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RESEARCH ARTICLE

Morphological and growth responses of two green algal strains to
toxic Microcystis are dependent on the cultivation growth phase

of filtrate and target strain

Jing Dong", Mengyang Chang, Chenlu Li, Jincan Li and Xiangyang Shang

College of Fisheries, Henan Normal University, Xinxiang 453007, PR China

Received: 20 September 2017; Accepted: 23 January 2018

Abstract — Allelopathic interactions amongst phytoplankton are considered an important factor
contributing to species competition and succession in aquatic ecosystems, but their mechanisms in
plankton dynamics are poorly described. In this study, whether toxic Microcystis aeruginosa could affect the
growth of Chlorella vulgaris and Kirchneriella sp. was examined according to filtrate experiments at
different cultivation phases. Results indicated that M. aeruginosa filtrate significantly influenced the growth
and morphological characteristics of the two target green algae, which were dependent on the cultivation
growth phase of filtrate and target strain. At the beginning of the experiment, the formation of a large C.
vulgaris colony was induced by M. aeruginosa filtrate. The effects of filtrate in the stationary phase (SP) was
more significant than that of the exponential phase (EP). Subsequently, the colonies gradually broke into
small colonies or single cells. The growth rate of C. vulgaris was finally promoted in the filtrate treatment.
For Kirchneriella sp., the colonies formed and remained in M. aeruginosa filtrate under EP until the end of
the experiment. Smaller colonies were observed in Kirchneriella sp. by M. aeruginosa filtrate under SP than
those in the control, and larger colonies were not detected. The growth rate of Kirchneriella sp. was inhibited
in the filtrate of EP but was promoted in SP. This study provided new insights into the interaction between
the morphological responses and growth effects of algae and proposed a new theoretical basis for algal

succession in aquatic ecosystems.

Keywords: Microcystis aeruginosa | Chlorella vulgaris | Kirchneriella sp / allelopathy / colony formation

1 Introduction

Allelopathy, derived from the words ‘allelon” and ‘pathos’,
is a process by which specific biomolecules are secreted by one
plant or bacterial species to possibly inhibit or benefit other
plants or bacterial species. In aquatic ecosystems, allelopathic
interaction also occurs between algae and plays an important
role in species competition, succession except for other factors,
such as hydrodynamics, nutrients and temperature (Suikkanen
et al., 2004; Dunker er al., 2013; Rzymski et al., 2014;
Accoroni et al., 2015; Wang et al., 2017b). Many examples of
allelochemical interactions exist amongst cyanobacteria and
their competitors which may affect the seasonal dynamics of
these algae (Legrand et al., 2003). For example, allelochem-
icals secreted by Cylindrospermopsis raciborskii can inhibit
the growth of its competitors, such as Microcystis aeruginosa,
thereby contributing to the stable dominance of C. raciborskii
in a tropical lake (Figueredo et al., 2007; Mello et al., 2012). In
Lake Kinneret, high biomass of Microcystis are observed until

*Corresponding author: happyxiaop_6660163.com
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the end of winter, thereby causing either missing or delayed
Peridinium bloom (Sukenik and Kaplan, 2002; Vardi et al.,
2002). Sukenik and Kaplan (2002) and Vardi ez al. (2002) further
suggested that the filtrate of Microcystis monoculture can
significantly inhibit the growth of the dinoflagellate Peridinium
gatunense. In addition, M. aeruginosa elicits allelopathic effects
on competitive Scenedesmus quadricauda (Zheng et al., 2008)
and Quadrigula chodatii (Zhang et al.,2013). Cyanobacteria and
green algae also demonstrated seasonal changes in eutrophic
lakes, such as Lake Taihu (Cai et al., 2012) and Lake Dianchi
(Dong et al., 2015) in China. Bar-Yosef et al. (2010) also
demonstrated that the monoculture of Aphanizomenon ovalis-
porum can secrete allelochemicals on competitors. The
underlying mechanism may involve the promotion of phospho-
rus (Pi) supply by cylindrospermopsin producers through the
induction of alkaline phosphatase secretion in other phytoplank-
ton, suggesting that their abundance increases despite the
reduced (Pi) supply from watersheds (Bar-Yosef et al., 2010).

Growth effects have been extensively investigated. In fact,

the interaction between algae can induce growth effects but
also have morphological influences (Mello et al., 2012). These
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ek, BEJLERHIREREL 20R; ¥4
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WO ERFRARAEARIVEE R R E T MAEAEESH T ERA R A EE
B IRBUR AN VE AN IR Bl A, A ) 25 80 3 i T AR KA ANE | % S AT i B b A i 4 7 i3k — 2B 5e & ORI T A&
FHCER BT R A X 87 8 bR A8 Carassius auratus 8 Cyprinus carpio , %% i Ctenopharyngodon idellus &
B [8] 7 b A KW %8 Rhynchocypris 45 28 (bR A3 4T 2 JCH 8% b A< (4 BEREHIAE | 0 22 0f WA 4 4 6 A
JE WAL BEEAT T VEANIC B LR B — B D R AN 45 0 (6 A SR R 2 B bR A AR Tk %O IRE T
S} £ T B b AR PR R ] 8 A A, LB B bR A R B ] T b A 0 R B b AR o 1 R O R A T AR s
P it S 348 4 B 6 s A P I [ 5 A A AT R B R A A

B R] o SR} £ T PR A BT bR AR R R AR A

i S S AE L P o, B 2 5 1 SR RO
TRAP P HE & B PR FOR S B 2 18] 1R 5% 22 A
[ 7€ , A 55 32 A0 5+ 5K B 0 52 TR 8 88 b AR E BIF 9T
ERNITFIZZE SR G SR IO R ATBLI VA S
i A7 ) B 5 EL AT S AR U (RN b A B 4
HEW ATRMBEEEM  ERRUF P A E
REE S, o mr BAR T B 50 A0 J 5P, BLA STk b A R
2R T MR A HIE BB TE , KK AT 23 W2, — 3K
3% W R I AR i, BOR) R ) B A AL 2 O i A
B GUR 3% W R0 B0 3 0 FRM I AT A 2 9L 1
B A GURVRR Bk A B2 A0 20 20 el T 4 6 T LS, 5
— R R B AN AL 2 05 i BUE W) 2 T VR B R LAY
TR B SE R BRI 7 ik, LT IR AT A A R = —
& BGET | IV AN =R A TR
KITENA S BR T7 LA LA R, BOR T O T =K

B el = WU T [P N 22 ol RN 4] 33 e DR E|
R0170085), BUT & URFE W AL H 2017-JSJYYB—
031), 1 F5 28 BHE B E s H (182102110046) 7 94
FH T E ST H (16A240005)

& A . W RF (1995-), 2, WL F5 15 3 A, 30 7 Uifi
K AR E-mail: 13262182113@163.com.
WIRAES AR, 5 R R A L B,
TEN i3 A 2R T OR AP R R R BT AR S
Ft ,E—mail : chuanjiang88@163.con.

I SRR 2, B #8177 5 B UL Y 25 B RUE A
iR A N NS G i e N3 5 (S iR R A L
IR — B VERBOR BV EH G T R RIAE,
HIE R T AR U B bR AR, i 2Rk
SR U T bR AR R R (] 5 R A () R £ K b A
BREIE SR A SCR S — BB VRS |68 1 #%
bR AR AR J7 30, DAY S £ 25 B b A 0 o) 1 B
HZEME,
1
11 SRk R

HreEay 60 R PRRIEE  ARE 4508 0.5 kg
() 3.5~4 kg (8 ) ,4~5 kg(Ffi ), W HH £ i L3
KT FE [ 58 AR AL IR W% Rhynchocypris
lagowskii , 22 3k KW i Rhynchocypris oxycephalus , {4
BIEH &K 115~130 mm, fk & 20~45 ¢, R A K17
X,
12 SR A

fEF ) FARY ] FARGET SRR A,
1.3 L3R

0.5%~1%H1 NaOH ¥ ¥ (i B -k BUK ) 95%
I LBV (PR B 23 R FE ) \3%~5% 111 H202 (1A AR
HWRE),
2 e
2.1 BRAE B
2.1.1 HEERRA

Vo F R [ 7 AR A R K R e, BRI R AR

~P
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WE: EHITREWE Clarias gariepinus fRE LI, ZIBR T EF AR MRTAESS, AR B IE R A
e 3E{h, EREE R AR — 45k B B —BERR M. RS ANHABENEMX—ARAFHIEB T, BRARIMTRIALRE
HEHMSEENFREREER—B, RAX—HARBEAHFIEER . 2R, EEMER B Siluiformes B ZERK
At ZHAERE SNAT, REAX — BB R AT B> KBTS E -

KR RGP RERRIMNT R BLF

RESHES 0959.4; Q954.5  NEAFERG: A XEHS: 1000 -7083(2017) 03 - 0325 -03

Special Organs of Clarias gariepinus . Extrahepar

CAO Tianling, LIANG Xuchen, ZOU Xiaoqing, WANG Yue, ZHAN Yufei,
YUE Yangchai, FENG Junchang, ZHOU Chuanjiang
(Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation,
Engineering Lab of Henan Province for Aquatic Animal Disease Control,

College of Fisheries, Henan Normal University, Xinxiang, Henan Province 453007, China)

Abstract: When the anatomical experience of Clarias gariepinus was operated, a special organ extrahepar behind the pec—
toral fin was found. The extrahepar was extended to the hepatic lobule. The results of comparative anatomic assay showed
that the extrahepar was not caused by deformity, and the histological structure of extrahepar was the same as intraperitoneal
livers, indicating that this special organ was a liver tissue. The discovery of extrahepar was also reported in other species of
Siluriformes, this suggested that extrahepar is lineage—specific to Siluriformes.

Keywords: Clarias gariepinus: extrahepar; morphology: histology

RGHERER Clarias gariepinus RJB T 85 B Silu-
riformes BAERF} Clariidae BRERJE Clarias, (8 FRIZ A
FERRER, B FIEMNR T AKR, HE 1981
FENERSIHIRAT, NEEER. LR R X iE
I(ZEH%E, 1984) . RIEARIKELR, #£8 74,
IR AREEE, B MM KERRES
B ENEEEERKR.

EFRWIIR P L MR G RN RE N A BT
ShRFEEAMIEE | REKU=AEMARSHE
%, ERG R AEIEINT. ERETFFSIRENA
EMERAEE MBENFE—RERRBRE
fRRE AT, REAESMNIT R B ARFAEE LR, A @I
R RARFMRE— T KIE-

i EHA12017-0120 EZHE20170344

1 #MR57E

1.1 I+

RGN BN #H 2 mk=mig, &5
BRE 1.45 ~ 1. 55 kg HORRRR B BAIME, IEIERSH .
1.2 SCREEH

HAMEIRAENME SN 8ERIAE.FA
W FABF . OFE. HBAKBBEN (E6e
EOS 70D) 5ERk - BIERA 10% BEEATR -
1.3 EBAHE

HENEBHKERE BEEFEFHIEDR, &
BEEFLAETA | em ZRLEY], B/NOREFOE
FMEE Z 8, mE M BT R T RS RS, TERE RS AT i 3K

EeH R PEMERKEENSHESRPESZIREFNRETRR BRAAMNZEETA 31401964) ) ABEE AT RN XE S

B (162102310443 142102110057)

EEBN EXRK (1995—), &, ARE, E-mail 13262182113@ 163. com
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KES,RETF,EFF,EBFFG,ZEM
GAAImE RS K=ER, W/ S 453007)

# OE: ATNEBRZPFEENREDEAMKEEALGYNEETEMEMERE, £KE 20 CEH

T REYRERE #ITTHE-AEENREDPENESFE2EEEAE

ERER R = RIFLERS

SEE{FER 24 h 048 h MEBIEREBIRESD A 86256 mg/L.752.43 mg/L BT EHBR _PERERLERE
REA 196,91 mg/L. BiFEDEXTEE(FE 24 h 0 48 h BUEREBIRE D5 A 746.75 mg/L . 713.61 mg/L,EE{F &

BiEbEREREBIREN 20458 mg/L

K AR R, BRIV E  BE  AME N FBRE  RERE

HHIA8E Cyprinus carpio) ,[BEEF B 827 #2TF
BN EREEERKEFEX RREESNEER
R GRSk EIA SRR SRR AT ALt BRI
AE FEFPBZEENRFEN KERIE KRS
ERALE FRUmRA-EREGAEREY A,
BEZREMMELE MEERFLZNES R,
RENEFEWERTEXMNEFRE, FERPF
BREASMAMARBDIRE KREFERINY.
RMBEFHREPRZMZNAARKR, MZiFs5
MRNEAPBEER RZRNFAAES EAF
FEEFPEE-ENAGRE, AmMAEAEN
ERFELTRTEENG, AETERERLIE
TTRE

R —BRIEIE Sulfamethazine) FABE P & En-
rofloxacin) EBAEEFRBEEFFEANLESK
HMEH NIASHE=ZRKAE E=RKAEARLE
MEMER , ITizRAFATFREASEFELMERR, N
HE T MMM E TR RS RS STEN R &S
g — R IEIEF1 B ig i B AR IT B R S AR P

BEeDE - ERAAMFEERHTEAE (31502185);
AR A BHRINETUE (142102310037)

EEEN KEA(1992-), X MEIARE HARH
B KEHMEFRESRE

BREER  BEM(1971-), 8, 88 HARA G K=
FYEF SR E  E-mail:niegx@htu.cn

BIR ERTIFERSUARER MEx#ER_R
B RE P EVESTENREREREAEN
MREFRE, AKEHARTHER - PEENRE
WENEAMEFEMNSENE, EERERER
E, BEAER_PEIEMEEDEEKTRAL
PRI RRERASE
1 REMBSHE
1.1 RE&E

REFFAMNEEFEAKTZRINERER
AIEERES EEPREEL X/ N—HMiKK
AEeETRE FEaFEHHEFKHN 6.01+0.53 mm
1.2 XY

TR Z HIENE S E ST 1 2/10 mlL) 1 F#k M
WMRHPALERAT, BEDEEHRK (5 ¢/100
ml) WFHEE T HMRBERXA
1.3 FEEH

SR E{FBIFFEE 2000 mL. BHEH, FHEEBEH
26C, ELFR
1.4 R¥AHE
141 ERFEMTRFEHE

FHREER _PERERNRELIERARER
EARRESWXRE m2)BEBEEATE. 84
H5-10 B& JRMEITHRIKE MWE 24-96 h, MR
ST N EEF R, MR LBEFNIEMAE K
HEE{F & 100%F 0% THIF 2, BILERFIE D)
MTRFE D). ZITWIRE TR ZRBIEHN
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ik B, SKEM, RETF, BEM, KEH, BEEX
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B EMMAKTARTERGRRZ—, RASHGHEENH HEREKTHHENA, oL
A, BT AAEMNERN PHERBRIFET R, ATEZSNAPHERBG S RMEFMN T F Kk, &
ERHE THRW ARG AR EHFENEN, HoilTAE2SRAY, 1lgalFsPmAoml A, AR
ARRBRFEAH, BOREFR, LRAKRT, ARSRTEGHFHN; EiELM4%H. TC-CI8 (4.6
mmx250 mm, 5 um) &4, AT E: 0.058% HPO, &ik=85:15 (V:V) AR, #Aik 1.0 mL/min, #
MK 235 nm, BB 40°C, HBEMHE 05-10 pg/g RERECAPNFERREREZARGFHREX Z
(R2=0.9981), @@l A4 96.88%—105.51%, B A, B E RSD % # % 1.46%—3.18%F 4.88%—7.98%., 7 ik
BAEME, BHEDS, ERATERATHERHLSTMNE, TAHEAVTHBENHZAFNRBEIHRRLE

KR . HEARH; B, HrmMEE; &n

FEESEARAEF IR, KRR R 100007 A 5 b i s A B RS I J 25 A DA 8 W S IRF S 41 1%
b RS AR DR RAG00 T A L ARFPRINY Dk R R OB €3 1 (CHPLC) AR T 75 1A v i
FLAR & 4o 35-40% 534w IS IO R & & . BAm & o, (MR BGA IR A X 2 |, Ab Bt
AKFEE A R RO SR, e TR AXTRERT  SCRRHRIE AN B4 2 S i B AR AT £
FArb S AT U EIAR I AR £ AT R O DL TR R Ak e i RS T S i, R A
S RESIRN, AR A, AR SRR ACEBE, [l sh Wy £ 5l AR B IR K
WY, AR S AR e T 5 RGN APE JFE  KERIC. MIXTEE A, AR & %, B %
Ve, SE P e A 23500 S, BYEAR B ZIRId R, ARHFSEHE S T 1 UL vhiie e 46
T, EHE AR AR AR TR R E ] BRI 5 i A i Ak B A X B v
BB BTG, SRR GIZIXCIIE B, DI 0 p PR 2 A SR AR R S
FH AR FEmAT 0, X Tl e i h sk R 1 MRS A %
i, IR TAEAL A ELER S SR IT600 1.1 SR A4
mg/kg", FEEFDARLE A450 me/kg, FREFER 111 SCIEW
FHAEA A 200 ma/kg™, SETAEYPE €25 i 1) fiif £t fy £, WA F 4N K35 58 7 , PR 1 50-60 g,
BRIk C AR EHaE e S KR, K 24-26°C.
1.1.2 255 5l

B ERAR B BRI (1= 98.0%) , I T Kk £ C
VAR BRAE . WL NGRS b (i al.
1.1.3 IR LA

o AT % A Agilent 1260, Eppendorf 5 3# 5
AL, ZG B KT IR A, XHF-DY BT 4380

<&

E£WB . BRaAHFEETHA A (31502185);
A EEA KX R B (142102310037); B £ &
KA D %4 B (201710476016)

EER N K3 (1993—), %, EF R A FRF @ .
REHYERE %A
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