
Callose: Lateral Movement of Assimilates from Phloem 

Abstract. Brief heating of cotton petioles increased phloem callose and de- 
creased lateral movement of assimilates containing carbon-14. The heat-induced 
phloem callose appears to have been responsible for part of this decrease; we 
conclude, therefore, that lateral movement from sieve tubes was along proto- 
plasmic connections. 

Callose, a plant polysaccharide 
characterized by its staining properties 
(1) and by rapid formation after a 
stimulus (2, 3), has a wide distribution 
within the plant kingdom (4) and can 
probably be formed by all living cells 
of vascular plants. Callose from dif- 
ferent sources may differ in structure 
(5), but results of recent studies (6) 
have all been consistent with the fi-1,3- 
glucan structure established for phloem 
callose of Vitis (7). Callose may be 
deposited both externally and intern- 
ally to the plasmalemma and in a great 
variety of geometric forms (for ex- 
ample, 5, 8). 

Callose deposits at pit fields or sieve 
plates might be expected to restrict 
movement of assimilates. This expec- 
tation is based on the assumptions (i) 
that cell-to-cell movement of assimi- 
lates is primarily along plasmodesmata 
[the term used in the broad sense (9) 
to include strands connecting sieve 
elements] and (ii) that this move- 
ment would be restricted by a sufficient 
increase in length, by a decrease in 
diameter of these protoplasmic con- 
necting strands, or by both. Heavy 
deposits of either pit callose or sieve- 
plate callose would constrict or lengthen 
the connecting strands because both 
deposits are external to the plasma- 
lemma. If the second assumption is 
valid, and if experimental difficulties 
can be overcome, studies of the effects 
of callose on movement of assimilates 
offer a way to test the first assump- 
tion. A major difficulty is the separa- 
tion of the direct effects of treatment 
from the effects of callose; the treat- 
ments used to induce callose forma- 
tion may affect movement of assimi- 
lates more than does the callose which 
they induce. Such direct effects of 
treatment may account for the differ- 
ences between the results discussed 
here and those of Eschrich et al. (see 
10). 

The fact that in our experiments 
phloem callose apparently restricted 
lateral movement of assimilates leads 
to the conclusion that their lateral 
movement from sieve tubes was along 
protoplasmic connections. This conclu- 
sion is based on the reasoning that 
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lateral-pit callose would be expected 
to restrict movement if plasmodesmata 
of the lateral walls of sieve elements 
were major routes of movement from 
sieve tubes. Sieve-plate callose would 
not be expected to affect lateral move- 
ment. 

The following general methods, 
where not specified otherwise, apply 
throughout. Cotyledonary petioles of 
cotton (Gossypium hirsutum L. var. 
Acala) were heated at 45?C for 15 
minutes by a flow of water directed 
over a petiole length of approximately 
1 cm (plant intact). Water flow was 
restricted at its outlet to this length 
of petiole by flexible rubber flaps 
positioned so as to straddle it. Callose 
was detected by fluorescence micros- 
copy (2) of sections cut from plants 
frozen intact in crushed dry ice. The 
distribution of assimilates containing 
C14, derived from the urea-C14 which 
was applied to the blade (11), was de- 
termined by gross autoradiography 
(12) and counting. The translocation 
period did not include the period of 
heating; urea-C'4 was applied to blades 
1 to 4 hours after they were heated, 
for translocation periods of usually 3 
hours. 

Heating led to a localized increase 
in phloem callose and to a decrease 
in lateral movement of C"4-assimi- 
lates. The effect on tracer distribution, 
that is, the decrease in lateral move- 
ment, was restricted to the heated 
portion. Amounts of phloem callose 
returned to normal within 1 day after 
heating. Lateral movement also re- 
turned to normal within this time; the 
petioles of plants given urea-C14 1 
day after heating for a translocation 
period of 3 hours had uniformly dark 
autoradiographic images. 

To test the hypothesis that part of 
the decrease in lateral movement was 
a consequence of increased phloem 
callose, a way was sought to avoid the 
formation of phloem callose in heated 
petioles. Pretreatment by storage in 
the dark was one method; there was 
little or no increase in phloem callose 
when plants were stored in darkness 
for 16 or more hours and heated di- 
rectly when removed from darkness. 

Dark-stored plants and plants not dark- 
stored were heated as usual and urea- 
C14 was applied 2 to 4 hours later for 
translocation periods of 3 to 4 hours. 
There was more lateral movement 
in heated low-callose plants (dark- 
stored) than in heated high-callose 
plants. This difference is consistent 
with the hypothesis that callose 
affected lateral movement of assimi- 
lates. 

Another explanation was that the de- 
crease in lateral movement might be 
due entirely to reduced sink (13) 
activity and that there was more lateral 
movement in dark-stored (low- 
callose) plants, in spite of this low 
sink activity, because dark-storage 
caused low carbohydrate status. This 
explanation appears inadequate, since 
lateral movement differed in plants 
which had different amounts of phloem 
callose but presumably equally depleted 
sinks. Since no other explanation for 
this difference is apparent, we concluded 
that phloem callose was responsible for 
part of the decrease in lateral move- 
ment. 

When dark-stored plants were held 
in light for 4 hours before being heated 
they produced as much phloem cal- 
lose as plants not dark-stored. By heat- 
ing some dark-stored plants as soon as 
they were removed from darkness 
(low-callose plants) and heating others 
after 4 hours in light (high-callose 
plants), and by applying urea-C14 to 
all after 5 hours in light, we could 
compare movement in plants with 
equal hypothetical starvation sinks 
(since all plants were in light an 
equal time before urea-C14 application). 
The high-callose dark-stored plants 
showed a low lateral movement typical 
of plants not dark-stored. The differ- 
ence in time between heating and 
application of urea-C14 was not re- 
sponsible for the difference in lateral 
movement; dark-stored plants heated 
directly when removed from darkness 
and given urea-C14 after 1 hour in light 
also had the higher lateral movement 
typical of low-callose plants. 

The formation of parenchyma callose 
differed in many ways from that of 
phloem callose. It was more variable 
and took about a week to return to nor- 
mal, and in the process changes in form 
of the callose deposits took place. In the 
context of this study the most impor- 
tant difference between the two was 
that the formation of parenchyma cal- 
lose was little affected by dark-storage. 
Therefore, we concluded that any effect 
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parenchyma callose may have had was 
slight. 

In spite of substantial increases in 
sieve-plate callose, the autoradiographs 
showed no indication of a restriction 
of longitudinal translocation. No un- 
equivocal interpretation of this can 
be made at present. It may mean 
that sieve-plate callose, in the individ- 
ual sieve tube, has no effect. This 
would imply that movement of assimi- 
lates across the sieve plate was not 
limited to connecting strands but was 
through the sieve plate as a whole. 
Alternatively, it may mean that the 
conductive capacity of the phloem 
exceeded the demands made upon it. 
There were always some sieve plates 
with small amounts of callose. It is 
conceivable that either removal of as- 
similates at sinks or some other process 
limited movement in these petioles 
with the result that the conducting 
capacity of the few functional sieve 
tubes was not exceeded. It is clear, at 
any rate, that sieve-plate callose was 
not limiting translocation in the un- 
treated plants, since amounts far in ex- 
cess of normal had no effect on longi- 
tudinal translocation. 

DAVID B. WEBSTER 
HERBERT H. CURRIER 

Department of Botany, 
University of California, Davis 
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Steroid Stimulation of Beating 
of Cultured Rat-Heart Cells 

Abstract. The addition of cortisol 
acetate and deoxycorticosterone acetate 
to cultured heart cells from rats, 4 to 
6 days old, stimulated and prolonged 
beating. Protein synthesis was slowed 
down in the presence of steroids. Addi- 
tion of steroids to cells that had 
stopped beating caused the reestablish- 
ment of the beat. 

Primary rat-heart cells in culture not 
only grow but continue to beat (1). 
This phenomenon was not expected 
since cells in culture usually lose their 
specific function as well as their dis- 
tinguishing morphology. Recently (2) 
it was reported that serum lipids or 
certain fatty acids were essential for 
the maintenance of this beat. We now 
report on the relation between steroid 
hormones and the beat of heart cells 
in culture. Cortisol acetate and deoxy- 
corticosterone (DOC) acetate stimulat- 
ed the beat; cholestrol had no effect. 
While treatment with cortisol acetate 
was more effective than with DOC ace- 
tate, both caused prolonged beating and 
resulted in a higher percentage of beat- 
ing areas. Cortisol acetate and DOC ac- 
etate also reestablished beating of cells 
which had stopped beating after 7 days 
in control growth medium. The reestab- 
lishment of beating was accompanied by 
morphological changes which, along 
with the beating, were maintained for 
as long as 2 months. 

Heart cells were obtained from rats 
4 to 5 days old. Thirty to forty rats 
were anesthetized with ether, and the 
hearts were removed aseptically. The 
techniques and medium for culturing 
the cells were those reported (1), with 
the following exceptions. The culture 
medium contained 20 percent bovine 
serum instead of 10 percent human 
serum and 10 percent fetal-calf serum. 
The washed and minced tissue was 
placed for treatment with trypsin in a 
500-ml continuous-flow flask (Bellco 
Glass, Inc., Vineland, New Jersey) con- 
taining a magnetic stirring bar. The flask 
was surmounted by a separatory funnel 
containing 0.1 percent trypsin in Hanks 
saline solution. Both were attached to a 
ring stand and placed over a magnetic 
stirrer. Stirring was maintained to pre- 
vent the formation of bubbles. This 
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at low speed for 4 minutes. Trypsin 
was then decanted, and 3 ml of fresh, 
cold, complete growth media (CGM) 
was added to the packed cells. The cell 
pellet was resuspended by mixing with 
a Vortex Junior Mixer and then placed 
on ice. 
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stainless steel screens (1-mm2 mesh) 
to remove clumps of undissociated 
heart tissue and to insure uniform dis- 
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Fig. 1. Beating areas from 25 areas (per 
plate) randomly selected as a function of 
time after addition of cortisol acetate and 
DOC acetate. Zero represents 24 hours 
after culturing on control medium (CGM). 
Steroid-supplemented medium added at 0 
days and 7 days (arrow) in set 1 and set 
2, respectively. 
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Fig. 2. Amount of protein per plate as a 
function of time after addition of cortisol 
acetate and DOC acetate. The zero time 
is 24 hours after culturing on control 
medium (CGM). 
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