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Leaves of the succulent plants Bryophyllum
fedtschenkoi and B. daigremontianum show an endo-
genous circadian rhythm in their rate of CO, me-
tabolism (9, 10,11,12). The extent to which the
occurrence of the rhythm depends upon the organi-
zation of the leaf has been investigated with callus
cultures of Bryophyllum leaf tissue.

There has been but one previous report of a
persistent rhythm in a plant tissue culture. Enderle
(3) observed rhythmic fluctuations in growth and
turgidity of cultures of Daucus carota and found
the rhythmicity to persist in prolonged darkness.
Investigation of the rhythm necessarily involved
microscopic examination of the cultures and this was
done with red light at intervals of approximately
4 hours. Since red light is particularly active in
affecting plant rhythms (4,5,7,11), and some or-
ganisms (e.g. Euglena) are known to have the ca-
pacity for frequency demultiplication (1,2), the
diurnal periodicity in growth and turgidity might
have arisen from the periodic stimulation with red
light. Enderle (3) does not appear to have es-
tablished whether or not the phase of the rhythm
can be set at different times of day. Unequivocal
evidence of the occurrence of endogenous rhythms
in plant tissue cultures is therefore lacking. The
endogenous nature of rhythmicity in animal tissue
cultures (6,8) has also yet to be firmly established.

Material and Method

Two types of tissue of Bryophyllum daigrenon-
tianum Bgr. have been used: segments of mature
leaves and cultured, unorganized leaf callus. The
leaf segments were excised from plants grown under
natural illumination in a heated greenhouse. The
leaf callus was derived from lamina explants set out
on a medium of the following composition: Ca
(NO,).*4 H,0, 1.02 mm; MgSO,. 0.17 mm:; KNO,,
0.84 mm; KCI, 0.81 ma; KH,PO,, 0.14 mm: FeCl,,
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9.16 uM; sucrose, 117 mm; Difco yeast extract, 1.0 g
per liter; 2, 4-dichlorophenoxyacetic acid, 6.0 um:
kinetin (6-furfurylamino purine), 5 um; agar, 7.0 g
per liter. The pH of the medium was adjusted to
5.5 before autoclaving. The frequency of success-
ful callus growth from lamina explants on this
medium was 1 to 29,. Callus from 1 successful
explant has been maintained for more than 18 months
on the above medium with the addition of 8 9
coco-nut milk. The cultures were grown in a con-
trolled environment at 23° with a 24-hour cycle of
light and darkness. The 12-hour photofraction ex-
tended from 0900 hours to 2100 hours, and the radi-
ant flux was 150 ft-c from fluorescent sources.
The callus was subcultured at intervals of 6 weeks
and proliferated rapidly as unorganized tissue, doub-
ling in volume every 3 weeks. The cells possessed
numerous green chloroplasts and had the capacity
for photosynthesis (fig 1).
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Fi1c. 1. The photosynthetic capacity of the Bryophyl-
lum leaf callus cultures. Exposure to light (approx.
10C0 ft-c) began at light and ended at dark. Ordinate:
rate of CO, emission of thz tissue. Abscissa: time in
hours.

The rate of CO, metabolism of the tissues was
measured with an infrared gas analyser (Grubb,
Parsons and Company, Newcastle-Upon-Tyne. Eng-
land, single box model). Air from a commercial
tank was passed first through several CO. absorp-
tion towers containing 10 9, potassium hydroxide
and then in sequence through a flowmeter, the com-
parison tute of the gas analyzer, the culture tube
and finally the sample tube of the analyser. A uni-
form flow-rate of about 2 liters per hour was main-
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tained throughout each experiment and a continuons
record of the rate of CO, output of the tissue was
plotted automatically against time of day.

Each experiment was carried out with a culture
of about 5 to 7 g fresh weight during the sixth
week after the last subculture. The inlet and exhaust
tubes of the culture tube were fitted with cotton wool
filters to prevent infection of the callus while CO,
output was being recorded. During the experiments
the cultures were maintained in continuous darkness
and at 23° in a water bath.

For some experiments leaf segments were pre-
pared under aseptic conditions and placed on moist
filter paper in tubes similar to those used for the
callus cultures.

The method of estimating the time at which
peaks occurred has been described in previous papers
(12, 13).

Results

The emission of CO, from leaf callus cultures of
B. daigremontianum is shown in figure 2. The
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Fi6. 2. The rhythm of CO, emission in leaf callus
cultures of Bryophyllum darkened at 2000h (A) and
1600h (C), or exposed to 2 reversed cycles of light and
darkness before being transferred to prolonged darkness at
1000h (B). Bar above each curve indicates darkness.
Mn = midnight.

curves in figures 2a and 2c¢ were derived from cul-
tures transferred to prolonged darkness at 2000h and
1600h respectively, and the one in figure 2b from
a culture which was exposed to 2 reversed cycles of
light and darkness before being placed in continuous
darkness at 1000h. The 3 cultures exhibited per-
sistent rhythms in CO, output under uniform en-
vironmental conditions. The phase of the rhythm
is clearly independent of time of day and determined
by the time at which prolonged darkness hegins.
In each culture the first peak of the rhythm occurred
20 hours after the onset of darkness. The mean
period of the rhythm at 23° is 25.5 = 0.33 hours.

Leaf segments of B. daigremontianum exhibited
a closely similar rhythm to that shown by the callus
cultures except that the amplitude was greater dur-
ing the first 24 to 36 hours of darkness. The curves
were closely similar to those already published for
whole leaves of B. daigremontianum (10). 'T'he first
peak occurred about 23 hours after the onset of
darkness at 23° and subsequent peaks at intervals
of approximately 24 hours.

Discussion

The endogenous nature of the rhythm of CO,
metabolism in Bryophyllim callus cultures is strong-
ly suggested by the facts that A) the rhythm persists
under uniform environmental conditions of tempera-
ture and darkness, B) the phase can be set at any
time of the solar day, and C) the period is signifi-
cantly longer than 24 hours. The occurrence of the
rhythm in whole leaves (10), leaf segments and
leaf callus cultures shows that the rhythmicity is a
general cellular property and is not dependent upon
the structural organization of the leaf.

The rhythm in B. daigremontianum callus cul-
tures contrasts with that in whole leaves (10) and
leaf segments in that the amplitude is much less
during the first 1 or 2 days in darkness. The damp-
ing of the oscillation observed in whole leaves is much
less marked in callus cultures. The presence of
the epidermis and movement of stomatal guard cells
may be responsible in part for the large amplitude
of the rhythm in whole leaves and leaf segments
during the first 24 to 36 hours of darkness. Re-
moval of the epidermis from small segments of leaves
of B. fedtschenkoi greatly reduces the initial ampli-
tude of the rhythm (10). The damping of the
rhythm in detached whole leaves and in leaf segments
may also be accentuated by the gradual depletion of
nutrients whereas a continued supply of nutrients is
available to the callus cultures.

As in the case of whole leaves and leaf segments.
the phase of the rhythm in Brvophvilum callus is
determined by the time darkness begins. A similar
situation may exist in cultures of Daucus carota,
but the experiments described by Enderle (3) do
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not include any in which the time of onset of dark-
ness has been varied. Even in Daucus cultures
darkened at the same time, however, there is varia-
tion in the time of occurrence of the first peak and
trough of the rhythm.

The Bryophyllum leaf callus cultures possess a
rhythm which is easily monitored under uniform en-
vironmental conditions and in which the phase can
be readily manipulated to suit experimental require-
ments.

Summary

Leaf callus cultures of the succulent plant Bryo-
phyllum daigremontianum have been shown to pos-
sess an endogenous circadian rhythm of carbon di-
oxide metabolism. The rhythm persists in total dark-
ness and at a uniform temperature, the phase being
determined by the time at which prolonged darkness
begins.
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