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1.1 EMREMEEF

ENGISWIVEE SEAC BV E S OP JSNEP VN
P T R R U —— KR R G )
Horp, Pikk T TE B FACHB-3550fTFACHB-905 [

LS N1876.66H14711.69 png/g DW. Fif

PRI HBG11 R 772, 7R (25+1)°C. 5135
umol/(m’-s), Y% HL12h: 12hZ& 1tk F k478535
1.2 TR BN FI SRR IR %

SRy 34 X A B A K 7 A 0 A (1) SR,
X 34K SR EEHEAT30d BT IR (R 1), W E IR AL HE A
SRR HAT L. o, SERONEER A FLA1.2 pm
[¥)GF/CJE ¥ (Whatman, 3¢ )€ 5 Fr 18, JEt47
IR ER AN N, DA AR S IR AL E 9R AR K — 8L
X2 N EBG 1R 7R 5 . SRIGAE24 LB (Corn-
ing, £ E) P T, AABUN2 mL, BN % B 4T
170 FTA SE56 2H 35 45 Sl 2 N Ak 1 %o 5O (0 Tl B 3,
WG R EE R 1x10° cells/mL. FTfa 4150 % B4
AT, JEFR AR b RS R R 2408 g R X
(Molecular Devices, 3 [E) %] 1l F& 54 11 OD g5 2E A7
JE o HAEKEZE @I E AR Nu=(InW—InW))/(t1,~
1), W3Rzt I B ODggo, W7, HJODggo, £ Al
53 I N0FI96h . 2 i i A2 K 4 il Z (Inhibition
Rate, IR)EIT W R A XI5 IR=(Ny—Ng)/Nyx100% .
A, NyFIN 53] 5ot B8 ZEL RN A B 20 1 Bl AR KR
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Tab. 1 Information of 34 strains of green algae used to screen for
inhibitory effects on the growth of M. aeruginosa

4 FName %5 Code 4 FRName %5 Code
it e FACHB-523 VY A FACHB-
Staurastrum Scenedesmus 1297
sp. FACHB-719 quadricauda FACHB-
507
FACHB-1084 FACHB-
508
FACHB-798 i 5 FACHB-
Scenedesmus 496
FACHB-1126 dlmorphuq FACHB-
959
FACHB-811 FACHB-
963
EiNe FACHB-704 FACHB-
Pediastrum 1266
sp. FACHB-931 R FACHB-
Scenedesmus 1986
FACHB-721 obliquus FACHB-
276
FACHB-932 I 5 FACHB-
Scenedesmus 1221
s FACHB-492 acuminatus FACHB-
Scenedesmus 1234
sp. FACHB-506 Z FACHB-
Scenedesmus 1268
spinosus
FACHB-1974 2 FACHB-
Ulothrix sp. 494
FACHB-1229 LR FACHB-
Monoraphidium sp. 1991
FACHB-933 FACHB-
1993
FACHB-1235 /NER FACHB-
Chlorella sp. 1981
WNRUE#HE  FACHB-340 FACHB-
Zygnema 1995
extenue

1.3 FRimik kiR RAIR R

SRR I EL AR08 5 AR FACHB- 12297 1 )
YERMIIE, 455 772 30d 1) AR L A1 I8 (21500 mL)
AT & £, 1 FHHLB/M3:(Waters, & [F)#E47 [E AL
B, i FH AT /R 4 mL R S A6 B F 4 mL 4t /K 3
Voo FH25 mL S R BE st il Ik G, et 758 AN 7%
T, IIAT mL G 2 — S b 29 IF B L3R B FIF
T, SR e 38 AR 603 B A A (GC-MS)(Thermo
scientific, 3¢ [E ) T3, AiEZ&AE: i FHTG-5SILMS
BN A% F(0.25 mmx30 m, 0.25 pm); F25F+
71 RRTUG IR E50°C, RFFSmin, 7 LA8C/minTt
£290°C, {A%F3min; A (99.999%), A&
1 mL/min; BEFE R pl; SERE IR B SR I 25 i 45
N250°C; ANt AE . B A BT FIR70 eV;
HFIRIRE300°C; ALk, 2. 3MEHIN250C;
VA AEIR B [F]3min; AR AR, BT Hm/z
50—650 AR AN ] fl 39 95 A K ) SRR 2
FACHB-4921F )yt 8, 7 i PR SR I 22 /e
Jo3, K PCSCRREAT 43 #r, SRECAT Be BAMHIAE FH 1857 -
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ARSI 7 ODjggg o
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IR R RS R S T SRR, AT
Xof Ak R B2 M AN O B TR R AT . B
%, IRAEBG 1184 52 3 NaNO; IN/K -, f# FINH,CI
BTN BRI E AR FAEE, 2980, 94.43,
188.86. 472.15. 944.30 F11888.60 mg/L. ifit
FMINNaCl PA R 577 [7) 4b B 85 35 35 (4175 35 R AR 7]
P 55 BATAT, THE96h ufti. X E ik
R 52 8 1 Clark %4 FE B (Hansatech, 22 [E) 1T,
TIEZRSCHER[16], Y& A #E # [pmol O,/(mg
Chl.a-h) =S50 A HER R /MR R . TaRER
Er A 80% P B #E AT bR

FRiFiE MR S MERENIERE A2
i 0 T O 0 TR () AR 2R R S TR A S
TR TR T2 v AR, ASHIE FORE I3 078 H M e
FACHB-122977 71 5 2k A [B] 77 2 55 M 1) 1 2 82 i3k
P24 SR 0 . WA RN B % 1x10° cells/
mL, M T A R L 1. DA R AN
G TR B 1% FRAE R N IR, D 4 PR R N
2x10° cells/mL. T 47135 B AN AT, fiiiE
Y N R R 6 I 2 S, R O 2R Al A X
(Beckman, 3 [F)#EAT 70 HF I HE
1.5 BN

T SO0 AR 25 9 I Bhr e iR . 7 L Ab
A R S6 SR 2H 22 S, SR FH AL 3R O 22 43 M (AN-
OVA), P<0.054% E M7 5 . {4 GraphPad Prism 8
(GraphPad Softwar, 3% )17 24 153 H F1 I E (1)
224, 1 F CytExpert(Beckman, 3% )% i 241 it
AR AT 53 H7
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A K RN AN AR [, R AR R A . A
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1126 1) 383 T X6 7 ok ok 20 98 1) A A 7= AR AN [ 2
M . o, i F ACHB- 1229 38 U0 i 38 35
FACHB-3550. FACHB-905 [t 1| 1 F f 3, 11461
T H1N53.95%148.39%., R, J& S 7ok 5

FEl el 4 FACHB- 122938 MR 3E 4T -
2.2 HMEEFACHB-1229 8 &Y RL E

B GC-MSYI I At 45 R vl 45, AMwIER S
TeAMEIAE BB eV 2= R R 3R 1 7R, E N
BaE. BRI, MERFREREYIGR 2). RYE 0
[1OTHRE iy 0 ol 2 v HL AT 0 4 FH 1 0 o 0, 408
2R T HIR —(2-H 4 FE 23 EE(1,2-Benzenedicar-
boxylic acid, bis(2-methoxyethyl) ester) R] f& A} i
FACHB- 1229383 41 T 8 3 A= K I ot
2.3  XTHEEFACHB-1229893E

MEFACHB-1229% K R BB BF M A&
KR 25 R U, MHEFACHB-12291¥11 {8 (0.38+
0.06/d) K T 1 #E#FACHB-3550 F1FACHB-905¥]
B [¥98(0.13+0.03)/d, K 2].

X g B 32 I e 4 SRR, B = BRI
BT ETE, AR ) AR R A AR, AR A
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FACHB-492
FACHB-506
FACHB-1974
FACHB-1229
FACHB-933
FACHB-1235
FACHB-1297
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Fig. 1 Heat map of the growth effect of 34 strains of green algae
spent medium on M. aeruginosa FACHB-3550 (a) and FACHB-
905 (b)
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*2  BHNHIBSEKFACHB-122970 o 3 R ¥k FACHB-492 i AGC-MS 45 RE SR K L
Tab.2 Relative content of compounds (%) analyzed using GC-MS in FACHB-1229 and FACHB-492

FACHB-122994#)i 5 FACHB-492 ) & Lt

[t Relative content of Relative content of

K i 7 A A
Py Fe A Chemical type i #:# Compound compounds in FACHB- compounds in FACHB-
1229 492
fig2%Esters Oxalic acid, 6-ethyloct-3-yl hexyl ester 4.76 ND
Oxalic acid, allyl decyl ester 0.96 ND
1,2-Benzenedicarboxylic acid, bis(2-methoxyethyl) ester 10.53 ND
$& 2 Hydrocarbon Hentriacontane 0.52 ND
Pentadecane 0.48 ND
Pentatriacontane 1.25 ND
Pentatriacontane 0.58 ND
Tricosane 1.23 ND
Tritriacontane 4.24 ND
1-Ethyladamantane 16.64 ND
cyclopentane, 1 -methyl-3-(1-methylethyl)- 242 ND
decane,2,4-dimethyl- 0.45 ND
259 )5 Amines (E)-Deca-1,6-dien-3-one 1.84 ND
%25 Aldehydes Benzaldehyde, 4-propyl- 0.72 ND
F A4 )5 Unidentified 4-[Tetrahydropyran-2-yloxymethyl]-5H- 0.48 ND
compounds furan-2-one
1-(2'-Amino-5'-hydroxy-4'-methoxyphenyl)-5,6,7- 0.36 ND
trimethyloxy-3,4-dihydroisoquinoline
Ethyl 2,3-Epoxy-2,3-dimethylbutanoate 9.08 ND

X HE o B e AR KR T 2 A . R EIREE A
1888.60 mg/L(#4FBG11HNE &I 5, =
TR %) A R 2R v T I g, Ik B M FACHB-
1229 F AR K b =, ATI(0.30+0.08)/d, 3R B H Xt
A P AU 52 R e . TE A A 7 T, M
FACHB-122910% & TR i &1, (229.91+
10.49) umol O,/(mg Chl.a-h)(& 3), KT [ 52
oAl 2 ¥R M5 (FACHB- 1606 F1FACHB-1602) Fl13 4k

05 -
04 | l
03
02

0.1

i%j(klﬁét Kl%'l
The maximum specific growth rate (u, /d)

Kl 2 FACHB-1229F1{{ % #FACHB-3550. FACHB-905¥4
LSS

Fig. 2 Growth rates of FACHB-1229, M. aeruginosa FACHB-
3550 and FACHB-905 in 24-well microplates

/NER7E(FACHB-1552. FACHB-1554fIFACHB-
1580).

FLARIR RBUMEEFACHB-1229 5 8 5 4L 3%
7 HAEFRAERER, Y 5KEMIEEFACHB-
3550355 9% 556 K IF, FACHB-1229f 5 EL 5 MW 46
1133.52% T+ 5251.03% (& 4); T 245 = S g i
FACHB-9053L 55 7% I, M5 BT o EL AR B /DN, X
MILEEFEEOR[136.90% BN EFH6KH131.80%
(Kl 5).
3 Wig

AW 5T AR R] 5 G (0 AR 25 4 TR B Rk A, A
FH G 5 YRR 7 T T8, 9736 HH O Rl 3 i B A 4o
VE FH S FACHB-1229, %o H i o (40358 4 Jt
BEAT I SE o [RIT, K12 88 Pk 1 26 K R U A 52 e
1 HeB TR RE 12 AR B AR AR B AT VAR, HE—20 08
I SR I R IR T G SE IR T S B 1)
T RE
3.1 ERMERISISN RN THERITEIRIRR

WS AR RN E . ©F
KB (1 SR I, T8 8 1 AR T 3 =55 0 o Ath 2
BECANVY AR . R A%/ NERE Chlorella pyrenoidosa)
AN, o MR R HoAt 2 AR R (I
cyanopeptolins. cyanobactins)Z5# A A 2 B s 0
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Fig. 4 Growth rates of 4 strains of Scenedesmus sp. and 2 strains
of M. aeruginosa in media with different ammonia nitrogen
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Fig. 5 Percentage of cells in co-culture conditions of Scenedesmus
sp. FACHB-1229 with M. aeruginosa FACHB-3550 (a) and M.
aeruginosa FACHB-905 (b), respectively
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AT R AR 2] T I 25 B, 78 AT 340k 4%
FErh, L3Rk M (FACHB-1229. FACHB-123541
FACHB-1974) M3k 1 2 5 :(FACHB-523. FACHB-
1084 FIFACHB-1126) [ JiE 7 R X ol 2 358 11 A= 4K 7=
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B 5T Hh AT oK R (- AR R LR 5 ORI
¥ (Quadrigula chodatii) P fRIE AR —HIR T
i [+) i T 400 2K — FE R I, A0 I mT 58 g i R |
T i A K W TR, 2400 ) Al TR T R 4 R AL B
I SRS AT IR T
32 FFERHENESRE

TR UM EFACHB-1229 1 4= Kk 45 Bk
B, Z MR AR FLAR P AR K %.(0.38+0.06)/d T
THREREE . 1E 5 SR FLAR IR R SERE IR 000 R I,
AT 00 1) o B 9 B B AR  T v, E EEFACHB-
355015 N 66.48% T B 22 48.97%, FACHB-905 M
36.90%45 10 N31.80% . LAY &5 HAE 5T AT AR
A R BL, Mas B 7T A B AR K R /N Bk
5 R R PR LG TR N BRI RS 5 PR LS
MarianaZs" "5 WU (Cylindrospermopsis ra-
ciborskii) Wt 385 5 IR fl T R AR K= AR H 2
TACEY T Ve AR K TR I R AR R 7R 5
LSRR FERT, FEAIERAE I S2 0 T T 3 8 52 4 T
AR SRR, S5 ST M FACHB-
122940 B4 o (R4 78 mT LAHEN, Ml FACHB-1229
(A S AE FH % 258 v A K 3l 2R 1 AR A T R A L 7 5
Gerp AR . X T2 e IR R AR SRR R R 2%
1, ZhangZ5" B IE R IUAE SERE SR A R, JF I
X A B 5 T A JBR A FH R T Y ol R s 5 U R
T RZM 1 3 R 1) AR AR R R 5 vy PR A
AJLE S I S8 4 5 HR A A AT, L 3 A
T XA WL B R BRI s st 8 L T AT 52 B
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INHIBITORY EFFECT OF SCENEDESMUS SP. ON MICROCYSTIS
AERUGINOSA AND ITS EVALUATION

SONG Chan-Yuan"’, BAI Fangz, LI Tian-Li’ and SONG Li-Rong2

(1. Dalian Ocean University, Dalian 116023, China; 2. State Key Laboratory of Fresh Water Ecology and Biotechnology, Institute of
Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: Cyanobacterial harmful algal blooms are a global environmental problem. Microcystis, which can produce
microcystin, is one of the most pervasive bloom forming cyanobacteria in freshwater ecosystems. Blooms of Micro-
cystis have adverse effects on lake ecology, and may effect human health, so it is important to control Microcystis
blooms. In order to investigate the inhibitory effect of green algae on Microcystis aeruginosa based on allelopathy
among different algae strains, we screened potential green algae to control M. aeruginosa blooms. One strain which has
allelochemicals production properties was screened from 34 strains of green algae. The results showed that the spent
medium of Scenedesmus sp. FACHB-1229 had the highest inhibition rate, for M. aeruginosa FACHB-3550 was
53.95% and for FACHB-905 was 48.85%, respectively. Result of gas chromatography mass spectrometry (GC-MS) in-
dicated that 1,2-Benzenedicarboxylic acid, bis (2-methoxyethyl) ester might be the allelochemical substances. In addi-
tion, we also measured growth rates, high ammonia nitrogen tolerance and photosynthetic oxygen evolution rates of the
strain. The results indicated that Scenedesmus sp. FACHB-1229 had high specific growth rate of (0.38+0.06)/d. It also
had the highest photosynthetic oxygen evolution rates of (229.91+10.49) umol O,/(mg Chl.a-h). The ammonia nitrogen
tolerance of Scenedesmus sp. FACHB-1229 was significantly higher than other strains, its growth rate was
(0.30+0.08)/d when the ammonia nitrogen concentration reached up to 1888.60 mg/L. Moreover, the proportion of
FACHB-1229 was consistently increased when co-cultured with FACHB-3550. In summary, FACHB-1229 has the su-
periority in interspecies competition with M. aeruginosa, its spent medium can inhibit the growth of M. aeruginosa, and
it also has high ammonia nitrogen tolerance and photosynthetic oxygen evolution rate. Therefore, this study has
provided the theory and application basis in prevention and control of cyanobacterial blooms using interspecific com-
petition among algae. FACHB-1229 has the potential to control harmful algae through biological methods, it can grow
rapidly in aquaculture pond or other polluted water bodies with high ammonia nitrogen concentration, while it can in-
hibit M. aeruginosa through allelopathy and provide dissolved oxygen at the same time.

Key words: Allelopathy; Biological control of cyanobacteria; Interspecific competition; Microcystis aeruginosa;
Scenedesmus sp.
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