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Studies on the Red Tide Flagellates— V]|
Prorocentrum micans (levantinoides Type) Appeared in Ise Bay, in 1978

Hideo Iwasaxr and Kiyokazu Iwasa™*

Faculty of Fisheries, Mie University

Extensive bloom of Provocenirum micans (levantinoides type) occurred in Ise
Bay, in June 1978, The bloom spread out almost all over the bay and continued for a
month in accompanying an offensive odor and mortality of many marine life. The
organism was isolated from the water and obtained in axenic culture by micropipette
washings.

P. micans was  euryhaline and preferred higher salinity compared with other
neritic red tide flagellates. The optimal salinity for growth was 31.0 %, S. The orga-
nism could tolerate a wide range of pH changes, and grew moderately well at pH
7.0-9.0. Nitrate, ammonium salt, urea, glycine, asparagine were utilized as N-sources
and both inorganic and organic phosphate were utilized as P-sources. P. micans
needed only vitamin Byg for growth. Thiamine accelerated the growth in presence of
By, The critical concentration of By for growth was 10 ng/l in presence of thiamine,
and 20 ng/l without thiamine. The growth was stimulated with organic substances
such as adenine, methyleytosine, thymine, uracil, yeastolate, trypticase, yeast extract,
thioton, DNA, and sucrose.

Enrichment of the seawater (Ise Bay) with nitrate and phosphate had relatively
little effect, however, with nitrate, phosphate, and vitamin Bys; enhanced the growth,
morever the addition of chelated iron or acid extract (at pH 3.0) of the marine mud
greatly increased the growth. It is probable, therefore, that B;s;, organometallic com-

pounds, and organic substances play a significant role in blooming of the organism
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in Ise Bay.
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SWEENEY D387 (SWEENEY 1954), A LHii/Ki%3EHE G ik ProvasoLr @ ASPy, iR (Iwasakl 1961)

Table 1. Composition (w/v) of culture media.

SWEENEY'S ASPy,

medium (modified)
Filtered seawater 750 ml
Redistilled Water 250 mi 1000 ml
NacCl 28 g
MgS0, » 7TH,0 7 g
MgCIz . 61‘120 4 2
KCl 700 mg
Ca (as Cl-; prepared from CaCO;--HCI) 400 mg
NaNOQOj; 100 mg
KNOg 202 mg
1{21‘11304 35 mg
K3PO, 10 mg
Nag-glycerophosphate 10 mg
NaSi0; » 9H,0 10 mg
Fe (as Fe-EDTA) I mg
Mn (as Mn-EDTA) 75 g
P metals* 10 ml
S2 metalg®* 10 ml
Vitamin By, 0.2 pug
Biotin I e
Thiamine 0.1 mg
“Trisg” I g 1 g
pH 8.0 8.0

* One ml of PJ metals contains: EDTA | mg, B (as HgBOg) 0.2 mg, Fe (as CI-) 10 pg, Mn
(as C17) 40 pg, Zn (as C17) 5 pg, Co (as CI7) 1 pug.

*# One ml of S2 metals contains : Br (as Na*) | mg, Sr (as C17) 0.2mg, Rb (as CI*) 20 pug,
Li (as CI) 20 ug, Mo (as Nat*) 50 ug, I (as K*) | pug.
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PFHETCH D Z &b 5 le®C, s b o pH ORI Sweeney OXIRIK %, S8
Wskic M 5 BRI ASP, I (Table 1) %A E LC B L 7z P. micens i,
SweeENEY O HEFEBENRDCEEO L 2 vy M X ARBERVIET I Lin k- TEHIL S
foo MIBRAICIE, ST 3 (Iwasakl 1965) Ok & YR o el ARSI ME & 1, M IRFIERD
ST b, BHARSRICIT 10m] o BEE A &y 10X 125mm @ Pyrex Oda U572 fFR
FEHY, SRR E Ko LA CIO~ 4B BP9/ - e B 2 5
FiL, 2041°C, #3500 lux (WIMFASRRIZHEM) O&MUT CRER 1Ty, —BHINZrEL T
Wi R 72,

BB, WRAERLLSONT ARRE, FEAEHE, 250°C T LM MmE L ThHrBEHE N,

moR #® R

EOEE LB ORERTIE, RIEK (19774 8 ARG CHRAK) % 70°C i, AL
b ok, HHENMAKCHEDHE Sweseny ORARHEOLS (Table 1) it- CHRML, Mz
—EOHATRA LT, RIS A B AR E R Lo SNICSBAEM 2T L Tl4A
B W & W~ T HEBREE R % Fig. | 1R,

Fig. | 2bWbnnlsic, P micans 1330.6% S (16.94% Ch OHAWE GRS L 8
FEL, HEOMEOKT & &b ICAHRER I LT 13.5% S (7.46 % CL) G iiico
FeirE Y, 3.5% S (1.92%Cl) TR ML md - oo COERBEEPS, P. micans
VRIRHME C &b B 3 MO R o0 TS 2 i s MRV A 00 7 40 56 S D 0 13,5 % S(7.5 %, C)~
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Fig. 1. Growth of Provocentrum wmicans Fig. 2. Effect of pH upon the growth
at the various salinities. of Provocentrum micans.
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Table 2. Vitamin requirements of Prorocentrum micans.,

Vitamins

Grwoth
number of cells/ml
(After 20 days)

None added

Biotin (1 pg/l)

Thiamine (100 pg/l)

Vitamin Byp (0.2 pg/l)
Vitamin Bj,-+biotin

Vitamin Bys-+thiamine
Vitamin Bys--biotin<-thiamine

30
20
50
2,280
3,030
3,750
3,750
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Fig. 3. Growth response of Provocenirum micans
—-@——&— in vitamin Bqy
only. -0O-—0— in the presence of thiamine

to vitamin Bya.

(100 peg/1).
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In—JF OIFFEC X TR L ARES e 2 OB GIR i, B8RO HHERS ©h %
NaCl, MgSO, « 7H,0, MgCl, » 6HLO # & AT H Wi C-HoThs L5 ¢, TOoERIL>n
THH LN T B LR TERP T,

HHmME B WS e REEERIO 4 < T8 auxotrophy ¢ 0, OB OFER
S oo TWRIMBEEND 2 EBMBEN TS (Iwasakl 1979), Z o Gy L LT ) v #{,
U X O, BEREO BB (veastolate) Jp b (Richiiitidy (veast extract), 4 1 4 i 4%

(trypticase), MiiREEOMILS MY (thiotone), F o4 % o Y K%l (DNA), RN, -L8ehhid
Wi EORMBEEA T - Tc. EEROYEE Table 3 WiR¥,

Table 3. Growth response of Prorocenlrum micans to organic substances.

Growth
Organic substances mg/1 number of cells/ml
(After 20 days)
None added 6, 650
Adenine 0.3 8,340
Guanine 0.3~1.0 i
Xanthine 0.3~1.0 -
Hypoxanthine 0.3~1.0 —
Cytosine 0.3~1.0 —
Methylcytosine 0.3 —
1.0 8,650
Thymine 0.3 8,720
1.0 10, 100
Uracil 0.3 9, 550
1.0 8,200
Yeastolate 20 14,130
100 18,100
Trypticase 20 9,130
100 11, 200
Yeast extract 10 9,620
30 10, 420
Thiotone 30 13,510
DNA 0.3 10, 400
1.0 10, 400
Sucrose 0.3 10, 210
1.0 8,380
Soil extract (land) (I ml) 13,060
(5 ml) 10, 800

* No effect.

ZOEMNEE S L VB, F 7R U RFET D Lo L b e 0 BT B % 5
EOFEY O L » THAMEdE S /e, $ b %, adenine, methylcytosine, thymine,
uracil Zp o7 U« Y R VLR, yeastolate, trypticase, yeast extract, thiotone, DNA,
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sucrose XOJKM"#%Q%JJ 170 & OFFIER X o TR R S Muice P micons OFIL, i
FHOSFRDIIEIR E WATEIC L » TR L D ED 6D T & Thbo

P. micans OEEICRIETEHMREMEOHEMNMR Lo REE R, ,LOWC, KIRER
Bt 2 S HREM IO P micans ORISR S0 2 K, WET 2 L, P
Wi, P omicans 1EANEB B E 0 XD s oiRm, b LRI X - Tl a4
P OWTHRH T % e O HER T e bhvlc, REBRICIZER AL MCERAKL ik 79 A7
y A =5 (Whatman, GF/F) CAfLAbO&HEAKE L THBL, #HioNkEpH &
T%M4K%Ti5K%MLT%%%%&MﬁGkO&%MJ%ﬁﬂw&OQBMM@MH'
THE S e T7pdb b, 1) 50g DUREEIEIC 100 ml a)rfi KA L, 24 AR T Jfﬁl""*?’i
FGAT A RN—DHHCHE LI b O (LD, 2) WU <, HHRMAL & bic LI r Wik (12
°C, TR #AMBLALD, 3) ML L, B k?a”/'?/f.\:im #%, Ml pH & 3.0 T, 24
WIS T B, BB b ) v AYRC PHE. 0 WML, V9 AT v A S—HITHBL
feb® (BRI Chs, FRofidit Table4 i+,

Table 4, Growth of Prorocentrum micans in Ise Bay seawater enriched with various nutrients.

Growth
number of cells/ml
(After 22 days)

Filtered seawater (Ise Bay) 1,390
Additions

NaNOj (10 mg/1) + Nag-glycerophosphate (10 mg/1) 1,800

v e v 4 Vitamin mix. I®., (10 ml/1) 2,780

2 + 7 +4 Fe-EDTA (50 pug-Fe/l) 6,150

v 4 7 4 Marine mud extract® ( 5 ml/1) 2,490

# 4 Y - z (10 ml/1) 2,400

v -+ 7 4+ Marine mud extract® ( 5 ml/1) 2,030

7 + % 4 Marine mud extract® (10 ml/1) 8,100

) One ml of vitamin mix. I contains: vitamin Byy 20 ng, biotin 100 ng, thiamine 10 ng,
py.exdy  show cool water extract, hot water extract, and acid water (pH 3.0) extract respectively.

ORI Bk, 6ifi?fﬁ~yk+-N+ TR b O 12 B ~HE D 12 5 v I (n\ L 3{ i) EIR
I 7285, ALK 4+ N+ P+vitamin mix. TGO 2M0GERDY, W EYRTIED
ke EEYE O B MR A %cml\ovcm% HE L RtE Nz TaRb G, IRRINO I LL L, Hi#ET
WA 4 5 0%, BB G5 8O £ Line SO OFEEM, FEME G, ARERO KIERE
i, KL, MO MIEOHER A RhEDTC, ¥ 2By EWEEOH (L)
DPFTE L - CEERZ S5 THEROMN 2 & BRMTE 2,

% =

P. micans © L 5 WA REEEI & o TG & S 3B 2 BEHR T T 5 0%, 298 G i ik
OA LFOHEMPBRIZDWTHL ML T DL ERTE R HREONE T, P micans
2 & BRI AKIELT. 5°~29, 0°C CHlIg S TR Y (RiG « Bk 1974; WS 1976; =@
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WAL 1978), BEEEBRIC X HEBARI, HV T4 A=T MEET 25°C (BARKER 1935), %
o, A AR~ TIL 20°C (BRAARUD 1961) L #iEE T W %, L i, Zo&Mid
20°C LA EDAR T L CHIIT 5 LEZTE LD Th %o

SN & s & ORARIC oW TH D &, RRORWE L COMBIGOESWE T, AT
25.1~33.7% S (fR& - BA 1974), KIUEER L OFEEE T 30.6~33.0% S (FEE S 1976;
ZERFEEAR 1978) Lo T3, 20K 5k AR, fhopBEEliEic UnEE
SPREET bloom 2R8I L, AREBRIC X 5EMENEE 30.6%S LL{HAL TS,

DEDXH74 P micans OAH, 4£REAMMEBEN S, AEOBANIL/KE 20°~25°C T, K5
BER 30~33%,S OBEICHI VT Wl Nn) I ERTES,

MaHONEY and McLAUGHLIN (1977) X, FREIOIEE L#TH Tk L o@Es i+ 5 BT P
micans & &t 2, 3 OFRBWEBEO I RETEBEBYOX B> VW TERE T2- T
Do TOERICLB L, P. micans 1%, EERE N 3EEOEBRERE, 16BEHOTEYO 4 n
T, 2EEEEZRLRFEFAALLZYS, REINASh AL L, BIUC4EEO 7 X/ BO
5L BN FIA &4, B L Tik NOs-N, NO,-N, NH,-N, #F4=1, &V rOlEicH
MTholbMEL TS, ZORBITARERBRE —HRLD, WEEIZ7 I/ Bicd+ 5%
RICEERD SN, BICREORBBIECKE RER LB S,

£z, P. micans © ) CEEOFHIC 5T, MaHoNEY and McLAUGHLIN (1977) i3V > ERIR
ELTCIOBEOEEY v BRic >\ TERE T4V, riboflavin-5-phosphate #&<, oy >
BiznFhbEoc s, LENERBE (500 pg-P/1) THIZEH ThHo LTV, 20
Lo, P omicons WX HEMEBERBLIVCY Y ORMR, TOEYORMEEEL D ETYE
FTREZELLEbNLD,

AEERTE, P. micans OMIEICHTHEE, ) OBIIRBE > CRRERE TR - TWA
WS, Barker (1935) OBEBERICLALE, BOBD 10 pg/l LTEE&RTWE, ZEEG
BOEKERBRBOREIC LD &, 197T8FEORMIC X 5 KB FRM O RABER O EHELEER IO
Y OWEER, FhEh 33~252 pg-N/L (2.3~18 pgeatom/1), 1.6~8.1 pg-P/1 (0.05~0. 26
pgratom/1) T, TSNP RP 5T, i, FEEBHEAKEI N+ Ploiids P. micans O HEHHE
FERMOZNCHE_TENCESS B L3 BETH-7/, Thd OBBRERR D CICHE
REBALTELD L, P. micans OREFICIIEBREOMMED N, P 2 4ELLANT &
BB,

P. micans OIEIX, 7V 2y, CUIPrO—E, ¥k, SEEGEONEPEEDOL DD
DI Lo TREENEZ EPPEL NI ENTT, T OMREN RIS FORIEHEYOHCX
DEHECH LN, TOFEEL, P. micans ZIhHOHEY K EEEREL L CHETESS
EERTRBTLLDTH b,

Kain and Foge (1960) 1%, P. micans @ ¥ 3% T, Wk F L — ¥ —5E4 27 LixEY
e > THED TEETHY, EDTA bR Idhroids, FI Ay v da&bininarzl
EEHRELTVD, LrL, dv—%—OMHEEERSHEED &R i o0, Thb bHE
EROFNARELBED DI L L200HLLTREARV. &R (1974) 13, BEIROEBM: L iy 5
Chattonella sp. (=Heterosigma sp.) O WA RESELZLFRNEL TS, KERT
%, FEBERO®R KRS L UCEKEHE O P micans iz 5+ 5 BT ES) BT FHE Gk b - 1o
2 BRI OBRINC & > THEFIZE L G.84%) RS iz, T OEEEMIC VT, Ak
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BT IVRTI I BEEOEEIC L ZERBOF L — MEETRBR L T W b, £, MH (1977)
i, HEEVEO KL F 2 v, v I UN R EDOEEERD, BEEhHY I b Z o RN E
NI EERERHL TS, 2 OB B o BIEREDTE O ARIC oW T, BEERKFTTH
5%, RO BEREMESE O EREE R GEREE 2 3 REMEROBED L ebic, Fr— MY
w&)g (Fric Fe, Mn) & X7

Wiz, TOEYORBEOFRIC >N TEREMR 5o B0 X o, AEEI N, P& LT
W ) TROEBBLRIHET A LR TE, MEICEEREO N, P 2 LBEELAENWD
LERHO P TH Do FEMSHAKE FH LSS EIRIMER O R (Table 4) T, MWK s
VB LAIAHEOHOWMIC X Y, Ei0id By L EROBIEmHYOTRMIC & > THEMEEL <
BESNize Zhb ORI S, FEWHEKTE, B LHEED Fe (/M) oMb L <
I & - T, R P micans O KO KB BHFEN S LT Y, HHBOEH
WO > THIBEAMEE NS Z itk b, Lo FHEE T, 20°C BRI,
B, EBBZOEBADFE L Zofic ko CLEOWENHKRIND &, TOEWPKIBIET S

WY, AEWRESFEL TV 2 Dr. K. STEIDINGER 72 & UNC FHEAYE O VE PR Ml E Bl & i
i 7o ZE R K EERER G i TR B o
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