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CHAPTER I 

GENERAL OUTLINE AND METHODS 

§ 1. INTRODUCTION 

The primary object of this investigation was the study of nitrate assimilation 
by algae in the presence and absence of light. Though it is evident from the 
literature on this subject that nitrate reduction takes place in light as well as in 
darkness, only little is known about the mechanism. An attractive hypothesis 
assumes that the photosynthetic apparatus interferes directly in the process 
of reduction, but until now this has not been demonstrated conclusively. This 
supposition implies the existence of two mechanisms, viz. a "dark" system, in 
which the energy necessary for the reduction is supplied by reserve materials, 
and a photochemical system. 

The assumption of two processes is based especially on the observation that 
in light in the absence of carbon dioxide the rate of nitrate reduction surpasses 
that in the dark. This observation, however, can also be explained in another 
way. During illumination the supply of oxidisable substrates might be kept 
constant by resynthesis from the carbon dioxide formed by respiration. In 
dark periods, reserve substances may be rapidly exhausted and nitrate reduction 
could then stop by lack of energy supply. 

To obtain more insight into the capacity of the nitrate reducing systems in 
the presence or absence of light, it is therefore necessary to take care that also 
during prolonged dark periods the supply of oxidisable substrates does not 
limit the rate of reaction, a circumstance that has led to investigating a special 
type of "nitrogen-starved", or "carbon-enriched" cells. 

It seemed interesting, furthermore, to try to follow the path of nitrate re
duction, and to compare the rate of nitrogen assimilation in light and darkness 
with the rate of assimilation of more reduced intermediates, e.g. nitrite and 
ammonium. In experiments of such type one may expect to obtain an insight 
into the question in how far energy providing processes are limiting nitrogen 
assimilation, or in how far limitations in the process of nitrogen assimilation 
are introduced, e.g., by limited availability of certain necessary carbon-
"skeletons". 

§ 2. REVIEW OF THE LITERATURE 

It would be impracticable to discuss exhaustively the accumulated know
ledge on nitrogen assimilation and nitrate reduction. Therefore, the author re-
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stricts himself to mention a few published reviews and to a brief discussion of 
those investigations, closely related to his own work. 

In 1937, NIGHTINGALE has given an extensive survey of earlier literature and, 
in 1948, presented an additional survey covering the literature between 1937 
and 1948. STREET (1949) reviewed further literature especially based on work 
published since 1939, and WOOD (1953) has dealt particularly with the nitrogen 
metabolism in higher plants. Recently, WEBSTER (1955) discussed nitrogen 
metabolism in a more general way. An excellent book on protein metabolism 
was published by CHIBNALL in 1939. 

Interest in N03-reduction as carried out by green cells was aroused by the 
classical work of WARBURG and NEGELEIN (1920) with Chlorella. Though not 
working under generally physiological circumstances (pH 2.0), they observed 
the reduction of nitrate to ammonium by green algal cells. They found further
more that during illumination in the absence of carbon dioxide, oxygen evolution 
could be obtained by the addition of nitrate. On the other hand, the presence 
of nitrate in the dark caused an extra carbon dioxide production. Since the 
"extra 0 2" production in light*surpassed the "extra C0 2" production in the 
dark, the authors supposed that under the influence of light the penetration 
of nitrate ions into the cells was stimulated. The replacement of "extra C02" 
by "extra 0 2" can be explained from the fact that in light the carbon dioxide is 
again reduced to oxygen. However, it is important to notice that the observed 
extra 0 2 production in light was more than three times as large as the extra 
C02 production in the dark. 

Many investigators, using Chlorella cells, have confirmed the results of 
WARBURG and NEGELEIN also under more physiological conditions, e.g. 
MYERS (1948), CRAMER (1948), KOK (1951), and KROLLPFEIFFER (1951). 

DAVIS (1953) demonstrated with algae that the process of nitrate reduction in 
light was more complicated. He found a very limited net oxygen production in 
light with nitrate and without carbon dioxide. However, only after the addition 
of an external hydrogen donor (glucose), he measured a rapid nitrate reduction 
with concomitant oxygen evolution. Nitrate reduction under these conditions 
can most easily be explained by the direct action of glucose or one of its de
composition products as a hydrogen donor. At all events these results suggest 
that also in irradiated cultures the nitrate reduction is coupled with the oxida
tion of an organic substrate. The hydrogen, originating from the "photo-
decomposition of water" as such would not seem to be a suitable reductant. 

VAN NIEL et al. (1953) supposed nitrate reduction to be directly coupled with 
the photosynthetic mechanism. In strong light, the authors found a C02-
uptake not affected by the presence or absence of nitrate. The oxygen output 
was, however, considerably larger when nitrate was available. In weak light, the 
C02-uptake was diminished by the presence of nitrate, whereas the oxygen out
put remained constant, independent of the presence of nitrate. The same results 
are given by KOK (1952) and by VAN OORSCHOT (1955). From their observations 
they concluded that the decreased C02-uptake in the presence of nitrate re
sulted from a competition between C02 and N03~ for the photosynthetic re
ductant. Under conditions of light saturation, the supply of photosynthetic 
reductant is more than can be handled by the enzyme systems involved in the 
reduction of C02. If now the enzyme systems involved in the nitrate reduction 
utilize this excess reductant, an additional amount of oxygen can be produced. 

In accordance with these findings, nitrate is thus considered as hydrogen 


