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Abstract. When an initial cell loading of about 30- 
40 Ixg chlorophyll (Chl)-g -1 gel and alginate suspen- 
sion of 3% (w/v) were used for immobilization of Chla- 
rnydornonas reinhardtii, the resulting cell  beads 
showed opt imum nitrite uptake rate, at 30°C and pH 
7.5, of 14 Ixmol NO~- .mg -1 Chl .h  -1, the photosyn- 
thetic and respiratory activities being about  120 txmol 
O2 p roduced ' r ag  -1 Ch l ' h  -1, and 40 ixmol O2 con- 
sumed, m g -  1 Chl" h -  1, respectively. The nitrite uptake 
activity required CO2 in the culture and persisted after 
8 days of cells immobilization, or in the presence of 
0.2 mM ammonium in the medium. Our data indicate 
that alginate-entrapped C. reinhardtii cells may pro- 
vide a stable and functional system for removing nitro- 
genous contaminants f rom waste-waters. 

Introduction 

The presence of high concentrations of inorganic ni- 
trogen (N) compounds decreases the quality of drink- 
ing water, thus the use of photosynthetic  microalgae, 
which are able to consume these N compounds for 
growth, has been investigated with the practical pur- 
pose of contaminant  bioelimination (Painter 1977; 
Jeanfils and Thomas 1986). 

In these micro-organisms, nitrate and/or nitrite are 
reduced to ammonium by the successive action of ni- 
trate and nitrite reductase activities, using reduced py- 
ridine nucleotides and ferredoxin as electron donors. 
Ammonium is thereafter  incorporated into carbon 
skeletons through the glutamine synthetase-glutamate 
synthase cycle, for the synthesis of L-glutamate, and 
then N is finally distributed thorough the biological 
material (Vega et al. 1991). 

Immobilized microalgae have been used to catalyse 
conversions of practical interest, because of the high 
stability shown and the low cost of the process (Fukui 
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and Tanaka 1982). Immobilization significantly facili- 
tates the harvesting of cells and the function of semi- 
continuous or continuous systems (Proulx and de la 
Notie 1988). 

In this paper  we study the nitrite uptake from water 
by Chlamydomonas reinhardtii cells immobilized in 
calcium alginate, as an initial step required to establish 
optimal conditions for the potential  use of the system 
in bioreactors. We followed the guidelines for the char- 
acterization of immobilized biocatalysts as proposed by 
the Working Party on Immobilized Biocatalysts of the 
European  Federat ion on Biotechnology (1983). 

Materials and methods 

Organisms and standard culture conditions. Wild type C. rein- 
hardtii strain 21 gr, was grown at 25 ° C in 15 mM phosphate (pH 
7.5)-buffered culture medium containing 10 mM KNO3 as the ni- 
trogen source (Vflchez et al. 1991). The standard cultures (about 
200 ml), in 250-ml conical flasks, were bubbled with air contain- 
ing 5% (v/v) CO2 and continuously illuminated with white fluo- 
rescence lamps (250 p~E.m-Z.s -1, at the surface of the tube). 
The cells were harvested in the exponential phase of growth 
(15 ~g Chl.ml-1) by centrifugation at 5000 g for 5 rain, washed 
and resuspended in Tricine buffer. 

Immobilization of C. reinhardtii cells by entrapment in alginate. 
The cells were harvested, washed and resuspended (0.5-1%, w/v) 
in 20 mM Tricine-NaOH (pH 8.0)-buffered culture medium and 
they were throughly mixed with an equal volume of an alginate 
solution (6%, w/v) prepared by mixing 4% alginic acid and 2% 
alginate sodium salt and NaOH to reach pH 6.5-7.5. The final 
viscosity (7000 centipoises, cP) depended on the proportion of 
alginic acid and alginate mixed. Beads of about 3 mm diameter 
were obtained by dropping the alginate cell mixture into a solu- 
tion of 0.1 M CaC12 or BaC12 at 4 ° C and after 5 h they were rinsed 
with fresh culture medium and were ready for use. 

Measurement of photosynthetic and respiratory activities. The 
photosynthetic activity was determined using a Clark-type elec- 
trode to measure light-dependent Oz-production from the algi- 
nate-entrapped C. reinhardtii cells (ten beads) into 1.5 ml of 
20 mM Tricine-NaOH (pH 8.0)-buffered culture medium. The 
measurements were made at 25°C under saturating white light 
illumination (1500 ~E.m-2-s-i).  The respiratory activity was 



138 

determined by measuring the 02 uptake in the dark by the immo- 
bilized ceils under the conditions described above. 

Nitrite uptake conditions. Nitrite uptake experiments were car- 
ried out at 25 ° C, in small batch reactors (20 cm height and 4 cm 
diameter), containing 100 ml of 20 mM Tricine-NaOH (pH 7.5)- 
buffered culture medium supplemented with 600 ~M nitrite as 
minimum, and 10% (w/v) of immobilized cells. Lower amounts of 
nitrite were not used because of rate-limiting conditions. 

Analytical determinations. Chlorophyll was determined by ex- 
tracting the free cells with acetone. For immobilized cells, the 
beads were extracted with acetone overnight. After removing the 
non-extracted material by centrifugation, the absorbance at 
652nm was determined in the supernatant (e=34.5 
mg'ml -~-cm-1). Further details are in Vflchez et al. (1991). 

Nitrite in the medium was determined according to the colori- 
metric method of Snell and Snell (1949). 
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Results  

Influence of immobilization conditions on the 
biological activities of  C. reinhardtii 

When C. reinhardtii cells are immobil ized in alginate 
beads, Ca 2÷ or Ba 2÷ can be used as hardening cations, 
without  significant changes in their  biological activities 
(data not shown). 

Cell loading is critical for work  with immobil ized 
photosynthet ic  microalgae.  The  nitrite up take  rate  de- 
creased with increasing cell loading in the beads, f rom 
14 ixmol N O 2 - m g - r  C h l - h - 1  at an initial cell loading 
of 20 ~g Chl .g  -1 gel, to a rate  of  5.6 ~mol  NO2--  
mg -1 C h l ' h  -1 at 100 ~g Chl .g  -1 gel. In parallel, the 
photosynthet ic  activity decreased f rom 150 to 70 ixmol 
O2 .mg  -1 Ch l .h  -1, within the above  range of initial 
cell loading, while the respiratory activity shown by  the 
immobil ized cells was in the range of 32-20 ixmol 
O2"mg-1  Chl.  h -  1 (Fig. 1). These  data suggest a signif- 
icant influence of shading effect caused by the outer-  
most  cells of  the beads. Unless otherwise indicated, the 
initial cell loading used for  fur ther  exper iments  ranged 
be tween 30 and 40 txg C h l . g - 1  gel. 

The  concentrat ion of alginate suspension deter-  
mines the diffusion of substrates through the matrix. In 
Fig. 1 we can see a decrease in the nitrite up take  rate, 
photosynthet ic  and respiratory activities of the immo-  
bilized cells when the alginate concentrat ion was in- 
creased. The  use of 3% (w/v) alginate in the cell sus- 
pension for the immobil izat ion gave good levels of ni- 
trite up take  rate  and photosynthet ic  activity. 

Effect of  environmental and nutritional conditions on 
the biological activities of  C. reinhardtii 

The nitrite up take  rate  shown by immobil ized C. rein- 
hardtii cells was higher at every t empera tu re  than that  
of  freely suspended cells. In addition, this rate  was high 
in the 20-40°C tempera tu re  range, reaching a maxi- 
m u m  of 14 ixmol N O ~ ' m g  - I  Ch l .h  -1 at 30°C (Fig. 
2). A m a x i m u m  photosynthet ic  activity of  240 ~mol  
O2"mg-1  C h l - h - 1  was shown by immobil ized cells at 
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Fig. 1. Effect of cell loading and alginate concentration in the 
beads on biological activities of immobilized Chlamydomonas 
reinhardtii. Ceils collected from standard cultures, washed and re- 
suspended in 20 mM Tricine-NaOH (pH 8.0) buffer were used to 
prepare algal suspensions with different concentrations of chloro- 
phyll (Chl) and alginate. The cell immobilization, nitrite uptake 
rate (Q), photosynthetic (A) or respiratory (A) activities were 
performed as indicated in Materials and methods: 100% was 
141xmol.mg -1 Chl.h -1 for nitrite uptake, and 150wmol 
O2.mg -1 Chl.h -1 for either photosynthetic and respiratory ac- 
tivities 

40 ° C, whereas  freely suspended cells showed bet ter  ac- 
tivity at 35 ° C. 

The  effect of p H  on the biological activities of C. 
reinhardtii cells is shown in Fig. 3. The  nitrite up take  
rate shown by the immobil ized system was high in the 
p H  range 6.5-8.0, reaching a max imum at p H  7.5, cor- 
responding to the opt imal  photosynthet ic  activity in 
the cells. A t  this p H  the values shown by the free cells 
were  Significantly lower, especially for nitrite up take  
rate. 

In carbon-deple ted  C. reinhardtii cells the nitrite up- 
take rate  was negligible. When  CO2 was newly sup- 
plied to cultures, immobil ized cells recovered  their ac- 
tivity after  a lag phase  of 10 min and reached the max- 
imum after  40 min of CO2 addition (Fig. 4). The  curve 
shown by the free-cell system was slightly different, 
lacking a lag phase  in recovering their  activity, but  
reached a lower m a x i m u m  than the immobil ized cells. 
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Fig. 2. Effect of temperature on biological activities of C. rein- 
hardtii. Cells collected from standard cultures, washed and resus- 
pended in the Tricine buffer to 30 tzg Chl.m1-1 were used as the 
free system• Immobilized cell systems, prepared as indicated in 
Fig. 1, contained 30 t~g Chl'g -1 gel. The nitrite uptake rate by 
free (O) or immobilized cells (e), and photosynthetic activity by 
free (A) or immobilized cells (A) were determined as indicated 
in Materials and methods at different temperatures 
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Fig. 3. Effect of pH on biological activities of C. reinhardtii. The 
cell systems used were prepared as indicated in Fig. 1. The nitrite 
uptake rate by free (O) or immobilized (O) cells, and photosyn- 
thetic activity by free (A) or immobilized cells (A) were deter- 
mined as indicated in Materials and methods at different pH 

Kinetic studies 

The  subst ra te  sa tura t ion cons tant  (Ks) for  nitrite up- 
take  shown by  immobi l ized  C. reinhardtii cells, as de- 
duced  f r o m  the  L ine we a ve r -Burk  t r ea tmen t  o f  the rate  
data  ob ta ined  at different  nitrite concentra t ions ,  was 
80 I~M (data  no t  shown).  This value is h igher  than  the 
1.5 ~M for  freely suspended  cells ( C d r d o b a  et al. 
1986). 

In  o rder  to de te rmine  the  capaci ty  of  the immobil -  
ized cells for  e l iminat ion of  nitrite f r o m  a water  source 
it is impor t an t  to check  its nitrite up take  capaci ty  in the 
presence  of  a m m o n i u m ,  an inhibi tor  of  this process  in 
f reely  suspended  cells (Florencio  and Vega  1983). Fig- 
ure  5 shows that  a m m o n i u m  inhibit ion decreased  with 
increasing cell loading, indicat ing that  immobi l ized  
cells of  C. reinhardtii are an at tractive sys tem for  nitrite 
el imination.  

The  s torage stability o f  the immobi l ized  sys tem is 
ano the r  interest ing p rope r ty  to  be  cons idered  in this 
b io technologica l  process.  Figure  6 shows that  immobil -  
ized cells re ta in  80% of  their  nitrite up take  capaci ty  
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Fig. 4. Effect of CO2-stressed conditions on nitrite uptake by C. 
reinhardtii. The cell systems used were prepared as indicated in 
Fig. 2. Free (O) or immobilized (0) cells were bubbled with CO2- 
free air for 1.5 h. Then CO2 was newly supplied according to the 
standard growth conditions, and nitrite uptake rate was deter- 
mined as indicated 
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Fig. 5. Nitrite uptake inhibition by ammonium in C. reinhardtii. 
The cell systems used were prepared as indicated in Fig. 2, but 
using the identicated cell loading. Nitrite uptake rate by free (0) 
or immobilized cells (O, 15; A, 60; II, 100 txg Chl-g -~ gel) was 
determined in the presence of different concentrations of am- 
monium in the medium 
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Fig. 6. Effect of storage time on the biological activities of C. rein- 
hardtii. The cell systems used were prepared as indicated in Fig. 
2. Nitrite uptake rate by free (©) or immobilized (0) cells, and 
photosynthetic activity by immobilized (A) ceils were determined 
after different periods of storage at 4 ° C 

after 8 days storage at 4 ° C, whereas the activity of 
freely suspended cells was negligible after the 4th 
day. 

D i s c u s s i o n  

C. reinhardtii cells immobilized in calcium alginate 
beads may provide a continuous biological system for 
eliminating nitrogenous contaminants f rom waters. 
Since inorganic N assimilation by microalgae is closely 
dependent  on photosynthetic  electron flow (Vega et al. 
1991), we have fixed the optimal conditions of the sys- 

tern using the nitrite uptake rate and photosynthetic  
activity as basic parameters.  

Initial cell loading is a critical factor in this immobil- 
ized system because growth of the alga during culture 
produces two kinds of effects: (a) Shading of cell colo- 
nies located near  the surface of the bead over the inter- 
nal ones (Vflchez et al. 1991), which produces a limita- 
tion of the photosynthetic  efficiency, thus decreasing 
the nitrite uptake rate, and (b) problems for substrate 
diffusion through the bead because the cells occupy a 
significant fraction of the useful volume of the bead, 
and also because the exit route  for molecules is longer 
(Tanaka et al. 1984; Westrin and Axelsson 1991). 

Particularly important  is the enrichment of photo- 
synthetically produced 02  in the beads, determining an 
O2/CO2 ratio in the beads environment  that increases 
cell photorespiration,  thus decreasing their viability. 
Therefore ,  it seems very suitable to use an initial small 
charge of cells, such as 30-40 ~g C h l . g -  1 gel, in order  
to retard the shading effect and increase in photorespi- 
ration activity, allowing cell growth for a few days. This 
is particularly active near  the bead surface, thus fa- 
vouring an efficient distribution of cells in the matrix 
(Wijffels et al. 1991). These considerations are consis- 
tent with those repor ted in Nitrobacter agilis (Tramper  
and de Man 1986) and Streptomyces clavuligerus (Scott 
et al. 1988). 

Problems of substrate diffusion also depend on the 
alginate concentrat ion used for cell immobilization 
(Garbisu et al. 1991; Bailliez et al. 1986). Our data in- 
dicate that 3% (w/v) alginate in the cell suspension is 
adequate for minimizing this problem and allowed us 
to obtain beads with a physical consistency that avoids 
cells leakage and/or disruption of the system. In addi- 
tion the cells retain good viability. 

Particularly interesting from a biotechnological 
point of view are the specific propert ies of immobilized 
systems compared to the freely suspended ones: 
1. The cells show high resistance to nitrite toxicity, as 
described in N. agilis (Tramper  and de Man 1986) or in 
Phormidium laminosum (Serra et al. 1990). 
2. The ammonium-dependent  inhibition of nitrite as- 
similation by C. reinhardtii cells is minimized• 
3. The high stability of the system, mainly concerning 
the biological viability of the cells. 

We have studied the environmental  and nutritional 
conditions for opt imum operat ion of immobilized C. 
reinhardtii cells in assimilating nitrite. According our  
data immobilized cells may assimilate nitrite at 
14 ~mol .mg  -1 Chl-h -~, at 30°C and p H  7.5. The sys- 
tem may operate  for a few days, requires CO2 and 
shows high resistance to toxicity by an excess of nitrite 
or inhibition by ammonium. These observations sug- 
gest good possibilities for this system in bioreactors. 
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