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The last of the organisms to be studied in this series was chosen as a repre
sentative of the Dinophyceae. The treatment of Prorocentrum micans Ehren
berg has been similar to that of Asterionella japonica Qeve & Miiller ex Gran
(Kain & Fogg, 1958a) and Isochrysis galbana Parke (Kain & Fogg, 1958b).
The present paper includes a discussion of the results for all three organisms
in the light of work by previous authors.

MATERIALS AND METHODS

The strain of Prorocentrum micans used originated from the Plymouth
collection (No. 97). It was freed of bacteria by the method of phototaxis
(Droop, 1954). Individual cells were picked out after they had traversed six
9 cm Petri dishes of sterile medium. For some experiments the original uni
algal culture was used and for others the bacteria-free culture.

The methods used in culturing the dinoflagellate were similar to those used
for Asterionella (see Kain & Fogg, 1958a). Pyrex glass tubes (15 x2'5 cm)
plugged with cotton wool were used as culture vessels and immersed in a
constant temperature water bath at 20° C with incandescent lighting providing
5000-7000 lux.

The basic media used were Erdschreiber (F0yn, 1934), AK (Kain & Fogg,
1958a), AQN (based on natural sea water) and AQA (based on artificial sea
water). Medium AQ was the same as AR (Kain & Fogg, 1958a) but without
sodium silicate or tris(hydroxymethyl)aminomethane (' tris '). Soil extract,
at 20 or 50 mI./!., was usually added to this medium and in all later experi
ments cobalamin, at 0'1 mfLg/!., was included. In addition Provasoli's
vitamin solution S3 (Provasoli, McLaughlin & Droop, 1957) was added on
occasion. A few experiments were made in medium BD which consisted of
natural sea water enriched with nitrate, phosphate and ferric chloride at the
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same concentrations as in AK, with twelve vitamins (Table I) and 50 mI./l.
of soil extract. Finally medium BE was developed. It was based on natural
(BEN) or artificial (BEJ sea water and the usual nitrate and phosphate en
richments with the addition of the trace elements and ethylenediamine
tetra-acetic acid (EDT A) as in AQ but contained also glycylglycine, at 4 roM
and twelve vitamins (12 V). Media were autoclaved at 15 lb./sq.in. for I min.

Growth was estimated solely by cell counts, as the large cell size and low
population density prevented the use of optical density measurements. The
same factors also precluded the use of the usual haemacytometer slides and at
first the Utermohl technique (Lund, 1951) was used, all the cells in the sample

TABLE 1. THE CONCENTRATIONS IN THE MEDIA OF THE
TWELVE VITAMINS (12V) USED

Thiamin
Riboflavine
Pantothenic acid
Nicotinic acid
Pyriodoxine
Cobalamin

p.M

0'5
0'01
0'2
0'001
0'01
0'0001

p-Amino benzoic acid
Inositol
Biotin
Folic acid
Adenine
Guanine

p.M

0'05
1'0
0'002
0'005
0'01
0'01

being counted with an inverted microscope. Later a counting cell was con
structed, suitable for use with an ordinary microscope and taking 0'5 mI. of
culture. A grid of lines at I rom intervals on an area of I cm2 was drawn on a
Perspex slide by a sharp knife fixed to the tube support of a microscope. The
slide was moved in relation to the knife by means of a mechanical stage, the
micrometer scale of which was used to determine the position of each line.
The depth of the cut was controlled by the focusing mechanism of the micro
scope. The grid was surrounded by Perspex walls, ground to a thickness of
0'5 em, with four channels for the escape of excess liquid. At least 500 cells
were counted to obtain an estimate of cell concentration. The distribution of
cells on the grid was not quite random, there being a slightly greater con
centration at the centre. Allowance was made for this if the whole grid was
not scanned.

Growth EXPERIMENTS

An example of the growth curve of Prorocentrum.in bacteria-free culture is
shown in Fig.!. There was sometimes a lag of about 2 days. Under optimum
conditions the relative growth constant k in the exponential phase was 0'3
logeunits/day, corresponding to a division nearly every 2 days. Growth later
became slower and the maximum population reached was usually about
50 cells/rom3 though 80 cells/rom3 has been recorded.

Nitrogen supply

Bacteria-free Prorocentrum was grown in a series of concentrations of
potassium nitrate in medium BD from an inoculum washed in sterile sea
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Provasoli, 1957, 1958a, b). Our failure to grow Asterionella japonica in the
absence of bacteria and other pieces of evidence suggest that this organism
has a requirement for one or more organic growth factors and there are also
indications that it produces an autoinhibitor in the course of growth. The
chemical nature of these substances is as yet entirely unknown. Prorocentrum
micans, isolated by us into bacteria-free culture, appears to require cobalamin
and biotin in addition to some other possible substance. Since our work was
completed it has been reported that Isochrysis galbana has requirements for
cobalamin and thiamin (Provasoli, 1958b).

THE LARGE-SCALE CULTURE OF MARINE PHYTOPLANKTON

The mass culture of microscopic algae is a possible means of producing
feedingstuffs or organic materials for industry. While the use of sea water
rather than fresh water as a medium for this has no intrinsic value it might be

TABLE 7. GROWTH CHARACTERISTICS OF SOME UNICELLULAR
MARINE ALGAE AND OF CHLORELLA PYRENOlDOSARelative growthconstant (log.

Final
Species

AuthorConditionsunits/day)cells/ml
Phaeodactylum

Spencer, 1954Laboratory culture1"7 (250 C)
tricornutum Raymont &

Large-scale tanks0'69 (I3'SO-I8° C)3'2X 10'
Adams,I9s8 Chlorella sp,

Loosanoff, 19S1Large-scale tanks-3'S x 10'
(marine) Dunaliella

Eddy, 1956Laboratory culture1'1 (250 C)2'5 x 10'bioculata 1,8 (290 C)1'2 x 10'
2'9 (33'50 C)

7'2 x 106
Asterionella

Kain & Fogg,Laboratory culture1'2 (20-250 C)4'ox ro6
japonica

1958a
Isochrysis

Kain & Fogg,Laboratory culture0'55 (200 C)2'4 X10'
galbana

1958b
Prorocentrum

This paperLaboratory culture0'3 (200 C)5'0 x 10'micans Chlorella
Thacker &Large-scale con-2'0 (250 C)3'7 x 10·

pyrenoidosa
Babcock, 19S7tinuous aseptic culture

more economic in certain circumstances. The general principles underlying
the large-scale culture of algae have been considered in several publications
(e.g. Tamiya, 1957; Thacker & Babcock, 1957; Fogg, 1957) and here it is our
intention only to comment briefly on such features of the organisms studied
by us as seem important for their growth in large-scale cultures.

The maximum relative growth rates of Asterionella japonica, Isochrysis

galbana and Prorocentrum micans are lower than those of other organisms
which have been considered from this point of view (Table 7), but this is not
necessarily of great importance since in mass culture the aim should be to
achieve a linear phase of growth in which yield per unit time is proportional



JOANNA M. KAIN AND G. E. FOGG

to the amount of light received. Here, there may be an advantage in using
organisms such as Asterionella japonica and Prorocentrum micans which require
relatively high intensities for saturation and which may thus give greater
yields for a given amount of light. The maximum yield per unit volume of
medium is of considerable importance for successful large-scale culture, since
dense suspensions are necessary for economic handling. The maximum final
cell concentration achieved in cultures of marine algae have so far been only
about one-tenth of those achieved in ordinary large-scale cultures of ChIarella

(Table 7) and even when differences in cell size are allowed for the yield per
unit volume of the former remains poor by comparison. In our densest
cultures nitrate, phosphate, salinity, hydrogen-ion concentration and carbon
dioxide were not limiting and the nature of the factors determining the final
population density is unknown; natural sea water with simple additions of
nitrate and phosphate is not necessarily the medium giving maximum yields
of these organisms and it may be that adjustment of ionic ratios, as has proved
successful with the freshwater alga Monodus (Miller & Fogg, 1957), or addition
or removal of organic factors will be necessary to obtain worthwhile improve
ments in yield. Finally, it may be pointed out that harvesting is one of the
most expensive processes in the mass culture of algae and that organisms such
as Asterionella japonica and Prorocentrum micans, being considerably larger,
are more readily separated from the culture medium than is Chlorella.

Part of this work was carried out under extra-mural contract with the
Institute of Seaweed Research. We are grateful to the Institute for a main
tenance grant made to one of us (J.M.K.). We are also very grateful for the
technical assistance of Miss W. B. Chapman.

SUMMARY

The dinoflagellate Prorocentrum micans has been grown in bacteria-free, as
well as uni-algal, culture under controlled conditions and its growth measured
by means of cell counts.

The relative growth constant was about 0·3 loge units/day. Ranges of
salinity of 20-40%0 and of pH of 7.5-8.75 were tolerated. The optimum in
candescent light intensity was 3000-39,000 lux (300-3900 fLg-cal/cm2see).
Fluorescent light of more than 2000 lux (150 fLg-cal/cm2see) was usually
inhibitory, a phenomenon which may have been associated with phototaxis.
The lag time decreased with increasing light intensity.

The provision of a suitable chelator seemed very important for this
organism. Ethylenediamine tetra-acetic acid was fairly satifactory but
glycylglycine was better. Its requirement for cobalamin was confirmed and
it was also found to need biotin. Prolonged growth in a completely synthetic
medium was not achieved.
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A final cell concentration of 50-80 cells/rom3 was obtained. The minimum
nitrogen requirement was 19 fLfLg-atomsN/cell and the minimum phos
phorus requirement 0'94 fLfLg-atomsP/cell.

The results from the three organisms studied in this series are compared
with those obtained by other workers.
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