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Abstract  Hydrogen production by Lyngbya sp. (no. 108) immobilized on calcium alginate
was affected by the salinity of the reaction mixture and growth medium. Free cells grown in
3% NaCl produced less hydrogen than cells grown in lower salt concentrations. Hydrogen pro-
duction by immobilized cells increased with increasing salinity of growth medium. Calcium
alginate gel also seems to protect these cells from osmotic shock.

INTRODUCTION

It has been known that photosynthetic bacteria (Gest and Kamen, 1949), cyanobacteria
(Beneman and Weare, 1974) and green algae (HeaLy, 1970) produce hydrogen. While
photosynthetic bacteria evolve more hydrogen than cyanobacteria, they require organic com-
pounds as electron donors (Gest and Kamen, 1949). On the other hand, cyanobacteria pro-
duce hydrogen in the absence of added organic compounds, but need longer cultivation time
(Rao et al, 1982). For practical hydrogen production, more hydrogen evolution and less
cultivation time is desirable. We have reported that cells which have lost the ability to pro-
duce hydrogen can be reactivated in fresh medium (Kuwapa and Oura, 1989). We have
also reported the optimum conditions for cultivation of immobilized Lyngbya sp. strain no.
108 on calcium alginate (Kuwapa and Onra, 1989). This strain produced hydrogen when it
used storage carbohydrate as electron and proton donor (Pringsuev and Wiessner, 1960),
and the amount of storage carbohydrate is affected by the salinity of the growth medium
(Pringsuem and Wiessner, 1960). Previously, we showed optimum conditions for the growth
of immobilized cyanobacterium (Lyngbya sp. no. 108) (Kuwapa and Oura, 1987), but we did
not investigate the effect of salinity on immobilized cells. In this paper, we report the ef-
fect of salinity on growth of this strain and hydrogen production.

MATERIALS AND METHODS

Microorganism

The cyanobacterium Lyngbya sp. (no. 108) was isolated from the estuary of the Ashida
river on the coast of the Seto Inland Sea. This strain is a filamentous, nonheterocystous,
ensheathed cyanobacterium which has a straight trichome. Other characteristics and op-
timum culture conditions have been reported in a previous paper (Kuwapa ef al, 1983).
Estimation and Measuvement of hydrogen production
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Estimation and measurement of hydrogen production were also as described in a
previous paper (Kuwapa el al., 1988). The reaction mixture was a modified Privesueiv and
Wizssner's medium (pH 6.5, NagEDTA 0.03 g/1, KC1 1.0 g/1, CaCl, 0.1 g/1, KHPO, 0.02 g/,
MgS0,-7H.0 5.0 g/1, FeSO4 15 mg/l, HzBO; 43 mg/l, MnCly 4H,0 5.4 mg/l, NazMoOy-
2H,0 1.25 mg/l, ZnCly 0.4 mg/l, CuS0; 3.95 ug/l, CoCly-6H,0 17.5 ug/l), and no NaCl was
included.

Immobilization of whole cells and Quantitation of immobilized cells

Whole cells were immobilized in calcium alginate gels. Detail conditions and methods
are described in the previous paper (Kuwapa ef al, 1988).

Calcium alginate gel was suspended in 1 M Ky;HPO, (pH 9.5} to measure the amount of
cells. Detail methods have been described already (Kuwapa ef al, 1987). Carbohydrate con-
tent was measured by phenol-sulfuric acid method (Dusos ef al., 1956).

RESULTS AND DISCUSSION

Figure 1 shows the effect of salinity on hydrogen production in the reaction mixture.
As has been shown previously (Pringsuemv and Wigssner, 1960), hydrogen production by free
cells is affected by the salinity of the reaction mixture. In 0% NaCl, immobilized cells pro-
duced 830 m! hydrogen/g dry cells in 10 days. The hydrogen production of immobilized
cells decreased with increasing NaCl concentration. In 5% NaCl, immobilized cells produc-
ed 20 m] hydrogen/g dry cells. The hydrogen production of free cells also decreased with
increasing NaCl concentration. Thus salinity affected the hydrogen production of immobiliz-
ed cells as it affected that of free cells. However, after 10 days of hydrogen production,
these affected cells could grow in the normal culture medium. Therefore, immobilized cells
were not killed by the high concentration of NaCl. Lyngbya sp. (no. 108) can grow in 5%
NaCl growth medium (Kuwapa ef al, 1988).
Figure 2 shows the effect of salinity of the growth medium on hydrogen production.
As we reported previously,
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culture medium. The growth of these cells
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red algae (Porphyra pur-

purea) is affected by the
salinity of the growth medium (Rerp
et. al.,, 1980). Carbohydrate ac-
cumulation by Lyngbya sp. (no. 108)
might likewise reflect osmotic stress
on the culture. When these cells
were suspended in 0% NaCl, cells
containing much carbohydrate might
have been osmotically shocked, and
therefore they produced less
hydrogen. On the other hand, the
cells immobilized in calcium alginate
gel might have been protected from
the osmotic shock due to the physical
support of the cells.

The cells precultured in 5% NaCl
were inoculated into 5% NaCl and
0% NaCl growth medium and
cultivated for 48 hours. (Fig. 3) The
cells grown in 5% NaCl had twice
the growth amount (for 12 hours)
than in 0% NaCl. The change of
NaCl concentration affected the
growth rate of these cells. These

results supported the hypothesis that cells grown in 5% NaCl are osmotically shocked when
they are suspended in 0% NaCl reaction mixture. When the cells became adapted to the
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low osmotic condition, the yield of cells grown in 0% NaCl was 2.5 times larger than that in
5% NaCl in 10 days.

In this report, we have examined the effect of NaCl concentration on hydrogen produc-
tion and growth of Lyngbya sp. (no.108). From the above results, we propose the
hypothesis that the cells immobilized in calcium alginate gel might be protected from the
osmotic shock. Further investigations are needed to prove this hypothesis.
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