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Abstract

A computer-controlled phytoplankton culture system is described which is regulated as a chemostat.
Measurements of temperature, pH, size distribution, culture density, in vivo fluorescence, nitrate and
nitrite, are automatic and programmable, thus obviating manual errors. The system has been developed
successfully to survey long-term cultures of the dinoflagellate Prorocentrum minimum.

Introduction

Production of unicellular autotrophic organisms
is an essential step in providing nutrition for
large-scale food farming such as fish spry or small
crustaceans. The nutritive value of the phyto-
plankton can be influenced by the culture condi-
tions, as has been shown with diatoms and di-
noflagellates; their sugar, lipid and protein
contents can be modified by different illumination
conditions (Hitchcock, 1982; Claustre & Gostan,
1987), or by varying inorganic nitrogen supplies
(nitrates or ammonium) to the culture (Dortch
et al., 1984). Hence, attempts to control and op-
timize primary food production necessitate auto-
mation of production modes in addition to ac-
quisition of culture parameters.

The advantage of open culture systems com-
pared to batch cultures, is that inorganic compo-
nents necessary for phytoplankton growth are at
low concentrations in the culture medium and
therefore have little influence on the larvae fed.
We present here an autonomous culture system
working on the principle of a chemostat which
automatically collects biomass parameters (in vivo

fluorescence, size distribution, culture density)
while measuring nitrate and nitrite concentra-
tions, temperature and pH.

Materials and me.thods

The culture system shown in Fig. 1 consists of a
3.3-litre incubator (volume can be varied) with a
thermostated water jacket assuring temperature
to 0.1 °C. The culture is stirred with a motorized
glass helix and receives bubbled air passed first
through a 0.22 yum Millipore filter. A 300-watt
quartz iodide halogen lamp supplies light on a
pre-programmed basis. The culture can receive
nutrients from three independent inlets, thereby
allowing continuous or pulsed regiments which
are also microprocessor controlled. Culture vol-
ume is stabilized via an overflow.

The autonomy of the system and culture data
acquisition are controlled by two apple Ile com-
puters programmed in BASIC. System I controls
acquisition of the culture data mentioned above.
An ADALAB card (Interactive Microware, Inc.)
programmed in machine language interfaces data
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Table 1. Measurements monitored by the automated cultures system.
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Variables Measurement delays (mn) Sampled volumes (ml) Precision

T°C Instantaneous 0 0.1°C

pH Instantaneous 0 0.01 unit
NO, 6 4 0.05 pg-atl !

Nitrogen { NO, 6 4 0.05 pg-atl ™!
NO; & NO, 6 8 0.05 pg-atl '

Cell counts 8 5 1,

Fluorescence 6 10 39

collection and permits accessing, via simple
BASIC instructions, the following modules:
2'timers, 1 analog digital input, and 2 parallel
input and output sockets. An 8-channel multi-
plexer (HEF 4051B) received measurements from

four sensors:

SETUP
PARAMETERS

(i)

at 20 °C and 1 mA per °C;
pH probe (pH meter KNICK
combination electrode INGOL
livers 1 mV per 0.01 pH units
pH 7.0);

(it)

Y

NUTRIENT PULSES
MONITORING

OF PULSED MEDIUM, TIME STEP OF THE AUTONOMOUS CYCLE,
FILE NAME OF SAVED RESULTS AND PARAMETERS LIST

SET PROBE NUMBER, CYCLOSTAT VOLUME,
FLOW RATE AND NUTRIENT CONCENTRATION

TIME SERIES OF NO3
& NO2 ACQUISITIONS

PERFORMS NUTRIENT PULSES INTO THE CYCLOSTAT WITH
SPECIFIED AMPLITUDE AND FREQUENCY, AND STARTS TIME
SERIES OF NO3 AND/OR NO2 ACQUISITIONS WITH SPECIFIED

FREQUENCY

IMMEDIATE SENSOR

Y

PERFORMS IMMEDIATE AND INDEPENDENT ACQUISITIONS OF
TEMPERATURE, pH, FLUORESCENCE, NO3 AND/OR NO2

semiconductor temperature sensor (Analog
Devices AC 2626-K4) which delivers 300 uA

646) with a
D which de-
(700 mV at

NO3 CALIBRATI

NO2 CALIBRATION
NO3 & NO2 CALIBRATION

NO3 ACQUISITION
NO2 ACQUISITION
NO3 & NO2 ACQUISITION

ACQUISITIONS
VALVE&PUMP |
CONTROLS B
INJECTS CELL CULTURE INTO THE FLUORIMETER
i START A NEW
AUTONOMOUS o AmoMous
MODE START DATA RINCES FLUORIMETER CELL
ACQUISITION
EXIT »| QUITTHE SET TECHNICON COLORIMETER ON
MANUAL MENU
AND RETURN TO 5
THE PREVIOUS
AUTONOMOUS SET TECHNICON PUMP ON
CYCLE
AUT%IE‘)%%OUS j_—] PURGES DEAD VOLUMES OF REFERENCE SEA-WATER,

Fig. 2. Principle commands in the manual mode.
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(ii1) fluorimeter (Turner I1T) which allows fluores-
cent measurements in vivo. Output voltage of
the device is 0-10 mV before amplification
and before analog input the ADALAB card;

(iv) colorimeter associated with a Technicon Au-
toanalyser, which measures nitrate and ni-
trite. Qutput signal amplification is also nec-
essary.

The parallel input/output sockets on the AD-
ALAB card allow activation/inactivation of re-
lays, peristaltic pumps, and recorders via opto-
relay electronics. In addition to automatic
sampling, titration and addition of media into the
culture, it is also possible to select different mod-
ules of the system (for example, rinsing the fluo-
rimeter measuring cell). System I can function au-
tonomously to survey culture parameters
(Table 1), or can be manually operated to effec-
tuate a particular function (Fig. 2). During the
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Fig. 3. Prorocentrum minimum culture. As of day 45, the par-

ticle counter has doubled measurements from 2 to 4 per day.

The arrows indicate the different stationary phases of the cul-

ture in respect to different dilution rates (d) and nitrate con-
centrations (c) in the injected milieu.

autonomous mode, cycles of culture parameter
acquisition are performed with a programmable
periodicity ranging between 30 and 100 min. The
system automatically continues a program in case
of a power failure. The automatic routine between
2 measurement cycles can be interrupted by one
keyboard command. Finally, if a manual opera-
tion such as nitrate calibration exceeds the re-
instigation of a programmed cycle, the latter will
be retarded until the manual operation has been
terminated.

System II controls size (in 12 increments) and
acquisition of data on phytoplankton concentra-
tion. Its function is to take culture aliquots, di-
luting them if necessary, and to transfer them to
the particle counter (HIAC, Pacific ROYCO).
The results are then stored. The microprocessor
has an internal clock and a VIA card with 4 par-
allel ports. There are 32 individually programma-
ble input/output bits, which allow interfacing with
the particle counter. System 11 also operates on
manual or automatic with a 8-min delay step al-
lowing sufficient time to carry out the required
operations.

Results

The culture system presented here allowed us to
study the growth characteristics of Prorocentrum
minimum, a dinoflagellate associated with red
toxic blooms. Fig. 3 shows nitrate and nitrite con-
centrations and cellular counts of a culture, whose
growth was controlled by the dilution rate (d) and
the concentration of nitrate in the injected me-
dium (c). Our system allowed us to follow in real
time the influence on the culture when one of the
parameters was changed. During the first part of
phase 1, cell growth is superior to the culture di-
lution rate (i.e. positive biomass change), and the
nitrate concentration was in excess. As nitrate is
consumed, the biomass decreases. During
phase 2, the injected nitrate concentration is in-
creased (c) which results in an increased energy
supply to the culture (even if the nitrates are not
detectable). The phytoplankton culture now tends
towards equilibrium (arrow in phase 2 of Fig. 3).



The new values of (c) and (d) during phase 3 have
immediate repercussions on the cell density of the
culture. The increase in dilution rate contributes
to the decrease of the culture and as a conse-
quence, nitrate accumulation. A new stationary
equilibrium is reached on day 38. The excess of
nitrate during this phase induces nitrite excretion.
During phase 4, the reduction in dilution rate in-
duces a phenomenon opposite to the preceding
phase. As a new state of equilibrium is reached at
day 52, the dilution rate is reduced, permitting the
culture to reach a new equilibrium on day 60.

Figure 4 shows a graph of the data obtained
with the automatic particle counter during the
first 10 days. This system provides evidence for a
variation in average cell diameter during the ex-
ponential growth phase followed by a size stabi-
lization.

The culture system also allows automatic ad-
dition of a known concentration of nitrate (or any
other limiting component) in discrete pulses. The
system then collects concentration data and fi-
nally provides absorption Kinetics. Figure 5
shows the effects on P. minimum of two different
culture conditions. In case A, the cells were not
deficient in nitrate. They are in a stationary phase
where the salt depletion to zero is linear with time.
In case B, the cells were deficient in nitrate for
4 days prior to a nitrate pulse, and one sees a time

Size Classes (um)

Fig. 4. Size distribution and mean diameter of Prorocentrum
minimum at the beginning of the culture experiment.

Cell density (cells mI'!)

239

10 6
1 A

Z 54 L3 =5
‘:a‘ 1 Q
& ] . =
1 —

~ .
§ 0 ——— — s ———to 2
‘ 0 4 6 0 2 4 6 ,
£ 0 6
z B °
2 3
o4
§° 54 . -3 2
-—g . °c L ;é-
. ° jow]

T T —T L A

0 2 4 60 2 4 6
Time (h)

Fig. 5. Case A: Prorocentrum minimum cells non-depleted in

nitrate: the rate of nitrate absorption measured after one ni-

trate pulse is linear with time. Case B: Prorocentrum minimum

depleted in nitrate: the absorption rate is low after the pulse

and then augments showing an induction time lag character-

istic of a physiological adaptation of the cells in an environ-

ment which has changed abruptly.
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Fig. 6. Amutomatic in vivo fluorescence measurements of a
Prorocentrum minimum culture maintained in cyclostat with a
LD cycle 12:12.

lag before the rate of nitrate absorption fails to
achieve a maximum. Figure 6 shows the variation
in in vivo fluorescence of a Prorocentrum minimum
culture subject to a 12:12 h light:dark cycle. The
in vivo fluorescence is seen to increase rapidly
during the first hours of the dark phase.

Discussion

This culture system maintains phytoplankton cul-
tures monospecific and healthy for several months
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(Sciandra, 1991). It can be modified and used in
order to optimize phytoplankton production in
larger volumes for the feeding of breeding larvae.

In its actual configuration, it is a tool adapted
for time dependent experiments on the physiology
of phytoplankton. By maintaining the cultures
during long times, it is possible to study the ad-
aptation processes which are induced by succes-
sive perturbations in the milieu. The excretion of
nitrite (and the subsequent reabsorption) which
follows a pulse of nitrate added to nitrogen-limited
cells of Prorocentrum minimum reflects their in-
ability to assimilate nitrate at low growth rate
(Collos, 1982). The importance of this phenom-
enon (i.e. rate of nitrite excreted versus nitrate
absorbed), and the time necessary for the cells to
recover their ability to assimilate external nitrate
correctly depends on the degree of the cell limi-
tation (Martinez, 1991).

Under severe nitrogen deprivation, uptake be-
comes non-linear (Harrison et al., 1989) and can-
not be described by Michaelis-Menten equation.
Since the form of the non linearity (Fig. 5) de-
pends on the physiological condition of the cells,
pulse experiments have to be made with cells at
different growth rate and having experienced var-
ious past histories of nitrogen feeding. Such ex-
perimental conditions can be obtained with our
culture system, which can be programmed to per-
form pulses of the limiting factor at different fre-
quencies and amplitudes. Then, it becomes pos-
sible to relate the instantaneous growth rate not
only to the concentration of the limiting factor,
but also to its mode of variation in the milieu
(Sciandra, 1991). The difficulty in interpreting the
non-linear variations of growth and nutrient up-
take and the uncoupling between these two pro-
cesses can be reduced by increasing the frequency
of data acquisition, so that the measured signal
becomes almost continuous. Figure 6 shows that
the in vivo fluorescence measured by the automatic
system reflect a cellular chromatic adaptation
which is complex and rapid in Prorocentrum
minimum (Harding et al., 1983). During such
transient changes induced by variable ligth re-
gime, fluorescence cannot be used as a satisfac-
tory indicator of the biomass when the cells are

nitrogen-limited (Fenaux et al., 1985). Such data
are that needed to provide useful support for
modeling the complexity of the adaptive processes
in phytoplankton. Moreover, automation in col-
lecting standard data on variables such as nutri-
ents, fluorescence and cell concentration, makes
it easier for other measurements (internal quota,
enzymatic activities) to be carried out at the same
time.

The automatic culture system presented here is
well adapted to support competition experiments,
since it is able to discriminate between different
cell sizes. Moreover, as underlined by Grover
(1990), because competitive exclusion proceeds
slowly when resource supply is variable, experi-
ments must run for several weeks to allow com-
petitive dynamics to be discerned, again suggest-
ing the advantage of automation.
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