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Production of Vitamin By, Binder by Heterosigma akashiwo and Some of Its Properties

Jingguo Zhang,*! Toshitaka Nishijima,*! and Kimio Fukami*!

The influence of vitamin By, concentration in the medium on the production of vitamin By, bin-
der by H. akashiwo was evaluated, and some of the chemical properties of the B;, binder and its
effect on the growth of B,,-requiring phytoplankton were determined.

H. akashiwo produced B,; binder and most of it was secreted into the culture medium. The
amount of By, binder secreted was dependent on the B,, concentration in the media for both pre- and
test-cultures; the lower B;, concentration increased the secretion of By, binder. The production rate
of By, binder was highest during the middle exponential growth phase when the alga was incubated
at By, concentrations of 2~20 ng/I; their production rates ranged from 0.11 to 0.21 fg B,,/cell/day.
The dissociation constant of bound B,, the complex of free B;, and B,, binder secreted by H.
akashiwo, was 52.8 ng/l (association constant=2.57 X 10!® M~1). Binding activity of By, binder was
stable at pH 8~9 and temperatures of 4~50°C, but labile under ultraviolet irradiation. The B, bin-
der inhibited the growth of B,;-requiring phytoplankton including H. akashiwo itself and the effect of
B, binder was found to be non-specific.

The present study suggests that the B;, binder secreted by H. akashiwo could inhibit the growth
of By,requiring phytoplankton after blooms of H. akashiwo in natural seawater.
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Fig. 1. Influence of By, concentration in culture
medium on the growth of H. akashiwo (A-B),
their utilization of free By; (C-D) and secretion
of B,, binder (E-F), comparing the effect of
pre-incubation of cells at 0 ng/! of B,, starva-
tion (A, C and E) and at 20 ng/l of B, (B, D
and F).
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Fig. 2. Influence of By, concentration on the secre-
tion of By, binder by H. akashiwo after pre-incu-
bation of H. akashiwo cells in 0 ng/! (&) and
20 ng/! (I of By,. Vertical bars indicate stan-
dard deviations.
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Table 1. Effects of By, concentration on the growth of H. akashiwo and their By, binder production

Bi Incubati ngi(l:liﬁct rc%lzlctgﬂge:ate

Growth concentration nC'l:lin::lOl'l gr ?1 /da;?)l e (}f)g Byy/cell-day)
phase in medium (day)

(ng/D) Ong/l*  20ng/I*  Ong/l*  20ng/l*

Early logarithmic 10 0-6 0.29 0.31 0.13 0.03

20 0-6 0.32 0.32 0.06 0.03

40 0-6 0.32 0.33 0.02 0.03

Middle logarithmic 2 0-6 0.14 0.17 0.21 0.14

10 6-10 0.29 0.37 0.13 0.11

20 6-10 0.21 0.31 0.13 0.12

40 6-10 0.17 0.28 0.01 0.05

Late logarithmic 2 6-10 0.04 0.15 0.06 0.12

10 10-16 0.06 0.12 0.06 0.01

20 10-16 0.24 0.18 0.05 0.01

40 10-16 0.22 0.23 0.06 - 0.02

* Vitamin By, concentration in the pre-incubation medium.

Table 2. Contents of B;, binder and total vitamin B, in the cells of H. akashiwo

B;, binder (x10-3 fg Byy/cell)

Total By, (x10-3 fg/cell)

Growth phase

2*1 10*1 20*1 40*1 2*1 10*1 20*1 40*1
Early logarithmic — 15.5 9.5 10.4 — 127 162 368
Middle logarithmic 6.0 3.5 3.1 3.3 23.3 23 48 198
Late logarithmic 11.0 3.5 4.4 7.6 6.5 11 8.6 3.5
*!1 Vitamin B,, concentration in the pre-incubation medium.
*2 Early logarithmic growth phase is included.
Table 3. Production of vitamin By, binder by H. akashiwo cultured in different B,, concentration
. : B, binder B, binder
Growth phase B i;o:;\ceecﬁg;t on Incgt:;mn Bl;r giixaclier géreted :?‘ cells
(ng/D) (day) (ng B/ (ng Blz/l) (%)* (ng By/D) (%) *1
Early logarithmic 10 6 44 4.2 96 0.2 4
20 6 2.6 2.5 95 0.1 5
40 6 0.6 0.5 84 0.1 16
Middle logarithmic 2 6 6.8 6.7 99 0.1 1
10 10 15.6 15.5 99 0.1. 1
40 10 1.2 1.2 93 0.1 7
Late logarithmic 2 10 10.1 9.9 98 0.2 2
10 16 30.7 30.5 99 0.2 1
20 16 35.2 34.6 98 0.6 2
40 16 23.4 22.6 97 0.8 3
Stationary 2 12 — 14.0 —_ — —
10 20 — 33.2 — — —
20 20 — ' 34.7 —_ — —
40 20 - 34.6 -—_ — —

* Percentage of By, binder to total B,, binder concentration.
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Fig. 3. Growth inhibition of three species of
phytoplankton by B, binder secreted by H.
akashiwo and their growth recovery after the
addition of free B,,. Vertical bars indicate stan-
dard deviations.
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Fig. 4. Effect of pH, temperature and time of ultraviolet irradiation on the binding activity of By, binder and
the stability of bound B,; secreted by H. akashiwo.
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Fig. 5. Dissociation curve of B,; binder secreted

by H. akashiwo.
(K4=52.8 ng/l, B,.x=72.1ng B,/

BTN By, B E OMIBA D5 WEE SR
bRE L7, =7, BN By, KAYRITIEEUHE
BOFTHICS <, B REK > TXOEFRIEK
L7, ChidB REMBICH B BEE#MELLDY &
TLEEO—DLELZLNB,

FHRTEH LN H akashiwo O By, EE5WHEOMIR
S WEE L 0.01~0.21 fg Byy/cell/day TH o /e &
heflOMB TS5V 7 VWWOSHEE LHE TS L, B
EWM T 57 & Paviova lutheri “Cid, 12.5f M/106
cellseday (0.017 fg Byy/celleday I #824)2 L &5 X N,
H. akashiwo DHH L FE—HKLTWB, —F, H
akashiwo |3 B H I % TIC 14~34.7 ng B/l O By, &4
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FIERASETHY, O3B HITR2RPRV, b
iZ, B BEXRED S. costatum 35 L U G. mikimotoi “Cit
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AR OER, H akashiwo TEE LBy B4WE
DR|F EMIAN~ZWL, TOKEPWEIETEED
JU B #RACERTSH TS5 7 b/ S costatum 5
X U G. mikimotoi DIMFEEMEI L, 3EOBMICH
HUHSRCEREREEIRDOhAZ» o7, k4, Pin-
tner and Altmeyer |3 16 EOBEMBY /5 V7 F B
KB U7 By RAWER T BORBEOMBLAEL,
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*2 106 cells H7= ) CHEFIN TS5y, WEHONMEE (cells/m)) »ORELL.
R - AL - BEAK | TR 7 £ B AKEFABEEALMERER, 1995, p. 324.
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