
of the electromagnetic spectrum (, = 
694.3 my). The dye permitted a large 
reduction in beam energy and con- 
fined burn effects to the localized area 
(5). This permitted puncturing of the 
cell wall. 

Spirogyra filaments containing many 
cells were placed on slides in drops of 
Bristol's solution (6) and protected 
with a cover slip. The cells were then 
subjected to various amounts of laser 
beam flux in selected areas of the cell. 

Initially, the full energy of the laser 
beam was focused on the cell wall. 
This caused a disruption of the target 
cell and affected adjacent cells. Cell 
walls were split open violently with 
nuclei and chloroplasts ejected into the 
surrounding medium. Smaller beam 
energies ranging from 1.4 to 2.5 mj 
per pulse produced gradations of ef- 
fects on the cell. The cell wall showed 
brown or blackened areas about 25 , 
in diameter. Exudation of a plug of 
cytoplasmic material closed the burned 
area. The chloroplast and cytoplasm in 
the burned area became coagulated and 
globular. The single nucleolus in the nu- 
cleus became hyaline at the same time. 
The end walls of the two adjacent cells 
bulged into the affected cell, indicating 
loss of turgor pressure in the target 
cell. A beam energy of 0.3 mj per pulse 
produced similar but somewhat les- 
sened effects. However, there was no 
visible damage to the nucleus at this 
energy level. Cells were stained with 
0.01 percent methylene blue chloride. 
The cell wall retained the dye, whereas 
the other structures in the cell retained 
little, if any, dye. A beam energy of 
0.16 mj per pulse appeared to be the 
most effective level for producing 
burned areas in the cell wall by using 
the dye technique for greater absorp- 
tion. Burned areas ranging from 15 to 
25 /, in diameter in the cell wall were 
produced by this method. The cells 
appeared to be normal except for the 
burned areas and openings produced 
by the laser beam. 

The chloroplast helix in the cell was 
subjected to beam energies ranging 
from 0.3 to 0.61 mj per pulse. This 
resulted in coagulation of the chloro- 
plast and cytoplasm along with the 
loss of turgor pressure in the cell. 
The nucleus rounded up as a result of 
irradiation of the chloroplast. With the 
beam energy reduced to 0.2 mj per 
pulse, there was no visible effect on 
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Fig. 1 (left). Filamentous alga, Spirogyra. Field of view showing slightly less than 
one cell. The nucleus is in the center, ovoid shaped, before laser irradiation (x 140). 
Fig. 2 (right). The same cell as Fig. 1, after laser irradiation (X 140). 

Fig. 1 (left). Filamentous alga, Spirogyra. Field of view showing slightly less than 
one cell. The nucleus is in the center, ovoid shaped, before laser irradiation (x 140). 
Fig. 2 (right). The same cell as Fig. 1, after laser irradiation (X 140). 

cleus of the cell was also directly sub- 
jected to beam energies ranging from 
0.16 to 0.61 mj per pulse. This re- 
sulted in a blackish colored burn of the 
nucleus and a decrease in nuclear vol- 
ume with the nuclear membrane as- 
suming a sinuated appearance (Fig. 2). 
The filaments which normally anchor 
the nucleus in the cytoplasm were 
either damaged or destroyed. Loss of 
turgor pressure and plasmolysis resulted 
at the higher energies utilized above. A 
beam energy of 0.08 mj per pulse had 
no visible effect on the nucleus of the 
cell. 

The physiological effects of heat and 
possible mechanical agitation will have 
to be investigated further to determine 
the usefulness of the laser in single- 
cell studies. However, specific portions 
of the cell can be subjected to low lev- 
els of energy without too much damage 
other than to the immediate area. The 
laser has a sufficient range of energies 
to produce various effects on this spe- 
cies of alga, including total destruction. 
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The data obtained in these initial 
experiments, although somewhat cur- 
sory, indicate that laser microsurgery 
should have application in biological 
research, especially in such areas as 
cytogenetics, as well as the biomedical 
sciences (7). 
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Calcium-Activated Adenosine Triphosphatase 
Localization in Cultured Beating Heart Cells 

Abstract. The calcium-activated adenosine triphosphatase activity of cultured 
single beating heart cells of the rat was localized and visualized by incubating 
the cells, after extraction in a mixture of glycerol and water, with adenosine tri- 
phosphate and calcium. The calcium phosphate, precipitated at the site of the 
enzyme reaction, was converted into a visible precipitate. The enzyme activity 
appeared in bands perpendicular to the myofibrils. 
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The amount of myosin in cultures of 
beating heart cells has been followed 
(1) by extraction of the cells (2), and 
by measuring the calcium-activated 
adenosine triphosphatase associated with 
myosin (3). The relation of myosin 
changes to growth and dedifferentiation 
may further be studied in the single 
cell. We have devised a histochemical 
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may further be studied in the single 
cell. We have devised a histochemical 

technique which is valuable for visuali- 
zation of the distribution of this enzyme 
in the single beating heart cell. The 
adaptation consists of a selective ex- 
traction of the single cell and a sub- 
stitution of adenosine triphosphate 
(ATP) for glycerol phosphate in the 
Gomori technique (4). 

Heart tissue from 2- to 7-day-old 
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Fig. 1. Bright field photomicrograph of an 
extracted beating heart cell stained for 
calcium-activated adenosine triphosphatase 
activity (X 4000). 

Fig. 1. Bright field photomicrograph of an 
extracted beating heart cell stained for 
calcium-activated adenosine triphosphatase 
activity (X 4000). 

rats was cultured in plastic culture 
dishes as single cells which continue 
to beat (5). After extraction with a 
glycerol-water solution (6), the cells no 
longer beat spontaneously, but the con- 
tractile apparatus is still functional. 
This preparation is similar to the ex- 
tracted fibers described by Szent-Gyor- 
gyi (7). Extracted cells were fixed at 
0?C for 30 sec with 3 percent formol 
(8), and incubated for 15 min at 37?C 
in a mixture containing 10-3M ATP, 
6.7 X 10-3M CaCl2, and 2 X 10-2M 
sodium barbital at pH 9.4. The inor- 
ganic phosphate formed at the site of 
enzyme action was precipitated in situ 
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Fig. 2. Bright field photomicrograph of a 
control cell, which was incubated with in- 
organic phosphate in place of ATP. Un- 
stained cells are barely visible under bright 
field conditions (X 4000). 
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as calcium phosphate. After treatment 
successively with a soluble cobalt salt 
and ammonium sulfide the precipitate 
was converted to a microscopically 
visible black deposit, CoS. As a con- 
trol, inorganic phosphate was substi- 
tuted for ATP in the reaction medium. 
The result was an almost imperceptible 
overall graying of the cells with no lo- 
calization. The cells were mounted wet 
with polyvinyl pyrrolidine (9). This 
eliminates the need for clearing and 
dehydration and permits the use of 
plastic culture dishes which would dis- 
solve in clearing solutions. 

Figure 1 is a photomicrograph of a 
preparation of a heart cell preparation 
grown in culture for 2 days. This cell 
has been stained for the calcium-acti- 
vated enzyme and the blackened areas 
indicate the site of action. Of particular 
interest are the striations which indicate 
that this activity is discontinuously dis- 
tributed along the myocardial fibril. 
Figure 2 is a photomicrograph of a 
control cell which was incubated with 
inorganic phosphate instead of ATP. 
The cell is barely visible and no local- 
ized staining occurs. The calcium-acti- 
vated adenosine triphosphatase activity 
of isolated myosin suggests that the 
activity in the myofibril may be asso- 
ciated with myosin, and that the heavily 
stained band corresponds to the A band 
while the unstained area corresponds to 
the I band (10). It is not clear whether 
the alternating, more lightly stained 
bands are indicative of myosin at a 
region corresponding to the Z line or 
of some other calcium-activated ade- 
nosine triphosphatase in the sarcomere. 
During the course of our work a similar 
observation has been reported (11). 
The excellent electronmicrographs dem- 
onstrate that the enzyme is localized 
only in the A band. This may be further 
studied with the use of fluorescein my- 
osin antibodies (12) in conjunction 
with enzymatic localization (13). 
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Language and Thinking: Positive 

and Negative Effects of Naming 

Abstract. Subjects instructed to think 
of novel shapes in terms of relevant 
names made fewer errors in recalling a 
serial ordering of the shapes, but more 
errors in solving a mental jigsaw puzzle 
and in drawing the shapes from mem- 
ory, than subjects instructed to visualize 
the shapes without using words. 

Is it easier to think about objects, 
and to manipulate them "in one's head," 
if one has names for them than if one 
does not? Spiker (1) found that per- 
formance in the delayed-reaction experi- 
ment, often considered to depend on 
representational processes, was facili- 
tated when subjects had names for the 
stimuli. He suggests that during the 
delay period the subject repeats the 
name of the baited stimulus, and that 
the name then serves to guide his 
choice. This hypothesis assumes that 
names do in fact perform this repre- 
sentational function more effectively 
than nonverbal representations, such as 
images. On the other hand, Saltz and 
Newman (2) found that while learning 
the names of the parts to a low cri- 
terion before doing a mechanical as- 
sembly problem led to fewer errors, 
learning to a high criterion resulted in 
more errors than no name learning at 
all. Thus names yielded no consistent 
advantage in the kind of mental manip- 
ulation required in the assembly prob- 
lem. These findings suggest that the 
effect of prior name learning on think- 
ing depends on the nature of the prob- 
lem. Pretraining which leads a subject 
to think of objects in terms of names, 
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