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Effects of Humic Substances on the Growth of the Harmful Raphidophyte Chattonella antiqua

Koji Fukuzaki”, Kanako Narto®, Takahito YosHioka®, Shigeki SAwAayAMA® and Ichiro IMAT”

Abstract

Humic subsatnces (HS) are major components of dissolved organic matter in aquatic systems and known to have a substan-
tial influence on the trace metal speciation, and thus the bioavailability of trace elements. Trace metals, such as iron, frequently

act as a crucial limiting factor for phytoplankton growth, and sometimes bloom developments in the sea.

The effects of HS on

the growth of the harmful red tide phytoplankton, Chattonella antiqua were investigated by using of a chemically defined artifi-
cial medium. Humic acid (0.6, 6, 60 and 600 pug L") supplied with iron (541 pg L™ of ferric chloride hexahydrate) had accel-
erative effects on the growth of C. antiqua. The growth yield was highest in the medium of 6 pg L' of humic acid, and 8 times

larger than that in the control medium without humic acid. On the contrary, fulvic acid did not enhance the growth of C. anti-

qua.

It is suggested that the composition and concentration of HS possibly affects the bloom developments of C. antiqua by

controlling the iron availability. This is the first report of the effects of humic substances on the growth of C. anfiqua, raising an

insight into the growth physiology of this fish-killing species.
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IR D8 % 8 < 2T BRI B\, B S
HAE SN DWE I 75 7 b ¥ OMGEICK & o8
ENITT . BRR R EORFENNWW T T o b
OHELZHIET 2 BEELZETTHL Z LI ALHS
NTE722, FEDOWIZEICL Y, MEEEITETH L
QUWFEOREN 77 >~ 7 b v OFH AR T 2 ERE LT
BEETHDL I LB SINAS X 127 - 72 (Martin and Fitz-
water, 1988 ; Martin et al., 1991, 1994 ; Coale et al., 1996 ;
Hutchins and Bruland, 1998 ; Hutchins et al., 1998 ; Boyd and
Ellwood, 2010),

WKL EE A 4 v LR T T A A1
Y EHREEITHFTEL, WEEFERD 99.9% (3A &
ELTHAET A E#HE S L TW 5 (Wu and Luther, 1995 ;
Witter and Luther, 1998), )17k DG FEW) O K007 &

B AT E (7 3 Y IRBE U7 VARER) &, S0 T
filiz & O&JEA 4 > & OFERHRED " < (K2, 2008), B
EKFICBITAERDARY L= 3 VITKE L HE
% (Nagai et al,, 2007 ; 7&KIH:5, 2007), We&iEfRARIL & > A
1) — (Cathodic Stripping Voltammetry : CSV) ¥ % Bk
S L 228 ORFZeIc BT h, Rk ICHEET
B BAP R E DS, SROBA T L L CEELER L LD
TW5bZEPHE N Twv % (Laglera and Van Den Berg,
2009), HEo T, WAARHEYE IS E OF{LEE LT, fE
W77 b NOFMRGOEELRNF Lo TwDH L
it 22 & U % (Kuma and Matsunaga, 1995 ; Matsunaga et al.,
1998 ; Kuma etal., 1999, 2000 ; K74, 2010),

T 7 4 NED Chattonella antiqua VLI 73812 B\ THRkig
YT AEEMYTT 7 b ro—fThHY), IhF
TIPS IS B W CHBIRI 2R L, EAEOM
FREE L7726 LTE2 (5, 2005, 2010), AFHANG A
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HWIZBWTHELIREVWAYEOHHZ ERT 5 LT,
B E AT COHOMP I EE L EREBESN,
ZOEMENIFEEZHES 0T 5 2 L ITREOETH
o WEALIBTEME NN 77~ 7 b V252 B BB
FTHEBRAEOHRE AL L, WiixREL-LTH00L
[ L72E 3 2% b ODMEDOHEDHD S5 (Prakash
and Rashid, 1968 ; Prakash et al., 1973 ; Jackson and Hecky,
1980 ; Guildford etal., 1987 ; 55, 1999), L2°L, ZD
% { SBUGHESR 03 B IRINERR R BUGBINC LS (b
DTHY, HLEEORWNT T > 7 b I %
EV) BRSO RIZEIN EREETH L 2 b Z L
<, IRRIC BT 2 REIREE L b5 2 % Chattonella
antiqua \ZF 5 ARV WIZEBENIEETH 5, EAFEHEY)
BLEEOOWIgkERY 7Z » 7 b Y HFIHTRETH 5
PEPEFGET D 720120, NTABEE I X % EER
BEBHLITH bo 2004 4E1258F S 72 THN B i,
FNETRITEECTH 727 71 FlER IO LT HLHO
WFEREY) 77 > 7 b OREFEZ R L 722 N LEL
BT 5 (Imai et al, 2004), = OFHL % V728 E 5
ZX, HE) Y SO T T 2 7 v ORI
DIABIZKEREBER52 52 EREBICHLMIZE R
T & T\ 5 (Naito et al., 2005a, b, 2008),
REFZEIZBWTIE, & THN Hiha v CRs R«
19 28128, REEICB W TR O KR Z
IR EEESELHEET T 4 N, Chattoenlla antiqua
2OV, JEHWE &S L 728k o R AT RE, K O
YWE OUEEDHGE G- 2 2 WO NI HZ L% H
e L7z,

x B A &
GRS

EBRO7-0IZH, TR NTEBEREMTH HUE
THN 354 (m-THN %5301) % Naito et al. (2005a) 0 )72t -
THHSL L 725 Table 1 12 m-THN O Z /R L7720 2D

e

H O 61(1),2011.

FEd38kE & LT 770 ug L @ Fe-Na-EDTA, ¥ L —% —
& LT 11.17mgL" @ Na,EDTA - 2H,0 % & A T\ % (Naito
et al., 2005a),

BEFREBRO /2D, FRE L% k4 IS A S DY
7o 2 FIE L 72 (Table 2)o AH T4 722 ba—b & L
TmIHN AL E F L —F —Z 78t 2 g8
72 (Non H5#), Non £ IZ#kIi & LT 541 pg L' @ FeCls -
6H,O Z NI L 7-Rs 2 FRA L, Jefiissth & 172 (Fe B5Hh)o
MEts 2 EHWE & LT, 7 3 VR (HEHE) & 7UR
1 (H ARSI ES2) 2 L7z R E O i
(& Sun et al. (2005) DITHEINES 720 BT H & BO L
ERETT 572012, Fe BiMl AR T & LT 600, 60, 6,
0.6ug L' 7 I ¥ W% & T 5 Hi (Fe-H1, Fe-H2, Fe-H3,
Fe-H4), 600, 60, 6ug L' O 7 )V Rk % & &0 55 #b (Fe-Fl,
Fe-F2, Fe-F3) Z il L7z [IBRICEHEME DA L 55
BAMET 5729012, NonFHilZ 7 3 VR % 600, 60, 6,
0.6 ng L' DIEREL 722 X 5 I L 7283 (H1, H2, H3,
H4), 7VEREEE 600, 60, 6 ng L' OIEEE L 70 5 &9 12N
L 7z854b (F1, F2, F3) & iEL L 720

Beihod pH (X 7.8 0.1 |ZFH#E L 720 & TOEHIL 121°C
TISHMA— M7 L—7WW L7z, FESTSET
B7p &b 24 BE 20°C ORFHTICERE L 720 B iR
WS 23R, SEORAZMKSL 21 7%
L7z, FIZALRYHFEDOE L D% Wiz, k%
EE L WEHI ORI R T OGRS L BHG AT 5
72D ) =Ry 7 AR TE o7z, oI
Milli-Q 7K (Milli-Q system, Millipore) % ffi [l L 7z HzHhd
T DRI IERRES 2 e L 72K ) 1 — R ok — M LE
B EIE > (Nalgene) & HV 726

REEEER

EERIZIX, T 7 14 N Chattonella antiqua NIES-1 £ ([
SLBRBITIERT L 1) 45RE) OBERE AR AL 72, EBRICE
VT % MERRIKEE (X DAPL gefts, L OSSO GHSRE 2 Fl V72
EEMREEEEC X )RR L 72 (Imai, 1987), %55 SmL D A 7

Table 1. Composition of m-IHN medium (concentration per liter) (Naito et al., 2005a) after modification of IHN medium
(Imai et al., 2004).
S3-Vitamin mix P1 metals

NaCl 251¢g Vitamin By, 1ug H;BO; 61.8 mg
KCl1 07¢g Biotin 1ug Na,EDTA - 2H,0 11.2 mg
MgSO, - TH,0 91g Thiamine HCI 0.5 mg NaFeEDTA 0.77 mg
CaCl, - 2H,O llg Nicotinic acid 0.1 mg MnCl, * 4H,0 6.9 mg
NaNO; 170 mg Calcium pantothenate 0.1 mg ZnCl, 0.5 mg
NaH,PO, * 2H,O 15.6 mg p-aminobenzoic acid 10 pg CoCl, - 6H,O 238 ug
Na,SiO; - 9H,0 93.8 mg Inositol Smg CuCl, - 6H,O 02 pg
Na,SeOs 03 ug Folic acid 2 ug
KI 78.0 ug Thymine 3 mg
Na,MoO; - 2H,0 242 ug
HEPES 12¢

24—
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Table 2. Concentrations of iron and chelators in each medium.

Media  Tron sources (ug L) Chelators (g L™

m-IHN  Fe-Na-EDTA 770  Na,EDTA - 2H,0 11,167

Non None None

Fe FeCl; - 6H,O 541 None
Fe-H1 FeCl; - 6H,O 541 Humic acid 600
Fe-H2 FeCl; - 6H,O 541 Humic acid 60
Fe-H3 FeCl; - 6H,O 541 Humic acid 6
Fe-H4  FeCl; - 6H,O 541 Humic acid 0.6
H None Humic acid 600
H2 None Humic acid 60
H3 None Humic acid 6
H4 None Humic acid 0.6
Fe-F1 FeCl; - 6H,O 541 Fulvic acid 600
Fe-F2  FeCl; - 6H,O 541 Fulvic acid 60
Fe-F3 FeCl; - 6H,O 541 Fulvic acid 6
Fl1 None Fulvic acid 600
F2 None Fulvic acid 60
F3 None Fulvic acid 6

Ja—Fx v 7 &R) AF L v 8RS (Bvergreen sci-
entific) NOEFHl 4 mL |2, X HIEE L 2> & B o i
DOEEFE % S0 pL F24H L, MGl & 70 B SR
25°C, Yl 75~ 110 umol photons m * s ' (44 45X 13 ),
14hL: 10hD OWHEEY 1 7 V& Lize W T T2 7 b
OYEEL, invivo 7007 4 )V a & % 9 GEE R (Turner
Designs 10-AU 005) % JAWCHIET S Z L I2 L DR 72
(Brand et al., 1981), 5292k 1L 3~4 K7L TTIT o720 5
HWORERD, ORI 7 ) — 2 Xy FNTHEDE
W L72Fy TR HNTTY, Z5HRRUTF vy 7960k
DA Z 72, EBHORERIL, FBROFMTTHE
S 2540 % VT 2 [BIRTEEE 2 47 o 7o R ISR FEBR I 4t
L7

wREEE
7 I VERAIIC & BIBIEANDRE

FNENORMAINZ BT A C antiqgua O e KIEGE & %
Fig. 112, F7-35Hh# % Fig. 2 (R L7z C. antiqua 138k
VB % 7RI L 72\ B 4 (Non, H1, H2, H3, H4, F1, F2, F3 5 40)
FCIRREIEZ RS e h o7 Fig ) SO ENDS
JETEM R AE D O OB A DB I W LT 5,
F72, mIHN X &R ZOMOFEERRX TOHIEAE L
RN Z &5, m-THN X DA O X Tl #A3 A o Ha%iE
EHIRTA2ERE L > TWLIEDRHLNTH S, C
antiqua \ ISR — 7 3 VERAINIX (Fe-H K5ih) 128\ T
AL, FICopg L OWRETT I VB RmL X
(Fe-H3 5 #) |25\ T, m-IHN [X P FEERIX O Thg
4 BAZ 2 HahiE % 7R L 72 (Figs. 1, 2b)e MEREEE O ARIIIX. (Fe
By &Rk - 7 3 CERIAIIIX (Fe-H 55 % s %

&7 3 VERRINE I B LT, B & i KBETE
wAEEIIRE  (Figs. 1, 2), $FIZ Fe-H3 X Tid Fe X 8.7
R DR HETE= % 7% L7z (Fig. 1)o 25 HEMUE O $,
Fe X & Fe-H3 XD EIIHE TH - 72 (P<0.01), - T,
TIVIBEHLREE R IE L LT C antiqua DYEFE~D
FIHZIEET A2WE TH S V2 5, Stolte et al. (2006) 1
BRAMEEEZ XD, KA Sk L7255 1= (31,000
Da) DEGFAED E - A 2 ZL0EBRIZLY), BER
WY OWMAEERHOME»RET L L2 /T L, £
OMFNLERDONEW 75 >~ 7 N v ~NORAEE ZAREAE L 7245
BTHDEHELTVDE, ZOERE KO RITE
B3 %,

SHEOFRBILRAED 75 >~ 7 b OFEFHIA LT,
HH) T FOE 2 AEBIZOWTHED &, Ak
VA FOFEE LSRR E OB OSSR E R
T5H I EDHL SN TS (Naito et al., 2008), AffF7ETH
W7 I VERIITTIROIARETH ), ST RICET 5
SR — F NS, ST I VEROS T RIS
PORTITRETH L EEbN TS (R, 2007), A
FECTHWZ 7 VREBROMEEZZEI12, RI27 3 VERS FfE
JEDTFH 55 (3.000) FFOb DL LTEET L L, 6
pg L' o7 3 VERIE, 20M IZRHET B, $RIE T B FeCl
DRBEN2M ThhLEZREZLE, 73 VERIIBDOT
VETHYW T T~ 7 b ORIHICREE Y KITT 2 LAUR
BN £727 3 YRIING & 2 HIHOR RN —F
MolzDik6pg L OBETH Y, 7 I VIBOFKIIKT i
FEHA L DIRWIGE D L) muia bk, 2oRRiE
INEH o 72 (Figs. 1, 2b), Naito et al. (2008) (& THN 153 % H
WeREREFEERIZ X ) Fe: EDTA OLEEHAS 1110 DRI
RIEEOBIHAMEA S, BELS LD (1) HBED
LDEWA:100) A D FOMEI/NSI, HILWITRS
NEVWZEE2MELTEY, KO RIT I OHE L
AR L TH 5o

=7, TIVREERINC X 28t Eosh Iz s
o7z (Figs. 1,2¢)0 2D L5, C antiqua |37 VR
Rk 2 BIHICFIH CTE Wb DL EZ BN, BB
WENKEY 75 > 7 b Y ~NOFMRICS- 2 B EEIZO N
T, 595 (1999) 1 Microcystis aeruginosa $ER % 72
BRI LY, B MR 7 IV ARBEOTMDS M. aeru-
ginosa DYIEZHEST L L2 RELTCWwWb, LT, %
Nk & AL E DTN & B R EEE O FIBRD 726 T
HhHEWELTWD, RIFFEIZBWTIE, C antiqua 758
PREDATIE NI ERIF LML RS /2o, 7K
B D TRINASHETE % THE L 29553 5 2 Tl e v,
I B E ORI L > T, TS5 27 oo
BB 2RI RE g B AT 5 2 LAVRIE S
n7z.

RIBEKFOBEENENEN TSV M ICEZBHE
TR BN IR A0 < FFAES 2B TH Y, 47
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Fig. 1. Maximum growth yields of Chattonella antiqua in each experimental medium supplied with various concentrations of humic
substances (see Table 1). Fluorescence value of 10 corresponds to approximate 4,500 cells mL'.  Error bars represent
standard error.
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Fig. 2. Growth curves of Chattonella antiqua in artificial media supplied with iron and EDTA (m-IHN), with iron only (Fe) and

without iron and its chelator (Non) (a), supplied with iron and various concentrations of humic acid (b), and supplied with

iron and various concentrations of fluvic acid (c).

Fluorescence value of 10 corresponds with approximate 4,500 cells

mL"'.  Error bars represent standard error.

EH (DOC) DRF% D %o HARDEREN CTHLHE»
HCIT bl X B &, #iKHICHEIET A DOC (#
1.1~41mg CL") ®% XD &4t & 7z i~
VARBETH Y, TNoHH8e 0sEmzEL T, W7
TN O E SRRIEICRECEEL DL L
ASRIEE 7 (55, 1999 ; Nagai et al., 2004, 2006, 2007),
WEEICBWTh, WK% L O S AR
K4 R TInRREICHFET 5 L2 5N b (Laglera et
al,, 2007, 2009), %l 21X, HITEIZ BT 5 Bl ok R
25, ST A SB[ D > THDO EH 2,
DOC 257 35mg C L' A5 1.5mg C L' & Tl A kT
AIRENTVDS GRS, 2001), F72fEBEEC BT, iR
I CRENEVE V) HEEARE SN TS (55,
1986), % DD HEHIZ 5T, DOC 13 0.9~47mgCL' (=
%), 3~12mg C L' (H1%1E), 08~25mg C L' (& EE)
OHIFAITERTHZ EPHE SN TS (HP S, 1982;
=5, 2007; AR S, 2004), DOC @ 90% 78I i iy B
THhY, ZOIHHESIZ90% % 7 VKREED KO B L AE
T5HE, 73 UEEIZDOC D 9% Rifal 44 5 & X
Nh. IBEIRIZHBIT 5 DOC OEEHROED? S 7 I VD
EARET AL T0ug CL ~1 mg C L' O#ifHTHEEL
TV b LMESNL, RIIFET C antiqua |25%F L CHE

THARHERN R OO SN2 7 I U EEIEREIL 6,60 gL T
55, ZAURIRREBERBEKP CIETRAEDEETH %,
ZOZERG, REOERFIHIZ & o Thol 72 S gk
BELL, RSk DOC JEEEDMRVAVER DI A D H 5 2
JERZABRETH LI EDVRESI NS, B 2 1 XFEP
B TCUd Chattonella 775 O FE A KIS R LA WV IZFRD
SNLBEDE STV S (5, 1990), F 72/ fRHELC
BWTCIX, Chattonella 7R O58H L 72 FE0FEIE 1L, I
FEFICHERTERICBNI LRI STV S (BH
5, 2007), uﬂa %, Chattonella JRHE DOSEAHEREIZ L C,
WK EZ ZIZEENLEREWE ORI & E 2 ZET
HEWVS, FILWHADLETSH D Z LRSS,

AWFFECTIE AN LAE A V7R FERIC I Y, 8
T B MR 70 B EAREERERE C. antiqua DOYEFEIZS- 2
LRZBIZOWTIRGE Lze ZORSE, 7IVBIZX-TC
antiqua DIEFANMEAE S ND 2 EATRE NI,

JE R B I i R RO S T AR OR AW T
HY, FORFERLENERIC L > THERRLR 5, 514, C
antiqua DIEFEIZ 0 U CIERYW S G- 2 % 50288 % X 0 56
RS 2720121, RIEOR L 2\ O OIS T
EHWCHEROEREZITH 2 kﬁfﬂ%f‘%éo 72, K
MR B WIS ORI A — P 7 L—T7 2 LT
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