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The effects of Mn at various concentrations on the growth, protein, carbohydrate and
chlorophyll of Dunaliella tertiolecta BUTCHER have been studied. The cells were grown
in batch culture in a medium used by JoHNsON et al. (1968). The cultures were kept at
20°C, 12:12 LD and 5,000 lux. The cells were analysed during the stationary phase of
growth. Significant differences in growth and cell contents appeared at various levels
of Mn. The growth was optimal between 0.1 and 0.5 ppm. The toxic effect on the
growth became apparent above 10 ppm and the addition of Mn at the concentration of
16 ppm resulted in the rapid death of the cells. The cells grown at Mn less than 0.1
ppm decreased in growth rate and cell length. Carbohydrate and protein also decreased
in contents, while chlorophyll contents remained unaffected under this experimental
condition. Chlorosis arose as a result of the reduction of chlorophyll contents when
grown in medium lacking both Fe, which is known as hydrogenase activator, and Mn.
It is interesting to know that the occurrence of this phenomenon was manifested exclu-
sively under the depletion of these two elements. As a result, it is suggested that D.
tertiolecta is a hydrogenase-containing alga and its chlorophyll is stable in contents under
the depletion of Mn alone.
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Table 1. Composition of culture medium*.

NaCl 2.4 g
M3012.6H20 1.5 g
MgSO4. 7H20 0.5 g
KC1 0.2 g
03,012 0.2 g
KN03 1.0 g
Na.HCOs 0.043 g
TRIS 2.45 g **
K,HPOY 0.045 g
Fe-EDTA 3.64 mg
EDTA-2Na 1.89 mg
ZnS0,. THy0 ~ 0.087 mg
H3BO3 0.61 mg
CoClo.6H20 0,015 mg
CusS0,. 5H20 0,06 mg
MnCl, 0.23 mg **%
(m{4)6m°7024.41{20 0.38 mg
Hy0 1,000,00 ml
* Modified from medium used by JOHNSON et
al. (1968).

** Adjusted to pH 8.0 with HCI.

*** Stock manganese solution: Dissolve 1.000 g
of manganese metal (99.99%) in the minimum
volume of HNQ; (40%). After evaporating
to dryness on a water bath, again dissolve
in 10 ml of conc HCl and dilute to 1,000 ml
with H,0.

2% 2216E KUt STP g x AV 7z, i5#Ex 15ml
Boh U ORBEIC 5ml oA A, 20°C, 5,000
lux, BARZEIM] 12: 12 pERA CRAEREE L, IRNL 72
Mn 13, Fik&E Mn (M 99.99%) 1.000g %/
BOWEE A0%) CBE» LKRRLZE L-ob 10ml
EBTEEL, EBEBEN 0.IN ks k> BEY
AKTHRL, 1,000 m! DR E Lic, fElaENT b
—<MERFTEBIC X VBIEL, Zrer 70 LEDHIE
ik JEFFREY and HUMPHREY (1975) 0 hiE%
Wi, X, HEARE IN KEEtr t Uy ATIK
=8 o L, LowRry %7k (HARTREE 1972) i
XoT7 AT I vRICHE L, ER/KIL I
Bk xD0 ¥ ¥ Dusois et al. (1956) DFkick »
THWL 7 v 2 — ARITIRE LTk, ), fllfao
AR RURSER R EBLI0 A RITHEIE L 7,

= #
MESHEERCHEEORS, Bilifo Mo @5

LS THEEL, 1081 (E¥H) oMmaiesk
wi-op Fig. 1 TH5H, £7-, Table 2 351K
3-5 A% (GIEcsE) oMiESRhERE &i%m Mn &
OREFEERLTVWS, Fhic X i A& 0.1-0.5
ppm Mn fiff CTHRAFHNEE LR L, 16 ppm Mn T
BEgiceEBsEEINE, EMiogxd 0.1-
0.5 ppm Mn g ciRKk & -7 (Fig. 2),

= 4 ——
§ 100
3
b
x
5
£ 50
E
8
) 00! [ 1 10

Mn concentration (ppm)

Fig. 1. Effect of Mn on the growth of Duna-
liella tertiolecta kept at various levels of Mn in
batch culture for ten days. Cells were incubated
at 20°C, 12:12 LD, 5,000 lux.

Table 2. Mn effects on the growth rate
constant (K) of Dunaliella tertiolecta incu-
bated at 7 concentrations from 0-16 ppm Mn
at 20°C, 12:12 LD, 5,000 lux. K is calculated

1 N.
To=T, 8N,
cell number at the early period during the
exponential phase, and N; and N, are the
numerical values at 3-day (T,) and 5-day
(T;) growth, respectively.

from K= where N is the

Concentration of Mn

in medium (ppm) K
0,00 0.08
0,01 0,22
0.10 0.38
0.50 0.38
1.00 0.30
10.00 0.26
16,00 0.00
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Fig. 2. Effect of Mn on the cell enlargement
of Dunaliella tertiolecta kept at various levels of
Mn in batch culture for ten days. Cells were
incubated at 20°C, 12:12 LD, 5,000 lux.
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Fig. 3. Protein content of Dunaliella tertiolecta
grown at various levels of Mn in batch culture
for ten days. Cells were incubated at 20°C,
12:12 LD, 5,000 lux. Protein was analysed using
the method of HARTREE (1972).
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Fig. 4. Carbohydrate content of Dunaliella
tertiolecta grown at various levels of Mn in batch
culture for ten days. Cells were incubated at
20°C, 12:12 LD, 5,000 lux. Carbohydrate was
analysed using the method of DuBois et al.
(1956) .
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Fig. 5. Chlorophyll a content of Dunaliella
tertiolecta grown at various levels of Mn in batch
culture for ten days. Cells were incubated at
20°C, 12:12 LD, 5,000 lux. Chlorophyll a was
analysed using the method of JEFFREY et al.
(1975).
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Table 3. Chlorophyll a and b of Dunaliella tertiolecta grown in batch culture in 1 ml of media
with and without Mn and Fe for ten days. Cells were incubated at 20°C, 12:12 LD, 5,000 lux.
JM culture medium shown in Table 1, JM-Mn=Mn-deficient JM medium, JM-Fe=Fe deficient JM
medium, JM-Mn=Mn- and Fe-deficient JM medium.

(1) (2) (3) (4) (5) (6)
Medium Cell No./ml Chl.a/ml Chl.a/cell Chl.b/ml Chl.b/cell Chl.a/Chl.b
(x104cells/ml) (pg/ml) (x10734g/10%e118)  (ng/ml)  (x103pg/10%cells)
M 452 £ 63 0.63 % 0.08 1.39 0.15 £ 0.02 0.33 4.21
JM-Mn 337+ 26 0.49 * 0.03 1.45 0.13  0.01 0.39 3.7
J¥-Fe 349 £ 35 0.37 + 0,03 1.06 0.09 t 0.01 0.26 4.08
JH-Mn,Pe 353 £ 27 0.30 * 0,02 0.85 0.07 * 0.01 0.20 4.25

(3)=(2)/(1), (5)=(4)/(1), (6)=(3)/(5), £ s.D.
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