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ABSTRACT 

Insects are useful laboratory animals for the study 

of sterol metabolism. Unlike vertebrates., axenic (micro-

biologically sterile) insects cannot synthesize sterols 

from basic foods such as protein, carbohydrate, and fats. 

All of the insects reported to date utilize cholesterol as 

the essential dietary sterol. 

In this study, Drosophila pachea eggs were collected 

by inducing the flies to lay their eggs into a paste made 

up of yeast and an aqueous extract of senita cactus powder. 

A method was modified to surface sterilize these eggs with 

a dilute solution of peracetic acid. Af-ter obtaining 

sterile eggs, an axenic culture of D_. pachea was maintained 

throughout the study. 

Existing laboratory diets would not satisfactorily 

support the growth and maturation of axenic I), pachea. A 

new diet was developed which utilized soy protein hydrol-

ysate, brewers' yeast, and fructose as iSae primary in

gredients. (Casein hydrolysate, when added to the medium, 

was found to kill the I), pachea larvae in the second and 

third instars of development.) When the ingredients of 

the new diet were extracted with chlorofoxtm-methanol, a 

medium of very low sterol content was achieved. Utilizing 

this sterol deficient diet, it was shown tconclusively that 
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D. pachea could not utilize added cholesterol for growth 

and development. All of the larvae died in the first and 

second instars of growth. 

Axenic flies were collected which had developed on 

the sterol deficient medium with only pure lathosterol 

added. The sterol fraction of these flies contained both 

lathosterol and 7-dehydrocholesterol (the sterol 

metabolite). 



INTRODUCTION 

Sterols were shown to be necessary for the growth 

and development of insects as early as 1935 (Hobson, 

1935a? b). This has been affirmed in many nutritional 

experiments with a number of insect species (Clayton, 1964). 

A sterol deficiency may become apparent at different times 

during the development of different insects. Generally, 

the nutritional deficiency can be seen soon after the 

larvae have hatched from the egg (Gilbert, 1967)* When 

normal, adult insects, such as the house fly, Musea 

domestica (L.), are put on a sterol free diet, they will 

continue laying eggs but the hatchability of these eggs 

will diminish along with the sterol content (Robbins and 

Shortino, 1962). There is no record of an axenic 

(microbiologically sterile) insect capable of developing 

from egg to normal adult without a structurally satisfactory 

sterol in its diet. (The structure generally required will 

be discussed later.) 

There are a number of studies using various axenic 

insects showing that no insect has the capability of 

synthesizing a sterol from acetate (Kaplanis et al., 1963)? 

mevalonate (Kaplanis, Dutky, and Robbins, 1961), farnesol 

(Ishii and Hirano, as cited by Gilbert, 1967)? or squalene 



(Sedee, 1961). In those studies which have reported sterol 

synthesis, such as Clayton, Edwards, and Bloch (1962), the 

insects were xenic (culture had symbiotic microorganisms). 

In this case, which organism synthesized the sterol; the 

insect or the microorganism? 

Other higher organisms which cannot synthesize 

sterols include crustaceans, araneideans, diplopods 

(Zandee, 1962, 1964), and other invertebrates (Wootton and 

Wright, i960). 

On the other hand, it is well known that vertebrates 

have the ability to synthesize cholesterol from any material 

that is a metabolic precursor of acetyl CoA. Included in 

this category are carbohydrates, fatty acids, and amino 

acids. In a conclusive study, Popjak (1963) showed that 

14 
when vertebrates were fed uniformly C labeled acetate, 

all of the carbons of the isolated labeled cholesterol were 

l4_ . 
C isotopes. 

Insects present a useful biosystem for studying 

sterol metabolism. Since they cannot synthesize sterols, 

they are totally dependent upon that which is included in 

their diet. This is in contrast to vertebrates which do 

not have this dependency. In addition, their generation 

time is short and they easily are reared axenically. 

Again, in contrast, vertebrates are extremely difficult 

to raise in the absence of microorganisms. 



The functions of sterols in insects are thought to 

be of two general classes; structural and metabolic (Clark 

and Bloch. 1959)* These investigators introduced the con

cept of the "sparing sterol." This sterol is one that does 

not allow growth and development by itself, but can replace 

a large part of the major sterol requirement. For example, 

if cholesterol is required, and 100 mg/liter are necessary, 

95 mg/liter of cholestanol and 5 mg/liter of cholesterol 

work just as well. The irreplaceable sterol was thought to 

be primarily used for the synthesis of physiologically 

active substances, such as hormones (including the moulting 

hormone, ecdysone) while the major and less specific 

requirement of the sparing sterol served a metabolically 

inert "structural" role. 

The metabolic function is yet to be elucidated in 

any depth compared with the structural functions. The main 

reason for this is the minute quantities of the metabolites 

involved. A few of these metabolic steroids that have been 

described are the "brain hormone" (Kirimura, Saito, and 

Kobayashi, 1962), a vitamin D—like activity (Robbins, et 

al., 1964), and the moulting hormone, ecdysone (Karlson 

and Hoffmeister, as cited by Clayton, 1964). 

Most of the studies of the sterol requirements of 

insects have ignored the "sparing sterols." In the 

reviews of Clayton (1964) and Gilbert (1967) it was stated 

that all insects studied can utilize cholesterol as well, 
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or better, than other sterols in their normal diet. 

Specifically, phytophageous insects can utilize cholesterol 

even though they do not normally ingest this sterol. 

Levinson (i960, 1962) stated that the conversion of 

phytosterols (B-sitosterol, campesterol, stigmasterol, 

and other 29 sterols) to the zoosterol, cholesterol 

(a C2? sterol), is probably a general characteristic of 

phytophageous insects. He went on to say that carnivores 

normally receive cholesterol in their diet and hence have 

no need for such dealkylating ability. 

Since the dealkylation of phytosterols is necessary 

to achieve the structure of the moulting hormone, ecdysone 

(Figure l), these sterols are logically further away from 

ecdysone on the metabolic pathway than the C sterols. 

In this investigator's opinion, the most logical point to 

begin a study of this pathway would be with the C„_ sterols. 
^ i 

There have been several studies of the metabolism of 

cholesterol and dihydrocholesterol but none reported 

beginning with lathosterol. The fruit fly, Drosophila 

1. Sterol nomenclature: Campesterol (24oc-methyl-
5-cholesten-3|3-ol); Cholestanol (see dihydrocholesterol); 
Cholesterol (5-cholesten-3|3-ol); 7-Dehydrocholesterol 
(517-cholestadien-3|3-ol); Dihydrocholesterol (cholestan-
3|3-ol); Ergostanol (24(3-methyl-cholestan-30-ol) ; Y~ ' 
Ergostenol (24|3-methyl-7-cholesten-3|3-ol) ; Ergosterol (24(3-
methyl-557»22-cholestatrien-3P-ol); Lathosterol (7-
choles t en ~3|3-ol) ; Lophenol (4a-methyl-7-cholesten-3P-ol) ; 
Schottenox (2^a-ethyl-7-cholesten-3|3-ol) ; (3-Sitosterol 
(24oc-ethyl-5-cholesten-33-01); Stigmastanol (24a-ethyl-
cholestan-33-ol); Stigmasterol (2*ta-ethyl-5,22-cholestadien-
3(3-ol) . 
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Figure 1. The structures of Cholestane and Ecdysone 



pachea (Patterson and Wheeler) seemed ideal for a study 

of the metabolism of this sterol. A brief background of 

this unusual fly follows. 

Drosophila pachea was first collected from the 

Sonoran Desert in northern Mexico by Patterson and Wheeler 

(Patterson, 19^3)* The first indication of a unique dietary 

requirement for this fly soon sppeared. This species could 

not reproduce on the standard laboratory media and a 

culture was not established. Later Heed and Kircher (1965) 

found that IK pachea bred only in the stems of a single 

species of cactus of the desert. This was the senita 

cactus, Lophocereus schottii (Englemann) Britton and Rose. 

The observed dependence upon this cactus also indicated a 

unique dietary requirement. In following this idea, it 

was found that the I), pachea could be reared successfully 

in the laboratory if a cube of senita cactus was added to 

the standard banana medium (composed of bananas, malt, 

corn syrup, yeast, and agar). Without the added cactus, 

larvae would develop to about the second instar before 

dying. The flies, evidently, needed something in the 

cactus in order to receive the minimum nutrients necessary 

for a complete life cycle. 

Djerassi et al. (1957) reported that senita cactus 

contains two uncommon sterols; lophenol and schottenol. 

Heed and Kircher isolated these sterols from the cactus and 

added them to the standard medium. It was found that, of 



the two, the addition of schottenol enabled the D_. pachea 

to develop normally. 

Also eight other sterols were added separately to 

the. standard medium to ascertain 13. pachea's sterol 

requirements. Lathosterol, 7-dehydrocholesterol, and 2*KX-

ethyl-5,7-cholestadien-3P~ol fulfilled the requirements. 

The eggs on the media containing any of these sterols 

developed into normal adults. No imagos resulted from the 

addition of cholesterol, B-sitosterol, stigmasterol, 

y-ergostenol, or ergosterol. 

It was concluded that a double bond between carbons 

seven and eight on the 3B-0H sterols was necessary for the 

complete development of D_. pachea. If a 2*KX,-ethyl group 

was present, normal growth and development was achieved but 

the presence of a 2^p-methyl group on the sterol was not 

satisfactory in this regard. In addition, the ^ex-methyl 

of lophenol seemed to render this sterol useless as the 

major sterol in the diet. IK pachea is the first insect 

reported that cannot utilize cholesterol for normal growth 

and development. Whether cholesterol can act as a "sparing 

sterol" has not been determined. 

The primary purpose of this study was to determine 

how axenic I), pachea would metabolize lathosterol if it 

were the major dietary sterol. 



AXENIC CULTURE OF D. PACHEA 

An axenic culture of I), pachea was obtained via 

the chemical sterilization of the fly egg's surface. The 

primary difficulty encountered with this species of 

Drosophila was getting enough eggs within the limited period 

of time before larvae begin hatching. The following 

procedure was useful for obtaining many sterile eggs. 

The first step was to make an aqueous senita cactus 

extract. Senita cactus was dried at 50 to 60°C. in a 

vacuum oven. It then was ground to a powder in a blender 

and stored in an amber glass jar under a nitrogen atmosphere. 

A portion of the powder was mixed with tap water at high 

speed for fifteen minutes in a Waring blender. The 

resultant mixture then was filtered through multiple layers 

of cheese cloth and the filtrate again filtered through 

Whatman No. 1 paper. Since this last step was exceedingly 

slow, the filter funnel was covered loosely with aluminum 

foil to retard drying. A clear filtrate resulted which 

smelled similar to cactus. As a precautionary step, the 

filtrate finally was filtered through a 200 mesh, stainless 

steel screen filter before use. This extract was used as 

a moisture source to induce (presumably by odor) the flies 

to lay a greater quantity of eggs in a shorter period of 

time. Tap water was markedly inferior to the cactus extract 



in this respect when measured by the rate of egg deposition. 

The unused extract was frozen for subsequent use. 

A paste was prepared from autoclaved yeast 

(Fleischmann's Dry Yeast) and the cactus extract. The 

paste must be prepared to avoid all visible lumps. If the 

lumps were not avoided, they became a problem in the sterili 

zation of the eggs. Lumps were prevented by starting with 

a small portion of yeast and working up to the estimated 

amount of paste. This paste could also be frozen for 

storage. Just prior to use, the paste had to have a con

sistency like creamy peanut butter. If too much cactus 

extract was used, the flies became stuck in the paste and 

not enough extract discouraged egg laying. 

Next, a large cellulose tissue (Kimwipes Disposible 

Wipers, Type 900-L, Kimberly-Clark Corporation) was folded 

into a dome-shaped plug. This was done by folding in the 

four corners of the tissue successively until the necessary 

dimensions to fit the vials (3^ X 100 mm) were achieved. 

Care was taken to avoid crevices through which the flies 

could escape. This folded tissue plug then was immersed in 

tap water until almost saturated. Using a small spatula, a 

dab of yeast paste was firmly pressed, but not smeared, on 

the center top of this plug. The paste was typically about 

1 cm in diameter by 0.5 cm high. 
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After each plug was made, ca. fifty flies were 

transferred to a clean dry vial. Gentle, continual tapping 

of the bottom of the open vial on a large rubber stopper 

kept most of the flies too disorientated to escape. The 

plug was inserted into the vial until just past the rim. 

The vial was then placed bottom up in specially constructed 

wooden trays. This made the damp plug with the yeast paste 

the effective bottom of the vial. The flies deposited most 

of their eggs into the paste. A few eggs were usually laid 

on the tissue but this was unavoidable and these eggs were 

not recovered. It was not unusual for a given culture of 

flies to fail to lay a usable number of eggs within any one 

collection period. The only solution found for this was to 

try again. Collections from more than one period were not 

usable. 

The optimum time for the flies to be left on the 

yeast paste was not established. If they were left twenty-

four hours, a few of the eggs laid very early in the collec

tion period hatched within that time. When this happened, 

the larva began eating the now-contaminated yeast paste and 

passed through the subsequent sterilization treatment intact, 

but with a contaminated digestive tract. If the larvae 

survived, they soon contaminated the media onto which they 

were placed and if they died during sterilization, those 

larvae which were sterile ate the dead contaminated larva 

and hence they all became contaminated. Too short a 
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collection period, obviously, resulted in fewer eggs laid. 

The best length of time for collection was not fixed. The 

ideal solution was to increase the number of flies laying 

while decreasing the collection time. A practical compromise 

was found to be forty vials of flies left for twelve hours. 

Starting time was when the first vial, of the total 

containing the flies, was plugged. 

After sufficient eggs have been laid they must be 

separated from the yeast paste. This was done by using a 

600 or 1000 ml beaker containing tap water, a teaspoon or 

two of detergent (Sodium Alkylarylsulfonate, Fisher 

Scientific Company), and a three inch Teflon-covered 

magnetic stirring bar. Isotonic salt solutions or exact 

temperature control of the rinsing tap water were not found 

to be necessary. Before removing the yeast paste from the 

plug, any stuck flies were removed with small tweezers. 

Care was taken to remove all fly bodies or parts, such as 

legs and wings, which would be difficult or impossible to 

sterilize later. A beaker was put on a magnetic stirring 

motor set at medium speed. A small spatula was used to 

remove the yeast paste from the wet tissue paper into the 

stirring detergent solution. If the plug was scraped by 

the spatula, cellulose fibers came loose. The eggs tended 

to cling to these fibers and then form clumps which were 

difficult to sterilize. A second spatula was often needed 
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to push the yeast off of the first spatula. After the 

paste from all of the collection vials was put into the 

detergent solution, a few minutes of stirring was nec

essary to allow the yeast lumps to disperse. Even then 

it was often necessary to press a few of the most stubborn 

lumps against the side of the beaker to hasten dispersal. 

To separate the yeast from the eggs, the mixture 

from the beaker was poured through a specially designed 

filter sieve with a 200 mesh stainless steel screen. The 

eggs remained on the screen while the yeast suspension went 

on through to a sink. The eggs were thoroughly rinsed with 

room temperature tap water to remove residual particles of 

yeast. The eggs were transferred into a 250 ml beaker or 

Petri dish with a wash bottle and tap water. They were 

examined with a dissecting microscope for larvae, yeast 

lumps, or fly parts that may have remained in spite of the 

precautions taken. Small tweezers were used to remove any 

of these remaining contaminants. The inspected eggs then 

were washed back into the sieve. 

The eggs were sterilized by a procedure based on 

the method of Doll et al. (1963)« A sterilization solution 

of five ml of k0% peracetic acid (City Chemical Corp., New 

York) in ^95 ml of 0.5% (w/v) deter-;,env in distilled water 

was made up just before each use and ed in a 500 ml 

polyethylene wash bottle. The k0% peracetic acid solution 



is unstable and must be refrigerated. All steps from 

this point on were done in a microbiologically clean 

(not sterile) glove box. While working within this box, 

positive air pressure was maintained with sterile filtered 

air. At all other times the interior of the box was 

irradiated with a germicidal ultraviolet light. The 

eggs were rinsed with the peracetic acid solution from the 

sieve into a sterile 50 ml Erlenmeyer flask containing a 

one-inch Teflon coated magnetic stirring bar. After all 

of the eggs were transferred to the flask, a stirring motor 

was turned to a slow speed. This motor was dust free and 

kept in the glove box or in a plastic bag when not in use. 

To minimize mechanical damage to the eggs, the stirring 

speed was the minimum speed necessary to keep the eggs 

suspended in the sterilizing solution. Exposure time 

began at that moment when all of the eggs were in the 

flask with the solution. As the eggs were being stirred, 

additional solution was added, to rinse down the insides 

of the flask and fill it to the neck. 

After five minutes the eggs and solution were 

poured through a sterile sieve held upright on a ring 

stand by a clamp. The magnetic stirring bar was kept 

in the flask by holding a larger magnetic bar on the 

outside of the flask as it was tipped. The eggs were 

immediately rinsed at least three times with sterile tap 



water.. A clamp on the rubber tube on the bottom of the 

sieve controlled the flow. After the last rinsing, a 

little water was left in the sieve with the eggs. The 

sieve was tilted to about forty-five degrees, causing the 

eggs to be concentrated at one edge of the sieve. It was 

necessary to replace this water from time to time as it was 

used to deliver the eggs. A sterile eyedropper with an 

orifice of 2-3 mm was used to transfer the sterilized eggs 

onto the surface of the media. The disposable, long nosed 

Pasteur pipettes were not satisfactory» 

As a sterility check, an eyedropper of eggs and 

water was transferred rapidly to a tube of sterile fluid 

thioglycollate broth (No. 01-140, Baltimore Biological 

Laboratory, Inc., in accordance with the requirements of 

the National Institutes of Health and the Food and Drug 

Administration for sterility testing) before the first 

vial of medium was innoculated and after the last. This 

high delivery velocity was necessary to distribute the 

innoculum throughout the broth. 

A pulsing action on the rubber bulb of the eye

dropper was found to cause the eggs to sink toward the 

end and allowed delivery of more eggs and less water to 

the medium surface. If it was felt that excessive water 

was delivered with the eggs, a small piece of accordion-

pleated, sterile, filter paper was added, on edge, to the 



vial. This served as a wick and accelerated the water 

evaporation. After all of the eggs were transferred and 

the vials plugged, the glove box was opened. 

A two or three day incubation (room temperature) 

of the innoculated thioglycollate broth was sufficient to 

see if, initially, the sterilization procedure was success

ful. This allowed time for the larvae to hatch from the 

eggs and come to the top of the broth. These larvae 

stayed alive for over a day. This hatching in the test 

broth itself would seem to discount fears that the inter

iors of the eggs might not be sterile just because the 

surface of the eggs were rendered sterile. When con

tamination existed among the eggs injected into the broth, 

a cloudiness resulted. This started out localized to the 

source and then spread throughout the immediate area. It 

must be kept in mind that fresh, fluid thioglycollate broth 

has a gradient of aerobic to anaerobic conditions from the 

top to the bottom of the tube. Therfore, the particular 

microbial contaminant(s) would only grow where the 

conditions were suitable. Most contaminants grew near the 

surface. 

After the larvae pupated (ca. l4 days), a sample of 

medium from each vial was transferred to the broth. This 

two week period allowed plenty of time for microbial growth 

in the vials and proved to be a very sensitive sterility 



test for the flies. By the time the imagos eclosed (an 

additonal 7 days) from the puparium, the broth tubes were 

obviously either positive (contaminated) or negative 

(sterile). Generally, four days were sufficient for 

broth incubation. 

Disposible sterile cotton swabs (six inch) were 

convenient to take media samples for sterility checking. 

Even a pilot light equipped intermittent burner (Touch-

O-Matic) created too much heat in the glove box and made 

the worker uncomfortable. 

If the imagos were not on an experimental diet 

but only for maintenance of an axenic culture, they were 

transferred to fresh vials containing the medium of the 

same composition as the one on which they developed. Of 

course, only those vials which were proven sterile were 

saved. It was found to be critical when transferring 

flies from vial to vial that the technican's hands be 

carefully washed with an antibacterial soap such as 

Safeguard (Procter 8c Gamble). There was usually a twelve 

day period before the imagos began laying eggs and about 

three more days before fertile eggs were laid. As a 

matter of routine, the new flies were kept on the second 

vial of medium until the first larvae were seen. For 

convenience, these flies were then termed adults. From 

now until replacement, the adult flies were transferred to 



fresh media every day or so to avoid overcrowding due to 

too many eggs laid per vial. The adults were kept for 

thirty days as breeding stock. After this time they 

were discarded and replaced with newly matured flies. 

In actual practice, once a microbiologically 

sterile culture was obtained there was little reason to 

go through the egg collection and sterilization procedur 

again. By careful transfer of adults and strict sterili 

control, a viable, robust, and axenic culture of flies 

can be maintained indefinitely. If the possibility of 

a predominant laboratory mutant becomes a real concern, 

new culture of D_. pachea recently collected from the fie 

can be introduced. Up to this time there is no evidence 

that a mutation has occurred in the present culture. 



STEROL DEFICIENT MEDIUM DEVELOPMENT 

Dietary Composition 

Materials and Methods 

The standard banana medium, as mentioned earlier, 

would not support growth and maturation of I), pachea. In 

addition, its sterol content was not easily extractable. An 

unsuccessful effort by R. ¥. Jensen and H. W. Kircher 

(personnal communication) was made to develop a chemically 

defined diet for IK pachea similar to that which Geer (1965) 

had developed for axenic Drosophila melanogaster. This 

type of diet would be ideal for the study of sterol meta

bolism but its development appeared to be a research 

project in itself. 

The alternative approach taken was the designing 

of a diet similar to tliat used by Hagen (1958, 1966) 

except the ingredients were extracted with lipid solvents. 

When working with the fruit fly, Dacus dorsalis (Hendel), 

Hagen found that, the flies' preoviposition period was 

twenty-one days with a mean daily egg production of 3«5 

eggs when fed brewers* yeast and a carbohydrate. However, 

when a enzymatically hydrolyzed protein was added, the 

preoviposition period was cut in half and the mean egg 

production was nine times greater. Both soy and yeast 

18 
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hydrolysates were effective. Later, with the olive fly, 

Dacus oleae, Hagen found soy and casein hydrolysates were 

nutritionally superior to the unhydrolyzed protein, casein. 

Therefore, with this evidence of the beneficial 

effects of a hydrolyzed protein supplement with other 

Diptera, an experiment was designed. The goal was to 

determine if one of these three protein hydrolysates 

would also be useful to D. pachea and, if so, which 

hydrolysate would be the most beneficial. 

Brewers' yeast was the basic ingredient for these 

experimental diets.· In addition to providing a high 

quality protein, yeast also contains vitamins, minerals, 

and other cofactors. Fructose was added solely as an 

_energy source. Lathosterol was added as the sterol. The 

addition of fatty acids or other lipids were not found to 

be necessary. It was assumed, for simplicity, that all 

of the vitamins of the yeast were extracted by the lipid 

solvents. Therefore, the total stated quantity of vitamins 

was added back in the form of a dry premix. This could, at 

worst, cause a doubling of the vitamin content which would 

cause no nutritional problem. In any case, the vitamin 

requirements of these flies have not been determined. 

Four diets were set up (Table 1). They differed 

only in that the control diet contained an additional ten 

grams of yeast in place of the ten grams of protein 

hydrolysate per 200 ml water. The experiment was performed 
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Table 1. Diets to test the effect of three different 
protein hydrolysates on the percentage of imagos 
from eggs. 

Ingredients Control Test Diets 

Yeast, Brewers' 30.0 g 20.0 g 

Protein Hydrolysatea 0.0 10.0 

Agar, Flake 3*0 3»0 

Fructose 2.0 2.0 

Vitamin Premix 0.5 0.5 

Lathosterol 0.1 0.1 

Water 200 200 

The protein hydrolysates used were soy, yeast, and 
casexn. 
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twice. The various media were charged with known numbers 

of surface sterilized eggs (see AXENIC CULTURE OF 13. 

PACHEA). 

Results and Discussion 

Table 2 summarizes the results of these two 

experiments. The soy and yeast protein hydrolysates 

nearly doubled the percentage of inagos eclosed from eggs 

when compared with the yeast control. In the second 

experiment there is no explanation why the yeast hydrolysate 

medium was so unusually successful. The reliability of this 

datum is questionable since no further work was done. The 

casein hydrolysate was toxic to the larva. They died in 

the second or third instar. None of them reached the 

pupal stage. This casein hydrolysate came from the same 

source (Nutritional Biochemicals Corp.) as did Hagen's 

(1966) but he did not observe toxicity. In fact, his 

results with casein hydrolysate were the same as those 

with soy hydrolysate. The toxicity observed when D. pachea 

had casein hydrolysate in their diet may be a case of amino 

acid imbalance. 

The composition of the final basic Drosophila 

medium is listed in Table 3« This diet is similar to the 

experimental diets listed in Table 1 except the quantities 

used per liter were arbitrarly reduced. As an additional 

change, five g/l agar was replaced with 8 g/1 cellulose 
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Table 2. Effect of protein hydrolysates on the per cent 
eclosiona of I), pachea. 

Diet First Experiment Second Experiment 

(%) (%) 

Yeast Control 25 23 

Yeast Hydrolysate 45 97 

Soy Hydrolysate 40 40 

Casein Hydrolysate 0 0 

a_ , _ , Imagos Eclosed v Per cent Eclosion = ^ r r—t X 100. 
Eggs Deposited 
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Table 3- Composition of basic Drosophila pachea medium --
The first four ingredients were extracted with 
solvents to remove the lipids. 

Ingredients 
Grams per 

liter Dry wgt. 

(°/ 6 )  

Soy Hydrolysate, Enzymatic ^0 , .0 

CM 

.67 

Yeast, Brewers,a 23, .5 25, .07 

Agar, Flake 10, .0 10, .67 

Fructose 10, .0 10, .67 
1. 

Cellulose Gum 8, .0 8, .53 

Q 
Vitamin Premix 2, .0 2, .13 

Sterol** 0  .25 0 .27 

Water 1000 - -

aNutritional Biochemicals Corp., Cleveland, Ohio. 

Cellulose Gum-CMC Type 7H0F, Hercules Incorp., 
Wilmington, Delaware. 

Q 
Supplied the following per liter of medium: 

225 mg i Inositol (meso), 210 mg Choline CI, 23*8 mg 
Nicotinic Acid, 8.k0 mg Thiamine Hydrochloride, 6.82 mg 
D Calcium Pantothenate, 3«25 »ng Riboflavin, 1.71 mg 
Pyridoxine Hydrochloride, 1.10 mg Folic Acid, 0.11 mg 
Biotin, crystalline, and 1.52 gm Brewers' Yeast 
(extracted). 

^The exact sterol varied according to the study. 



2k 

gum (Cellulose Gum-CMC Type 7H0F, Hercules Incorp.). This 

reduction of solids and partial replacement of agar with 

cellulose gum made a softer, apparently more easily 

workable medium for the larva. 

Extraction of Ingredients 

The brewers 1 yeast and soy hydrolysate were 

extracted with chloroform-methanol (2:1). The agar and 

fructose were extracted with diethyl ether in a Soxhlet 

apparatus. The fructose was only extracted in the interest 

of completeness and probably was not necessary. The 

cellulose gum was not extracted. 

The procedure used to extract the yeast and soy 

hydrolysate consisted of pouring about three liters of 

solvent into a five liter round bottom flask. The solid 

material (ca. 600 g) was then added with occasional 

swirling to cause initial dispersal. The stirring was 

powered by a drill motor plugged into a rheostat, as a 

speed control. The minimum speed necessary to keep the 

solids suspended and mixing was used. The initial stirring 

period was overnight. Next, the mixture was filtered 

through a No. 6 porcelain Buchner filter followed by 

rinsing of the solids three times with additional solvent. 

It was found that the filter paper layed flat in the filter 

funnel if there were radial cuts made, of about 5 cm, all 

around the edges. 



When the soy protein hydrolysate was being 

extracted, care was taken to avoid the exposure to moist 

air for any time longer than absolutely necessary. Soy 

hydrolysate is deliquescent and the absorption of atmos

pheric water will cause difficulties such as lumping and 

general stickiness. After the free flowing solvent was 

pulled through the solids (using a four liter vacuum 

flask), and while the solids were still damp with solvent, 

the solids were transferred back to the original flask as 

before. It was best not to try to pull all of the solvent 

out of the solids. For the second and third mixings, the 

time required was only a few hours rather than overnight. 

The filtrates from all of the mixings and rinses 

were saved for distillation and reuse. Large quantities of 

solvent (ca. 12 liters) are needed for the extraction. 

Redistillation was a necessary economy. Using minimal 

amounts of solvent was self-defeating. In addition, 

redistillation of the chloroform-methanol resulted in a 

solvent of sufficient dryness. Purchase of dry solvents 

was prohibitive, especially if only used once. The neces

sity for solvents of low moisture content for the extrac

tion of the yeast is not critical but for the soy 

hydrolysate, there was no other way. 

After the extraction had been completed, the soy 

or yeast was dried overnight in a vacuum oven preheated to 

ca. 50-60°C. For the first two hours the soy (but not the 
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yeast) must be stirred with a large stainless steel spoon a 

couple of times. Otherwise a big rock-like lump formed in 

the middle of the container. It was thought that this may 

have been due to migration of moisture to the cooler center 

as the lower boiling solvent evaporated at the outer edges. 

Stirring prevented this lump formation and resulted in a 

dry, flowable soy hydrolysate powder. When the drying was 

completed, the air was passed through a drying tube before 

going into the oven. If a drying tube was not handy, 

nitrogen gas was used to break the vacuum instead of dried 

air. These precautions may seem trivial to the reader but 

the attraction of soy hydrolysate for water cannot be over

emphasized. Again, yeast presented no problem in this 

regard. J 

Quantity of Residual Ergosterol in Medium 

Even though ergosterol will not support the growth 

and development of 13. pachea (Heed and Kircher, 1965)} it 

is possible that it may be absorbed from the gut of the 

flies or in some other manner alter the metabolism of the 

test sterol, lathosterol. In addition, ergosterol has the 

same ultraviolet absorption pattern as 7-dehydrocholesterol, 

a possible metabolite of lathosterol. To determine how 

much ergosterol remained after extraction (see STEROL 

DEFICIENT MEDIUM DEVELOPMENT), the following procedure was 

performed. 
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The dry ingredients of one liter of basic medium 

(less the added sterol), weighing 93»5 g was combined with 

1000 ml of 5°/° KOH in 80% ethanol. This mixture was 

refluxed for 24 -hours, with constant stirring, in a nitro

gen atmosphere. The nonsaponifiables (80 mg) were isolated 

as described in THE METABOLISM OF LATHOSTEROL. A UV 

spectrum was taken with a Perkin-Elmer Model 200 recording 

spectrophotometer and maximum absorption peaks noted with 

a Gilford Model 240 Spectrophotometer. Using the literature 

values for molar absorptivity of ergosterol, its concentra

tion was calculated to be 2.07 mg/1 of extracted medium. 

The estimated ergosterol from brewers' yeast in one 

liter of medium before extraction was 300-600 mg. The lipid 

solvents removed 99•3-99-7% of this yeast sterol. This 

residual sterol was less than 1% of the added lathosterol 

(250 mg/1). 

Medium Preparation 

The manner in which the medium was prepared 

involved some special techniques. Usually the media were 

made up in one liter batches. Larger quantities were 

difficult to handle and save no time over making two one-

liter batches. The ingredients were divided into four 

addition phases: 
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Pha's el. 

200 ml distilled water, 23.5 g brewers' yeast, 

2.0 g vitamin premix, 0.25 g sterol, and 2.7 g 

cellulose gum. 

Phase II. 

200 ml distilled water, 10.0 g flake agar, 10.0 g 

fructose, 4:0.0 g soy hydrolysate, and 2.7 g cellu

lose gum. 

Phase III. 

300 ml distilled water and 2.6 g cellulose gum. 

Phase IV. 

300 ml distilled water. 

The water for Phase I was added to a clean Waring 

blender jar. The motor speed was controlled through a 

rheostat. While the water was stirring at a low speed, 

the yeast, vitamin premix, and sterol were added. The 

sterol was added as a dry powder. The blending speed was 

gradually increased to a maximum and the mixture blended 

for five minutes. This high speed blending was necessary 

to reduce the particle size of the ingredients and/or 

encourage the hydration which would later reduce separation 

of the mixture into phases or layers. The cellulose gum 

was then added to the mixture and blended until the gum was 

just dispersed. Too much blending at this point was found 

to cause unmanageable thickening. The entire contents of 
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the blender jar was poured into a four liter Erlenmeyer 

flask. 

Using the same blender jar, again the water, as 

specified for Phase II, was added first. The agar, 

fructose, and soy hydrolysate were then blended at medium 

speed until dispersed. After that the second portion of 

cellulose gum was added and blended slowly, again until 

just dispersed. This mixture was then transferred to the 

same Erlenmeyer flask as Phase I. 

Phase III consists of just water and the third 

portion of cellulose gum. This gum had such great thick

ening power that it was found to be necessary to add it in 

the three fractions or phases. The Phase IV water was 

added to the blender jar only as a rinse and then poured 

into the Erlenmeyer flask. 

At this point all of the ingredients of the medium 

had been blended and transferred to the Erlenmeyer flask. 

The flask was swirled to mix the phases somewhat. After 

the flask was tightly stoppered with cotton and covered 

with an inverted beaker, it was autoclaved at 121°C. for 

thirty minutes. 

Along with the medium, 60-70 cotton plugged vials 

and a two liter globe-shaped separatory funnel were 

sterilized. The separatory funnel's stem had been 

shortened to about one inch. A longer stem caused dripping 

and frequent plugging due to cooling of the medium. The 



stem and funnel top were also stoppered with cotton and 
a 

covered with aluminum foil. To avoid later difficulties 

in operation, the glass stopcock was heavily greased with 

silicone stopcock lubricant. Care was taken to leave the 

bore free of grease. 

Following sterilization, the vials and separatory 

funnel were put into the glove box and the medium in the 

flask was cooled to a temperature that was just slightly-

above comfortably warm. The exact temperature required 

for successful pouring had to be determined empirically 

by each individual. No attempt was made to establish the 

ideal temperature. When ready, the medium was put into 

the glove box and poured into the separatory funnel which 

was held in a ring stand. As quickly as possible the 

vials were filled to a depth of 2 to 2.5 cm. Every ten 

vials or so, the medium in the funnel was mixed by swirling 

the funnel. With some practice, the amount of medium 

poured into each vial was quite reproducible. If the 

pouring temperature was close to correct, the medium 

solidified before any appreciable separation of the 

ingredients occurred. An ideal, and attainable, vial of 

medium was uniform from top to bottom. 

As soon as the medium reached room temperature, 

flies could be transferred onto it. They did not become 

stuck as would be the case without the aid of the gum. 

This celluluse gum served two functions. It prevented 



excess, unbound water from being on the surface of freshly 

poured medium and it retarded later drying and subsequent 

pulling away from the sides of the vial by the medium. If 

the cellulose gum were replaced by four additional grams 

of agar, the medium would be of the wrong consistency for 

the larvae to "work." 

After the medium was poured into vials, they were 

kept throughout their use in a storage cabinet whose two 

open sides were "Covered with polyethylene. The relative 

humidity was maintained at 70-80% with a humidifier (Cool 

Vapor Vaporizer-Humidifier, Model 320-2221, Sears, Roebuck 

and Co.) controlled by a humidistat (Honeywell, Model No. 

unknown). The temperature of the cabinet was not 

specifically controlled and varied with the room tempera

ture (70-80°F.). 



UTILIZATION OF CHOLESTEROL AS 
THE MAJOR DIETARY STEROL 

An experiment was designed to confirm that 

cholesterol, as the major dietary sterol, is inadequate 

for growth and maturation of D_. pachea. Lipid deficient 

media were prepared as in the preceding chapter, with the 

addition of 250 mg/1 cholesterol, 250 m/1 lathosterol, or 

10 g/1 senita cactus powder. Twenty vials of fertile, 

axenic D^. pachea were selected which had developed to 

maturity on a senita cactus-containing medium. Each vial 

contained from thirty to fifty flies. It was felt that 

these flies would be a laboratory approximation of I). 

pachea as found in their natural habitat in the Sonoran 

Desert. For three days prior to the experiment all of 

these flies were transferred daily to fresh vials of 

sterol deficient medium. This minimized the carry-over 

of sterol from the senita cactus medium to the test media. 

The first diet of the experiment was the choles

terol containing medium. All of the flies were kept on 

this diet for twenty days. They were transferred to fresh 

vials five times during this period. This avoided the 

accumulation of too many eggs in any single vial. The 

rate of egg laying did not seem to diminish throughout 

the exposure to cholesterol. Those vials which represented 
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the 15^ through 19S> days that the flies were on the 

cholesterol diet were allowed to develop for three days. 

On the fourth day, the larvae were in the first and second 

instars. From each vial, three transfers of roughly equal 

numbers of larvae were made; one to each of the three media 

variations, cholesterol, lathosterol, and senita cactus. 

These transfers were made in the glove box using sterile 

spatulas. Most of the larvae seemed to congregate along 

the edge of the vials and were easy to pick up. Upon 

arrival on the fresh media the larvae immediately spread 

out on the surface and began tunneling. The division of 

each vial into three was done to get direct comparisons 

from the same population of larvae. All of the larvae 

began their development on cholesterol and after the 

transfers had been made, some of these larvae were then 

on lathosterol, senita cactus powder, or more cholesterol. 

None of the larvae that were transferred to the 

cholesterol medium reached maturity. The larvae that 

were put on lathosterol or senita media matured success

fully. These vials became crowded with imagos within the 

experimental period. The larvae of the cholesterol 

medium were examined and were found to have died mostly in 

the second instar with a few surviving to the third instar. 

There were even several abnormal appearing pupa, but no 



Over the three week egg laying period, 100 vials of 

cholesterol medium were accumulated. These did not include 

the vials from which the larval transfers were made. A 

typical vial contained an estimated 250 eggs. At the end 

of the testing period, a total of 3k imagos were obtained 

from these 100 vials. If the total number of eggs (an 

4 
estimated 2.5 X 10 ) involved in all of the vials were 

considered, these few flies represented a numerically in

significant amount. A few individual EK pachea adults are 

often obtained from sterol deficient media. A carry over 

of requisite sterols from their parents may be the cause. 

The data showed conclusively that I), pachea cannot develop 

to maturity with cholesterol as the primary dietary sterol 

source. Lathosterol and senita cactus powder appeared to 

be of equal value for the growth and maturation of this 

insect. 



THE METABOLISM OF LATHOSTEROL 

Materials and Methods 

To study the metabolism of lathosterol by I), pachea, 

a large number of flies were needed. Attempts were made to 

culture these flies in larger containers than the 3^ X 100 

mm vials used. Everything from pint glass milk bottles to 

six or eight liter carboys were tried. There was no 

problem raising great numbers of axenic flies with these 

larger devices but removing the flies, especially from the 

large containers with restricted openings, was difficult. 

For one reason or another all of these scaling up attempts 

were abandoned in favor of the regular vials. In the long 

run, it was much simpler to use many of these than to try 

to use a few larger containers. 

Growth and Collection of Flies 

To accumulate enough flies to assure a sufficient 

amount of a sterol fraction for analysis the following 

routine was followed. 

The medium (STEROL DEFICIENT MEDIUM DEVELOPMENT) 

containing pure lathosterol, with no 5^7-diene UV 

absorption, was made up one liter at a time. Too many 

larvae resulted per vial when the egg-laying axenic adults 

were not transferred each day to fresh medium. If the 

35 



vials were left crowded, the medium would usually turn 

black and only a few undersized imagos would appear. To 

prevent this, young larvae were transferred to several 

tubes of fresh medium (UTILIZATION OF CHOLESTEROL AS THE 

MAJOR DIETARY CONTROL). These aseptic transfers were 

highly successful and allowed large harvests of imagos. 

Transfers of larvae as late as a few days before pupation, 

if the medium was not black, resulted in large, normal 

imagos. This blackened medium could not be attributed to 

microbial contamination. It was more likely to be 

associated with crowded conditions and pH changes. 

After pupation was complete all vials were checked 

for sterility. Only imagos from those vials which were 

definitely shown to be free from microbial contamination 

were saved, the others were thrown out. After the first 

few imagos were noticed in a batch of vials, the vials were 

kept for three or four more days to allow a fairly complete 

eclosion. The vials were then harvested. No attempt was 

made to harvest those imagos which eclosed after that time. 

The extra effort was not worth the return. 

Harvesting was done by two different ways. The 

earliest procedure was to pass carbon dioxide gas into 

the vial while the cotton plug was still in place. The 

vial was held upside down and the unconscious flies 

quickly fell onto the plug. Few flies became stuck in 

the medium. If the flies were allowed to drop onto the 



medium a large portion of them would be stuck. When the 

flies were on the plug it was removed over a powder funnel. 

The flies fell through the funnel into a flask which had 

been preflushed with carbon dioxide. From time to time 

additional flushing was heeded as the flies in the flask 

started moving. After all of the flies were collected in 

the flask, a small tissue (Kimwipes, Type 900-S) was 

placed over its mouth and held in place with a rubber 

band. The flask then was immediately placed into a pre

heated vacuum oven (50-60°C). A water aspirator vacuum 

was applied for about three hours. The hot vacuum oven 

quickly killed the flies before they became active. 

A later procedure for harvesting the flies used a 

250 ml (or larger) beaker partially filled with broken dry 

ice. A powder funnel was held in place over it by a large 

rubber stopper. No carbon dioxide gas was injected into 

the vials with this method. To remove the flies from the 

vials, the vial was inverted over the funnel. In rapid 

sequence, the cotton plug was removed and the vial sharply 

hit on the plastic powder funnel. The flies fell through 

the funnel onto the dry ice and were rapidly frozen. When 

all of the vials had been collected in this manner there 

was still dry ice in the beaker. After covering the 

beaker with the tissue paper, it was placed into the pre

heated oven and the flies dried for about an hour. This 

method was more rapid than the first. 
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After the flies were dry they were transferred to 

an amber glass jar. The lid was placed loosely on the top 

of the jar. With the oven heat off, the jar was put in and 

pressure reduced with a vacuum pump. After maximum vacuum 

was achieved, nitrogen was added to almost atmospheric 

pressure. This was repeated twice more; the nitrogen was 

added the last time to atmospheric pressure. At this 

point the jar lid was tightened leaving an atmosphere in 

the jar with very little air. After the jar was sealed it 

was stored in the freezer. When additional dried flies 

were added to the storage jar, the nitrogen flushing was 

repeated. All of these precautions were taken to preserve 

the fly sterols in the state they were in when the flies 

were collected and killed. 

Extraction and Sterol Analysis 

The dried flies, weighing 6.3 g) were homogenized 

with 250 ml of chloroform-methanol (2:1) for 15 minutes 

with an Omnimixer in an ice bath. The lipid extract was 

filtered, transferred to a separatory funnel and washed 

with dilute aqueous NaCl. The chloroform phase and 

diethyl ether washes of the aqueous phase were combined 

and dried over anhydrous magnesium sulfate. The solvent 

was evaporated in vacuo to leave 1.06 g of lipid extract. 

This extract was saponified with 250 ml of 5% KOH in 80% 

ethanol by refluxing the mixture for three hours in a 



nitrogen atmosphere. The nonsaponifiable fraction was 

isolated with diethyl ether, evaporated, and weighed 

(0.4:1 g) . After acidification with dilute HCl, the fatty 

acids were similarly isolated, weighed (0.1^ g), and 

stored under nitrogen in the freezer for use in another 

related study to be completed at another time. 

The nonsaponifiable fraction was dissolved in dry 

hexane and applied to a 15 g column of Merck Reagent 

Aluminum Oxide that had been partially deactivated with 

7% added water and allowed to equilibrate overnight in a 

sealed container. The column chromatography was a 

modification of the method of Kaplanis et al (1963)* The 

column was eluted with 150 ml fractions of dry solvents in 

the following order: n-hexane, 10% benzene in hexane, 

20% benzene in hexane, 1:1 benzene-hexane, benzene, ethyl 

ether, and methanol. 

Sterol elution was monitored by silver nitrate-

silica gel thin-layer chromatography with chloroform-

acetone (95s5) as the developing solvent. Spots were 

made apparent by spraying the plate with dilute sulfuric 

acid followed by charring. The 1:1 benzene-hexane, 

benzene, and ether fractions appeared to contain sterols. 

All fractions were evaporated in vacuo, dissolved in 

benzene, flushed with nitrogen, and stored in the freezer. 

These fractions were later analyzed by gas 

chromatography using a Research Specialties Model 600 
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with an ionizing source of strontium 90 and argon as the 

carrier gas. The coatings on the inert support (80-90 mesh 

Anachrom SD) used in these analyses were prepared as 

described by Horning, VandenHeuvel, and Creech (1963)- The 

column dimensions were 6 ft. X 0.210 iii. I.D. Retention 

times of the sterols obtained from I), pachea on lathosterol 

medium as well as derivatives of these sterols were deter

mined by gas chromatography on three stationary phases and 

compared to those of authenic standards. 

Ultraviolet spectra of the 1:1 benzene-hexane, 

benzene, and ether fractions were taken with a Perkin-

Elmer Model 202 recording spectrophotometer with ethanol 

as the solvent. The sterols of the benzene fraction were 

precipitated with digitonin (Moore and Baumann, 1953) and 

a UV spectrum taken of the digitonide. 

In order to gather more evidence that residual 

ergosterol in the medium was not responsible for the 

5,7-dienol UV absorption, the benzene fraction was reduced. 

This was carried out by bubbling hydrogen gas through a 

stirred ethyl acetate solution of this fly sterol fraction 

in the presence of 5% palladium on carbon for 35 minutes. 

The container was then stoppered and stirred for three more 

hours. Authenic 7-dehydrocholesterol and ergosterol were 

reduced the same way except they were stirred with hydrogen 

and catalyst overnight. 
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Results 

The 1:1 benzene-hexane and ether fractions from the 

column showed no UV absorption characteristic of a con

jugated 5)7-diene system. The 1:1 benzene-hexane fraction 

had strong end absorption at 212 nm and the ether fraction 

absorbed strongly only at 208 nm. The benzene fraction 

showed end absorption at 207 nm with an absorption pattern 

suggestive of the 5»7-diene but with lower wavelength 

absorption maxima: 258, 268, 280, and 29^ vs. literature 

values of 262, 272, 282, and 29^ nm. The spectrum of the 

digitonide of this fraction was more precise. This 

spectrum had strong end absorption at 207 nm with a 5,7-

diene absorption at 26l, 272, 282, and 29^. This was in 

exact agreement with the absorption of the digitonide of 

authenic 7-dehydrocholesterol. 

The absence of 5»7-diene absorption in the 1:1 

benzene-hexane fraction was not surprising. The more 

polar 5j7-sterol moves more slowly through the aluminum 

oxide chromatography column than saturated sterols or those 

with only a single double bond. 

The thin-layer chromatography observations also 

suggested the presence of a 5»7-diene containing sterol. 

The 1:1 benzene-hexane fraction showed only a faint spot 

but the benzene fraction showed a dark spot at a similar 

distance from the origin as the authenic sample of 7-

dehydrocholesterol. Both of these fractions also had a 



dark, prominent spot with an R^. corresponding to authenic 

lathosterol. The ether fraction also indicated both these 

spots, while the methanol fraction only indicated the 

slower moving conjugated diene spot. Gas chromatography 

of these later two fractions proved negative. The 

quantity present may have been too small to detect by GLC. 

Analysis of the 1:1 benzene-hexane and benzene 

fractions on the three liquid phases (Table 4) of GLC 

indicated the presence of only one peak. This single peak 

corresponded with the RRTs (relative retention times) of 

lathosterol and/or 7-dehydrocholesterol. When authenic 

samples of these two sterols were mixed, resolution was not 

achieved on any one of the three GLC systems. No other 

sterols were detected; including dihydrocholesterol 

(cholestanol), cholesterol, ergosterol, or y-ergostenol. 

All of these sterols were well resolved from the 7-

dehydrocholesterol-lathosterol peak area. 

The reduction products of the benzene fraction were 

additional evidence for the absence of 2^B-methyl-

cholesterol sterols in the fly sterols. These possibilities 

include ergostanol, y-ergostenol, and ergosterol. On GLC, 

using the QF-1 column system only two peaks, well resolved, 

were recorded. These corresponded with the RRTs• of 

authenic dihydrocholesterol and lathosterol. The products 

of this reduction should have resulted in only dihydro

cholesterol, rather than the two sterols. In retrospect, 
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Table k. Gas chromatographic analyses of JD. pachea sterols 
and derivatives as compared with authenic 
standards (cholestane = 1.00). 

Standards 

QF-la NGSb SE-30° 

Standards 
Trimethyl-

silyl ethers 
Trimethyl-

silyl ethers 
Free 

sterols 

Dihydrocholesterol 1.92 1.93 1.90 
Cholesterol 1.96 1.92 1.86 
Lathosterol 2.23 2.42 2.08 
7-Dehydrocholesterol 2.26 2.35 2.03 
Ergostanol 2.52 
Y-Ergostenol 2.91 

2 . 3 k  Campesterol 2 . 3 k  

Ergosterol 2.77 2 . 2 k  

Stigmasterol 2.62 2.65 
(3-sitost erol 2.90 
Schottenol 3.30 

Fly Sterols 

1:1 benzene-hexane 
fraction 2.28 2.26 2.08 

benzene fraction 2.28 2.35 2.08 

Saturated Sterols4* 
1.93 
2.23 

a3% QF-1, kO lb/in2 (17.7 sec/10 ml), 220°C, 
cholestane = 4.35 cin. 

b 2 
0»75% neopentyl glycol succinate, 3^ lb/in 

(26.0 sec/10 ml), 230°C, cholestane = 2.48 cm. 

C 2% SE-30, 60 lb/in2, 250°C, cholestane = k.05 cm. 

Benzene fraction of fly sterols saturated with 
Hg + Pd on Carbon. 



kk 

an acidic solvent, rather than ethyl acetate, should have 

been used and/or a longer reaction time. Even with the 

incomplete reduction, there was no detectable 24B-methyl-

cholesterol or 2^B-methyl-cholestanol. This leaves 7-

dehydrocholesterol as the most probable sterol containing 

the 5>7-diene and lathosterol as the other sterol separated 

by TLC. 

Discussion 

Martin and Carls (1968) made a careful quantitative 

analysis of the sterols of the house cricket, Acheta 

domesticus (L.), and its food. From their data they 

5 7 suggested that the biosynthetic pathway of the A ' -dienols 

5 7 may be as follows: A -enol —> saturated sterol —> A -

5 7 enol —> A ' -dienol. The crickets were not aseptic so some 

doubt may be in order as to what effect, if any, micro

organisms may have had on the results obtained. 

Another xenic (non-sterile) study by Beck and 

Kapadia (1957) of sterol metabolism using the flour 

beetle, Tribolium confusum (Duval) gave data which added 

some support to the pathway of Martin and Carls. 

Cholesterol, 7-dehydrocholesterol, and dihydrocholesterol 

(cholestanol) were fed singly to this beetle. When either 

cholesterol (A^-enol) or dihydrocholesterol (saturated 

sterol) was fed, 7-dehydrocholesterol (A^'^-dienol) was 

detected as the metabolite. No sterol conversion was found 



when 7-dehydrocholesterol, itself, was fed. This implies 

that 7-dehydrocholesterol is past the other two sterols in 

the metabolic sequence of events. 

To avoid the doubts of the possible influence of 

microorganisms, a number of axenic studies were done with 

Blattella germanica (L.) (Robbins et al., 1964:) and Musea 

domestica (L.) (Dutky et al., 1963; Monroe, Hopkins, and 

Valder, 19^7; Monroe, Polityka, and Lamb, 1968). These two 

insect species converted cholesterol (A -enol) to 7-

5 7 
dehydrocholesterol (A ' -dienol). Blattella germanica (L.) 

(Louloudes et al. , 1962) and both 13. germanica and Eurycotis 

floridana (Clayton and Edwards, 1962) were shown to 

metabolize dihydrocholesterol (saturated sterol) to 

lathosterol (A -enol) in the absence of microorganisms. 

No 7-dehydrocholesterol was detected. 

To this investigator's knowledge, there has been no 

prior study on the metabolism of lathosterol. In the study 

being reported here, 7-dehydrocholesterol was the metabolite 

detected when I), pachea were raised with lathosterol as the 

major sterol in the medium. The evidence cited above that 

cholesterol was metabolized to 7-dehydrocholesterol does 

not exclude other intermediate products, such as dihydro-

cholesterol and lathosterol. This may be a problem of the 

detection of minute quantities of these sterols. Resolu

tion of dihydrocholesterol and cholesterol or most 

certainly, lathosterol and 7-dehydrocholesterol, with GLC 
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as a separation technique, is poor. If, in the studies of 

the metabolism of cholesterol, one did not have some pre

conceived idea of the presence of both sterols of these 

poorly resolved pairs, it would be quite easy to miss the 

sterol of lower quantity. For example, if cholesterol were 

detected in large amounts, a small quantity of dihydro-

cholesterol probably would not have been detected. 

If the general metabolic pathway of sterol conver-

5 7 sion in insects is A -enol —> saturated sterol —• A -

5 7 enol —> A -dienol, it appears that, since ID. pachea 
C 

cannot complete its life cycle on cholesterol (A -enol), 

it lacks the biochemical ability to convert cholesterol to 

7 lathosterol (A -enol). This loss may be either at the 

5 
"A -enol —• saturated sterol" step or the "saturated 

7 sterol —> A -enol" step. 



SUMMARY 

A method was modified for the collection and 

surface sterilization of Drosophila pachea eggs with 

dilute peracetic acid. The addition of soy or yeast 

protein hydrolysates were found to enhance the quality of 

the diet of these flies when grown axenically. Casein 

hydrolysate killed the larvae. By extracting the improved 

diet with chloroform-methanol, a sterol deficient diet was 

obtained. Using this extracted diet, it was shown con

clusively that axenic IK pachea could not utilize added 

cholesterol for growth and development. When lathosterol 

was the major dietary sterol of I), pachea, 7-

dehydrocholesterol was found to be the sterol metabolite. 

k7 
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