
venom flows when the tooth is charged), 
the basal portion of the external fold, 
and the end of the inner portion of the 
roll. 

The Conus imperialis radula tooth is 
basically a sheet, presumably of chitin 
(6), rolled into a tube of 21/2 whorls, 
the outer whorl of which is flattened 
and pointed at the apex and thickened 
and strengthened at the base. The edge 
of the external fold is modified into 
barbs and a cutting edge adapically; the 
adapical portion of the inner fold is 
reflected and thickened to form a ridge 
bearing complex serration (Fig. 1). 

On the basis of the structure of the 
Conus imperialis tooth, the relationship 
of its component parts, and knowledge 
of the animal's food (5), we propose 
the following functions: (i) the apex, 
cutting edge, and serration function to 
penetrate the prey; (ii) the barbs and 
perhaps the serration catch and hold 
the tooth in the body of the prey; (iii) 
venom enters the lumen of the tooth by 
way of the basal opening and is con- 
veyed into the wound via the adapical 
opening; and (iv) the lateral expansion 
of the base, its thickened nature, the 
basal spur, and the slight constriction 
of the shaft adapical to the base (Fig. 1, 
B and H) facilitate the action of the 
circular muscles of the proboscis tip; 
these purse just adapically of the base, 
firmly anchoring the tooth during the 
process of piercing and ingestion. 
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Biosynthesis of a- and A-Ecdysones from Cholesterol 
outside the Prothoracic Gland in Bombyx mori 

Abstract. Labeling experiments have established that cholesterol is converted 
into a- and /-ecdysones in isolated abdomens of silkworm larvae. Since the 
isolated abdomens do not contain the prothoracic glands, a doubt is cast on the 
long-standing principle in insect endocrinology that the prothoracic glands are 
the source of ecdysone secretion. 
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into a- and /-ecdysones in isolated abdomens of silkworm larvae. Since the 
isolated abdomens do not contain the prothoracic glands, a doubt is cast on the 
long-standing principle in insect endocrinology that the prothoracic glands are 
the source of ecdysone secretion. 

The moulting of insects is controlled 
by the prothoracic glands (PTG) (1), 
which in turn are activated by the brain 
hormone (2), and ecdysone is directly 
responsible for the moulting (3). Fur- 
thermore, the PTG have been consid- 
ered to be the source of ecdysone 
secretion, despite the lack of direct ex- 
perimental evidence. Indeed, this be- 
lief was questioned by Locke (4) and 
by Weir (5) as a result of studies with 
the electron microscope and with liga- 
tion, respectively, on Calpodes ethlius. 
On the other hand, Kambysellis and 
Williams reported that in vitro sperma- 
togenesis of cultured testes of Samia 
cynthia occurs only in the presence of 
ecdysones or endocronogically active 
PTG (5). 

The following results indicate that 
cholesterol is converted into a- and /,- 
ecdysones in the isolated abdomen of 
larvae of the silkworm (Bombyx mori) 
that are in fifth (the last) instar. Since 
no PTG are present in the isolated 
abdomens, the conjecture that the func- 
tion of the PTG is ecdysone secretion 
should be reconsidered. 

Five larvae (day 6, fifth instar) were 
ligated at the first abdominal segment, 
and the anterior parts were cut off. 
The isolated abdomens were each in- 
jected with 5 p/c of [4-14C]cholesterol 
in 5 /p1 of linolenic acid, incubated for 
24 hours at 25?C, homogenized, and 
extracted with 80 percent ethanol. 
After addition of 1 mg each of un- 
labeled a- and f/-ecdysone, the extract 
was concentrated to dryness, and the 
ecdysone fractions were collected by 
column chromatography through silica 
gel, with chloroform : methanol (4: 1, 
by volume) as the solvent system (7). 

The combined ecdysone fraction in 
20 percent aqueous ethanol was sub- 
mitted to the liquid chromatography 
technique developed for ecdysones by 
Hori !(8), that is, fractionation on Am- 
berlite XAD-2 (Rohm and Haas) with 
a linear gradient of 20 to 70 percent 
aqueous ethanol. The ecdysones were 
monitored 'by absorbance at 254 nm 
and by radioactivity, determined as dis- 
integrations per minute (dpm) by liquid 
scintillation counting (9). 
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The combined a- and f/-ecdysone 
fractions, which contained about 0.012 
percent of the total original cholesterol 
radioactivity, were resubmitted to a sec- 
ond liquid chromatography on Poragel 
PN (Waters Associates) with 40 per- 
cent aqueous methanol (10), the ecdy- 
sones again being monitored by absorb- 
ance at 254 nm and by radioactivity 
(8). The a- and ,/-ecdysone fractions, 
about 1 mg each, were each treated with 
9 mg of the respective ecdysone, and 
both fractions were recrystallized sev- 
eral times from a mixture of methanol 
and ethyl acetate until constant radio- 
activity was reached. 

The final results were as follows. (i) 
After four recrystallizations, the yield of 
a-ecdysone was 7.1 mg, with radio- 
activity of 1.52 X 105 dpm/mmole, 
which corresponded to 0.00080 percent 
conversion of cholesterol. (Radioactivity 
values after two and three recrystalliza- 
tions were, respectively, 1.41 X 105 and 
1.67 X 105 dpm/mmole.) (ii) After 
five recrystallizations, the yield of /3- 
ecdysone was 6.1 mg, with radioactivity 
of 3.63 X 105 dpm/mmole, which cor- 
responded to 0.00083 percent conver- 
sion of cholersterol. (Radioactivity after 
the fourth recrystallization was 2.99 X 
105 dpm/mmole.) The combined con- 
version yield of ecdysones from cho- 
lesterol was thus about 0.0016 percent 
and fell between the yields-0.001 and 
0.015 percent-reported for two incor- 
poration experiments with whole Calli- 
phora (11). The low conversion yield is 
not surprising if one considers that 
cholesterol has many functions in in- 
sects (12). 

Because of the important implica- 
tions of these results, essentially the 
same experiments were carried out on 
two separate occasions with different 
batches of silkworms, but similar re- 
sults were obtained. Furthermore, the 
possibility that traces of the PTG might 
be extending into the abdomen can be 
ruled out, since ligation at the first 
abdominal segment has been one of 
the standard techniques for moulting- 
hormone studies with Bambyx mori. 

Identification of the two ecdysones 
was finally established by acetylation 
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followed by thin-layer chromatography. 
After this treatment, each ecdysone gave 
only two radioactive spots, correspond- 
ing to the tri- and tetraacetates of the 
ecdysone. Thus, the significant finding 
here is that a- and /f-ecdysones are 
formed from cholesterol in the isolated 
abdomen lacking the PTG. 

In contrast, when labeled cholesterol 
was injected into larvae or isolated 
abdomens on day 2 of the fifth instar, a 
stage at which the PTG still do not 
show histological "activity," neither 
ecdysone could be detected after 24 
hours. This shows that the PTG are 
indeed somehow related to ecdysone 
biosynthesis (13). Although it would 
be difficult to prove that no ecdysone is 
secreted from the PTG, there is no 
doubt that ecdysones can be synthe- 
sized outside these endocrine organs. 

It should be noted that when exo- 
genous a-ecdysone ([23,23,24,24-tetra- 
3H]a-ecdysone) was injected into B. 
mori larvae at the same stage (day 6 of 
instar 5), more than half of the a- 
ecdysone was converted into /3-ecdy- 
sone within only 15 minutes (14), so 
that the relative content of /j-ecdysone 
is larger than that of the a form. Thus, 
the equal amounts of biosynthetic a- 
and 8-ecdysones, as estimated from the 
comparable conversion yields (above), 
together with the rapid conversion of 
administered a-ecdysone to /-ecdysone, 
suggest that (i) biosynthetic a-ecdysone 
is not present in the free form, but 
rather in a bound form which is slowly 
hydroxylated into ,/-ecdysone; and (ii) 
the bound a-ecdysone should be such 
that the ecdysone is readily liber- 
ated under conditions of extraction. 

Although we have thus furnished the 
first clear-cut evidence for ecdysone 
production outside the PTG, the exact 
role of these glands remains enigmatic. 
It is possible that the so-called PTG 
hormone secreted from PTG into the 
body fluid catalyzes a step in the bio- 
synthesis of bound a-ecdysone from 
cholesterol. 
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Force in striated muscle fibers is de- 
veloped by lateral interaction of the 
thick and thin myofilaments. Since the 
three-dimensional lattice formed by 
these filaments varies with fiber length, 
the relation between length and force 
provides information about the nature 
of the filament interaction. The most 
careful studies of the length-force rela- 
tion have been made with electrically 
stimulated frog muscle fibers (1, 2), 
in which case the calcium that activates 
the myofilament interaction comes from 
the sarcoplasmic reticulum. It was 
discovered, however, that in electrically 
stimulated fibers a central core of myo- 
fibrils is not activated when sarcomeres 
shorten to lengths less than about 1.7 
/tm (3), which makes it difficult to in- 
terpret the length-force relation of elec- 
trically stimulated fibers at these lengths. 
To eliminate the effects of incomplete 
activation, we measured the length- 
force relation in skinned fibers directly 
activated by calcium (4). The main 
finding was that considerable force is 
developed at sarcomere lengths as short 
as 1.0 ,tm, even though the myofilament 
lattice at this length is distorted rela- 
tive to that at normal sarcomere lengths. 

Fibers from frog semitendinosus mus- 
cles were skinned and mounted in a 
force transducer according to the meth- 
od of Hellam and Podolsky (5). Two 
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bathing solutions were used: (i) re- 
laxing solution containing (in millimoles 
per liter) KC1 (140), MgC12 (1), the 
disodium salt of adenosine triphosphate 
(5), imidazole (10), and the dipotas- 
sium salt of ethyleneglycol bis(amino- 
ethylether)tetraacetic acid (EGTA, 3) 
and (ii) contracting solution, in which 
the calcium salt of EGTA replaced the 
potassium salt. Both were buffered to 
pH 7. The concentration of Ca2+ in the 
relaxing solution was approximately 
10-9M and in the contracting solution 
it was 2.5 X 10-5M, which fully acti- 
vates the myofilaments (5). After the 
initial dissection at 20?C, the fiber and 
experimental solution,s were kept at 4?C 
in a thermoelectrically cooled chamber. 
The skinned fiber was mounted in min- 
eral oil between two clamps (free fiber 
length, 1 to 5 mrm) and then transferred 
to relaxing solution. The fiber was ad- 
justed to a length, lo, which corre- 
sponded to a striation spacing of 2.0 to 
2.2 ,tm, as determined by a laser dif- 
fraction pattern (6328 A). T,he fiber 
was then transferred to contracting solu- 
tion and force was allowed to develop. 
Thi maximum force, Po, was reached 
in 5 to 15 seconds. The laser pattern 
showed that activation changed the 
striation spacing in the ,middle of the 
fiber by less than 0.1 /tm. After the 
force had reached a steady level, the 
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Length-Force Relation of Calcium Activated Muscle Fibers 

Abstract. Calcium activated skinned frog muscle fibers develop a large relative 
force at a sarcomere length of 1.0 micrometer. Since the normal myofilament 
lattice is perturbed at this length, regularity of the lattice does not appear to be an 
important factor in the contraction mechanism. 
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