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Growth and Grazing of the Mixotrophic Flagellate
Poterioochromonas malhamensis on the Cyanobacterium
Microcystis aeruginosa
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ABSTRACT

To understand the ecological characteristics as herbivores of the mixotrophic chrysomonads, which
are capable of both photosynthesis and phagotrophy in aquatic system, the grazing activity and growth
rates of the mixotrophic chrysomonad, Poterioochromonas malhamensis feeding on the cyano-
bacterium Microcystis aeruginosa were investigated under different temperatures To gain more insight
in to the field conditions, we conducted grazing experiments with P. malhamensis and colony forming
strain of M. aeruginosa(NIER-10010). The isolated flagellate preferred a similar range of water
temperature degree as natural condition during the cyanobacterial bloom. Growth rates of the
flagellate were highest 1.91 d' in 25°C. Interestingly, P. malhamensis effectively grazed on M.
aeruginosa with two size fractions(smaller and larger than 30 um) regardless of size. These results
may facilitate a better understanding of the ecological role of Poterioochromonas malhamensis in
particular, as a grazer of cyanobacteria in eutrophic freshwater ecosystem.
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Y2 Alofshr] 918k A3bAl 71s g iR o] AlEd] 7 E 3 Stk AS7A] £ Wl ol
frall 27 o2 (harmful algal bloom)S Alosl7] gt A< Wgo = git4e], F=2d 53
< a0l &5t gou, o) H5olH R e R/ B off{ I 22 FATEE
545 vehllol A= 3 AEAE AA717] wiEel A4l 3 ltKSingh ef al., 2001). o
2hA] Bt Akl W el ool tiFsE L o, Y FAC At de 4F AES
o] &gk AETA Aopiol T Il - AR sl AFE I Atk EAR BEEE R
(Northcott et al., 1991), 53 % = E(Hanazato and Yasuno, 1984), YA EE(Jeong et al., 2005), B1H| 2]
oKManage et al., 2001)5-°] ST}
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1. A= e R e
HER Microoytiss A2 et A4 AES Eelsky] S8l 20061 d 5€ 259 29 RS Ak
SR Foll A A5 20L plastic bucketo 2 5 25131 2, microplanktons A A 3171 9
el 64um mesh® Az Wtk o|ZA FH|E A8E vl2 ATHE 7S Microcystis aeruginosa
NIER-10001(Z 8 27 7}8+0) 2] wjokelo] 2mLA Y11, 20C, SFeolA wjekatar). 349 A3 &
YAl Microcystis aeruginosa NIER-100012] vl eFeof] o] A vkl 2mLE Eal ]9} 22 o= )
ot on, o] S ofy W W&t} o] IS 53l Microcystis aeruginosas Ho| AEZ 3}
of MAF7F 718 AAABES inverted microscope(Alxotop, Zeiss, Germany) 3}ol|A] Pasteur micro-
pipette &= 5 TSt TE o] 2A FElH HAWES M aeruginosas HOolZ F0f, 20T, 12:12
L:D cycle®] =71 st Fx]3F3Th

AA S HYK0605-B29] Feeha] 545 Blshy] 9jate], el A& ImLE Hd] 25% ¢35
FEF2 Y| Sto| E(buffered glutaraldehyde solution) M2 HFFE 0.5%7} =5 13 sta, @
& 1|7 (Axioplan, Zeiss, Germany) 400~1,0008] slollX 75t t). A& HYK0605-B22] & el g4
AL 71=3st7] Y8t a3 Patterson and Larsen(1991)62 ZaLskith

| J?L‘ i

2) ®2l" HAHAE2] Genomic DNA F&
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B Ado] A183 strain®] DNA F25 $lal, 30mLe] wiUAIEE S0mL Falcon FHo| ¥oi
3,000rpmell A 1087 YA RS F3E Al EE 200 pL 1X TE buffer 10 mM Tris-HCI, pH 8.0,
1 mM EDTA)]| ]A3te] —20°Coll 4] DNAE F%3517] H7HA] E#38t3 Tk Genomic DNAE DNeasy
Plant mini kit(Qiagen, Valencia, CA)E °]-&3l] F=3}t}.

3) PCR¥% 97144 274

PCR Z2}o|H = Eukaryote®] 18S rDNA 714G S o] &3tod, P H oz HEH JHolA Tmak
55T, 2F GHC 50% H]&o| ¥ =2 119+l th(Fig. 1). PCR BHe-& Ki er al.(2004)9] WPy ol whe} 242}
20 ulL® A A)SFITHIX PCR buffer, ~0.1 mg genomic DNA, 0.2 mM dNTPs, 0.5 mM forward-reverse
primers, 0.2 Units Taq polymerase (Promega Corp.)]. PCR ¥H-§-2 UNO-II Thermoblock (Biometra)E ©]-8&
atod 27] 95°C 5%3F DNAS WAA]7]aL, o] §F 95°C 203 = 52°C 303 = 72°C 6025 353] nH&3)
o thg £8A AL FEAAT ST Wgo] FRAW 742 72°C s fA3A We L F
AT 529 PCR AHES 1% oP7tE 2~ AdA] H7]gsste] T3t (Sambrook er al., 1989).
DNA €71 E & PCR 2HES AF ©]8380] Ki er al (20042 22 WH R AABGIT) o]uf AL
3l sequencing primert Fig. 1(b)9} 2om, 5-Utho|= near infrared dye (IRD)7} 33 EA| = o] Sl
DNA w2l AFe-HAHE41 7] (Model LONG READIR 4200, Li-cor, NE)E ©]-8-3t] A8}t

(a)
IGS/ETS | SSU (185) rDNA LITS
rr- f'i\
SATISFl—pm SATI8F2—p-
ATI8Fl—p= ATISF2—
-+—ATI§R2  -+—ATI8RI
-4—SATISBR2 -a—SATISRI
(b)
1. PCR primers

AT18F1: 3'-CACCTGGTTGATCCTGCCAGTAG-3'
ATIBF2: 5'-AGAACGAAAGTTAAGGGATCGAAGACG-3'
ATIBRI1: 5'-GCTTGATCCTTCTGCAGGTTCACC-3'
AT18R2: 5-GTTTCAGCCTTGCGACCATACTCC-3'

2. Se_clluencin primers
SATI18F!1: S-CCAGTAGTCATATGCTTGTC-3'
SATI18F2: §'-GATCAGATACCGTCCTAGTC-3'
SATISRI: 5-GTTACGACTTCTCCTTCCTC-3'
SAT18R2: 5'-AGCCTTGCGACCATACTCC-3

Fig. 1. Nuclear rDNA map showing localities of primers, which amplified nearly complete SSU rDNA in
HYFJ0406-B1 (a) and list of primers (b). Darkened boxes indicate the SSU rDNA, and thin lines
represent ITS or ETS region, based on the rDNA from A famarenseHY971028M). The arrows
represent the positions of the primers described in this work. Scale=300bp
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4) 18S rDNA @714 4d 4

G718 719t 57 (Sequence-based species diagnostics)S 13 w413 4714 <L-S GenBankol| A
BLAST searchE AAISIATE FAMEE 22 7MY 2008 58 %, Clustal W 22 ESo}(AHE
AIHE ol8ate] TLI A7IMLDe] HEes A6t o) Wol7k 413 2 BioEdit 5.09
(North Carolina State University)E ©]-8-3tc] o2 wag 2 AASNTE AujdE A7 LS o &
ato] 44 Al 971 FAEE AlLtetith Al%EEA1 PAUP v4.0b10(Swofford, 2002)14] Neighbor-
Joining(Saitou and Nei, 1987) WH o2 A A3} T}

3 A9ARe £w A4 4T 21 AT

o AA8Ee HA 4 242 3] el E}Okzﬂ =59} pHotel| A A3AS skt 4
A% e=E 2] 918 300mL 4H7F EeksTe] 100mLe] CB media® Pl Bitsle] wjge]S |
3T} o3 7]dll Hol =M Microcystis aeruginosa NIER-10001S 1x10°ells mL™'9] s=&, E2]¥ H

AES 1x10%ells mL'9] FE2 HEsR] Z7] vFd S 10, 15, 20, 25, 30C2] Zole) ul
th 2E AP olujR o] FoHth AFL 59 Bt o] Fojxlom, 2447kmlt} ImLY
glutaraldehyde(2] F5 % 0.5%)% 173811t}

o2
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£ ¥ 2

)
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1) &7 wies

TFACNA TAEer EAlcte HSYEQ M aeruginosa©l e Hﬂﬂ A= 2/ Aode
gat7] el FollA B2lg M aeruginosa NIER-100102] 158 @A 3atlox] F-oF 1w

18-S Y3t & Aol AME-E M aeruginosa NIER-10010-2 v Sl T4|& FAsh=

2 A2 A7]= 6.18 tm(n=150), TA 2] Z7]+= Hi 554 ym(10~202.5 pm, n=150)°] tKFig. 2).

o
i = -{

o}

ofy
o

Fig. 2. Photomicrograph of the colony forming Microcystis aeruginosa NIER-10010.
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Table 1. CB medium (Watanabe et al, 2000)

Chemicals Content
Ca(NOs), + 4H,0 15 mg
KNO; 10 mg
b-Naglycerophosphate 5 mg
HgSO, - TH,0 4 mg
Vitamin By, 0.01 pg
Biotin 0.01 pg
Thiamine HCI 1 pg
Bicine 50 mg
PIV metals 0.3 ml
Distilled water 99.7 ml

PIV metals FeCl; - 6H,0 19.6 mg/100 ml

MnCl, - 4H,0 3.6 mg/100 ml

ZnS0; - TH,0 2.2 mg/100 ml

CoCl, * 6H,0 0.4 mg/100 ml

Na,MoO; + 2H,0 0.25 mg/100 ml

NaEDTA - 2H,0 100 mg/100 ml

* pH; 9.0

W] ke CBHIA] Table 12 AH8-3190.1, 25°C, 40~48 UE m s, 12L:12D cycle 27 3ol A )k
shglom, Aue U 447] AES ol asinh

2) Holsk B 27 Alojs A%

Bolg ARYE] 25 Ao)%S 2ldly] 98t] M aeruginosa NIER-100102] 3 Zol tha) &
Aol A S dod)E UL (213.2~646.4 ng - L', 1x10° cells - mL ', Nishibe et al., 2002)Z
aelste] HolZ AlFatet. o] W 3 %7] AEES] iLxﬂ% A71H 2 30 pm ©]8F1 A2} 30 pm
olAel ZAog U o] 13,000 rppmeE 208 T+ JAEeE T HjAE A|ASH AL, 500mLe]

Erlenmeyer flaskel] 300mLe] B @39}l 37 27]%5 =7} 381.81 ug L' (1x10° cells - mL~')7} &
TE AT AGAYEL] FEE 1x10° cells - mL'9] FE2 HFs9 L, Hol2 TFH 279}
AR ES MAS Wste B2 dste] 1223 A2 5 mLY W& Fsto] 25% S5 =
FEFE2 Y| 3to] Z(buffered glutaraldehyde solution) 8402 1%2] HFF=rl HE5 1At
AP oz EAte 27 MAG #dEe &olatA sb7] Al 253 £ boiling method (Joung
et al., 2006)E a3l & 1A S7](haemocytometer) 2 33-E}E 1] 7 (Axioplan, Zeiss, Germany) S}oilA]
At on, AAAE-L primulin(Caron, 1983)& A &33€ 1] 7Z(CKX31, Olympus, Japan) 3}ol|A]

A4
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1) Fefsy 54

2]

FelE AAAES FeEn) AF A3, Axes FYola, deA e AY =
29| A7) A7 5~15im=E o5 AT A5 M| =7] W dEEnh Pkt 2
2 ol HRE 7R, Aol 913 H F(anterior flagellum)2] 745 ol 1|3+ H X (posterior
flagellum) Bt} o] 7} 31 545 7FA 3L QlthFig 3). ¥ F2& FulA 5de Hop

nas malhamensis=- 7% 3} th

o,
N
~
o

o

oterioochromo-

Fig. 3. The photo of unicellular form (left) and colony form (right) of Poterioochromonas maihamensis

2) BAYEY 54

w2lE HAME HYK0605-B2o] 545 91all 188 DNAQ] A7IMERA W& ol gaton
automated DNA sequencer2 D% 7|14 E S GeneBank®] database} Hlul #4331 Al BE/3H4
B4S Bl Ass 2482 AAS 23 Poterioochromonas malhamensis(GeneBank accession no.
AB023070)¢k 9% 7H E& FABRAE BthFig 4). webA Festd, BAESH 54E vt
Bog B oAfox Eg|gl HAAYE HYK0605-B2E Poterioochromonas malhamensis HYK0605-B22
A% YA

o°
R
Z

2. AANE oy HA AX 24 2

-

w ArelME dFd 2= wet Pomalhamensis®] 7373 e Fde BAY 2%} Poma-
Thamensis®] 7374l m|A= &S AHEY, ¢ A7) S 7P =2 A4S Bl 25 25T=
TR E ()2 191d 2 FEEAA, 7Y B2 AGE Bl 25 10CE dlg 4%7] Bt 4
ZHEW)°] 024d 2 FAEIE 15T 20T, 30CoAME 22 =7 7E0°] 0.99d ', 1.85d ', 1.32d
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DNA ladder
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AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AB023070
HYK0605-B2

AGCCATGCATGTCTAAGTATAAACAACTTTATACGTGAAACTGCGAATGGCTCATTATAT

LT T T T T T T O T T T T T T T O T O T T T O T T T T T N T T B T B T N T T ST T BT A B R B I}

CAGTTATAGTTTATTTGATGGTCATTGCTACTTGGATAACCGTAGTAATTCTAGAGCTAA

LT T T T T T O T T T T T T T O T O T T T O T O T T T N T T B T B T N T T AT T ST A B U I B}

TACATGCATAAAACCCTGACTTCTGGAAAGGGTGTACTTATTAGATGGAAACCAATGCGG

LT T T T T O T T T T O T T O T T T O T T T T O T T O T O T T O T O T T T O T S B N B N

GGCAACCCGGATACTGGTGATTCATAATAATTTTCGGATCGATCGTAGGATCGATGCATC

LT T T T T O T T T T O T O T O T T T O T T T O T O T T O T O T T O T O T T T O T O S B N B N

ATTCAAGTTTCTGCCCTATCAGCTTTGGATGGTAGGGTATTGGCCTACCATGGCATTAAC

LT T T T T O T T T T O T O T O T T T O T O T O T O T T O T O I T T O T O I T A T O T S B N B N

GGGTAACGGAGAATTAGGGTTCGATTCCGGAGAGGGAGCCTGAGAAATGGCTACCACATC

LT T T T T T T T T O T O T O T T T O T T T O T O T T O T O T T O T O I T T O T S B N B N

CAAGGAAGGCAGCAGGCGCGTAAATTACCCAATCCTGACACAGGGAGGTAGTGACAATAA

LI T T T T T T O T O T T T T T T T T T T O T T T T B T T O T T B T B T O S S L A T B B IR |

ATAACAATGTCGGGCTTTTCTAAGTCTGACAATTGGAATGAGAACAATTTAAATCCCTTA

LI T T T T T T O T O T T O T T T T T T O T O T T B T O T T B T B T T T O S S T A I AR B IR |

TCGAGGATCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATA

LI T T T T T T O T O T T T T T T O T T B T O T O T O T T T T T B T S T O S S T A I B R B IR |

GCGTATACTAAAGTTGTTGCAGTTAAAAAGCTCGTAGTTGAATTTCTGGTCTCGAGACGC

LT T T T T T T T T O T T O T T T O T T T T O T T O T O T T O T O I T T O T S B N B N

GGCCAGCCTCAAGGGGCGATGCTGTGGATCGGGACCATCCTCGAGGAGAACATATCTGTC

UL T L L L L e L L L L L L A L AL O AL I B B

ATTGAGTTGATGGGTATGGGACCCTCGTCATTTACTGTGAGCAA

LT T T T T O T T T T T T T O T T T O T O T T T A T T A T B I I N IR A

1

1

1

1

1

Fig. 4. An alignment of two SSU rDNA sequences from GenBank(Accession no. AB023070, Poterioochro-
monas maihamensis, 1737 bp) and analyzed here (strain HYK0605-B1, 1738 bp). Period (.) denotes
a base identical to sequence located in the top line of each alignment. Sequence similarity between
two sequences was recorded with 99%.

= #AHIekFig ). AN FANEF Microcustis aeruginosa?h A4S Do A71& neld
Tha (7€ 20~30C, Nakano er al., 1998), 28 AP EC] HH 9 F&2 dad LA 2719 4
T ed fARE 2R vehgeh
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Fig. 5. Changes of £. malhamensis and M. aeruginosa cell densities according to several temperature conditions.
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30 um ©]3te] FAS o2 FFIAS W, P malhamensis®] AL vl 12A17W7kA] 2.5%10°
cells - mL~ li MAG7F ALd oz Z7tslgth o] & Hjek 96 AlZto = 1.4x10° cells - mL'2 7+4
sth7t Al AAS] S7teke S BTk o] Wl 27 AT 842%E A4 oe 27/ JiAI
o] 727} #EE A THFig. 6). 30 um o] FAHE Ho|=Z FH3 e W, P. malhamensisi= W] ¥ 48
AZAA] 1.7x10° cells - mL™' 2 7HAG=7F 4493 %7]’5]'"4'7} o|% & W3S Holx| eisdth o] o

25 Ad452 89.9%= 30 um ©|3le] #AHE Hol2 F
o] Z+Aa7b #EE I thFig 7).

< Wt frAkskAl Aol o7k 27 JhA

35 - 35
—0— Control ( without P. malhamensis ) —
o —e— Treatment ( with P. malhamensis ) .
S 30, P. malhamensis [S
S 28 »
~— ~ =
o % 7 3
w e ¥
Z 9 9 ; 21 2
(U E %7 >
23 e B
£ 15 7 7 3
3% 2l
S o oo BH P / g
8 -0 . g
ol O A0 &8 f 77 «
0 12 24 36 48 60 72 84 96 108 120
Time (hours)

Fig. 6. Growth of Poterioochromonas malhamensis feeding on Microcystis aeruginosa NIER-10010(size fraction
<30um) and changes in cell density of prey as a function of incubation time.

35 25
—0— Control ( without P. malhamensis ) —
o 30 —e— Treatment (with P. malhamensis ) .
S ] P. malhanmensis 20 E
e~ =
o 25 7 3
TS 72 A v <
Z o L5 2
2L 20] 72 A A <
8.2 o 7 @
£ O 15] 7 é é Qa
S % 7 05
3 X Q
g 10 — S
©
. [5 %
o ‘%“ AU
ol
12 24 36 48 60 72 84 96 108 120
Time (hours)

Fig. 7. Growth of Poterioochromonas malhamensis feeding on Microcystis aeruginosa NIER-10010 (size
fraction >30um) and changes in cell density of prey as a function of incubation time.
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7 oz
S HEd2 TSR A vAl 27 R or FFHer Hx@o] op|H 1 gl
ol2fgh mAl 27 WIS AAlshs B thH e s AAHL gloy, Hde #a8o] 7t
&AL A RA5kA Roel Az AL vk webA, niAl 22 A AeE o] 87 ol5e i
3& &

= g7 WS - Bl & itk Il Akl AR Ee] AR ER AT
ZFAE] AFQl Strombidinopsis= ©]-&dk= A7} o] FoF v} 2l oM (Jeong et al., 1999), £ AT
Ao A gt FY GEeA fel 27 FAMER G5 A RZ Sentor roeselii(7}, 2005)2F AR
% Diphylleia rotans(33, 2005)°l] Tigh A7} o] Folft}. & A& o] 22 A& vfges = &
FHORNH A oR 8T F e A ES o widstd ol59 A 75E ThEstaat
SF

B AT Ee)H AABEQ Poterioochromonas malhamensisv B4l &

;ﬁ‘ H O 0
T Z(mixotrophic flagellates) - 24 F3A S B3+ Ap7ld FuEnt oy e} vlhg| 2] ol E Aalete

ﬁw

Aoz LA ¢ thZhang and Watanabe, 2001). Zhang et al.(1996)2] A Zz}o]] P.
mensis= ‘&3 Synechococcus®}¢ Microcystis, TH3= Achnanthes, 2= Chlorella®} Carteria %94 ZHEA
%\% Aoz A on, AR o] Aol uf AE A7|HT} 230 Z 2R/E 4251

ol 5 A4 o Ax] A7 AN AEe] A7 ET} 10~308 S7Fehe 2e Basteith ®
3k Ou et al. (2005)2 Poterioochromonas sp.7} % W microcystin®] &%= 7} we} & 73S
Hlom, o] 5L microcystin #3852 2= A o2 Huslh E3F G4 ARZFo| F=E Microcystis
(2= microcystin)E o] A] Hol¥ o R o] &sh= Al et At 7]Ahe WeAA] egrot & A
FoA ARFI LA 7F obd ©=g ARt oy} LAF Y AZE T WS w ARZF
lig /Ké?ﬂ-.(?. o].Oﬂ]jr T,q‘ﬂ.}ﬂ 14-27]_ Tr‘f‘_— ]6‘} _/‘_]\_94. ?—x—" ‘6:]/“] oz ?l:_]: /\gEET—Z‘] xﬂo{g] o]a%
=2 S5 7 e rhede FE & F o, HRF Aol Bolo A whE HE Bl
el whet 2HE=A, ofyH 37]94 25 =47 3E g8 53AQ1 aQld o8 2 ==
A AU B ERAM e A7 B 2ed AoR AlsdEH.

= AT A 24E 01*9“0}04, TAZE He fral 279 o 28E Alo1E
2 99 & Fa Ut o] AL Microbial loopsEhe AJENEe] ehta oJn|o| = & H]|F

, FET A A8 SEl AAR 27 A sdelgte A 23S gFolok & Zlelth
2hx] A Al Holxe] A Ent 0}‘/]3} 7Hm "gEﬁﬁH A7 Ago] Ri=A] o] Fojzof
o 2y AA Al A e o A2
ol o] odE 2R Mesocosm¥} 22 A 4 H 3, =
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AH 2} 2005. 53l FZ Microcystis aeruginosa®l W3 £2:9%F HEZF Diphylleia rotans®] 73742} 4]
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