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Studies on the red tide dinoflagellates—I.

On Entomosigma sp. appeared in coastal area of Fukuyama

Hideo Iwasaki, Toraya Fujivama and Eiji YAMASHITA
Department of Fisheries, Faculty of Fisheries and Animal Husbandry,
Hiroshima University, Fukuyama
(Figs. 1-7; Tables 1-5)
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Fig. 1. Local distribution of red water (Entomosigma sp.) on
June 21, 1966.
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Fig. 2.  Entomosigma sp.
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KOFEEHDS I 3h, HERERSERILK fFobil. HERRIE 10m! Ok EET
20%x 125 mm @ KIMAX O U RBREZHAL>, ThIT exponential growth stage D4 2H:FE L,
20°C, 2,000~3,000 Lux D&M T THEEITIIL, —EMBEICEHE LU THHEE XKD,

Table 1. Composition (w/v) of culture medium (ASP,NTA)

Distilled water 1,000 m! Na,CO; 30 mg
NaCl 18 g vitamin B, 0.2 pgy,
MgSO,-7H,0 5 g vit. mix. S3** 10 ml}
KCl 0.6 g P II metals*** 30 m!
Ca (as CI) 0.1g Fe (as CI) 0.5mg
NaNO, 50 mg “Tris” buffer 1 g
K,HPO, 5 mg Nitrilotriacetic acid 0.1 g
Na,Si0,-9H,0 150 mg pH 7.8

* These vitamins are eliminated in the vitamin experiment.
** One m! of vitamin mix. S3 contains: thiamine HCI 0. 05 mg, nicotinic acid 0.01 mg, Ca pan-
tothenate 0.01 mg, p~aminobenzoic acid 10 xg, biotin 0. 1 pg, inositol 0. 5 mg, folic acid 0. 2 p1g, thymine

0.3 mg.
*** One m! of P [T metals contains: EDTA 1 mg, Fe (as Cl") 0.01 mg, B (as H;BO;) 0.2 mg, Mn

(as C17) 0.04 mg, Zn (as Cl7) 5 pg, Co (as C17) 1 pg.
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Fig. 3. Growth of Entomosigma sp. at the various salinities.
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Fig. 4. Growth of Entomosigma sp. in enriched sea water
supplemented with metal mixtures.
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Fig. 5. Growth of Entomosigma sp. in enriched sea water
supplemented with chelator,
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Fig. 6. Effect of pH on the growth of Entomosigma sp.
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B 3 1 BT Lok 5 1T, AHITeAsKRO LI b 7: B HOMWTHA LI kic 84, HEm
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Table 2. Enriched sea water medium

Filtered sea water 1. 000 ml S 2 metals** 10 ml

(adjusted to S 29. 0 %0) ’ vitamin By, 0.2 g
NaNO, 180 mg}* “Tris” buffer ] 0.5 g
Na,-glycerophosphate 75.5 mg Nitrilotriacetic acid 0.1 g
P 11 metals 10 ml pH 7.8

Cox T1"hese elements are eliminated in the nitrogen, phosphorus experiments rcspégtively.
#% One ml of S 2 metals contains: Br (as Na*) 1 mg, Sr (as GI") 0. 2 mg, Rb (as C17) 0.02 mg, Li
(as C17) 0.02 mg, Mo (as NaMoO;) 0.05mg, I(asK™) 1 pg.
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Table 3. Growth of Entomosigma sp. in enriched sea water with various amounts of

NaNOj as nitrogen source
(After 16 days)

Growth (number of cells per ml)

Wt./litre —
(as N) Basal sea water
Aké s, w.* Ao s. w.¥* Hakata-jima s. w.¥**
None added 22, 200 19, 900 18, 400
0.2 mg 28, 500 33,300 33,740
0.5 » 33,200 39, 200 43,200
| 25, 300 49, 100 65, 650
2 2,500 75,750 75,280
5 2,900 43,400 85, 200
10 » 1,460 40, 500 88, 720
30 1,000 21,600 95,920
100 » 300 21, 200 109, 050

* Collected at Ako, Hydgo pref., locating the eastern part of the Inland Sea.
** At Aio, Yamaguchi pref., the western part of the Inland Sea.
*** At Hakata-Is., Ehime pref., the central part of the Inland Sea.

Table 4. Growth of Entomosigma sp. in enriched sea water with various amounts
of Na,-glycerophosphate as phosphorus source
(After 16 days)

Growth (number of cells per ml)

Wt./litre
(as P) Basal sea water
Aké s. w. Aio s. w. Hakata-jima s. w.
None added 10, 100 14, 000 7,400
0.1 mg 10, 400 10, 200 8, 900
0.2 » 10, 300 12,100 9, 100
0.5 » 10, 400 16, 000 13, 200
1 9, 800 17,900 24, 300
2 11,000 28, 500 37,300
5 26, 800 63, 000 70, 500
10 » 100 — 66, 600
20 0 111, 360 70, 200
50 » 0 200 52,400

6. EYIUDXE

H 1

8 1Y By RO ASPNTA T 1 BRIEHE 772 C, EWERSC R v

By RZIRICS €7k, Hi% OEBEC By & HEe eI Bf L CZ ORFHR AT~ T2, RBREER3
BTHITREND &I JEHIND & D TIZ 2Rl LS8, id 0.1 48/ ORfE TI3FH Ak /ml 0
LI Lre, Ulchi= T, Entomosigma sp. DRFEICE # 3 ¥ By REARD D TH B, 8
BTHESLEOS T ENTE S,

FEERIL.

Y4 IV B 3B O BIBEET 505, CTh OB Entomosigma sp. OREGEIC

BIITTHEICODOTHERMBIT DN, EROBRIIES FITRINS. FTiEbb, XY Iy —
NERTBANT I VLT B L Entomosigma sp. RIEBICHGET 225, RO VA F FLTF=v %
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Fig. 7. Growth response to vitamin By, of Entomosigma sp.
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o285 L VTREGERZELLED, RI2 VAT FEHRRLaNG IV TRIBLALHEIHLELD
Eabid. LichioT, TOED B, BTk d 2 RIESEPER Euglena ROWHE BN RT LD
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Table 5. Growth response to B,, analogues of Entomosigma sp.

(After 17 days)

B,; analogues Base of nucleotide

Number of cells/m!

Cyanocobalamine (=B;;) 5, 6-dimethylbenzimidazole

5-methylbenzimidazole cobalamine 5-methylbenzimidazole
Benzimidazole cobalamine

Factor I 5-hydroxybenzimidazole
Pseudovitamin B, adenine

Factor A 2-methyladenine

2-methylmercaptoadenine

Aetiocobalamine (==Factor Ib) none
Factor B none
Factor Z; none
Factor Z, none
Factor Z; none

129, 200
145, 400
153, 300
52,100

12, 400
7, 500
5, 600

0
9, 300
100
0
600

EE. 20O €4 I VOEEER~DE HWT By, 248 ASPNTA jce g 3 ViRAH
S3 (MIKIZE | EMEBH) 22 ZThBAEL TMAEREITIE - 7. TO#E Entomosigma sp. O
BBIZChS €& L YORMICE > TEPEASEEIN, S3iHE 50ml/l iifmU iB4#50% 1

JERBHHMEHE S N,

£ =®

P EORBERICE S E, Kiis, EpH BXUBBEBE LIS L~ MEAZ O OBHEORM, &
AR LT, COFKHF5 s + v Entomosigma sp. DRFHITOTh HEES NS, FiFZRERICE D
2R KIRDIE S B 1L S 22.6~29.8%0 (CI 12.5~16.5%) T, pH (2 7.8~8.0 TH o7z, T OfEH
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5, & pH RHJIKOKBRAKERTSLDTHD, MEEBERLF V- MIAEZ S OHRWIE bR
KTk > THAIHAABRBHTKEL,

Entomosigma sp. [ EBRBEORADNIEL, BREOABKEIICEK > THIICHBI Rohiiho
7. €23V B BZOEYORFHICATROBEHRTHHH, TLHE 0.1 pg/l) THEHTHS. B
DEPHDS> B, NV IFY - EFTEANG IR B FRILEIIIEHL, B ORAZET 3
TEMTED, HEFAERIT, FBAKBEDE FEHEOMW) OMKERR UIcboiIcEREBEMZ 1272
T2 AE/ml OHEICHIA L&D S, ZOHKITIS B (F123R UBEEZ AT 5504 28
FELKZERENLTHS., ORIV BuitDW0TIE, 1) RAEKBOMBEKPITIIHEEELET S,
2) BWRICEBAENIIKDOKBIHAII K > THHD S EEMRAINZ. 3) RULSHBYOKEREICK
2T By OAEFERE A L, MEMICHBRINI T ERENELONS, HEKFD B, ORNEFICS
ODTRBERBBZOOTRBETELOLY, BRICKBHEIIKOKBRAEBENSDZSTHA.

BT B ICARB ORI, BAKDABKAICE > T Entomosigma sp. ORIFICIF#EISYE, (b¥E
B2 oh, ISICEER BEICHEICHEDE & 3 ¥ By (F7-R3H04) MM SER, b
L BIZRWICHBINICEKBERTAbDEEZ SN B,

O, Z2METALEKICEET * XEMZ 51213 T2k /ml O®ECHEIT . I5iC
LHEOEREERICESHT, WKOESBE, pH SEZHBL, REH, FU— HEMZ HEkE
EAWE T DB, BIULEO RUEHRT 5 ATHEKERKE (S0 ASP,NTA %) 1tk - T,
HEFAER OBBIC B BRI HE (21,700/ml) D155 3 35 Atk /mi, % XU 33 5 #fk/ml
OREKEICHIHI TS ENTE, HRENTHRIRREBRTACENMETH S, B, KEHE
POHDOTIIRALEW 10! THEREREN2g OLEYHBHBSA TS,

BT babste & 91T, HKIZERKBITICE > TZDAEBWHEICK X IEEDH B T ENBAD SN T
W, COMBICOLTRAHOMEI TR S, Eiz, FEHD Itk o TR INc & 5 BEBK
HOEEBB)IC X 2 HBEHRORRICOLTDS, WMESYD OREER UL S BBREBE LT3 A,
NS DOMBEILOOLTIRMBDERM A7 v 7 + v & HbRBRIZFTIE 0,

= #

19664F, 1L I GLHEEC -8 & UTIREL U7 Entomosigma sp. % 3 7 m €=y b T4 BE U CIER
HRZITIZG, TOAER, EBICOOLTHEHEREITE D & & ICKREBRICET 3, SOXBEFT
B, ZOREBERIC O THRE L.

1) CoHHOEFENMBIEIREKE D EPITELS28.9% (CL16.0%) HHETH 5.

2) WHKCHBEBEBLUHF L — A NTA) piEmIhzdE&, 2hah 50 %, 80 % 5k
MREIhS,

3) E#ipH 37.5 Tilkk D IEL, pH=7.5 hoDFTh& & Itz 4 3.

4) —iITHEIKICEER, BERBNT 273 T Entomosigma sp. ORFHIZIREIN B, ZOEAIIH
KOMEHITK > TR S,

5) E& IV By BCOEYOMIMIC AT ROBHKETHS. B PO S B, vy I xy—r%k
F2INF I VA B ERAUELIIIEML, B DICINTE 3, TOEHOD By, BskiEki3 Ochromonas
BEinz 3.

ULED#REDPS, CORMOFEEIERICLZMKOKRBHRANLERFEEEZZCEMNTELIT
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SUMMARY

The red tide that appeared in the coastal area of Fukuyama, June 1966, was caused by the micro-
scopic dinoflagellate Entomosigma sp. Since this red tide came after rainfall, it was implied that the
organism might prefer low salinities and perhaps nutrients washed into the sea from the land. From this
hypothesis, laboratory culture was started.

Entomosigma sp. was obtained in axenic culture by micropipette washings. The organism prefers
slightly low salinity (CI 16.0 %), yet, tolerates a wide range of salinities. The growth is accelerated
by the trace metals and/or the weak chelator, nitrilotriacetic acid, to sea water. Supplement of nitro-
gen and phosphorus sources to sea water favors growth. Entomosigma sp. needs vitamin By, for growth.
The pattern of specificity is similar to that of Ochromonas malhamensis. All the analogues containing
benzimidazole can replace By, These results seem to substantiate the above hypothesis.





