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Ah&act-Onset of simultaneous hydrogen photoproduction in Rhodobacter sphaeroides O.U. 001 occurred during 
the early stationary phase of growth. The studies on the regulation of onset of hydrogen photoproduction during 
growth by pH and glutamate suggest that these parameters affect the total and rates of hydrogen evolution rather 
than the onset, except at pH 7.5 

INTRODUCTION 

Several photosynthetic microorganisms produce molecu- 
lar hydrogen under certain conditions. Anoxygenic 
phototrophic bacteria (photosynthetic bacteria), which 
are among the more promising have been studied exten- 
sively [l]. Both growing and resting cells of photosyn- 
thetic purple nonsulfur bacteria are known to dissimilate 
organic compounds into hydrogen and carbon dioxide 
[2,3]. Hydrogen photoproduction is largely catalysed by 
the enzyme nitrogenase and is inhibited by ammonium 
ions. Hence resting cells in the absence of any combined 
nitrogen are preferable for hydrogen photoproduction. 
However, under certain conditions, biomass and hydro- 
gen can be jointly obtained, but information about such 
simultaneous hydrogen photoproduction during growth 
is scant [2,4-73. In the present communication we report 
the regulation of simultaneous photoproduction of hy- 
drogen during growth by pH and glutamate concentra- 
tions in Rhodobacter sphaeroides O.U. 001. The onset of 
hydrogen photoproduction was delayed until the early 
stationary phase, in contrast to hydrogen photoproduc- 
tion by other purple nonsulfur bacteria where it was 
observed much earlier. 

MATERIALS AND METHODS 

Orgunism and growth conditions 

A locally isolated strain of Rhodobacter sphaeroides 
O.U. 001 (ATCC 49419; DSM 5864) was cultured photo- 
heterotrophically (anaerobically) in mineral medium as 
described earlier [S] with malate (30 mM) and sodium 

glutamate (10 mM, unless otherwise indicated) as carbon 
and nitrogen sources respectively, at 30 Tfi 2 “C and 2400 
lux light intensity. 

Growth measurement 

Growth was measured in terms of increase in OD at 
660 nm or by dry weight as described earlier [8]. 

Simultaneous hydrogen photoproduction studies 

Five percent inoculum of exponential phase culture 
of R. sphaeroides grown as above was inoculasted in I ml 
of medium in a 15 ml test tube (15 x 125 mm) under 
sterile conditions and sealed with suba seals. Malate 
(3OmM) was used as carbon source/e- donor and sodium 
glutamate (lOmM, unless otherwise indicated) was used 
as nitrogen source. Unless otherwise indicated, the pH 
of the assay medium was 7.0. Test tubes were flushed 
with ultra-pure argon for 15 min using a pair of hype- 
dermic needles and cultures were exposed to light (2400 
lux) at 30 + 2°C. Hydrogen in the gas phase was assayed 
gas chromatographically [9]. 

Analytical determination 

Malate was determined by the chromotropic acid 
method [lo] and sodium glutamate was estimated in 
terms of ammonia of glutamate by the phenol hypo- 
chlorite method [ 111. 

RESULTS AND DISCUSSION 

Our earlier experiments with R. sphaeroides O.U. 001 
on photoproduction of hydrogen by resting cells in a 
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Fig. 1. Changes in malate and glutamate concentrations and pH 
during growth of R. sphaeroides O.U. 001. Results are expressed 
as the average of experiments done in triplicate. Temperature 
and light intensity of the experiments were 30 + 2°C and 2400 
lux respectively. Initial pH of the assay medium was adjusted 
to 7.0. 100% = : OD = 1.2; malate, 30 mM; glutamate, 10 mM. 

two-step process proved promising Cl23 and in the 
present investigation an attempt has been made to 
generate hydrogen in a single step using growing cultures. 

Rhodobacter sphaeroides O.U. 001 photoproduced hy- 
drogen simultaneously during growth, like Rhodo- 
pseudomonas su&dophilis [S], Rhodosprillum rubrum [7], 
Rhodobacter capsulatus [2], R. sphaeroides VM 81 [4] 
and Rhodopseudomonas sp. [13, 141. Based on the onset 
of hydrogen photoproduction during growth, two phases 
have been differentiated, firstly the growth phase and 
secondly the hydrogen production phase (Fig. 1). At the 
time of onset of hydrogen photoproduction, glutamate 
and malate were not totally consumed and the pH 
reached a value of over 8.0. The onset of hydrogen 
photoproduction in this organism was during the late 
exponential or early stationary phase of growth. This is 
as reported for R. sulidophilus [S], but unlike in other 
purple non-sulfur bacteria [4, 7, 13, 143 where hydrogen 
production starts immediately at the beginning of the 
exponential phase. 

Nitrogenase activity (acetylene reduction) was ob- 
served much earlier (mid exponential, data not shown) 
than the onset of hydrogen photoproduction, suggesting 
that appearance of nitrogenase need not necessarily result 
in hydrogen photoproduction. Detection of nitrogenase 
activity cannot be taken as an indication of the onset of 
hydrogen photoproduction during growth, as done for 
resting cells where nitrogenase activity and hydrogen 
production appear simultaneously, and a correlation 
exists [lS]. -- 

Compared to hydrogen photoproduction by resting 
cells [12], hydrogen photoevolution by growing cells was 
much higher. This is perhaps because growing cultures 
are continuously under anaerobic conditions, unlike 
resting cells which are exposed to aerobic conditions 
during preparation of the cell suspension when the 
nitrogenase may be partially inactivated [16]. It is 
advantageous to have the onset of hydrogen evolution 

Fig. 2. Growth and hydrogen photoproduction by R. sphaeroides 
O.U. 001 at various pH. Experimental conditions as in Fig. 1 

except that pH was varied as indicated. 

much earlier than the stationary phase by which time 
most of the malate is consumed and converted into 
biomass, thus very little substrate is left for hydrogen 
photoevolution. Hence, in an attempt to advance the 
onset of hydrogen photoproduction from the early sta- 
tionary phase, we varied two important environmental 
parameters: pH and glutamate. 

Regulation of hydrogen photoproduction during growth 
by PH 

Growth and simultaneous hydrogen photoproduction 
were studied at pH ranging from 5.0 to 9.0. Growth was 
not observed below pH 6.0. Biomass yield was high at 
pH 6.tX.8 and it decreased as the pH increased from 7.0 
to 9.0. Figure 2 shows growth and simultaneous hydrogen 
photoproduction by R. sphaeroides O.U. 001 at pH 
6.0-9.0. At pH 6,0 an initial lag was observed in the 
growth, while no such lag period was observed at all the 
pH where there was growth; however, it was rather low 
at pH 6.0 and above 7.5, where the onset of hydrogen 
photoproduction was also delayed till mid to late sta- 
tionary phase. At pH 6.5-7.0, hydrogen photoevolution 
was observed by early stationary phase. Only at pH 7.5 
was the onset of hydrogen photoproduction earlier; it 
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Fig. 3. Growth and hydrogen photoproduction by R. sphaeroides 
O.U. 001 at various concentrations of glutamate. Experimental 
conditions as in Fig. 1 except that glutamate concentration was 

varied as indicated. 

was observed by mid-long phase. At pH where growth 
was not observed (pH 5-KS), there was no marked 
variation in the final pH after assay, while for the rest, 
the final pH was around 9.0-9.5. 

Regulution b-y glutamate 

Growth was observed at all the concentrations of 
glutamate tested (O-23mM). Increasing concentration of 
glutamate resulted in an increase in biomass yield; 
however, simultaneous hydrogen evolution was observed 
only up to a concentration of 17mM (Fig. 3). Hydrogen 
production was high at lower concentrations of glutamate 

(2--1lmM). Above 11 mM glutamate concentration, a 
marked decrease in simultaneous hydrogen photo- 
producion was observed. Onset of hydrogen photo- 
production was observed, whenever it oecarred, at sta- 
tionary phase of growth at all the concentrations of 
glutamate. The final pH of the medium after assay reached 
9.0 at all concentrations of glutamate used, except at the 
0 and 2mM concentrations. 

Our efforts to advance the onset of hydrogen photo- 
production from early stationary phase by regulating 
glutamate failed, though a delay was observed. However. 
by regulating pH the onset of hydrogen photoproduction 
could be advanced to mid-log phase at pH 7.5 in contrast 
to hydrogen evolution by R. sulfidophihs [S] which 
started only at the end of the exponential phase irrespec- 
tive of the pH. Our results with R. sphaeroides O.U. 001 
suggest that for the onset of hydrogen photoevolution 
by growing cells it is the growth phase of the bacterium 
which is much more important than the external envi- 
ronmental parameters such as the pH and glutamate, 
though they affect the total and rate of hydrogen photo- 
evolution. However. they do affect the onset of hydrogen 
photoproduction indirectly, i.e. by af%cting the growth 
rate of the organism and thus the time at which the 
stationary phase is attained. 
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