
Calculations with Avogadro's num- 
ber show that 6.7 X 1012 molecules of 
actinomycin D are bound to each sea 
urchin egg or unhatched embryo. Be- 
cause this concentration is approxi- 
mately equal to the concentration of 
actinomycin D in the volume of sea- 
water displaced by an egg of Arbacia 
punctulata (4), no net accumulation 
within the space occupied by the eggs 
occurs. The drug is bound on first con- 
tact at a number of unknown sites on 
the outer surface of the egg or embryo. 
The fact that the concentration on the 
surface of cells is in equilibrium with 
the surrounding medium before hatch- 
ing suggests that the binding is rela- 
tively weak. The autoradiographic 
studies show that no detectable radio- 
activity is trapped within cells before 
the membranes are removed at hatch- 
ing. This conclusion is further strength- 
ened by the inability of eggs to ,absorb 
sufficient actinomycin D after exposure 
for 4 hours before fertilization to pre- 
vent normal development to a highly 
differentiated, freely feeding stage. 

The rate of protein synthesis during 
the first 4 hours of development in 
embryos treated with actinomycin was 
not significantly different from that in 
untreated controls (2); however, the ef- 
fectiveness of the drug increased with 
subsequent development. Our results 
indicate that the lack of effect of 
actinomycin D on protein synthesis 
during early embryogenesis may be 
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due to the inability of the drug to 
enter the cells. The arrest in develop- 
ment which occurs at the hatching 
stage in the presence of actinomycin 
D can best be explained by our obser- 
vations that the embryo becomes vul- 
nerable to actinomycin D only when 
the hatching process deprives it of its 
protective shell. 
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Soluble Sulfatase in Growing Bone of Rats 

Abstract. Soluble sulfatase has been found in epiphyseal, articular, and rib 
cartilages and in metaphysis and bone marrow of the rat. The greatest activity 
in young rats is in the metaphysis. Young rats had higher levels of activity in 

epiphyseal and articular cartilage and in the metaphysis than did the older rats. 
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Table 1. p-Nitrocatechol sulfatase activity in growing rat bone. Results are expressed as the 
mean ? standard deviation, in micrograms of nitrocatechol released per milligram of wet 
weight per hour. Figures in parentheses are the number of animals. 

Age of rats (days) 
Tissue P* 

28-35 76-111 

Epiphyseal cartilage 6.95 ? 3.90 (5) 1.78 ? 0.44 (7) .009 
Articular cartilage 4.22 ? 2.01 (4) 1.22 ? .28 (4) .04 
Costal cartilage 1.08 ? 0.29 (3) 0.76 ? .15 (4) .17 

Metaphysis 12.26 ? 4.25 (5) 6.23 ? 2.64 (6) .03 
Bone marrow 7.82 ? 3.16 (4) 9.25 ? 2.77 (4) .58 

* Statistical significance between young and old groups. 
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many tissues of different animal spe- 
cies and in Proteus vulgaris (2) but has 
not hitherto been reported in cartilage 
and bone. The method used was 
adapted from Dodgson et al. (2) and 
Roy (3). We did not attempt to dif- 
ferentiate between soluble arylsulfatase 
A and B. 

Epiphyseal, 'articular, and rib carti- 
lages, bone marrow, and metaphysis 
were dissected from freshly killed 
Wistar rats 28 to 116 days old. The 
tissues were ground up separately with 
a mortar and pestle (5 ml of distilled 
water was iadded to each), alternately 
frozen and thawed three times, and 
kept cold overnight. The suspension 
was made up to 12 ml with distilled 
water and was centrifuged at 20,000 
rev/min for 30 minutes. The precipi- 
tate was washed and recentrifuged at 
30,000 rev/min for 30 minutes. Four 
volumes of ~acetone at - 20?C were 
added to the combined supernatants to 
precipitate the enzyme. The mixture 
was centrifuged at 25,000 rev/min for 
45 minutes, and the supernatant was 
discarded. The precipitate was dried 
in a vacuum desiccator after the resid- 
ual acetone was removed with a stream 
of air. 

The dried samples were dissolved 
in 0.6 ml of distilled water at 37?C 
for 1 hour, and 0.6 ml of 0.5M sodium 
acetate-acetic acid buffer (pH 5.3) was 
added. To 0.6 ml of this mixture was 
added 0.6 ml of 0.5M acetate buffer 
(pH 5.3) containing 21 mg of purified 
p-nitrocatechol sulfate to make a final 
substrate concentration of 0.063M. 
After incubation for 1 hour 'at 37?C, 
3 ml of alkaline quinol was added to 
develop a red color (3). The absorb- 
ancy of the red solution was deter- 
mined at 515 nm. The p-nitrocatechol 
present was read from a standard curve 
and reported in micrograms per milli- 
liter. Blanks were run containing p- 
nitrocatechol sulfate, but no enzyme; 
control samples, containing enzyme 
that had been boiled for 3 minutes be- 
fore addition of p-nitrocatechol sulfate, 
were also run. All boiled controls 
showed negligible activity. The activity 
of sulfatase in the metaphysis (show- 
ing the highest activity) was deter- 
mined to be linear with time during 
the hour's incubation. 

Soluble p-nitrocatechol sulfatase ac- 
tivity was found in all of the tissues 
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of epiphyseal and articular cartilage 
and of the metaphysis, the younger 
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group of animals had significantly 
higher levels of activity than the older 
group. 

Inasmuch as sulfatase is known to 
be present in some leukocytes (4), and 
because some blood was present in the 
tissues used, we were concerned 
whether the sulfatase present was due 
to contamination with blood. The 
metaphysis, which ?also contains ap- 
preciable amounts of myeloid tissue 
and blood, showed greater activity per 
unit weight than bone marrow alone, 
in the case of the younger animals. 
Thus the presence of high sulfatase 
levels in the metaphysis could not be 
attributed solely to the presence of 
marrow. The epiphyseal, articular, and 
costal cartilages had relatively little 
blood, and it is not likely that this 
would affect the results appreciably. 

The mechanisms by which sulfatase 
acts in growing bone is not known. 
Yamagata et al. (5) found that sul- 
fatase by itself does not have any ef- 
fect on chondroitin sulfate. In pre- 
liminary experiments, we have found 
no release of sulfate from proteinpoly- 
saccharide incubated with sulfatase. 
Saito et al. (5, 6) have shown that a 
release of sulfate from chondroitin sul- 
fate prepared from cartilage does oc- 
cur if the chondroitin sulfate is de- 
graded with other enzymes prior to 
treatment with sulfatase. 

The presence of sulfatase as well as 
a protease and perhaps other degrada- 
tive enzymes in the growing region of 
bone, and particularly the metaphysis, 
suggests that desulfation of the sul- 
fated glycosaminoglycan part of the 
proteinpolysaccharide may occur here, 
but the function of the sulfatase in 
this region has not yet been demon- 
strated. 

ALBERT HIRSCHMAN 

MILDRED HIRSCHMAN 
Department of Anatomy, Downstate 
Medical Center, State University of 
New York, Brooklyn 11203 
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Testicular Lactate Dehydrogenase 
Isozyme: Cyclic Appearance in Bats 

Abstract. In male bats Tadarida brasiliensis spermatogenesis occurs only dur- 
ing winter and spring. Two additional lactate dehydrogenase isozymes appear in 
testes containing mature spermatozoa. This type of isozymic change implies cyclic 
activation of genes and affords valuable markers for study of the factors involved. 
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An additional isozyme of lactate 
dehydrogenase (LDH) (L-lactate: nico- 
tinamide-adenine dinucleotide oxidore- 
ductase, E.C. 1.1.1.27) occurs in ho- 
mogenates of mature testes from many 
species (1). This isozyme, designated 
LDH-X, appears at the time of sexual 
maturation and is a tetramer of poly- 
peptides (C) different from the A (M, 
muscle type) and B (H, heart type) 
monomers composing the five isozymes 
common to most tissues. Evidence ob- 
tained in a study of pigeon testes clearly 
indicated that the synthesis of the ad- 
ditional polypeptide is controlled by a 
third genetic locus (2). The LDH-X 
isozyme is the predominant LDH frac- 
tion in spermatozoa and has some pe- 
culiar catalytic properties suggesting a 
very specialized role (3). 

The tissue specificity and close rela- 
tionship of LDH-X with spermatogene- 
sis raise the question of whether this 
isozyme shows a cyclic appearance in 
those species with a seasonal pattern of 
sexual activity. Males from some species 
of bats follow a seasonal sexual cycle. 
Copulation takes place only during a 
defined period of the year. The season 
and length of this period vary from one 
species to another and it also varies 
from one region to another within the 
same species (4). 

To study the correlation between 
sexual activity and testicular LDH, we 
investigated histological and isozymic 
changes in testis of Tadarida brasilien- 
sis, a species of bats widely distributed 
in the American continent, from the 
United States to Argentina and Chile 
(4, 5). Females are monoestrous and 
fecundation occurs only at the begin- 
ning of spring (4). 

Throughout a period of 2 years, 133 
adult males were collected at two dif- 
ferent sites in the province of C6rdoba 
(Argentina). Histological sections of 
testes did not show spermiogenic activ- 
ity in animals obtained between the end 
of spring (November to December in 
Argentina) and early autumn (March to 
April). Testes were atrophic (average 
weight, 9.6 mg); seminiferous tubules 
had only Sertoli cells and quiescent 
spermatogonia. Spermatogenesis started 
during the fall (April to May); there 
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were frequent mitoses and numerous 
spermatocytes, but no spermatozoa. 
Animals caught in winter and the be- 
ginning of spring (June through Octo- 
ber) exhibited enlarged testes (average 
weight, 37 mg) with reduction of in- 
terstitial tissue and wider tubules show- 
ing the complete sequence of gameto- 
genesis, including mature spermatozoa. 
Epididymides were full of sperm in 
specimens taken in September and Oc- 
tober. 

In 63 females captured during the 
same period, pregnancy was observed 
only from October to December. No 
pregnant animals were obtained at any 
other time. 

This sexual cycle of Tadarida bra- 
siliensis in Argentina is similar to that 
reported by Sherman for T. cynocephala 
in Florida and by Davis et al. for T. 
brasiliensis in Texas (6). 

Animals were killed with ether, and 
heart, liver, kidney, stomach, intestine, 
skeletal muscle from several regions, 
uterus, testis, and epididymis were re- 
moved immediately and processed at 
once or stored at -20?C for a few 
days. Results were the same with fresh 
or frozen organs. Tissues were ground 
in a Potter-Elvejhem homogenizer with 
distilled water. Extracts were separated 
by centrifugation at 20,000g for 20 
minutes at 4?C. Supernatants were sub- 
jected to electrophoresis on starch gel 
(7) made with 12 g of hydrolyzed 
starch for each 100 ml of 0.008M 
citrate-phosphate buffer, pH 7.0. The 
electrode vessels contained 0. 15M ci- 
trate-phosphate, pH 7.0. A voltage gra- 
dient of 6 volt/cm was applied for 14 
hours at 4?C. After electrophoresis, the 
gels were stained for identification of 
lactate dehydrogenase by the method 
of Zinkham et al. (1). 

In most tissues, five lactate dehydro- 
genase isozymes were observed. Their 
relative distribution was similar to that 
observed in preparations of the same 
tissues from other species. The isozyme 
closest to the anode, LDH-1, predomi- 
nates in heart- and breast-muscle ex- 
tracts; LDH-5, closest to the cathode, 
is the dominant band in liver and leg 
muscle. Inactive testis showed only 
LDH-1, LDH-2, and LDH-3. In many 
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once or stored at -20?C for a few 
days. Results were the same with fresh 
or frozen organs. Tissues were ground 
in a Potter-Elvejhem homogenizer with 
distilled water. Extracts were separated 
by centrifugation at 20,000g for 20 
minutes at 4?C. Supernatants were sub- 
jected to electrophoresis on starch gel 
(7) made with 12 g of hydrolyzed 
starch for each 100 ml of 0.008M 
citrate-phosphate buffer, pH 7.0. The 
electrode vessels contained 0. 15M ci- 
trate-phosphate, pH 7.0. A voltage gra- 
dient of 6 volt/cm was applied for 14 
hours at 4?C. After electrophoresis, the 
gels were stained for identification of 
lactate dehydrogenase by the method 
of Zinkham et al. (1). 

In most tissues, five lactate dehydro- 
genase isozymes were observed. Their 
relative distribution was similar to that 
observed in preparations of the same 
tissues from other species. The isozyme 
closest to the anode, LDH-1, predomi- 
nates in heart- and breast-muscle ex- 
tracts; LDH-5, closest to the cathode, 
is the dominant band in liver and leg 
muscle. Inactive testis showed only 
LDH-1, LDH-2, and LDH-3. In many 
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