruginosa O-2-2 costatum culture Dicrateria and Skeletonema  substances
costatum
Shewanella sp. Taihu Meiliang Bay Taihu Microcystis After 6 days, the algicidal Using bacterial [38]
Lzh-2 aeruginos, Chlorophyta, rate was (92.3+6.8)%, substances
Microcystis green, (97.946.2)%, (86.34£8.5)%,
Synechococcus, (81.94£3.9)%, (93.1£7.3)%,
Chlamydomonas and (97.2+10.5)%, respectively
Oscillaria culture
Bacillus cereus Unkown Water samples from After 6 days, the algicidal Using bacterial [39]
Shijiazhuang river rate was more than 85% substances
Deinococcus Fujian Xiangan lake Alexandrium tamarense After 2 days, the cell Using bacterial [40]
xianganensis Y35 culture structure of the algae was substances
severely damaged
Chryseobacterium Taihu Meiliang Bay Taihu Microcystis aeruginos After 6 days, the algicidal Using bacterial [41]
sp. GLY-4205 and Synechococcus culture rate was (98.1+1.3)% and substances
(98.94£0.10)%, respectively
(%)

http://journals.im.ac.cn/actamicrocn
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(E==3)
Aeromonas sp. Taihu Meiliang Bay Taihu Microcystis After 6 days, the algicidal Using bacterial [42]
GLY-2107 aeruginos,Chlorophyta and rates were (96.5+1.1)%, substances
Microcystis green culture  (93.7+0.8)% and
(91.3+2.1)%, respectively
Pseudomonas sp.  Taihu lake Microcystis aeruginosa After 2 days, the algicidal Bacteria [43]
culture from Taihu Meiliang rate was 85.68% carriers
bay
Bacillus cereus Kasumigaura lake ~ Water samples from Chiba After 4 days, the algicidal Bacteria [44]
N-14 prefecture reservoir rate was 99% carriers
Acinetobacter sp.  Xian Qu Jiang lake Landscape water After 7 days, the removal rate Bacteria [45]
J25 of chlorophyll a was 89.71% carriers
Denitrifying Xian south lake Water samples from Xian  After 15 days, the removal ~ Bacteria [46]
algicidal bacteria  landscape water and University of Architecture rate of chlorophyll a was carriers
sediment and Technology artificial ~ 60.7%
lake
Alcaligenes Zhejiang University Microcystis aeruginosa The bran increased the Bacteria [47]
aquatilis F8 artificial lake culture algicidal activity by 8.83%  carriers
Pseudomonas Korea Patang Mesocosm study at After 10 days, the algicidal  Bacteria [48]
fluorescens reservoir Samnang jin located at the rate of immobilized bacteria carriers
HYKO210-SK09 lower part of in laboratory and field was
the Nakdong River 95.0% and 59.5%, respectively,
and the algicidal rate of free
bacteria in field was 20.3%
Pseudoalteromonas Fujian Xiapu sea  Prorocentrum donghaiense After 1 day, the algicidal rate Bacteria [49]
macleodii FDHY-03 culture was more than 90% carriers
Shewanella sp. Delaware inland Algal culture Inhibitory effect on harmful Bacteria [50]
IRI-160 bays dinoflagellates carriers
Vibrio brasiliensis  Shenzhen Dameisha Akashiwo sanguinea culture After 1 day, the algicidal rate Bacteria [51]
H115 sea was 100% carriers
Vibrio brasiliensis Shenzhen Dameisha Sea and Akashiwo After 12 hours, the algicidal Bacteria [52]
H115 sea sanguinea culture rate was 100% carriers
Pseudomonas sp.  Taihu lake Water samples from Taihu  After 20 days, the removal ~ Bacteria [53]
THW7 lake rate of chlorophyll a was carriers
31.50%
Algicidal bacteria  Three Gorges Mixed algal culture After 4 days, the algicidal Bacteria [54]
S4 Pengxi river rate was 81.3% carriers
Rhodococcus ruber Municipal sewage  Algal culture and water The removal rates of Building [16]
P15 plant activated samples from artificial lake chlorophyll a in laboratory  reactor
sludge and outdoor were 81.54% and
70.00%, respectively
Streptomyces sp. Zhejiang pond Water samples from After 98 days, the chlorophyll Building [55]
HIC-D1 bottom mud Zhejiang University pond  a removal rate was reactor
(80.94+4.36)%
Bacillus sp. RZ14  Yellow river Eutrophic water samples After 5 days, the removal rate Building [56]
of chlorophyll a was 84.39% reactor
Bacillus sp. TS Activated sludge Scenedesmus, Chlorella and After 4 hours, the algicidal ~ Building [57]
Microcystis aeruginosa rate was 83.11% reactor
culture
2.2.1 IhgethiE R Y B AR i T R UM

R85 b BT DE Gk, BT

BRI RS BA R RYE, 24 B AR hie
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Table 2 The combination, source, application, compatibility strategy and algicidal effect of compound

algicidal bacteria agent

Bacterial agent Compatibility ~Sources Application Algicidal effects Application References
strategies scenarios modes
Enterobacter sp., Bacillus  Function Unkown Artificial lake After 3 months, the Spilling [58]
subtilis, Bacillus collaboration removal rate of agents
mucilaginosus, chlorophyll a was
Pseudococcus swamp and 80.1%
Nitrobacter sp.
Enterobacter sp., Bacillus  Function Unkown Urban river After 3 months, the Spilling [58]
subtilis, Bacillus collaboration removal rate of agents
mucilaginosus, chlorophyll a was
Pseudococcus swamp and 76.7%
Nitrobacter sp.
Pseudomonas aeruginosa  Function Unkown Microcystis After 7 days, the Spilling [59]
and Pycnoporus sanguineus collaboration aeruginosa culture algicidal rate was agents
83.31%
Bacillus subtilis, Bacillus ~ Function Unkown Microcystis After 3 days, the Spilling [60]
licheniformis, Bacillus collaboration aeruginosa culture removal rate of agents
laterosporus, Sphingomonas chlorophyll a was
xenophaga, Streptococcus 95.93%
faecalis and photosynthetic
bacteria
Bacillus sp., Lactobacillus  Function Unkown Water samples from After 9 days, the Spilling [64]
sp., Saccharomycetes sp.and collaboration south reservoir removal rate of agents
Actinomycetes sp. outfall chlorophyll a was
90.49%
Rhodopseudomonas Function Beijing lake Water samples from After 4 days, the Spilling [65]
palustris, Bacillus sp., collaboration mud Beijing Guishui lake algicidal rate was more agents
Lactobacillus sp., than 70%
Saccharomycetes sp.and
Actinomycetes sp.
Enterobacter sp. NP23, Functional Henan Chlorella, After 6 days, the Spilling [66]
Gibberella sp. Am11 and  enhancement Guishan Scenedesmus and  algicidal rate was more agents
algicidal bacteria P25 reservoir Microcystis culture than 90%
Brevibacillus sp. H1, Metabolic Eutrophic ~ Microcystis After 2 days, the Spilling [67]
Ochrobactrum sp. T5 complementation water and  aeruginosa culture removal rate of agents
activated chlorophyll a was more
sludge than 60%
Citrobacter sp., Function Unkown Microcystis After 3 days, the Bacteria [62]
Peanibacillus polymyxa, collaboration aeruginosa culture algicidal rate was 100% carriers
Bacillus amyloliquefaciens
Raoultella sp. R11, Function Xian Qujiang Water samples from After 7 days, the Bacteria [45]
Acinetobacter sp. J25 and  collaboration lake Xian Xingqing park removal rate of carriers
Acinetobacter sp. SYF26 ~ and functional chlorophyll a was
enhancement 88.97%
Bacillus sp., Lactobacillus  Function Unkown Mesocosm study at After 3 months, the Bacteria [68]
Sp., Saccharomycetes sp.  collaboration Guangzhou removal rate of carriers
and Actinomycetes sp. Huangpu park pond chlorophyll a was
81.5%
(%)
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(B4 2)
Bacillus cereus G4 and Functional ~ Unkown Scrippsiella The algicidal effect was Bacteria [69]
Lysinibacillus fusiformis J8 enhancement trochoidea culture obvious and irreversible carriers
Bacillus sp. LDrz1 and Functional =~ Natural water Water samples from After 3 days, the water Bacteria [70]
Bacillus sp. LDrz2 enhancement and sediment fish and shrimp transparency increased carriers

pond
Bacillus sp., Acinetobacter Function Activated Water samples from Algicidal rate is more  Building [63]
sp., Nitrosomonas sp., collaboration carbon Harbin Songhua than 40% reactor
Nitrobacter sp., biofilm river
Pseudomonasputida sp.,
Pseudomonas sp.and
Brevibacterium sp.
Enterobacter asburiae JCM Functional ~ Chongqing  Water samples from After 3 days, the Building [71]

6051(T) and Pseudomonas enhancement reservoir
simiae OLi(T)

Pseudomonas sp. and Functional ~ Taihu lake
Bacillus sp. enhancement
Bacillus sp., Pseudomonas Functional =~ Taihu

sp. and Vibrio sp.
algae removal
equipment

Chonggqing reservoir removal rate of

Water samples from After 7 days, the
Taihu Meiliang Bay removal rate of

Microcystis
enhancement Meiliang Bay aeruginosa culture algicidal rate was 40%

reactor
chlorophyll a was

87.69%

Building [72]
reactor
chlorophyll a was
62.8%

After 1 day, the Building [73]
reactor

FRIRTR A S . SRR N L R TC AR I S sl
R, BURECVRH T G S ME YRR,

5T 3 PhINRETA : WEEEANTE . PR AEoK
M ZE ARG TR AR, BRBRdE
bk, FHARSER R BT — T ] 2 v R
fifk 1 B R D RE M AR W0 & IR 105 AR AL
FE V5 B AN (Pseudomonas  aeruginosa) F 3 15 R
KA T (Pycnoporus sanguineus). KFIRZOV%
W1 T — B B AT B AT ML R R S DD R I U E )
AR . B ARSI IR 2 W R
(EM FEH)iAEEE KA, 2 A TR BERE I 5
SRR AR A P B BB B . AT AR R
TR 3 FRER A SRR S T
3 R IhBE R - BT SR B IhRE B VA B AN
(Citrobacter sp.). F.A3 R fif 5 w5 2% DI RE IO A BR
(Peanibacillus polymyxa)FIHA 2R EE N RE A9 AL 71
Z BY) /3 W (Bacillus amyloliquefaciens) ., 5 [E
FAEOTR BT —Fh &2 A BRI (2 & COD FEAf I
RN . BRUEANTE . VA A0 TR R R

<l actamicro@im.ac.cn, & 010-64807516

#), ZEFIRE L, IR PR R .
ZBRAKAR I E BB S . AT R, s 1Y)
REPMERY I BRI 55 5 TR D REZ AR AL, A T
KIS BRI B
2.2.2 Ih&EEHNSE

25 T B TR R Y T RE 0 5 4 A W) TR AR
HAMMAIIEE, Hubshag B S g,
T AR AR A LR P B 5 2 Y
B — B AR TR AR IR, T 2 Bk
O A5 Y R R o e S e ) R i ke o B T
SEOONE T 2 RIS BEAN : WA FT I (Enterobacter
sp. NP23)FI EL [ (Gibberella sp. Am11), 33 A ]
B A5 1 H A G T R T R, R R IR A A
X BB TR VS B LA TR Y = 34.7%. X E A
P AR B B R T T, 6 d e A
AT 90%. He S ) 2 o AR SN
W : AT i (Enterobacter asburiae JICM6051)FI1R
PRI IR (Pseudomonas simiae OLi) , ¥ Hiii 75 il 2
B TR R 0 B PR B IR A K R KRR R AT R e 5
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B, 3 dJE/RFERYM2RER a EBRAEN 87.69%. i
LU 2 RV I A0 T B LB (Pseudomonass sp.)
HZF A& (Bacillus sp. )il 4 B2 & B I F 4R
TES A, XTI RS & B SR AR TR
PR, 7d JEKAERI SRR a KBREN 62.8%.
H AT AT, 32 FH D RE s iy i B AT i 52 45 T4
BB EEIMACR , A B T S aaa B
KA, b, WRINE G IETFETEEE G
7% o Huang U5 B0KE 2 MRIDREMH R BRI & )5
S BGE S O R ARER B E A IR, ikt
X, AIE T A T TR IR A 0 ik <7 B
2 BRI, B R G AR G, ik T A
A A TR)
223 RifEE

AV PR A R v A A BB R AR O [R] TR AR
FACI ™ el A A B EAR] DA S
FE TP B8 A A R B O 35 R, 2 T S 4
M & A RE R S W TR i v A R S 2R A
FF 5 (Brevibacillus sp. H1)XJ 8 SR 183 5 55 5 WK
TR, 2 d JE BB RN LBREA
56%. [AIES, s AR i 6 (Ochrobactrum sp. T5)
ST HL DL 101l 2 A R, I
X HR SR R B R SR A TR BT, 2 d JE e
TR BB BRFHR 61%, LR —UE B H1 13
LBREE 5%, ARV EETE TS5 43"yl it it
W HL A, WAFHUR R PR IIRE, A i
HI G R BE R AR SR TS it 2 n4:
Fr25 [ A ZE SR B R, Wi H
AR EE TS FAEE S CR HILaTH,
iz A 3 A D B T i R T A T PR A
ST AN R S BEAIOR

3 BRAWHWRELEFTG NG

VA A TR P T S B R 2 AT AR
PR B T N 8 T L B TR B R D)

2, AFEKIER . EERRTRAE, (HN s — M
Db IE | BIE RO SR RO (R 1 ISR 2),
DRI, 5 8 200 T ) B 338 07 1 A (B D T 1Y 1]
o 22 1 TN 2 BB T A R A T ) A B A DR A
MY, PTG SEAN o B T 12 PRI D
3.1 kRiEHIESN A RMHERESHER

— Mk, A AR S AR B MR,
CUIDO RIS SRR VA ey =P - il N1 B i e <1
D575 RETEAR R SRR DU PRI b 07 18 7 B A TR
FREFHORRENZA SR PR oK. Ratit,
VoS 20 R R T A 55 5 1 P 3 S A () SRR L A SC
R o5 S SRR 68.2% KRS R IEAEBE 5 N 1
5P [ SR AL A 7 S A TR A B T BRI
BN, o 2 IR I 0 ) — A R P
(Pseudomonas sp.), FFK X A 35 e 2 o e e 455
FWM TR, 2 d 5B Rl s s
85.68%. AR ZEAIAT B (Bacillus cereus N-14)iiF
B4R W1, Nakamura 552 B — Rl e 0k [ e
VS BEAN TR Y 120, PR T oK R KR 4
TrBRaiss, 4 d I KMERTEE L BREE N 99%. A
BT (Acinetobacter sp. J25)JRT P4 4tV & B
FALIIA, Su SRR T E SRR UK
IR, 7 d KRR 2R3 a £BRACH 89.71%.
AT, DNE S TR A AR B8 Hh 43 B 7 128 1 o 2080
N, REIEFRIE, AR T E] ke i AR B DA
i DA £ 050 P R S K AR TR R
32 kREFESNAGEAE

TR EA R EME 2R, B,
S AE A R B RS 0 EE R A
- SR JEC U6 55 4 25 7 3 1 I T A TR A AR B
FRA AT Lhiz F T /K AR rh i e e A [m] 8, LIS K
B BN, —rR A S A B IR T PU L
B0 U N AN N o Sl N W
BIALFKIR, 7 dJEKIEPHMHGE a LEE
N 89.71%., IRZLERTE (Rhodococcus ruber P15)J5
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FITT V5 KAL) I T R, ANV OSR A
LI E B SR T s KR, st
HERh TV EEANTE P15 BRI, 4 h S KRR
kR a BBRFEN 0%, FFHEHER A (Sireptomyces
Sfilipinensis LWO) & T 187 3 el 158, %' £ 3
50T DR K A 7 B Tt i R OR AR KEE L I
PR BT LWO XK AEBEA TR B, 21 d N
IKFERIEBERIGART 80%, 45 14 KKFEME
PRI AN 93% . 4% B H (Streptomyces  sp.
HIC-DD)IEF WL IR I, AL SRR T
BEANTA HIC-D1 (1 SN e X i TR 22 R 5K
K FEE TR PR, 98 d JR/KAERIFLRE a
F B3 H7(80.94+4.36)%.

PEGETT, SR T R U 10 7 5 240 i 4R
TE i 2 I'] (Actinobacteria) Fl J& BE B []
(Firmicutes) , 5 ¥ XF 4 81 il [7] T 85 ¥ 1]
(Cyanobacteria)F12% 3 [ ) (Chlorophyta) ) 2,
MK 5T 7K AR ) 5 e 40 T 4R Th 7R AR TR TR T
(Proteobacteria) FI$FT | ] (Bacteroidetes) , Hol%
0 G2 AW 0] F 5 9 T ] (Cyanobacteria) Fil B 35
I"J(Pyrroptata) 25 .

4 BREWHNAY K

T A B TR 0 E I R B 55 S A DR T A A
IREE IS N S E SR R ), DRI, 3 A
A A P A58 1 DB o A SRR T B 40 7
4 0L T 7 7 S TR A TN A S 2 T T B T R Y
4 Fh B RN . DI REY) BT Ah 4 B R fif
FH BRI 5 AR SO e S 2
4.1 EHEALMA

ELAE TR P R X AR i A8 A AR, 1H
R AT e M RNROR R APE 2, — BT T AR
N SRR KA, 0 55 1t R B N
B4, B P E 500 L A& BEHE e R
kK 1 G0RT S5 6 R 2E f AT T8 (Bacillus  cereus

<l actamicro@im.ac.cn, & 010-64807516

CZBC)IfF A A K % 18-28 h, JH4 H E H:0k W
PRSI, 3 d SRR 50%-60%,
FEARE A5 1 45w RO BUASAIR , B 5 TR IR TE 1308
FEL LA RGBT K it it PR 22, RERATR 1 1 0 200 T )
HOR A2 . 8 e UK IR 2 A0 AT T
(Bacillus cereus CZBC1) LI E) 20 L B5m T
T BRI XTIR TR M A A, 7 d Je it S KA Y
BN 25.32%, HIEBEACRIFaERzE, H
REAERF 7 do EHLINIE X M BE80R 5 7K AR
B O, BRI G R B R T B O
SV WA I S e T i, 3 4
JEMERE a KERFINN 80.1%A 76.7%. Hilt
AL, BT IE AR Sh AR A K A b BU e
Stk B KA AR A
4.2 HIKEEML

A [ 7 A 2 o W B I sl Ak A O T
T B S AR W) e T BUA b (i B A
DR A= Wi 1 , T2 55 v BEAS Rt skl B0
FRFEAE R 0 2R 4 e 0] o o % 2 4
VA BRSO SRR A N . BT A8 TUE
Bl L= AL v i S R RIS N [ 2
BRI B, AL R RZ R AR,
FERIR M BEIREN AN LA B R CIREESE ;TG
PLE AR R K 2 R AUER L . M RRAY . KR
ZANEWI T, WS A A 5 s RS
Fe 03 I FesO4 ARMURISE, PRS2 7 A4 [l i
A FEAR T 2 2 B0 flan, g
JH T 35 TR 10 R K B A Shy 80 LA T S 7 R T
(Alcaligenes aquatilis F8), 7 HHNE G4 ER
AR A BT F8 MU, $E T 8.83%
PR BN 1 o TR TRR A BLR B, P ik
WINT FesO4 GKMURL, $25 T 10.34%H 153
WM, H FesOq AR G5 T [l e 55 0 1
Kang 25" W5 IR B B (Pseudomonas fluorescens
HYKO210-SKO09)[# & fELF 4 Z g aih, FHAEgl
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AR T H bR e, 10d )5, FEEME
Xof S 2 WA RIS R 95%, [ AL
BT HMES BE SN 59.5%, 1 25 TR A B A B R
20.3%. HHG AT R, [T Al TR A R LU S A
5 39.3%, HEPSMNEBRPCR LS =22, il
FREA T E L BT, A= PR i M RICR 145 3]
Pt o AR E 2 LT T B H R AR
P, — T HRA RS T E DR AR L
RAEHSRIWEN . 53— 5 T4 s AR i
P DL B A W TR 32T Su S g g
FRENFNRETE FeyOu #5245 TR0 [l 22 A1 I X0 PG 42 2%
RS EIKSEATBR I, 7 d JEKFETEEER a
RN 88.97% o AR 1 A TE XA WU B
L AREERRE LT . FERRK SR NS A A
W A s S 5 B AR 5 I
43 THae AR EA

S ff B A B ep v AT S PR O
BEAN T 0 W R S RE 5T, 36 k- WA ) A T 55K
W filhn, Zhang ZEUSII i 55 B (Streptomyces
eurocidicus JXJ-0089) [ & % r= 4y v 43 85 H 0, 24
PRANEE , FEX) e B R TR A T i ek, H
VA BERCR PR R A 8, 1L Wik B B AU ik
FIVEERE . Yang 28UV MRS VD 5 I 1 (Serratia
marcescens LTH-2)[0) & e 9 7 25 R 20
2,1 d JE X A i B SR T B 50%
8 B 45 BTSSR 1% B8 T (Pseudomonas
aeruginosa O-2-2)) & BE 7 ) vh 4385 B4 b
g, FHX SCHE 4 (Dicrateria sp.)FIH & 2558
(Skeletonema costatum)Aa I HI1EFH o #7120
M FL EC T (Shewanella sp. Lzh-2)f) & 5= 4+
3 5 RO W L3 7N A I IR [1,2-A0 ik R -
L4-Z0, X KA sk i i . R . SREN
PR TREBRBE ACHAN B B SR T I
6 d J&HERE IR B 500 0h (92.346.8)%
(97.946.2)% . (86.3+8.5)% . (81.9+3.9)% .

(93.1+7.3)%F1(97.2£10.5)%, %I AN I 4 70 0%
Py ARG IV B i P L T T 1 S = A
RN, B R EP R A= B RS 1 (Streptomyces
filipinensis LW9) K TEEARTS TCTA b8 WXl 28
BOK KA TS B, 14 d J5 KRR SR
N 93%, VEBACREEATERSE 21 d, HABS
TG o 2 B AR DY R ZE A B (Bacillus
cereus) R FEARAT TG 35 W FF XA K E ROl
FIKREEATER IR, 6 d JE/KRERIA R KT
85%. SR, & TV BELH B 4310 (1) D) BE ) okt ()

1Eis TR AP 2ok A
44 RNB[RAIZEITE

5 380 30 2ok 5 K R 3 S N #4% , — 7 TR R
IR RS B, I3 — 7 T AN R
BEFRERAE T R EREE , A 5 S ] A e A A
BTy LRSI 8 EbR o Bilan , 40 e A5
W 525V R TR BT T SO e I, TR I R TS
VTR K REEATAR B, AKAER AR LR R T
80% HIAER KT 40%. XIFESECORE 2L FT 13
(Bacillus sp. RZ1AEFIF i g8 N, REE B
AR T BRI, 5 d JR/KBERT 2R3 a 2
BREH 84.39% . 4/ VK W BE N TR (Rhodococcus
ruber PI1SYHERNTFOniasrh, HRS2H0 = 5
WL a ZBRET 81.54%, TixT A L#IE
BIAAKIRB 4R a LBREH 70.00%, it
A, BPAMNERRCR I E 2, LG
P55 25 T8 (Streptomyces sp. HIC-D1)F0F 2 i
iy NI XTI VLR At I AR A TR e i, 98 d
JEKFER 4R a RBRFEN (80.94+4.36)% -
Ti SRR 57 4 s B R R B R SO 2 Y IR
WA RS B SR AR BRI, 7 d 5K
PRI R a KPRFEN 62.80%. He %U'M54
B T B TR R T SO A N I B R B AR AL
IKEEKFEEATRRBESLS, 3 d G AKFEIT 4R a
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LBRFRTy 87.69%, HAL KA AL BE R G
K, SRR, MU, R ERIE
RO R, (A AR, A5
s

i BTk, BRI A R RA d
F AL A, (APt ZE | AREEE ML
L3 W B A AR BRI 55 R S R 22 o M T
DIRER B 1 T 2 B DR R, L 5 5%
B P $1 B 3% B ) o LA A 25 AU # A
WA 2R U P R SR oy HAE S KB A
RS o | BRAE A o BRI E IR RIS AL
TEEMAFPEMA AR IR | R R AT E | A7 L
[T ST == 5§ I 7 o7 N 7N 11U L R 2 I 5
FEVELF AERR A A G B Ay P A 1
AR SRR SRR IR B AL .
BERT AL, AR E AR 0T HA 3 AE AL, 1
PR ia B IOK AR EOAR BT R B I 2 A
IO RIS o

5 RE5R%

ARSCIC R 365 BRIEFBANEKIET 5 ]
78 ANJE, RZEVE B AR AT T AT )
Proteobacteria, %5 R Bacillus spp. . Streptomyces
spp.Fll Pseudomonas spp. &=t B ¥ BE AN B 5L H e
ZHJE, XLEJE AV R R I T T B AR
J1, AIAR] 23, 15 R 19 ANE MR A K
P SCHRIRIEAT 56 1 ABE A 1A B 20 e ) A%
BXR, P B ® Microcystis spp.th T HA
BEMCHEER N ), 2B, 25,
BEANG VE PLEL D02 . EHAERT . 20 i
BEYIT . SEPE SR BRI BB . VA Y
PERALH S B Z2 R4k, AP 83. 1% 7 B 4t iR
R I A ) TR A KBRS AR S SR Al
il 5 Z R A W T 50 ol B — TR R 52
PR, 11 52 A5 TR A P SR et L 55 D RE BIME |

o> B A

<l actamicro@im.ac.cn, & 010-64807516

DIRE IR A LR o SR, AR 7 B 2 1T )
PR A i SR AR B D45 TSR i 4 A
PR BRI . SR A SR O ]
BRI E LA BV e RO, 7 AR I 3 5
RIEPEAHDN AN . o, R E L T
IEHA AL, JFORERARICE . AT (A
Prob R SF e s, LT HAL 3 AIE. — K
KA, AR I3 YR A B 5 1 FH 7 57 4 TR AR 1)
AR BE A R A B R VR B OCR . AR,
SR U8 25 73 2 7 10 ) 38 A T e e AR R
WA LLE TR AR IR B K AR, HL AL
RAME. HBATZ AR IR T L% /ML, o
TEAE B I AR IESSOCR o A O T 3 TR Y
B A AE—SE R AL 2, R LR
4 AJ7 T T R

(1) DRI T2 58 5 2 A0 B AR TP AL

VF THE A T R IS A EL A R e LB L
A Z R o i T BN R AT AR S ) T AT R
FIBIF T BRI TF-Be , ARG HE DR R0 1 A8 200 P
B A, Tk A E A AR HE X o e
ZEIRUST AR, AR BE IR AR AN S
2 S5 T7 T HT T 1 0 B BT R BT 1A
KMV E I

(2) 8 1 VA e T 7 I o P RS

SRR VA R AN T A S 6 5 X A R
BERICR | (ELET A1 B TR R B B A SR 0 A B
B, 322 5 PR 2 S0 2 Al R 1 T R A T A
TN B AR 2% B BRI AR I 10 T3 S B A
XA B AN R A TE A, nfigdeER |
HREE . pH S5 A ]

(3) PRI 8 TR 7 O FH A 22 55 LA

T 861 R P AR TN S0 48 5 T EA T R8T, I &
PR ARRAS A AR OB, il 2R 5 S Ak
WU RAFRIIKRTY . Yk Fes0, KAL)
5, e LA Ol AR E A, S L
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TR HCHA 58 20 TR ) 2% R 200 ) O TR 7 8t A
PSR BN B AL 5 35 (P An R R I 5k . S B
WA ETEETAE), SRR AT B (R RV e 22
P, RIS P e P O 2255 AR, (07 R 2 TR P
BER KA R SEBR IAS BI4E) T

(4) Fifp DR B TR 7P 114 24 e ] LA A 285 XU
[ At

BN R BN R, DTTOIF AR B
IPHILR SR, AR IV I e 3 RO 5 T
Tk, AR N RS . A,
TE F AR PR SO AR A — 2 RO A S KUK
RS IV TIN5 5 95 A T P A A KU A S5 A B, LA
PRUEH N 2 2k
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