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Tab. 1 Cyanobacterial strains and their characteristics used in this
study
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Tab. 2 Initial inoculation cell densities of each cyanobacterial
strain in monocultures and co-cultures
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Fig. 1 Growth of 4. gracile in monoculture and in its respective
co-cultures with M. wesenbergii (a) and M. aeruginosa (b)
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Fig. 2 Specific growth rates of 4. gracile in monoculture and in
its respective co-cultures with M. wesenbergii (a) and M. aeruginosa
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Fig. 3 Geosmin production of 4. gracile in monoculture and in its
respective co-cultures with M. wesenbergii (a) and M. aeruginosa (b)
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Fig. 4 Growth of M. wesenbergii (a) and M. aeruginosa (b) in mo-
nocultures and in their respective co-cultures with 4. gracile
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Fig. 5 Specific growth rates of M. wesenbergii (a) and M. aeru-
ginosa (b) in monocultures and in their respective co-cultures with
A. gracile
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wesenbergii (a) and M. aeruginosa (b)



RIS TG TN SRR R 2 A I R A S BT B 1057

7H
w107
£ |oa
4111‘}2 8 FEA:wW=1:2 I
-H% aA:W=1:1
k3] RA:W=2:1 i
£
=S
JE 4
® 8
=4 &}
hil 2
: RGN
a 0 } KIHIH
4 7 10 13 16 19 22 25 28
it i) Time (d)
I 4r
Jﬂ b OA
i B A:M=1:2
41114%/\3— = AA:M=1:1
15 7 [ =B X A:M=2:1
_EQ —
ISk —
me 21| B
3 g =
B3 =
ECIH E
i =
< —
# 0 = -
4 7 13

i JH] Time (d)
K7 SRR 22 R B T T L0 il 5 R PRI 8 (o) A A SR P 2
BE(b)FLIE IR S A T 7 M Py - SR 3R ) 4 A7
Fig. 7 The cell quota of intracellular geosmin produced by A.

gracile in its monoculture and in its respective co-cultures with M.

wesenbergii (a) and M. aeruginosa (b)

T PR RO B R k7. I v e S
FEi AR TR, XA A S L SR
I FH PR 22 35 40 i 522 A RS T 8 SR A i AT AR K
HxKo
32 WMEEMNRLETRZSRSEBEMARM
e R AR B AR S A AR A,
B S B ER DN IR K 2 el —. B R
R GRS R Z MR R AR . R 5E B A
BRIERE . RFRRENEFOCREES
JEFE[20 pmol photons/(m+s)« 25°C 1343 B WK 4. 38
P R R, AR AT A, L SRR
AlRe A s L R B R BN R EAFY]
UREEFR LU L5 5 TR, TR 22 3 5 B v 1) AR KR
L5 9 55 AR 5 R R R R AR AR AL, IX ] e T EUR
e REZNER . X570 NI —2, B
U AR A KRR e e A £ R R B
XPANR] G R 25 A R 7= SRR 1 Sk B (Oscillato-
ria brevis)JWE 7K B, 1 R 2577 & R Sk A KR
EIEAR R, SR — LR i min T LR
R E MG ERAE KRN EIAAARK R
£ P R 5 25 e YR R O SR B, AR AR K A%

2t B = B R 2 IR ) o
PRI I S SE IR R, LR R R SRR
(MR RRX R, AT i, )L
5 IR B L B TR I, o B E T L P 4
B2 = TR RN . IX R R 2 A 5T
P TE 4 I THT Wk P 26 A7 1 4R A HL 4 5 BB 22 1Y)
TR ABLE RNESE, W&+ R
RS HAECRES B AR R R [FI, 3R
HHR)E RIS T IR, SRR S IR R R ]
REAR R 22 A 2 ) R

5 IR M b, R IR R 22 5 1 LR FIRE L
BRRKER. HERYF LR R OEE R L EE
Ve Ik B s ORI 2RI BT, 7E A1) kb
[F], 5L F A B R N . Ozaki%s ™!
BIF 0 R 3N, SR 3 A i R R T R 2 e A i R A R
fRfER . £ G — A & — 2K mr DL
WA b 5 HoAt A 1R B AL B R ™Y TkawaZts ™
IR T B, R WA R 2 R AL B N R R
S5 X 8 A% /NEREE(Chlorella pyenoidosa)f W i 1
PR o R 0kt A 300 355 1 95 4 £ 55 5 TR 0
KL, wT e B a5 w5 vk A o i e Sk
FE SRt oA e o SR 7 BN 22 388 5 77 HE IR A 4%
UL L TR, RSO 1 R 3 B I T s 5,
X 0] e R SR A B AR P B B A O A
W22 P 50 TR I IR N, R e AR R 2
MR, MEEEERWNENM T RESE
SRS R SRR R

Zx LRI, PR P S 35 e S TR 22 B A
K= HIHE R . ELIE IR AR, B IR
5 Yo 22 B AT Dy 1 1IN, SR E TR 22 35 7 A
HE2R L REFIFRNBNAE . RIS
MR 22 JE R IR A L) 2 1 3L 72, 32
YU 22 BE AR A PR AE AR L TR R S R 2
TR XU Y R 22 S KA R AR 2
T8 SO T KR, S s AR AR R K .
R FH 7K S5 i o gl ™ KR P A A 77
PERN % BB G SO IR AR 720, ¢
R R AT B SRR R . R, R
H AR KA T AS [R]85 288 B AR ™= W I A7 1R B 46
F R HE S .

SE Mk

[11 Huo D, Gan N Q, Geng R Z, et al. Cyanobacterial blooms
in China: diversity, distribution, and cyanotoxins [J].
Harmful Algae, 2021(109): 102106.

[2] Huisman J, Codd G A, Paerl H W, et al. Cyanobacterial



1058

KR R

47 %

(31

(4]

(3]

(6]

(7

(8]

(9]

[10]

[11]

[12]

[13]

[14]

blooms [J]. Nature Reviews Microbiology, 2018, 16(8):
471-483.

McDonald K E, Lehman J T. Dynamics of Aphanizome-
non and Microcystis (cyanobacteria) during experimental
manipulation of an urban impoundment [J]. Lake and
Reservoir Management, 2013, 29(2): 103-115.

LiL J, Li G H, Li G B. Winter and spring succession of
the phytoplankton community in Dianchi Lake under the
influences of environment change [J]. Journal of Hydroe-
cology, 2020, 41(3): 57-68. [Z=Fi A, Z=E W, Z=ARLR. 3£
B AR AR A TR VL A T 2 T I AR T RRAE (D],
KA, 2020, 41(3): 57-68.]

Yang J] W, Tang H X, Zhang X X, et al. High tempera-
ture and pH favor Microcystis aeruginosa to outcompete
Scenedesmus obliquus [J]. Environmental Science and
Pollution Research Intemational, 2018, 25(5): 4794-4802.
Liu L M, Chen H H, Liu M, et al. Response of the euka-
ryotic plankton community to the cyanobacterial biomass
cycle over 6 years in two subtropical reservoirs [J]. The
ISME Journal, 2019, 13(9): 2196-2208.

Arii S, Yamashita R, Tsuji K, et al. Differences in sus-
ceptibility of cyanobacteria species to lytic volatile orga-
nic compounds and influence on seasonal succession [J].
Chemosphere, 2021(284): 131378.

Smith K, Zhang X, Hofmann R. Assessment of alternate
characterization tests for prediction of taste and odour
control by granular activated carbon [J]. Water Supply,
2012, 12(4): 531-539.

Butakova E A. Specific features of odor-causing com-
pounds (geosmin and 2-methylisoborneol) as secondary
metabolites of cyanobacteria [J]. Russian Journal of Plant
Physiology, 2013, 60(4): 507-510.

Churro C, Semedo-Aguiar A P, Silva A D, ef al. A novel
cyanobacterial geosmin producer, revising GeoA distribu-
tion and dispersion patterns in Bacteria [J]. Scientific Re-
ports, 2020(10): 8679.

Lee J, Rai P K, Jeon Y J, et al. The role of algae and cy-
anobacteria in the production and release of odorants in
water [J]. Environmental Pollution, 2017(227): 252-262.
Oh H S, Lee C S, Srivastava A, et al. Effects of environ-
mental factors on cyanobacterial production of odorous
compounds: geosmin and 2-methylisoborneol [J]. Jour-
nal of Microbiology and Biotechnology, 2017, 27(7):
1316-1323.

YuJ W, Chen K'Y, Su M, et al. Influence of nutrient
sources on Anabaena spiroides growth and odorous com-
pounds production characteristics [J]. Environmental Sci-
ence, 2011, 32(8): 2254-2259. [T 245, v =, Fhar,
S5 AR FRUE S AR T IR A A A P R AE AT
52 [J]. AR, 2011, 32(8): 2254-2259.]

Zhang T, Li L, Zheng L L, et al. Effects of nutritional
factors on the geosmin production of Lyngbya kuetzingii
UTEX 1547 (Oscillatoriales, Cyanobacteria) [J]. Phycolo-
gia, 2017, 56(2): 221-229.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Saadoun I M K, Schrader K K, Blevins W T. Environ-
mental and nutritional factors affecting geosmin synthe-
sis by Anabaena sp. [J]. Water Research, 2001, 35(5):
1209-1218.

Nolan M P, Cardinale B J. Species diversity of resident
green algae slows the establishment and proliferation of
the Cyanobacterium Microcystis aeruginosa [J]. Limnolo-
gica, 2019(74): 23-27.

Lehman E M, McDonald K E, Lehman J T. Whole Lake
selective withdrawal experiment to control harmful cya-
nobacteria in an urban impoundment [J]. Water Research,
2009, 43(5): 1187-1198.

Wu Y L, Li L, Zheng L L, et al. Patterns of succession
between bloom-forming cyanobacteria Aphanizomenon
flos-aquae and Microcystis and related environmental
factors in large, shallow Dianchi Lake, China [J]. Hydro-
biologia, 2016, 765(1): 1-13.

Wu Z X, Zeng B, Li R H, et al. Morphological and physi-
logical characteristics and common Aphanizomenon types
in Chinese water bodies [J]. Acta Hydrobiologica Sinica,
2012, 36(2): 323-328. [RAEM, Wik, 1 HE, &
TR AK A R 22 R SR T35 I AR BRI AT (D).
IKAAEWEEAR, 2012, 36(2): 323-328.]

Zhou W C, Wang S Q, Gao X, et al. Effects of tempera-
ture and light on production of three odorous compounds
by Aphanizomenon gracile [J]. Journal of Hydroecology,
2015, 36(4): 78-85. [k, F&HEK, =i, & HEL
JGHRAS AN R L3 M SR BT B e ()], KRS
2, 2015, 36(4): 78-85.]

MaHY,WuYL, Gan N Q, ef al. Growth inhibitory ef-
fect of Microcystis on Aphanizomenon flos-aquae iso-
lated from cyanobacteria bloom in Lake Dianchi, China
[J]. Harmful Algae, 2015(42): 43-51.

Gu Q H, Zhao L, Tan X. Studies on conpetition predo-
minance of Microcystis aeruginosa, Anabaena spiroides
and Aphanizomeno flos-aquae [J]. Journal of Anhui Agri-
cultural Sciences, 2007, 35(7): 1990-1991. [Jiij5 4, #&X
PR, TRLR. 47 S G T - MR 1 R R K R TR 223 S £
PWHIRTFTT [7]. BRI RL2E, 2007, 35(7): 1990-1991.]
Li X M, Wang X Y, Fan W H. Comparison of nutrient re-
moval from wastewater and lipid accumulation with Apha-
nizomenonflos-aquae and Microcystis aeruginosa [J].
Chinese Journal of Environmental Engineering, 2015,
9(6): 2795-2801. [Z=Wefl, T NI, Y L%, KL 2235
5 0 5 A B B v A A AR R T o AR R e A B AL
[7]. ¥4 TRE2EAR, 2015, 9(6): 2795-2801.]

Pereira A L, Santos C, Azevedo J, et al. Effects of two
toxic cyanobacterial crude extracts containing micro-
cystin-LR and cylindrospermopsin on the growth and
photosynthetic capacity of the microalga Parachlorella
kessleri [J]. Algal Research, 2018(34): 198-208.
ZuoZJ,Yang Y Y, Xu Q H, et al. Effects of phosphorus
sources on volatile organic compound emissions from Mi-
crocystis flos-aquae and their toxic effects on Chlamydo-


https://doi.org/10.15928/j.1674-3075.2020.03.008
https://doi.org/10.13227/j.hjkx.2011.08.006
https://doi.org/10.15928/j.1674-3075.2015.04.011
https://doi.org/10.15928/j.1674-3075.2015.04.011
https://doi.org/10.3969/j.issn.0517-6611.2007.07.068
https://doi.org/10.12030/j.cjee.20150642

73] RIS TG TN SRR R 2 A I R A S BT B 1059

monas reinhardtii [J]. Environmental Geochemistry and Water Research, 2009, 43(11): 2829-2840.

Health, 2018, 40(4): 1283-1298. [30] Shen Q Y, Shimizu K, Miao H C, et al. Effects of ele-
[26] Hu Z Q, Li D H, Xiao B, et al. Microcystin-RR induces vated nitrogen on the growth and geosmin productivity of

physiological stress and cell death in the cyanobacterium Dolichospermum smithii [J]. Environmental Science and

Aphanizomenon sp. DCO1 isolated from Lake Dianchi, Pollution Research International, 2021, 28(1): 177-184.

China [J]. Fundamental and Applied Limnology, 2008, [31] Ozaki K, Ohta A, Iwata C, et al. Lysis of cyanobacteria

173(2): 111-120. with volatile organic compounds [J]. Chemosphere, 2008,
[27] Yan X C, Xu X G, Wang M Y, et al. Climate warming 71(8): 1531-1538.

and cyanobacteria blooms: looks at their relationships [32] Ikawa M, Sasner J J, Haney J F. Activity of cyanobacte-

from a new perspective [J]. Water Research, 2017(125): rial and algal odor compounds found in lake waters on

449-457. green alga Chlorella pyrenoidosa growth [J]. Hydrobiolo-
[28] Wang Z J. The studies on genes responsible for synthesis gia, 2001, 443(1/2/3): 19-22.

of earthy-musty odorants in cyanobacteria and their eco- [33] Shang L X, Feng M H, Xu X G, et al. Co-occurrence of

logical application [D]. Beijing: University of Chinese microcystins and taste-and-odor compounds in drinking

Academy of Sciences, 2012: 103-104. [ H 7. W+ water source and their removal in a full-scale drinking

TR A RO R B AL K AR R A [D]. db water treatment plant [J]. Toxins, 2018, 10(1): 26.

R E AL B R 2, 2012: 103-104.] [34] Mustapha S, Tijani J O, Ndamitso M M, et al. A critical
[29] Dzialowski A R, Smith V H, Huggins D G, et al. Deve- review on geosmin and 2-methylisoborneol in water: sources,

lopment of predictive models for geosmin-related taste effects, detection, and removal techniques [J]. Environ-

and odor in Kansas, USA, drinking water reservoirs [J]. mental Monitoring and Assessment, 2021, 193(4): 204.

MICROCYSTIS ON THE GROWTH AND THE SYNTHESIS AND RELEASE OF
GEOSMIN IN APHANIZOMENON GRACILE

LI Xiao-Yu"?, ZHOU Wei-Cheng"*, WEI Hui"”, HUANG Shun"” and LI Dun-Hai'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy
of Sciences, Beijing 100049, China)

Abstract: Aphanizomenon and Microcystis are common dominant genera of bloom-forming cyanobacteria, and they
have seasonal succession in some lakes. Aphanizomenon gracile is the most common Aphanizomenon species in
Chinese freshwater bodies which can produce odor substance geosmin. The effects of the interspecific interaction
between Microcystis and Aphanizomenon on the cell growth and the synthesis and release of geosmin are not clear. In
this paper, two Microcystis species with different characteristics, toxic Microcystis aeruginosa and non-toxic Micro-
cystis wesenbergii, were respectively co-cultured with geosmin producing Aphanizomenon gracile at different initial ino-
culation ratios (1:2, 1:1 and 2:1) to explore the effects of interspecific interaction on algae growth and geosmin syn-
thesis and release. The results showed that both Microcystis species inhibited the growth of Aphanizomenon, but the lat-
ter promoted the growth of the formers. Microcystis wesenbergii promoted the release of geosmin (when the initial in-
oculation ratio was 1:1, the extracellular geosmin reached 269.43 fg/cell), and promoted the synthesis of geosmin only
in the early and late growth stages; Microcystis aeruginosa promoted the synthesis of geosmin at the early stage of co-
culture, but co-culture inhibited the release of geosmin, and geosmin was not detected in the middle and late stages of
co-culture. Our research results showed that during the seasonal succession of Aphanizomenon and Microcystis in na-
tural water bodies, Microcystis has an advantage in the competition with Aphanizomenon, and the competitive pressure
of Microcystis on Aphanizomenon urges it to synthesize odor substances. As the Aphanizomenon decays, it may be ac-
companied by the release of a large amount of odor substances, which increases the risk of odor events.

Key words: Odorous compounds; Interspecific interaction; Geosmin; Aphanizomenon; Microcystis
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