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Summary. Cell division in Navicula pelliculosa (Bréb.)
Hilse, strain 668 was synchronized with an alternating
regime of 5h light and 7 h dark. Cell volume and
dry weight increased only during the light period.
DNA synthesis, which began during the third h of
light, was followed sequentially by mitosis, cytokin-
esis, silicic acid uptake, cell wall formation, and cell
separation. Silicification and a small amount of net
synthesis of DNA, RNA and protein occurred during
the dark at the expense of carbohydrate reserves accu-
mulated during the light period. Cells kept in continu-
ous light, after synchronization with the light-dark
regime, remained synchronized through a second divi-
sion cycle; the sequence of morphological events was
the same as that in the light-dark division cycle, but
the biosynthesis of macromolecular components
changed from a stepwise to a linear pattern. The sili-
con-starvation synchrony was improved by depriving
light-dark synchronized cells of silicic acid at the be-
ginning of their division cycle, then resupplying silicic
acid to cells blocked at wall formation.

Introduction

The use of synchronized cultures of microorganisms
is well established as a means of investigating the
morphological and biochemical events of the cell cycle
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(Tamiya, 1966; Pirson and Lorenzen, 1966). Light-
dark (L-D) synchronizing regimes have been com-
monly used to study various aspects of development
and metabolism in several marine diatoms: Werner
(1966) and Werner and Pirson (1967) used a L-D
regime to synchronize cultures of Cyclotella cryptica;
Jorgensen (1966) reported the photosynthetic rate
and pigment changes in Skeletonema costatum ; Epply
etal. (1967) investigated the morphological events
and cell composition during the division cycle of Dity-
lum brightwellii. Coombs etal. (1967a) measured
changes in morphology and in levels of nucleoside
triphosphates in Cyclindrotheca fusiformis; while
Darley and Volcani (1969) and Sullivan and Volcani
(1973a, b) investigated the silicon requirement for
DNA synthesis in this organism.

Because diatoms require silicon for formation of
the siliceous shell and for growth (Darley and Volca-
ni, 1969), they may be synchronized by silicon-depri-
vation (Lewin et al., 1966; Busby and Lewin, 1967).
Previous studies based on the silicon-starvation
synchrony of the freshwater diatom, Navicula pellicu-
losa (Lewin et al., 1966; Coombs et al., 1967b, 1967¢)
have shown that during the silicon-starvation period
cell metabolism declines; mitosis and cytokinesis take
place but cell wall formation is blocked and the cells
fail to separate. When silicic acid is supplied, energy
metabolism is immediately reactivated; a 3—4 h period
of rapid silicic acid uptake is followed by wall forma-
tion and synchronous cell separation.

Since only silicon uptake and cell separation are
synchronized, however, the silicon-starvation
synchrony is useful for studying cell metabolism and
silicification during cell wall formation but not during
other stages in the division cycle. Moreover, the
studies of Lewin etal. (1966) and Coombs et al.
(1967¢) showed that the cell population is not
morphologically uniform at the end of the starvation
period, and that arresting the division cycle at this
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juncture results in extensive alterations in cellular me-
tabolism. The L-D synchronies of diatoms, on the
other hand, synchronize the entire vegetative division
cycle, allowing all stages to be investigated. Further-
more, as compared to silicon-starvation, the L-D
synchronizing mechanism may impose less physiolog-
ical stress.

It has been suggested (Baker and Schmidt, 1964)
that the L-D system may also impose at least a degree
of stress, raising the question whether the observed
events accurately reflect the ‘normal’ division cycle;
1.e., whether the events occur in successive generations
not exposed to synchronizing treatment.

This paper compares three synchronizing regimes:
the conventional L-D method; a ‘“continuous light”
synchrony in which cells synchronized by the L-D
regime are returned to continuous light for 2 division
cycles; and a “‘combined” silicon-starvation
synchrony, obtained by subjecting L-D synchronized
cells to silicon deprivation. The correlation between
morphological events and changes in chemical com-
position in N. pelliculosa under each of these regimes
is reported.

Materials and Methods

Cultures. Axenic, clonal cultures of N. pelliculosa (Bréb.) Hilse
(Strain No. 668, Indiana University Culture Collection, Blooming-
ton, Ind. USA) were maintained on a freshwater Bacto-Tryptone
(Difco) medium (FWT) (Lewin et al., 1966).

Light-Dark Synchronization. Synchronization was carried out in
FWGL medium as described previously (Darley and Volcani,
1971).

Continuous Light Synchronization. Cultures synchronized by the
L-D regime were kept in continuous light for two successive cycles,
with dilution after the first separation burst, as in the L-D regime.

Combined Synchronization. Young synchronized cells from h 12
of the L-D synchrony (at the end of the dark period) were harvested
by centrifugation at 4,000 g, 5 min, 20° C, washed twice with silicic
acid-free (FWGL) medium and resuspended to 3% 10° cells/ml
in the same medium contained in a 41 clear polycarbonate bottle
(Nalge). The culture was incubated for 12 h in continuous light
under conditions described for the L-D synchronization. To induce
synchronous cell wall formation and cell separation, a 2% solution
of filter-sterilized Na,Si0;-9H,0 (adjusted to pH 8.5 with IN
HCI) was then added to give a final concentration of 0.42mM
Si(OH),.

Cell Number and Volume. Cell counts were made as previously
described (Coombs et al., 1967b). Cell volume was measured with
a Celloscope Electronic Particle Counter, model 101 (Particle Data
Instrument Co., Elmhurst, Illinois) equipped with a 76 p orifice.
The data from the counter were analyzed with a Nuclear Data
Multichannel Analyzer (Model 110) with a Teletype printout. The
cell volume given represents the peak value of the size distribution
and approximates the mean cell volume.
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Microscopy. Nuclear staining was carried out according to Coombs
et al. (1967a). Nuclei were observed under oil in a Leitz microscope
with a Wratten series VI filter.

Cells were scored as mature (one nucleus/large cell) or biproto-
plastic (two daughter protoplasts within the parent frustule, each
with one nucleus); 100 to 200 cells were scored for each sample.
For electron microscopy cells were fixed in 3% glutaraldehyde
in 0.1 M phosphate buffer (pH 6.8) for 1.5h at 4° C followed
by 1% OsO, under the same conditions for 3 h. After dehydration
in ethanol and propylene oxide, the specimens were embedded
in Epon 812. Sections were cut with a diamond knife and stained
with methanol uranyl acetate and lead citrate (Lauritis et al., 1968).
Electron micrographs were taken with a Siemens Elmiskop I.

Biochemical Methods. All centrifugations were carried out at 800 g
for 3 min; optical densities were measured on a Zeiss PMQ II
spectrophotometer using a 1cm cell. DNA was determined on
samples containing 2-3 x 107 cells, by the fluorometric method
of Holm-Hansen et al. (1968) using an Aminco-Bowman spectro-
photofluorometer; highly polymerized calf thymus DNA (Sigma)
served as the standard. RNA was measured on samples containing
36 x 10® cells as described previously (Combs et al., 1967b), except
that the cells were pre-extracted twice in each of the following
solvents: absolute methanol (25° C), 5% trichloroacetic acid (0° C),
95% ethanol (25° C); purified yeast RNA served as the standard.
Protein was determined by the procedure of Lowry et al. {1951)
on samples containing 4-6 x 10¢ cells; crystalline bovine serum
albumin (Pentex Biochemicals, Inc.) served as the standard. Total
carbohydrate was determined by the phenol-sulfuric acid method
(Dubois et al., 1956) as described previously (Coombs et al., 1967 b)
on samples containing 3-9 x 107 cells; glucose served as the stan-
dard. Pigments were estimated by the trichromatic method using
the equations of Strickland and Parsons (1965) on cell samples
containing 6-12 x 107 cells. Lipid content was measured as solvent-
extracted carbon (Holm-Hansen et al., 1967) on samples containing
7-10 x 107 cells. The dry weight of lipid was calculated by multiply-
ing the lipid carbon by the factor 1.7, and was measured by filtering
20-30 ml of culture through dried and tared Millipore filters
(0.45 pym, 25 mm in diameter). The filters were rinsed with distilled
H,0, dried at 80° C for 12 h, cooled in a dessicator over P,O5-KOH
and weighed to the nearst 0.05 mg. Silicic acid uptake was measured
as depletion of silicic acid from the medinm (Coombs et al., 1967b),
except that the cells were removed by filtration through a mem-
brane filter (0.45 pm Millipore).

Results

Lighi-Dark Synchrony. Cells in the mid-exponential
growth phase subjected to a 24 h dark period, contin-
ued to divide for approximately 8 h, presumably be-
cause diatoms contain enough reserve material to sup-
port a 50-80% increase in cell number (Werner, 1966,
Coombs et al., 1967b). Thus calculations of the opti-
mal photoperiod (Cook and James, 1960) based on
cellular reserve energy alone could not be used. By
the end of the dark period cells had apparently ex-
hausted their endogenous reserves and the culture
consisted predominantly of small young cells. To de-
termine the minimum light duration required for one
cell division, the young cells, in separate vessels, were
exposed to varying photo-periods. It was found that
5h of light followed by 7 h dark supports a 100%



W.M. Darley et al.: Light-Dark Synchronized Growth of N. pelliculosa

161

s NN I 2 I __— Fig. 1. Change in cell number of N. pelliculosa
during4 successive L-D cycles (cycles 4 through 7).
L ] Shaded bars at the top denote dark periods
B
2 ./. .
o / . e
o 4l i § -~ i
a !/ o1
o
° r / H i
E3 . o
7 / / :
1 3F J J |
- ] ; /
LlJ L)
o | / / |
— v . . J
. . L
L 1 1 ! 1 1 1
%9 6 12 18 24 30 36 42 48
TIME IN HOURS
S ool T NN | ' ' ﬁ Fig.2a and b. Nuclear division (®), silicon
d g b. uptake (0), and cell number (a) in N. pelliculosa
g 5. © gob FaY 42 during the L-D and continuous-light division
© 0 o A s L = cycle. (a) L-D; shaded bar at the top denotes
5 4l ; &0 e A Los Y dio E dark period. (b) Second cycle in continuous
L)< 4 \ 4 \"—"‘;’\o\ (P i B L. Culture placed in L at 0 h and diluted at h 11
WC) 3 % 404 1}[ o)<\‘:‘ 7 1(! o\\/ 18 @
: = = 4 —t B OO0 /’ /8§°\ o
~ ®) I' . \\ . " o o 3
»n 2+ @ 20 / N, a—a—t—t—a— AN 46
_ a J AN ’ kN
_| m L/ . o e
Wik o Qem—mm—=t’ . . et B LS 2 . . . \ 4
&} & 0 2 4 8 8 10 12 12 14 16 8  2c

TIME IN HOURS

increase in cell number; this increase is confined to
the dark period and depends on the duration of the
previous light period. The resulting 12h (5L:7D)
synchronized division cycle is about 50% longer than
the doubling time (8 h) of N. pelliculosa grown in
continuous light.

After 5 consecutive L-D cycles, the cultures had
reached maximum synchronization; the time course
of cell increase for cycles 4 through 7 is shown in
Figure 1. Separation bursts ranged from 2 to 4h,
with the midpoint occurring between h 7 and 10 of
the L-D cycle. Approximately 88% (range 75% to
100%) of the cells divide at each burst. This culture
was maintained for 19 repeated cycles without appar-
ent loss of synchronization. For morphological and
chemical analysis only cycles 5 through 19 were used.

Morphological Development during the L-D-Division
Cycle. Data on the timing and sequence of
morphological development were correlated with the
changes in cell biochemical composition. Cell volume
increased linearly from 37 um® to 78 um® during the
light period, and rose slightly to 80 um® during the
first h of darkness, after which cell separation began.
But by the end of the dark period, volume of the
daughter cells had decreased from the initial value
of 37 um? to 34 pum3.

The temporal relationship between nuclear divi-
sion, cytokinesis, silicic acid uptake, and cell separa-
tion is shown in Figure 2a. Nuclear division and cyto-
kinesis began at h 4; at the end of the light period
(5 h), silicic acid uptake, which can be considered
as signifying cell wall formation (Busby and Lewin,
1967; Coombs and Volcani, 1968 b), began and lasted
for three h. Cells tok up an average of 1.5 pg Si/10°
cells (range 1.2 pg to 1.8 pg/10° cells). Cell separation
was initiated as silicic acid uptake ceased, after the
cell walls were completed.

These morphological events were also studied in
the electron microscope (Fig. 3). During the light peri-
od, “young”, newly-separated cells (Fig. 3a) grow
to “maturity” (Fig. 3b) and undergo mitosis and cy-
tokinesis; at the beginning of the dark period, they
form “biprotoplastic” cells (Fig. 3¢). During silicic
acid uptake, new walls are initiated within membrane-
bound (silicalemma) vesicles (Reimann et al., 1966)
on the cytoplasmic side of the plasmalemma at the
new cell interface (Fig. 3d). As each daughter cell
completes a new wall (Fig. 3¢ and f) a new plasma-
lemma appears beneath the maturing wall. The two
daughter cells, which still adhere to each other, are
termed “paired cells.” The difference between the
biprotoplastic and paired cells could not be deter-
mined with the light microscope and both types were
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therefore scored as ““biprotoplastic” cells in acetocar-
mine stained material for light microscopy. Wall for-
mation is completed about halfway through the dark
period and the cells separate. A similar series of
morphological events has been deduced from sec-
tioned cells from an exponential culture of Gamphone-
ma parvulum (Dawson, 1973).

Chemical Composition during L-D Division Cycle. Dry
weight per ml of culture increased linearly during
the light period (from 25.5 pg/ml to 50 pg/ml) and
remained constant during the dark period. Synthesis
of nucleic acids and protein is shown in Figure 4. DNA
synthesis, which began at h 3, was chiefly limited to
a 3 h period; it increased omly slightly during the
next 2 h and then at h 9 began to level off in the
step-fashion typical of a synchronized cell population.
The course of RNA and protein synthesis was almost
identical, and was largely confined to the light period
with only a very slight rise during the dark.

Both carbohydrates and lipids (Fig. 4b) increased
only during the light period, but while the carbohy-
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drates showed a very sharp rise in the light and almost
as sharp a decrease with the onset of the dark period,
lipid content remained relatively steady throughout
the dark period falling only slightly by its end. Total
carotenoid synthesis also occurred only in the light
(Fig. 4¢) but synthesis of chlorophyll a continued al-
most unabated during the dark period, while that
of chlorophyll c, after an initial levelling at the onset
of the dark, continued its sharp rise (Fig. 4¢).

As the figures demonstrate, all the cell com-
ponents studied almost doubled during the 12h divi-
sion cycle, corresponding to the doubling in cell
number, Although the carbohydrate content of the
culture nearly quadruped during the light, the de-
crease during the dark was such that this component,
too, had doubled by the end of the dark period. More-
over, while it might appear that over a series of cycles
the cell gradually accumulated carbohydrates, in fact
the overall increases in carbohydrate during the alter-
nate cycles was less than 100%. In one experiment,
the increase in carbohydrate/ml during the 12 h cycle
averaged 133% for the odd-numbered cycles and only

Fig. 3a—f. Electron micrographs of transverse
sections of N. pelliculosa during the

L-D division cycle. (a) Young cell.

(b) Mature cell. (¢) Biprotoplastic cell
immediately following cytokinesis.

(d) Biprotoplastic cell with initial stages of
silica deposition (Si). (e) Paired cell with
nearly complete cell walls. (f) Paired

cell with complete cell walls including
girdle bands (gb). cw cell wall, # nucleus,
nu nucleolus, ¢ chloroplast, » vacuole.

x 14,250
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Fig. 4a—c. Chemical composition of N. pelliculosa during L-D divi-
sion cycle. (a) DNA (@), RNA (0), proteins (a). (b) Carbohydrates
(), lipids (®). (c) Chlorophyll a (0), chlorophyll ¢ (@), carotenoids
(). The factors for converting the relative amount to pg/ml of
culture (2 x 10° cells/ml at h0) are: DNA 0.17; RNA 0.91; proteins
12.4; carbohydrates 3.45; lipids 3.61; chlorophyll a 0.27; chloro-
phyll ¢ 0.046; carotenoids 0.26. The shaded bar at the top denotes
the D period

80% for the even-numbered. Apparently the cells
were enriched in carbohydrate during one division
cycle and depleted during the next; hence the net
carbohydrate content doubled when an average of
several cycles is considered.

Morphological Development and Chemical Composi-
tion of Synchronized Cells in Continuous Light. To
see whether the L-D synchronization imposes a noti-
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Fig. 5a—c. Chemical composition of N. pelliculosa during two suc-
cessive cycles of synchronized growth in continuous L. The culture
was dilutedath I1. (a) DNA (), RNA (0), proteins (a). (b) Carbo-
hydrates (0), lipids (®). (c) Chlorophyll a (a), carotenoids (0). The
factors for converting the relative amount to pg/mg of culture
(2 x 10% cells/ml at out 0) are: DNA 0.14; RNA 0.85; proteins 10.3;
carbohydrates 3.5; lipids 3.6; chlorophyll a 0.312; carotenoids 0.312

cable degree of stress, morphological development
and changes of chemical composition observed in the
L-D regime, were compared with those in syn-
chronized cultures kept in continuous light for two suc-
cessive division cycles. During the first 6 h in the
light, cell volume increased linearly from 38 um? to
82 um?; after cell separation, daughter cells were
43 um? and began immediately to increase in volume.
The temporal relationship between nuclear division,
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cytokinesis, silicic acid uptake and cell separation was
essentially similar to that of the L-D synchronization
(Fig. 2b).

During the first division cycle in continuous light,
as Figure 5a shows, DNA synthesis occurred in step-
fashion, but during the second cycle, synthesis was
linear. Net synthesis of RNA and protein were essen-
tially linear during the major part of both cycles,
with minor rate changes during the latter part of
the first cycle. During both cycles, the increase in
carbohydrate content was remarkable, especially dur-
ing the first cycle when it was more than 800%. Lipid
content of the culture increased by about 200% in
the first cycle and 150% in the second (Fig. 5b). How-
ever, the relative increase in both lipids and carbohy-
drate content was about the same as in the L-D
synchrony. The net synthetic rate of chlorophyll a
and of total carotenoids was relatively constant dur-
ing the first cycle but tended to rise as the second
cycle progressed (Fig. 5¢).

The general trends in net synthesis of cellular com-
ponents were similar in both the L.-D and continuous
light synchronies; the chief difference was that in the
L-D system the increases tended to be stepwise with
a leveling-off during the dark period, while in the
continuous light regime they were linear, indicating
a return to an exponential type of growth pattern
in the absence of the synchronizing dark period.

Combined L-D Starvation Synchrony. Studies carried
out in the silicon-starvation synchrony by Lewin et al.
(1966) and Coombs et al. (1967¢) showed that at the
end of the starvation period the cultures contained
both “biprotoplastic” and paired cells, even though
the subsequent division burst, after silicon was
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Fig. 6. Silicic acid uptake (@) and cell separation (0) of N. pelliculosa
in combined L-D starvation synchrony. Silicic acid was added to
the culture of h0
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supplied, indicated physiological uniformity. It was
suggested that silicon deprivation arrested cell devel-
opment at various stages during wall formation and
that the heterogeneity of the culture at the end of
the starvation period was due to its normal heteroge-
neity at the start of the period. It seemed likely, there-
fore, that if an already synchronized culture were
deprived of silicon, the culture might be more ho-
mogenous when development was arrested and a bet-
ter synchronized division might be attained after sili-
con was resupplied.

Such a synchronization procedure was tested by
placing young L-D synchronized cells in a silicic acid-
free medium in the light for 12 h. At the completion
of cytokinesis, further development was blocked by
lack of silicon for wall formation. Of stained cells
taken at the end of the starvation period, more than
95% were ““biprotoplastic”. Electron microscopy of
thin sections showed that when the starvation medium
is virtually free of silicic acid, only a barely-initiated
cell wall can be seen in the raphe region of the cell;
when the starvation medium contained small amounts
of residual silicic acid (perhaps freed from dead cells),
wall formation had been advanced before the silicic
acid was exhausted (not shown).

The introduction of silicic acid to the starved cells
(Fig. 6) was followed almost immediately by a 2.5
to 3.0 h period of silicic acid uptake; cell separation
began at about h 2.5 and continued for a 3 h period.
Increase in cell number averaged 85%. The periods
both of silicic acid uptake and of cell separation were
slightly shorter than those in the usual silicon starva-
tion synchrony (Coombs et al., 1967b), indicating a
higher degree of synchrony.

Preliminary studies on the chemical composition
of the cells during the combined synchrony showed
that the course of net biosynthesis was similar to
that in the first cycle of the continuous-light
synchrony until cell development was arrested; after
that it resembled the pattern of the silicon-starvation
synchrony as reported by Coombs et al. (1967b).

Discussion

Using the synchronization index (SI) of Scherbaum
(1962) the three synchronization regimes in N. pellicu-
losa were compared with each other and with L-D
regimes in other diatoms. An SI of 0.53 was previous-
ly found for the silicon starvation synchrony in N.
Pelliculosa {(Coombs et al., 1967b), while those for
L-D regime and the combined synchrony in this study
were 0.55 and 0.61 respectively. These figures com-
pare favorably with those reported for L-D regimes
in other diatoms which averaged 0.59 with a range
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of 0.14 for S. costatum (Jergensen, 1966) to 0.82 for
D. brightwellii (Paasche, 1968).

Since, in the silicon-starvation synchrony, cell de-
velopment of N. pelliculosa halts after cytokinesis,
at the wall formation stage, the cells are blocked be-
fore cell separation can take place; upon the provision
of silicic acid the cell walls are formed and the cycle
is completed resulting in synchronized cell separation.
In the L-D synchrony, on the other hand, the normal
cycle is completed about halfway into dark period;
the result at the end of this period is a fully syn-
chronized population of young cells ready, upon the
provision of light, to resume their normal cycle.

The developmental sequence of events in cells
synchronized by both the L-D and continuous light
synchronies of N. pelliculosa confirms results obtained
in the silicon-starvation synchrony of this organism
(Coombs et al., 1967¢). Cellular growth, as measured
by increase both in dry weight and in volume, is
limited for the most part of the light period and is
terminated by the following sequential events: (1)
doubling of DNA content, (2) mitosis, (3) cytokinesis,
(4) silicic acid uptake and polymerization to form
a new wall for each of the two daughter cells, and
(5) cell separation. This pattern is not affected by
the L-D regime, as demonstrated by the fact that
it is not significantly changed when synchronized cells
are maintained in continuous light for two successive
division cycles; exponential growth is resumed during
the second cycle. The processes occurring after cyto-
kinesis in the L-D synchrony are the same as those
in the silicon-starvation synchrony (Coombs et al.,
1967¢). Morphological development and chemical
composition of cells in the three synchronies described
in this paper were similar; however, smaller daughter
cells were produced by the 1.-D synchrony, because
the later stages of the division cycle took place in
the dark with consequent lack of photosynthesis and
growth.

Synthesis of cellular components in the L-D and
in the continuous-light synchronies was essentially
similar, the chief difference being the change from
a stepwise increase of components in the former to
a linear increase in the latter. This shift may result
from the fact that cell division occurs in the light;
thus the *“biprotoplastic’” and pair daughter cells con-
tinue photosynthesis and, in effect, begin a new divi-
sion cycle prior to their physical separation.

This early development is also reflected by the
fact that during the first division cycle in continuous
light, daughter cells are released at h 19, while during
the second cycle, they are released at h 17. Moreover,
when the L-D synchronized cells are placed in contin-
uous light, exponential growth is gradually resumed,
as is indicated by the continuing linear increase in
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DNA in the second cycle, which resembles that found
during exponential growth (Coombs et al., 1967b).

The resumption of an exponential growth-pattern
during the second cycle may also account for the
greater increase in cell components during this cycle
as compared to the first. That exponential cultures
are characterized by high levels of all major cell com-
ponents except DNA, is shown by the prolonged peri-
od of cell division and subsequent near-doubling in
cell number that occurs during the first 8 h after such
cultures are placed in the dark (Darley and Volcani,
1971).

In the silicon-starved cultures of N. pelliculosa,
lipids serve as the storage product (Coombs et al.,
1967b). In the L-D synchronies of this organism,
however, carbohydrates accumulated during the light
appear to provide a reserve carbon and energy source
for the synthesis of DNA, RNA, protein, and chloro-
phyll during the dark period. Carbohydrate metabo-
lism may also provide the energy source presumably
required for silicic acid uptake and deposition.

Earlier studies (Coombs etal., 1967b, 1967c;
Coombs and Volcani, 1968a) suggested that silicon
metabolism might be closely integrated with general
cell metabolism, and it was thought that this might
be verified in the L-D synchrony. We assumed that
the L-D synchrony could provide information on the
rates of synthesis at various stages of the division
cycle. In this synchrony, however, the changes in net-
synthetic rates caused by the light-dark transition are
difficult to distinguish from those attributable to cell
wall formation. Since the effects of the light-dark
transition are eliminated in the continuous-light
synchrony, the relation between cell wall formation
and biosynthetic capacity should be more apparent.
However, except for a slight interruption of carbohy-
drate accumulation during the division period, net
biosynthetic rates showed no appreciable decline dur-
ing silicic acid uptake and subsequent cell wall forma-
tion.

The present study clearly contradicts earlier re-
ports that in L-D synchronized cultures of N. pellicu-
losa, silicic acid uptake occurs at a constant rate
throughout the division cycle (Lewin, 1961, 1962).
In the present L-D synchrony, silicic acid uptake was
rapid and of short duration, beginning at the start
of the dark period and lasting for only 3 h; moreover,
the trend was similar though less marked in the sec-
ond cycle of the continuous-light synchrony.

Synthesis of major cell components in N. pelliculo-
sa were similar to those reported for various species
of Euglena and Chlorella, with which most of the
L-D synchronies have been conducted. Most of the
components assayed in N. pelliculosa (DNA, RNA,
protein, carbohydrates, carotenoids, and chlorophyll)
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are synthesized in the light, with a slight continuing
increase during the first part of the dark period, al-
though chlorophyll synthesis is not completed until
the end of the dark period. With the exception of
the chlorophyll synthesis, this pattern is similar to
that reported for E. gracilis (Edmunds, 1965; Cook,
1966) and Ch. pyrenoidosa (Ruppel, 1962). However,
Kates and Jones (1967) reported that in E. gracilis
and Chlamydomonas reinhardtii, RN A and protein syn-
thesis are confined entirely to the light period; carote-
noids, in both E. gracilis (Edmunds, 1965; Cook,
1966) and N. pelliculosa, and chlorophyll, in E. gra-
cilis are also synthesized only in the light. However,
Paasche (1968) reported that in L-D synchronies of
D. brightwellii, using photoperiods of 6, 10, or 16 h,
chlorophyll synthesis was completed during the first
10 h of the division cycle regardless of the duration
or intensity of illumination. The accumulation of car-
bohydrates in the light, and their utilization during
the dark in N. pelliculosa is also similar to the pattern
reported for E. gracilis (Cook, 1966), Ch. pyrenoidosa
(Ruppel, 1962), and D. brightwellii (Epply et al.,
1967).

Results with the continuous light synchrony sug-
gest that the “dark starvation” does not result in
physiologically abnormal cells. It must be considered,
of course that the “stress” of the dark period may
persist through several generations grown in light.
Nevertheless, although the cell cycle is synchronized
by disrupting cellular metabolism prior to cell divi-
sion, the fact is that in nature diatoms are subjected
to dark periods during their cell cycle. It is interesting
to note that in N. pelliculosa, Si deprivation of young
cells (combined synchronization) did not block subse-
quent development prior to mitosis as is the case
with C. fusiformis (Darley and Volcani, 1969). It is
possible, however, to arrest development in N. pellicu-
losa prior to mitosis if silicic acid is removed from
the culture medium during the final stages of wall
formation in the previous cycle (Darley, 1969). The
differences in these two diatoms with respect to the
Si requirement in the division cycle is apparently more
one of sensitivity rather than of a fundamental nature.

The authors wish to thank Dr. O. Holm-Hansen for the lipid
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size distributions, and Juta Kiethe and Mary-Lou Chiappino for
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