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ABSTRACT

Various concentrations of benzyladenine and ethionine
were added to the growth medium of wild and vestigial strains
of Drosophila melanogaster to determine their effects on
metamorphosis and wing length in these groups. The incor-
poration of tritiated leucine into larval protein of both
strains was measured when development occurred at 25° and
30°.

Benzyladenine appears to speed up pupation and emergence
in vestigial flies raised at 25° and 30°. The data indicate
that ethionine delays metamorphosis in vestigial, wild, and
heterozygous flies., The addition of methionine to the growth
media of vestigial flies failed to reverse the inhibitory
effect of ethionine on metamorphosis in the mutant strain
cultured at 30°. A concentration of 0.01 M ethionine proved
to be lethal to the vestigial strain, while 0.02 M ethionine
was lethal to wild and heterozygous flies. When allowed to
develop at 30°, wild-type wings were observed in the vestigial
mutant.,

The data show that 0,001 M ethionine severely inhibits
wing length in vestigials cultured at 30°. The addition of
supplementary methionine resulted in a significant reversal
of the inhibitory effect of ethionine on wing length in the
mutant strain. Ethionine may allow the expression of the
vestigial trait at 30° by interfering with the enzymatic activ-

ity of transmethylases. A concentration of 0.01 M ethionine
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resulted in severely shortened wings in wild and heterozygous
imagoes cultured at 25°.

The data suggest that vestiglal larvae cultured at 25°
have a higher rate of protein synthesis than wild larvae
developing at 25°. Wild larvae cultured at 30° exhibit a
much greater rate of protein synthesis than vestigial larvae

raised at the same temperature.
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CHAPTER I

INTRODUCTION

The phenotype of the vestigial mutant of Drosophila is

characterized by the absence of the posterior wing parts,
Goldschmidt (1935) suggested that this was the result of deg-
radation of specific parts of the wing during development.
In a later study Waddington (1940) postulated that the miss-
ing parts simply failed to develop. Fristom (1968) utilized
both 1ight and electron microscopy to study wing discs of
mature third instar larvae of both wild and vestigial
Drosophila. She found degenerating cells present in the wing
discs of vestigial larvae but absent in wild types. Her
results concur with the mechanism proposed by Goldschmidt.
Roberts (1918) reported that the temperature during develop-
ment influences the expression of the vestigial phenotype.
It was later reported that maximum wing length occurred in
vestigial males at 30° and in vestigial females at 316
(Harnley, 1930). Akita (1955) observed that genotypically
vestigial flies develop mermal wild-type wings when cultured
& 17,

This study was undertaken to (1) observe the effecis
of benzyladenine and ethionine on metamorphosis in wild and
vestigial Drosophila developing at 25° and 30°; (2) study
the effects of benzyladenine and ethionine on wing length
in wild and vestigial flies raised at 25° and 30% (3) de-



termine the rate of protein synthesis in wild and vestigial
flies cultured at 25° and 30° by assaying incorporation of

34 leucine into protein of third instar larvas.



CHAPTER II

LITERATURE REVIEW

The mutant gene, vestigial, manifests a definite effect
on growth and metamorphesis in Drosophila melanogagter.
Alpatov (1929) found that vestigial larvae and pupae failed
to attain the size of wild flies during the corresponding
stages of development., He indicated that metamorphosis in
the vestigial mutant occurred at a slower rate than in the
wild strain. Pearl (1928) reported that vestigial imagoes
under customary culture conditions averaged only one-third
the 1life span of wild-type flies. Harnly (1929) found that
the mutant gene for vestigial wings definitely retarded de-
velopment in homozygous vestigial flies in comparison with
their heterozygous wild-vestigial brothers and sisters during
the larval period.

The vestigial condition can be recognized in very young
pupa when the vestigial wings appear as small triangular
lobes; whereas in wild pupae they are large flaps somewhat
rectangular in shape (Chen, 1929). Fristom (1968) found
that the vestigial condition was the result of degeneration

of cells of the wing disc. This degeneration involved a

shrinkage and condensation of the entire cell followed by

phagocytosis by a neighboring cell.
Roberts (1918) reported that wing length in vestigial

flies increased with a rise in temperature. Maximum wing



length occurs in vestigial males at 30° and in females at e
(Harnly, 1930). This sexual dimorphism in the vestiglal mutant
was also reported by Stanley (1931). Bebak (1964) found that
a temperature of 28° influenced the appearance of phenocopial
changes in the strain Y€/vg, At that temperature individuals
with wings of large vestigial type appear in the first gener-
ation. Akita (1955) reported that normal wild-type wings
occur in vestigial flies when they are cultured at 31°,
Fristom (1968) found that vestigial flies growing at 30° show
an increase in wing size and a decrease in the incidence of
degenerating cells., Marchlewski (1961) regards the appearance
of normal wings under the effect of high temperature as a
phenocopy in the genetically vestigial winged Drosophila

melanogaster.

Goldschmidt (1945) reported the existence of two types
of mutant actions: one concerned with changing relative
rates of integrated developmental processes; another con-
cerned with interfering with definite steps of chemical syn-
thesis. Marchlewski (1957, 1961) asserts that phenocopies

have their background not only in the chromosomes or in

direct processes connected with the activity of chromosomic

genes, but also in cell cytoplasm. Bebak (1964) used Linde-

gren's (1961) theory of geneaction to account for the ap-

pearance of normal wings in the vestigial mutant. She states

that temperature may induce partial deformation of DNA bases

in the loci of polygenes.
Fristom and Knowles (1966) reported that -
RNA in imaginal discs of Drosophila melano-

he functional

half-1ife of m-



gaster was approximately 24 hours. They proposed that no
large differences in the pattern of protein synthesis in late
larval and prepupal discs would be expected because existing
m-RNA would buffer the system against changes. Hunt (1970)
has proposed that de novo synthesis of thymine ribonucleotides
in Drosophila requires the participation of active methionine
for the methylation of deoxyuridylic acid to thymidylic acid.

Ethionine, an ethyl analogue of methionine, has been
shown to be a metabolic inhibitor in both plant and animal
systems. Schrank (1956) found that ethionine inhibits cell
elongation in excised sections of Avena coleoptiles. Boll
(1960) found that low concentrations of ethionine markedly
increased growth in excised tomato roots while higher concen-
trations strongly inhibited cell elongation. He found that
this inhibition was relieved by the addition of methionine.
Cleland (1960) has suggested that ethionine inhibits cell
elongation in Avena coleoptiles by interfering with protein
synthesis.

S-adenosylmethionine is produced when methionine reacts
with ATP in the presence of the enzyme, methionine adenosyl-
transferase (Schapiro and Schlenk, 1960). Shull et al (1966)

suggest that free ethionine is rapidly converted to S-adeno-

sylethionine in rat liver by this same enzyme. The S-adenosyl

derivative of ethionine is apparently utilized to a much lesser

degree than is the corresponding derivative of methionine in

transalkylation and in other metabolic reactions (Farber, 1963).

Shull (1962) reported that injection of ethionine into rats

greatly decreased the level of ATP in the liver within a few



hours. These findings are in agreement with the adenine-
trapping mechanism proposed by Schmidt et al (1956). Ac-
cording to this mechanism ATP or its derivatives are removed
from the metabolic pathway by combining with ethionine. This
removal occurs at a rate faster than the rate of synthesis

of ATP from adenine precursors (Villa-Trevino et al, 1962).
villa-Trevino et al (1962) found that the administration of
adenine or ATP counteracts ethionine induced inhibition of
protein synthesis in rat liver., They concluded that the in-
hibition of protein synthesis by ethionine was secondary to

a decrease in the concentration of adenosine triphosphate.
Villa-Trevino et al (1962) suggested that ethionine affects
the ATP level by reacting with the nucleotide to form s-adeno-
gsylethionine, and thus acting as a trapping agent. Stekol

et al (1960) proposed that s-adenosylethionine blocks the
synthesis of ATP by inhibiting mitochondrial oxidative phos-
phorylation., Shull et al (1966) found mitochondrial respir-
ation and oxidative phosphorylation intact in isolated mito-
chondria of ethionine-treated rats. Norris (1964) found that
ATP reversed ethionine induced inhibition of elongation in

Avena coleoptiles.
Methylated purines and pyrimidines have been shown to

oceur in small amounts in RNA of a variety of organisms

(Smith and Dunn, 1959). Dunn et al (1960) have shown that

methylated purine and pyrimidine bases in nucleic acids are
uble RNA fraction. Natori (1963) has

most numerous in the sol

£
Suggested that the methylated groups in RNA are derived from

i d
methionine by transmethylation. Evidence has been presente



for the ethylation of purines in liver RNA by ethionine
(Farber and Magee, 1960), Swann et al (1971) have recently
reported a small but definite ethylation of DNA in the liver
of rats which have been injected with large doses of ethionine.
Moore and Smith (1969) postulated that ethionine inhibited
protein synthesis by blocking methylation of transfer RNA.
Natori et al (1961) have proposed that ethionine induced in-
hibition of protein synthesis may be the result of ethionine
becoming incorporated into protein. The protein would be ab-
normal since ethionine is substituted in place of some methio-
nine. Natori (1963) has suggested that methyl groups function
in altering the secondary and tertiary structure of the poly-
nucleotide chain. He postulates that the administration of
ethionine results in abnormal RNA which fails to function nor-
mally in protein biosynthesis.

Merrell (1970) reported that ethionine severely inhibits
elongation of hypocotyls and roots in lettuce seedlings. He
found that ethionine inhibited hypocotyl elongation which had
been stimulated by giberellic acid. His results indicate that
methionine reverses ethionine induced inhibition, but ATP does
not., Harker (1971) found that ethionine severely inhibits

incorporation of triated leucine into protein of Grand Rapids

lettuce seedlings. Binion (1971) reported that ethionine
14

drastically reduced the incorporation of methionine-methyl-""c

into both high molecular weight and transfer RNA of dwarf pea
internodes. He also found that ethionine reduced cholorophyll

Synthesis in dwarf pea seedlings which had been treated with

giberellic aecid. Ethionine has been ghown to inhibit inver-



tase synthesis in sugar beets (Stone, Whitty, and Cherry,
1970), and inhibit GA, stimulated o(-amylase synthesis in the
aleurone cells of barley (Chandra and Duynstee, 1971).
Marzluf (1969) reported that ethionine produces a phenocopy
of the eyeless mutant in Drosophila melanogaster, and con-
verts the recessive eyeless factor into a semi-dominant gene.
He found that the addition of supplementary methionine to the
medium not only failed to reverse the effects of ethionine but
increased the expression and penetrance of the eyeless pheno-
copy. Hunt (1970) observed that ethionine produced a reduc-
tion in eye size in the Pacific eyeless strain considerably
in excess of equivalent concentrations of methionine. The
action of ethionine was found to be independent of dietary
RNA concentration.,

Benzyladenine, an active phytokinin, delays senescence of
both leaves and the entire shoot when applied to the primary
leaves of intact bean plants. The retardation was character-
ized by higher levels of chlorophyll, protein, RNA and ribo-
nuclease activity (Fletcher, 1969). Tuli, Dilley, and Whittwer
(1964) have suggested that respiratory inhibition induced by
benzyladenine is the result of inhibition of glycolytic
kinases.

The application of benzyladenine to primary bean leaves

of intact plants results in jincreased leaf area due to an

extension of the duration of the period of leaf expansion
Schaeffer and Sharpe (1969) re-
plied to apical buds of tobacco

(Jacoby and Dagan, 1969).

ported that benzyladenine, ap

plants, activates axillary bud growth and stimulates DNA



synthesis. Smolinski, Saniewski, and Peiniazek (1969) found
that benzyladenine stimulated the growth of axillary buds of

Pisum sativum, but retardeqd growth in roots and shoots.
Lovell and Moore (1970) reported that excised mustard coty-
ledons treated with benzyladenine exhibited an increase in
blade growth and a suppression of root initiation and devel-
opment.

Fox (1965) found that a small amount of the benzyladenine
added to kinin requiring tissues was incorporated into sol-
uble RNA. He proposed that incorporation of benzyladenine
into t-RNA confers amino acid transfer competency on a mol=-
ecule much as methylation may do. This indicates that kinins
function by serving as the biological equivalent of an RNA
methylating enzyme (Fox, 1965). Fox (1965) alternately sug-
gests that a small amount of benzyladenine may be incorpo-
rated into m-RNA, acting as a derepressing agent by preventing
its normal repressing function. Carpenter and Cherry (1966)
reported that low concentrations of benzyladenine enhanced
nucleic acid synthesis in peanut cotyledons while higher con-
centration proved to be inhibitory.

Galston and Davies (1969) have proposed that phytokinins
represent break down products of transfer RNA and not t-RNA
Phytokinins, which stimulate bud formation in

precursors.,
are loosely attached to their target cells

1968). They

moss protonemata,

and are easily washed out (Brandes and Kende,

suggest that phytokinins control development by binding to

Specific gites on the target molecules.



CHAPTER III

MATERIALS AND METHODS

Stocks and Experimental Cultures

Wild and vestigial stocks of Drosophila melanogaster
were obtained from Carolina Biological Supply Company,

Burlington, North Carolina. Additional cultures were prepared
by allowing wild and vestigial flies to mate and deposit eggs
on control medium. The control medium consisted of 10 ml of
Formula 4-24 Instant Blue Drosophila medium, an equal volume
of water, and a small pinch of Fleischmann's dry yeast. Flies
were cultured in cylindrical plastic vials which were 10,16 cm'
tall, 3.275 cm in diameter, and were closed with polyurethane
plugs. The Formula 4-24 Instant Blue medium was composed of:
oat flour, soy flour, wheat flour, starches, dibasic calcium
carbonate, citric acid, niacinamide, riboflavin, sodium
chloride, sodium iron purophosphate, sucrose, thiamine mono-
nitrate, brewers yeast, emulsifier, mold inhibitor, preserva-
tives, and food coloring.

The stocks were maintained and propagated at a tempera-
ture of 25°, Experimental cultures were raised at 25% or 30°,
but some groups were observed at both temperatures. A Model

808 Precision Scientific incubator with a temperature fluc-

ific incu-
tuation of 24°-25° and a Model 805 Precision Seient

0_30° to obtain the two
bator with a variance of 28°-30" were used

experimental temperatures. Both were set on a cycle of 16
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hours of light and 8 hours of darkness. The only attempt to

control the humidity was to keep an open vessel of water in
each incubator,

The chemicals used in thig study were acquired from the
following sources: benzyladenine was purchased from Calbio-
chem, Los Angeles, California; ethionine from Sigma Chemical
Company, St. Louis, Missouri; and methionine from Nutritional
Biochemicals Corporation, Cleveland, Ohio. A stock solution
of benzyladenine was prepared by dissolving the chemical in
a small volume of 95% ethanol, adding distilled water, evap-
orating the ethyl alcohol by heating, and adjusting the volume
to 1 liter.

The experimental media were prepared by pippeting 10 ml
of a stock solution of benzyladenine, ethionine, or methio-
nine into vials containing an equal wolume of instant Droso-
phila medium. Controls consisted of equal volumes (10 ml)
of instant Drosophila medium and distilled water. Larvae
used in protein synthesis studies were raised on control
medium. All experiments were run in duplicate.

Wild and vestigial virgins were collected within eight
hours of eelesion and kept on control medium for at least
two days. They were then transferred to experimental media

and allowed to mate with males from one to several days old.

This was necessary since females do not reach sexual maturity

wntil approximately 48 hours after emergence, while males are

capable of mating immediately after eclosion. In most exper-

iments adults were not allowed to mate until they were placed

on experimental media. This prevented fertilized females
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from holding back eggs containing developing embryos. An ex-
ception to this procedure was employed when working with ves-
tigial flies. Extremely small numbers of progeny made it
necessary to place males and virgins on fresh eentrol media
for eight hours prior to the laying period. Stanley (1931)
reported that females, in the presence of fresh fermenting
food and in the absence of large quantities of eggs, were
stimulated to lay almost continuously. The offspring ob-
tained in this manner were still approximately the same age.
Six pairs of vestigial or wild imagoes were used in all
experiments. When testing the effects of ethionine on het-
erozygotes, 8ix vestigial females and six wild males were used.
Wild flies were anesthetized with ether and placed di-
rectly on experimental media., Vestigial adults were shaken
out of vials containing control medium into vials of experi-
mental food. In experiments with benzyladenine, ethionine,
and methionine, laying periods were six hours in length and
were conducted in continuous light at a temperature of ap-
proximately 24°, When protein synthesis at 25° and 30° was
studied, the laying periods were extended to eight hours to

obtain a larger number of larvae.

When benzyladenine, ethionine, or methionine were tested

at both 25° and 30°. adults were allowed to mate and deposit

eggs at 30°, They were then ghaken into vials containing the
same experimental media, and a second laying period proceeded.

[
These vials were jncubated at 257, In this manner the same

parents produced offspring to be raised at the two different
experimental temperatures. Immediately following each laying
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period, the imagoes were removed, and the vials were placed
in an incubator set at the appropriate experimental tempera-
ture.

Wild and vestigial Drosophila were allowed to develop
from egg to adult at 25°, 7o overcome the high mortality
rate encountered at 30°, vials incubating at that tempera-
ture were transferred to 25° to complete development after
pupae were observed. According to Harnly (1935) only the
larvae stage demonstrated the temperature-effective period
for wing length in vestigial flies at 30°.

The right wings of wild imagoes were measured using a
Bausch and Lomb stereomicroscope equipped with a 0.7-3.0
power pod and 10X oculars, the right one containing a cali-
brated micrometer. Both right and left wings of vestigial
flies were measured and the average length recorded. Measure-
ments were made from the anterior edge of the pteropleura to
the tip of the first posterior cell. A few flies had to be
discarded due to excessive curling of the wings. Wing measure-
ments were determined on slightly etherized flies. When ex-
tremely large numbers of flies emerged simul taneously, part
of the population was etherized and preserved in 70% ethanol

for one to three days before being measured. Some F, virgins

and males were collected at eight hour intervals, measured,

and kept on control medium for at least two days. These

flies were placed on fresh experimental food, and a Fj gener-

ation was observed using the procedure outlined previously.

gecond cross could
In some groups the F, adults died before a

developed. The
be made while in other instances no F, larvae p




number of first generation imagoes used varied from group to

group according to the number of progeny emerging.

Incorporation of Radiocactive Leucine

Protein synthesis studies were conducted by measuring

incorporation of H-leucine into larval protein of Drosophila
melanogaster. L'le“Cine-u.S.-BH. specific activity 29.8

curies per millimole was obtained from International Chemical
and Nuclear Corporation, Irvine, California.

The following procedure was used to determine protein
synthesis by incorporation of L-leucine-h,S-BH into protein
of third instar Drosophila larvae., Approximately 100 wild
and vestigial larvae which had been cultured at 30° for 85
hours or 25° for 110 hours were collected and washed twice
with sterile distilled water. Sterile 9 cm filter paper was
placed in glass petri dished which had been sterilized in an
autoclave, The filter paper was moistened with 5 ml of incu-
bation medium containing 3% sucrose and 10-“M streptomycin
and penicillin. The solution was sterilized by filtration

through millipore H A 0.45 micron 25 mm filters into sterile

flasks. Ten microcuries of L-leucine-h.S-BH were added to

the incubation solution giving a final concentration of 2

microcuries per ml, The larvae were added to the petri

dishes and allowed to feed for 10 hours in continuous light

at approximately 24°,

After incubation excess radioactive material was removed,

and the larvae were washed three times with sterile distilled

jzed in a chilled mortar con-

water, The larvae were homogen ;
5 and 0.2 "€/ml L-

taining 5 ml of 0.01 M tris puffer pH 7.
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leucine. The homogenate was collected in plastic centrifuge
tubes. The mortar and pestle were washed with 5 ml of tris
puffer and leucine, and thig liquid was added to the tubes.

A 0.2 ml aliquot of the homogenate was added to a plas-
tic tube contalning 2 ml of 10% Trichloroacetic acid (TCA)
and allowed to precipitate in a cold room at 0°. The preci-
pitate was removed by centrifugation at 5,000 x g for 10
minutes in an International Clinical centrifuge. Fifty mi-
croliter aliquots of the supernatant were taken from each of
the four tubes. The samples were placed on glass fiber filter
paper and dried under a 250 watt General Electric infrared
lamp for 15 minutes. The filters were placed in scintillation
vials containing approximately 10 ml of scintillation fluid.
The scintillation solution consisted of 4 grams of 2,5 diphe-
nyloxazole and 50 milligrams of 1,4-bis-2-(5-phenyloxazolyl)
benzene per liter of toulene. The vials were placed in a
Nuclear Chicago Corporation, Unilux II liquid scintillation
counter and counted for 10 minutes to determine the soluble
amino acid precursor pool.

Incorporation of L-leucine-3H into protein was assayed

by a modification of the procedure of Mans and Novelli (1960).

Two hundred microliter aliquots of the homogenate were added

to filter papers cut in one inch squares, and the squares were

dried under an infrared lamp.

0
The filter papers were placed in a beaker of cold (0°)
5% TCA and allowed to stand on jce for 15 minutes., The cold
5% TCA was decanted, and the £ilter papers were rinsed twice
The samples were in-

with cold 5% TCA containing L-leucine.
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cubated at 90° for 10 minutes in a beaker containing 5% TCA.
The TCA was decanted, cold 5% TCA added, and the beaker placed
in a bucket of ice for 10 minutes. The TCA was decanted, and
the papers were incubated in 95% ethanol for 3 minutes. After
the ethanol was removed, the filter papers were extracted
with ethanol, ether, and chloroform (2:2:11) at 55°-60° for 3
minutes. The liguid was decanted, and the papers were washed
with acetone and dried under an infrared lamp for 15 minutes.
The squares were placed in scintillation vials containing
approximately 10 ml of scintillation fluid. L-leucine->H
incorporation into protein was measured by counting the filters
in a scintillation counter programmed for tritium counting.

An aliquot of 0.2 ml of the homogenate was dissolved in
1 ml of 3 N sodium hydroxide. This solution was diluted with
2 ml of distilled water and the protein of each sample was

determined by the method of Lowry et al (1951).



CHAPTER IV

RESULTS

Effects of Benzyladenine on Metam i
estig Drosophila orphosis in Wild and

Benzyladenine is a cytokinin which stimulates cell divi-

sion and delays senescence in green plants (Tuli, Dilley, and
Whittwer, 1964). Since the effect of benzyladenine in animal
systems is uncertain, concentrations varying from 0.01 parts
per million (ppm) to 20 ppm were added to the growth medium
of wild and vestigial flies. Both strains were observed
during metamorphosis at 25° or 30°.

The wild strain of Drosophila melanogaster was not

significantly affected by benzyladenine, even at a concen-
tration of 20 ppm. Wild flies developing on all concentrations
of benzyladenine at 25° and 30° pupated and emerged at about
the same time as control flies (Appendix I and II).

The data in Table I was collected from a population of
vestigial flies raised on various concentrations of benzyl-

adenine at 25°, The data indicate that benzyladenine promotes

early pupation and emergence in this group. Vestigial larvae

o
developing on all concentrations of benzyladenine at 25

pupated before control flies. The 0.1 ppm treatment was most

effective, pupation occurring 42 hours before control flies

(Table I), Vestigial larvae raised on 1 ppm and 10 ppm

the con-
benzyladenine pupated 15 hours and 20 hours before
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TABLE I

EFFECTS OF BENZYLADENINE
ON METAMORPHOSIS IN F, VESTIGIAL
FLIES RAISED AT 25°

Concentration  First Pupa Observed First Adult Observed

of BA Time in Hours Time in Hours
Control 160 24l , 5
0.01 PPM 151 212.5
0.1 PPM 119 212.5
1 PPM 135 219
10 PPM 140 238

Flies were allowed to undergo complete development on
the various concentrations of benzyladenine. Time was com-
puted from the beginning of the laying period to the appear-

ance of the first pupa or adult.
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trol group. The least stimulation wag observed in the 0,01
ppm treatment where larvae pupated 9 hours earlier than the
control. Eclosion in vestigial flies raised at 25° was most
affected by the 0.01 ppm and 0.1 ppm treatments of benzyl-
adenine. Pupae raised on thesge concentrations at 25° emerged
approximately 30 hours before control flies. One ppm benzyl-
adenine resulted in eclosion 25.5 hours before the control
group. Vestigial flies raised on 10 ppm benzyladenine emerged
6.5 hours before adults were observed in control vials,

Table IT illustrates the effect of benzyladenine on meta-
morphosis in vestigial flies raised at 30°, Larvae raised on
all concentrations of benzyladenine reached the pupa stage
approximately 12,5 hours earlier than control flies. Vestigial
pupae developing on 0.1, 10 ppm, and 20 ppm benzyladenine
emerged 4 hours before the control group. Those pupae raised
on 1 ppm benzyladenine emerged 8 hours before control flies.
While none of the differences between experimental groups and
the control were greater than 12.5 hours (Table II), the trend

toward early pupation and emergence produced by benzyladenine

in the vestigial strain is still apparent.

Effects of Ethionine on Metamorphosis in Wild, Vestigial, and
Heterozygous Drosophila
Marzluf (1969) reported that a concentration of 0,01 M

tant and most wild

ethionine was lethal to the eyeless mu

strains of Drosophila EELEEQEEEIEE- concentrations of ethio-

nine varying from 0.0001 M to 0.02 M were added to the growth
medium of wild and vestigial flles. The effects of ethionine
on metamorphosis in both strains were observed when develop-



TABLE II

EFFECTS OF BENZYLADENINE
ON METAMORPHOSIS IN F, VESTIGIAL
FLIES RAISED AT 30°

Concentration  First Puga Observed First Adult Observed

of BA Time in Hours Time in Hours
Control 130.5 214
0.1 PPM 118 210
1 PPM 118 206
10 PPM 118 210
20 PPM 118 210

Flies were allowed to develop on benzyladenine at 30°
until most of the larvae within the vial had pupated. The
flies were then placed in an incubator set at 25° to complete
development. Time was computed from the beginning of the

laying period to the appearance of the first pupa or adult.
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ment occurred at 250 and 3o°,

Wild and heterozygous larvae were observed to develop on
media containing 0.01 M and 0.02 m ethionine when raised at

0 0
257 and 307, Adults were observed in the 0.01 M ethionine

treatments at both temperatures. wilg and heterozygous lar-

vae developing on 0.02 M ethionine at 25° ang 30° died before
pupation.

Ethionine retarded pupation and eclosion in wild flies
developing at 25° (Table IIT)., Larvae grown on 0,001 M ethio-
nine pupated 12 hours later than control flies. Wild larvae
feeding on 0,0001 M ethionine pupated at about the same time
as control flies. Eclosion was delayed 14 hours in the 0.0001
M and 0.001 M ethionine treatments at 25° (Table III). No re-
liable data were available on wild flies raised on 0.01 M
ethionine at 250.

The data contained in Table IV indicate that ethionine
delays pupation and eclosion in wild flies raised at 30°,
Pupation was delayed 50.5 hours in wild flies developing on
0.01 M ethionine at 30°, Wild larvae grown on 0,001 M ethio-
nine pupated approximately 10.5 hours later than control lar-

vae. The 0.0001 M ethionine treatment produced pupation at

about the same time as the control., Wild pupae raised on

0.01 M ethionine at 30° emerged 46.5 hours after control flies.

Eclosion was delayed 15 hours in the wild pupae developing on

i 0.,0001 M ethio-
0.001 M ethionine at 300- A concentration of

nine produced wild imagoes 8 hours after eclosion was observed

in the control group.



TABLE III

EFFECTS OF ETHIONINE ON
METAMORPHOSIS IN F, WILD FLIES
RAISED AT 25°

22

——

Concentration First Pupa Observed First Adult Observed

of Ethionine Time in Hours Time in Hours
Control 134 222
0.0001 M 134 236
0,001 M 146 236

Flies were allowed to undergo complete development on
the various concentrations of ethionine at 25°, Time was
computed from the beginning of the laying period to the

appearance of the first pupa or adult.



TABLE IV

EFFECTS OF ETHIONINE ON
METAMORPHOSIS IN F1 WILD FLIES

RAISED AT 30°

23

Concentration
of Ethionine

Firsp Pupa Observed
Time in Hours

First Adult Observed
Time in Hours

Control
0.0001 M
0.001 M
0.01 M

ol
9%
104.5
144 .5

181:5
189.5
196.5
228

Flies were allowed to develop on ethionine at 30° until

most of the larvae within the vial had pupated.

were then placed in an incubator set at 25° to complete

development.

Time was computed from the beginning of the

The flies

laying period to the appearance of the first pupa or adult.
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A concentration of 0.01 M ethionine ig apparently lethal

to the vestigial mutant., No vestigial larvae were ever ob-

served to develop on that concentration during the course of
this study. Vestigial larvae cultured at 30° wars allewed to
feed on two concentrations of ethionine (Table V). The 0,001
i treatment delayed pupation 35.5 hours in vestigial larvae
raised at 30°. Larvae developing on 0.0001 M ethionine pu-
pated at the same time as the control flies. Emergence in
both experimental groups was simultaneous with control pupae.
Methionine was added to the growth medium of vestigial
flies in an effort to reverse the inhibitory effect on meta-
morphosis observed in that group at 30°. Pupation was delayed
36.5 hours in vestigial larvae raised on medium containing
both 0.001 M methionine and 0.001 M ethionine (Table VI),
A treatment of 0.001 M ethionine alone delayed pupation 26.5
hours. The same concentration of methionine at 30° resulted
in pupation 8 hours after control larvae. Imagoes were ob=
served in the 0.001 M ethionine group 20 hours after eclosion
had occurred in control vials. Emergence was also delayed 20
hours in vestigial flies developing on medium containing both

0.001 M ethionine and 0.001 M methionine. The 0.001 M meth-

ionine treatment resulted in emergence 9.5 hours before con-

trol pupae.

The effects of ethionine on metamorphosis in heterozygous

1 . tion was
flies raised at 30° are recorded in Table VII. Pupa

delayed 17 hours in heterozygotes raised on 0,001 M ethionine.

Pupation in the 0.0001 M treatment was simultaneous with con-
i s
trol larvae. Eclosion was observed to occur 1n heterozygou
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TABLE V

EFFECTS OF ETHIONINE ON
METAM
ORPHOSIS IN F, VESTIGIAL FLIES
RAISED AT 30°

Concentration  First Pupa Observed First Adult Observed

of Ethionine Time in Hours Time in Hours
Control 101.5 200
0.0001 M 101.5 200
0.001 M 137 200

Flies were allowed to develop on ethionine at 30° until
most of the larvae in the vial had pupated. The flies were
then placed in an incubator set at 25° to complete develop-
ment. Time was computed from the beginning of the laying

period to the appearance of the first pupa or adult.
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TABLE VI

EFFECTS OF ETHIONINE AND METHIONINE
ON METAMORPHOSIS IN F, VESTIGIAL
FLIES RAISED AT 30°

Treatment First Pupa Observed First Adult Observed
Time in Hours Time in Hours
Control 108 209.5
0,001 M
Ethionine 134,5 229
0.001 M
Methionine 116 200
0,001 M
Methionine
+
Ethionine 144.5 229

Flies were allowed to develop on ethionine at 30° until
most of the larvae in the vial had pupated. The flies were
then placed in an incubator set at 25° to complete develop-
ment., Time was computed from the beginning of the laying

period to the appearance of the first pupa or adult.
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TABLE VII

EFFECTS OF ETHIONINE ON
METAMORPHOSIS IN F, HETEROZYGOUS
FLIES RAISED AT 30°

Concentration  First Pupa Observed First Adult Observed

of Ethionine Time in Hours Time in Hours
control 95 182,5
0,0001 M 95 191

0.001 M 112 204,5

Flies were allowed to develop on ethionine at 30° until
most of the larvae in the vial had pupated. The flies were
then placed in an incubator set at 25° to complete develop-
ment. Time was computed from the beginning of the laying

period to the appearance of the first pupa or adult,
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pupae raised on 0.001 M ethionine 22 hours after emergence

of Wi SAEEE Cenmmol imagoes, A concentration of 0.0001 M

ethionine delayed eclosion 8.5 hours in the heterozygotes

developing at 0°.
e ping 2 These same two concentrations of ethi-

onine had little effect on pupation or emergence in hetero-

zygotes cultured at 25° (Appendix III).

The Effects of Benzyladeni ,
atle Droson - ne on Wing Length in Wild and

Benzyladenine at a concentration of 10 ppm resulted in

an increase in wing length in vestigial males cultured at
25° (Figure 1). The increase was found to be significant at
the 5% level of significance using Duncan's (1955) multiple
range test. An F2 generation of vestigial flies were al-
lowed to develop on media containing benzyladenine at 25°
(Appendix IV). No significant differences were observed
between any of the experimental groups and the control.
Vestigial males raised on all concentrations of benzyl-
adenine at 30° appear to have a smaller mean wing length
than corresponding control males (Figure 2). Vestigial
nales raised on 0.1 ppm benzyladenine at 30° had wings which

were significantly shorter than control males at the 5% level

of significance. No significant differences were observed in

)
vestigial females raised on benzyladenine at 30°. No F,

generation was obtained at this temperature.

Wild males and females raised on 10 ppm benzyladenine at

crease in wing length when
The decreases were

compared to cor-
25° exhibited a de

responding control flies (Figure 3).

level. No significant dif-

found to be significant at the 5%
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ferences in wing length were
observed in F2 wild flies

raised on benzyladenine at 25° (Appendix V)

When wild flies were allowed to develop on various con-

centrations of benzyladenine at 30° (Pigure 4), their mean
’

wing lengths were greater than those of corresponding con-
trols. Wild females rajseq on 10 ppm benzyladenine at 30°
had a mean wing length which was significantly larger than
the mean wing length of control females at the 5% level of
significance.

A second generation of wild flies were raised on the
same concentrations of benzyladenine at 30° (Figure 5). Wing
length was reduced in F2 wild males cultured on 0.01 ppm and
1 ppm benzyladenine at 30°. Both reductions were found to be

significant at the 5% level. No significant differences were
observed in the F2 wild females.

The Effects of Ethionine on Wing Length in Vestigial, Wild
and Heterozygous Drosophila

Ethionine, an inhibitor of RNA and protein synthesis, has

been found to produce a phenocopy of the eyeless mutant in

Drosophila melanogaster (Marzluf, 1969). Various concentra-

tions of ethionine were added to the growth medium of wild,

vestigial, and heterozygous flies to determine its effect on

wing length,
Figure 6 illustrates the effects of ethionine on a F;

e o 0.001 M
generation of vestigial flies cultured at 30 The

ethionine treatment resulted in a severe reductionoin wing
. These
length in vestigial males and females raised at 30

e significant at the 5% level of

reductions were found to D
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significance. The wings of many vestigials in the control

sroup and the 0.0001 M ethions
onine treatment at 30° were imdis-

tinguishable from those of the wilg strain,

Another population of vestigial flies was allowed to
develop on the same concentrations of ethionine at 30°
(Figure 7). The 0.001 M concentration of ethionine again
resulted in greatly reduced wing length in vestigial males
and females raised at 30°, Mean wing lengths for both males
and females were significantly smaller than control means at
the 5% level of significance. Vestigial females raised on
0,0001 M ethionine at 30° had wings significantly shorter
than those of control females, The F2 progeny of vestigial
flies raised on ethionine at 30° was too small for statistical
comparison.

Methionine was added to the growth medium of vestigial
flies developing at 30° in an attempt to reverse the inhibi-
tory effect of ethionine on wing length in that group. Male
and female imagoes raised on 0.001 M ethionine exhibited a
decrease in wing length when compared with the control group
(Figure 8). The decreases proved to be significant at the

% level, Vestigial males and females raised on medium con-

taining both 0,001 M ethionine and 0.001 M methionine had

wings that were longer than flies raised on 0.001 M ethionine

but shorter than those of control imagoes. Both differences

the 5% level.
thionine results in

t 25°, wild

were found to be significant at
The data in Figure 9 indicate that e

a decreased wing length in wild flies cultured a

d on
males raised on 0.001 M ethionine and wild females raise
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both concentrations of ethionine had mean wing length signi

Slgnrty Smeliier Mg corresponding control imagoes. Two

wild females with Severely shortened wings emerged in the
0.01 M ethionine treatment at 25°,

A second generation of wild progeny was measured after
development had occurred on 0.0001 M ethionine at 25° (Figure
10). This concentration resulted in a decrease in wing length
in males and an increase in wild females. Both the increase
and decrease were found to be significant at the 5% level.

Ethionine also appears to decrease wing length in F1
wild flies raised at 30° (Figure 11), Males and females
raised on all concentrations of ethionine had a mean wing
length significantly smaller than corresponding means of
control flies. The shortest wings were observed in the 0,01
M ethionine treatment. Since this concentration is near
lethal, the numbers of progeny were much smaller than in
other groups. An antagonistic effect was observed in F, wild

males raised on ethionine at 30° (Figure 12). Concentrations
of 0.001 M and 0.0001 M ethionine resulted in an increase in
wing length in males. Both increases were determined to be

significant at the 5% level using Duncan's (1955) multiple

range test.
Populations of heterozygous flies were raised on various

2 a its
concentrations of ethionine at 25° and 30" to determine

i . M
effect on wing length. Figure 13 indicates that 0,0001

t
and 0,001 M concentrations of ethionine had little effect on

)
gotes raised at 25 .
g length in heterozygous

The 0.01 M
wing lengths in heterozy

€thionine treatment decreased win
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males and females cul tureq at 259, These decreases were

found to be significant at the 5% level of significance
Heterozygous males raised on 0, 0001 M and 0.001 M ethionine

at 30° had longer wings than those of corresponding

males (Figure 14),

control
Both increases were found to be signifi-
cant at the 5% level of significance.

Incorporation of Triated Leuci
and Vestigial Drosophila fie into larval Protein of Wild

Cultures of wild and vestigial Drosophila were raised on

control medium at 25° ang 30°, Approximately 100 third instar
larvae from each group were allowed to feed on medium contain-
ing L-leucine-h;S-BH for 10 hours prior to the extraction of
proteins. The data contained in Table VIII indicate that
vestigial larvae cultured at 25° had a higher rate of protein
synthesis than wild larvae raised at 25°, Wwild larvae cul-
tured at 30° incorporated over six times as much JH-leucine

into protein as vestigial larvae raised at the same temperature.
No valid comparisons of protein synthesis with a strain can be

made due to the great variation in the soluble leucine pools

between 25° and 300.
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TABLE VIII

INCORPORATION OF TRITIATED LEUCINE

INTO LARVAL PROTEIN OF WILD
AND VESTIGIAL DROSQPHILA

b7

|

Strain cpm cpm r;;;in ugcggitein Prﬁ?ein
Vestigial

Raised

at 30° 2,541 1,219 960 1.02 208
Vestigial

Raised

at 25° 717 1,123 440 2,04 64
wild

Raised

at 30° 6,099 740 80 7.4 82l
wild

Raised

at 25° 469 588 320 1.47 7

Larvae were allowed to develo

efore feeding on

0 larvae were used 1

110 hours at 25° b

hours.,

ment,

Approximately 10

L-leucine=k,5-

p at 30° for 85 hours or
3K for 10

n each experi-



CHAPTER V

DIScussionN oF RESULTS

The data in Tables I and II indicate that benzyladenine
speeds up metamorphosis in vestigial flies developing at 25°
and 30°. Benzyladenine appears to have little effect on pupa-
tion and emergence in wild flies developing at either temper-
ature (Appendices I and II), Cytokinins are known to stimu-
late cell division in plant tissue (Tuli et al, 1964). Ben-
zyladenine may speed up metamorphosis in the vestigial mutant

by increasing cell division in larvae developing at 25° and
o)

307,

The 10 ppm benzyladenine treatment resulted in a signi-
ficant increase in wing length in vestigial males cultured at
259 (Figure 1). All concentrations of benzyladenine decreased
wing lengths in vestigial males cultured at 30° (Figure 2).

A concentration of 10 ppm benzyladenine produced a signifi-
cant reduction in wing length in wild males and females cul-

tured at 25° (Figure 3) but inereased wing length in wild fe-

males raised at 30° (Figure 4).

Fox (1965) proposes that benzyladenine is incorporated

into t-RNA conferring amino acid transfer competency on a

de (1968
molecule much as methylation may do. Brandes and Kende (1968)

ific sites
Suggest that cytokinins function by binding to specific

Fox (1965) has
orporated into m-RNA,

also suggested that ben-

on target molecules.
¢ acting as a dere-

2yladenine may be inc
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pressing agent by preventing its normal T
e
Fristom (1968)

pressing function,

h

as shown that the vestigial condition is
the result of condensation of the wing dise followed by pPhago-

cytosis by neighboring cells. She states that less degenera-

o ?Ccurs o the wing discs of vestigials raised at 30°,
At this temperature the expression of the vestigial genotype
is greatly reduced with many mutants exhibiting normal wild
type wings. Kuraishi (1968) has proposed that cytokinins de-
lay the degradation of protein in leaf discs rather than
stimulate the synthesis of bulk protein. Benzyladenine may
increase wing length in the vestigial mutant developing at
259 py retarding the decomposition of proteins in the embry-
onic wing discs at that temperature. This is apparently the
first report of the effects of benzyladenine on the vestigial
mutant of Drosophila,

The data contained in Tables III and V indicate that
ethionine exerts a definite inhibitory effect on metamorpho-
sis in wild flies raised at 25° and vestigial flies cultured

at 30°. Ethionine was also found to inhibit pupation in wild

flies raised at 30° (Table IV). The data in Table VII show

that a concentration of 0.001 M ethionine inhibits metamor-

o
phosis in heterozygous Drosophila developing at 307,

Akita (1955) has reported the appearance of normal wild-
type wings in vestigials cultured at 31°, The number of ves-
tigial flies with wild-type wings were observed and recorded
for a population of vestigials raised at 30° (Figure 6).
1 males and 21% of control

Approximately 79% of the contro |
In the 0.0001 M ethionine

females exhibited wild-type wings.



50

treatment only 35% of tpe males and 5% of the females had
€8 ha

There were no normal wingeq vestigials ob-
gerved in the 0,001 M ethionine treatment

normal wings.

These results are
in agreement with Harmly (1930) who reporteq that maximum

e et e 421 ma it

18 8tudy indicate that a
concentration of 0.001 M ethionine permits the expression of
the mutant trait in vestigial flies cultured at 30°, A con-
centration of 0.01 M ethionine proved to be lethal to the
vestigial mutant. Ethionine at a concentration of 0.01 M
severely inhibited wing length in wild and heterozygous
imagoes (Figures 11 and 13)., A concentration of 0,02 M
ethionine was lethal in both the heterozygotes and the wild
strain. These experiments suggest that the occurrence of a
normal winged phenocopy in vestigials cultured at 30° involves
altered biochemical pathways.

Schmidt et al (1956) have suggested that ethionine com-
bines with ATP or its derivatives removing them from the
metabolic pathway. Stekol et al (1960) proposed that
s-adenosylethionine blocked the synthesis of ATP by inhi-
biting mitochondrial oxidative phosphorylation.

Natori (1961) states that ethionine may inhibit protein

synthesis by becoming incorporated into protein forming ab-

normal enzyme molecules. Moore and Smith (1969) postulate

. -
that ethionine inhibits protein synthesis Dby blocking methy

lation of transfer RNA.

The data in Table VIII indicate that vestigial flies

rotein synthesis as
cWtured at 30° have a reduced rate of D



compared to wild flies raiged

appears that the occurrence ofazothe same temperature. Tt
rmal winged vestigials

q? 30° is associated with a reduced rate of protein synthe-

sis. Consequently, ethionine may allow the expression of

the vestigial trait at 30° vy modifying a macromolecule such

as t-RNA rather than directly inhibiting protein synthesis.

Undermethylated t-RNA has been shown to be a poor acceptor

of amino acids (Orthwert and Novelli, 1969). Stone, Whitty,

and Cherry (1971) have shown that ethionine interferes with

the charging of leucine-t-RNA in sugar beets. They suggest

that leucine charging of t-RNA may be correlated with methyl-

ation of t-RNA in vive. Hunt (1970) states that de novo

synthesis of thymine ribonucleotides in the eyeless strain of

Drosophila melanogaster requires the participation of active

methionine for methylation of deoxyuridylic acid to thymidylic
acid. The data in Figure 8 show that methionine significantly
reverses the inhibitory effect of ethionine on wing length in

vestigials cultured at 300. Ethionine may permit the expres-

sion of the vestigial trait at 30° by interfering with the

enzymatic activity of transmethylases.
Supplementary methionine failed to reverse the inhibitory

effect of ethionine on metamorphosis in vestigial flies

cultured at 30° (Table VI). The data suggest that factors

. : o
inhibiting wing length in vestigials at 30" may no

s in that group.

. : at
The experiments carried out in this study indicate th

phenocopy in the vestigi
h is a metabolic inhibit

t signifi-
cantly affect metamorphosi

al at 30° may be

the ph on of
phenomenon op 0f trans-

altered by ethionine whic
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nethylation.

The results obtained from this study suggest that benzyl-
adenine significantly increases wing length in the vestigial
nutant cultured at 25°. This effect of a plant hormone upon
wing growth in the vestigial mutant should stimulate investi-

gation into the effects of benzyladenine on other patterns of

insect development.



CHAPTER VI

SUMMARY

This study was conducted to (1) observe the effects of
venzyladenine and ethionine on metamorphosis in wild and
vestigial strains of Drosophila melanogaster developing at
25° and 30°; (2) study the effects of benzyladenine and
ethionine on wing length in wild and vestigial flies cultured
at 25° and 3003 (3) determine the rates of protein synthesis
in wild and vestigial larvae developing at 25° and 30° by
assaying incorporation of 3H-leucine into protein of third
instar larvae.

The data indicate that benzyladenine stimulates early
pupation and emergence in the vestigial stain raised at 25°
and 300. Ethionine at a concentration of 0.01 M proved to
be lethal to the vestigial strain. Vestigials developing on
0.001 M ethionine were characterized by a delayed metamor-
phosis. When supplementary methionine was added to the growth
medium of vestigial flies cultured at 30°, it failed to re-

verse the inhibitory effect of ethionine on metamorphosis in

that group. A treatment of 0.02 M ethionine was lethal to

wild and heterozygous Drosophila.

delayed in wild flies raised on 0.01 M ethlo
of 30° wing length in the vestigial

Pupation and eclosion were
nine at 30°.

At a temperature
Many vestigials in the control

mutant is greatly increased. '
ited normal wild-type

and 0,0001 M ethionine treatment exhib
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wings. Wing length was severely reduced in vestiglal flies

i n 0.001 M ethi o o
raised o lonine at 30°. The addition of methionine

to the growth media of the vestigial mutant produced a signi-
ficant reversal of the inhibitory effect of ethionine on wing
length. Ethionine may allow the expression of the vestigial

senotype at 30° vy blocking the enzymatic activity of trans-

nmethylases or protein synthesis.

The data indicate that vestigial larvae cultured at 25°
exhibit a higher rate of protein synthesis than wild larvae
raised at 250. Wild larvae cultured at 30° had a rate of
protein synthesis six times greater than vestigial larvae

developing at that temperature.
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APPENDIX T

EFFECTS OF BENZYLADENINE o
METAMO
RPHOSIS IN F, WILD FLIES
RAISED AT 25°

concentration  First Pupa Observed Fi
" rst Adul
of BA Time in Hours Time intHggggwed

Control 124 208
0.1 PPM 115 194
1 PPM 112 194

10 PPM 112 194

20 PPM 120 208

Flies were allowed to undergo complete development on
media containing various concentrations of benzyladenine at
25°, Time was computed from the beginning of the laying

period to the appearance of the first pupa or adult.
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APPENDIX IT

EFFECTS OF BENZYLADENINE oy
METAMO
RPHOSIS IN F, WILD FLIES
RAISED AT 30°

a—

Concentration  First Pupa Observed First Adult Observed

of BA Time in Hours Time in Hours
control 104 196
0,01 PPM 104 196
0.1 PPM 107 20k
1 PPM 107 196
10 PPM 107 196

Flies were allowed to develop on media containing various
concentrations of benzyladenine at 30° until the first pupa
was observed. The flies were then placed in an incubator set
at 25° to complete development. Time was computed from the

beginning of the laying period to the appearance of the first

pupa or adult.
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APPENDIX TIII

EFFECTS OF ETHIONINE oN
METAMORPHOSIS IN F, HETEROZYGOUS
FLIES RAISED AT 25°

—

—

concentration  First Pupa Observed First Adult Observed

of Ethionine Time in Hours Time in Hours
ContrOl 114 202, 5
0,0001 M 106 198.5
0.001 M 123 202

Flies were allowed to undergo complete development on
various concentrations of ethionine at 25°. Time was com-
puted from the beginning of the laying period to the appear-

ance of the first pupa or adult.



58

APPENDIX TV. Effects of benzyladenine on w1ng 1

vestigial flies cultured at 25

]
Males
2.2 }—
T
2,0 —
Females
g e
£
5 1.8
5 - T
o
)
a 1.6
> O _
: )
o)
&
9 1o b = -
8 -
0 I \
(o]
8 1.2 N\ N
5 - K T‘ i
2 N\ N
LN AR
3 \ N
1 \ \ \ )
= N \
g \
2
a 0 0.01 0.1 10
Concentration of BA in PPM
ength in F,



204 -

2.3 —

il Males

-
PO

—+

S AT

2.1 |

Wing Length and Standard Deviation in mm

Females

YOO duy

rlean

0 0.1 1
Concentration of BA in PPM

APPENDTX V. Effects of benzyladenine on wing length in F,
)
wild flies cultured at 25" .



60

LITERATURE CITED

Akita, J. }955. Effect of tem erat "
véstiglal series in Drosoghilaugglggotggt:xPresslon il
700l. 111 63-74, —=="nogaster. Jap. Jour.

alpatov, W. W. 1929. Growth and variation o

Drosophila melanogaster. Jour. f the larvae of

EXP. ZOOlo 52! 407"“’32.

Bebak, Barbara. 1964, The influence of therm .
the formation of phenocopial changes in :iesxiggtagion on

Drosoghila_melano aster, mutation v ial, s
Cracoviensia., 7 %37-20é. estigial. Acta Biologica

Binion, O. L. 1971. Biochemical analysis of internode elong-
ation in Pisum sativum variety Early Alaska dwarf pea
3eeds. Master's Thesis. Austin Peay State University.

2 Do

Boll, W. G. 1960. Ethionine inhibition and morphogenesis of
excised tomato roots. Plant Physiol. 35: 115-122,

Brandes, H., and H. Kende. 1968, Studies on cytokinin con-
trolled bud formation in moss protonemata. Plant Physiol.

43, 827-837.

Carpenter, W. J. G., and J. H. Cherry. §966. Effects of
benzyladenine on accumulation of 32° into nucleic acids
of peanut cotyledons. Biochem. Biophys. Acta. 114: 640-
642,

Chandra, G. R., and E. E. Duynstee., 1971. Methylation of
ribénucleié acids and hormone-induced alpha-amylase
synthesis in the aleurone cells. Biochem. Biophys. Acta.

232y 514-523.

i inal

Chen, Tse-Yin. 1929. On the development of imag
r’101‘1'1!9-1 and mutant Drosophila melanogaster. Jour.
Physiol. 47: 135-199.

Cleland, R. 1960. Ethionine and auxinggction in Avena cole-
optiles. Plant Physiol. 351 585-58%.
multiple F tests.

buds in
Morph.

Dwncan, D. B. 1955, Multiple range and
Biometrics. 11: 1-42.

otide
o, 5. 7 D, satthy B SO oo Gl
é°m508i%ioﬁ o% gsoluble ribonucleic ac Escherichia

coli, Jour. Mol. Biol. 2 113-117.



61

~arber, Ee 1963, Ethionine
Far Res. 7. 383-474. carcinogenQSiS- Advanc Cancer

rarber, E., and P. N. Magee. 1960, The

of liver ribonucleic acid b probable alkylati
Y the hepati on

dimethynitrosamine and etn atlc carcinogens

58 p. lonine. Biochem. Jour, 76,

rletcher, R. A. 1969. Retardation of leaf

benzyladenine in intact b Senescence b
89: 1-8. ean plants. Planta (Berlj

7ox, J. E. 1965. Incorporation of a kinj
'enine, into soluble RNA. Plant Ph;gigi.l“&l?-‘ggr_xgglad-

rristom, Dianne. 1968. Cellular degeneration in wing develop-

ment of the mutant vestigial
Jour. Cell Biol., 39; 4885;91,013 Drosophila melanogaster.

Fristom, J. W., and Barbara B. Knowles. 1966. Studi
protein synthesis in imaginal discs of D:;'os p s
melanogaster. Exp. Cell Res. 47: 97-107. ophila

Galston, A. W., and P. J. Davies. 1969, Hormonal re
in higher plants. Science. 163: 1288-1296, gulation

Goldschmidt, R. B..1935. Gen und Auggeneigenschraft. 1.
(Unversuchungen an Drosoghila). Zeitsch., indukt. Abstam.
und. Vereb. Lehre. 69: 38-69.

Goldschmidt, R. B. 1945. Additional data on phenocopies and
genic action. Jour. of Exp. Zool. 100: 193-200.

Harker, Meta. 1971. Biochemical analysis of hypocotyl elong-
ation in Lactuca sativa variety Grand Rapids lettuce
seeds, Master's Thesis. Austin Peay State University.

57 p.

Harnly, M., H. 1929. An experimental study of environmental
fac’:tors in selection and population. Jour. EXp. Zool.

Lé: 317-332,

Harnly, M., H. 1930. A critical temperature for lengthening

i ter with
of the vestipial wings of Drosophila melanogag W
sexually dim%rphic effects, Jour. Exp. zool. 501 363-36

al control of gene action in

funt, D, M, 1970. The physiologicts o iroscphila melanogaster.

the eyeless and eyegone mutan
Geneto ReS. 195‘2080 6 i
e

Jacoby, J,, and J. Dagan. 1970. Effects oi‘s I:;gerggy}c;ggr; n
on primary leaves of intact bean planplant. o t597-403,
sodium absorption capacity. Physion.



62

curaishi, S. 1968. The effect of kinetin o

prassica leaf dises, Physiol, N protein level o

Plantarum, 21, 78-83,

r,indegren, C. C. 1961, A hypothes ;
o pene action. Nature Taen: ég;gggemmg the mechanigm

rovell, P., and K. Moore. 1970, Effe
on growth and 1I+Ca.lr'bon transloca%?i;gnoi benzylaninopurine

cotyledons. Physiol., Plant, 23, 179-182 excised mustard

Lowry, O. Hey No J. Rosebrough, A. L.
1951. Protein measuremen% v'vith Fol
Jour. Biol. Chem. 193+ 265-275,

Farr, and R, J, R
: » J» Rand
in phenol reagant., =)

vans, R. J., and G. D. Novelli, 1960. A co
® ® ¢ . nve
nd sensitive method for measuring the incorporasion b
ra ino acids into ; -
3, 540-547. protein. Biochem. Res. Comn,

Marchlewski, T. 1957. Z zagadnien wsoplez
Kosmos: 627-632, plezesnez genetyki.

Marchlewski, T. 1961, Zagadnienie asymilacji fenok
Kosmos: 515-522, ymilacji fenokopii.

Marzluf, G. A. 1969. The use of specific metabolic inhibitors.
to study morphological mutants of Drosophila. Jour. Insect.
Physiol. 15: 1291-1300.

Merrell, T. W. 1970. Physiological studies of elongation of
Grand Rapids lettuce seedlings. Master's Thesis. Austin
Peay State University. 42 p.

Yoore, B, G., and R. C. Smith, 1969. S-adenosylethionine as
an inhibitor of t-RNA methylation. Can. Jour. Biochem.

L7, 561-565.

Natori, Y. 1963. Studies on ethionine, IV. Sex dependent
behavior of methionine and ethionine in rats. Jour. Biol.

Chem. 238:; 2075-2080.

! i d H. Tarver.

Vatori, Y., H. 0. Trowbridge, W. E. Toreson, BRT f: = "
19é1. étudies on ethionine. V. Sex difference 1nJ;3;c;>r
poration in vivo of thionine into rat proteins.

Biol, Chem., 236: 2821-2823.
Yorris, W. E. 1964. Reversal of et}}ionine—igdug:gninzi‘;’;ﬁg'}
of elongation of Avena cgleoptlles8by3?zfg‘55.
phate. —Arch. Biochem, Biophys. 10C
i he in-
Cz‘t'\,‘]erth B Je and G D. Novelli- 1969013€gd‘tg§ :ga};sfer RNA
“Orpér;;;ion of L-ethionine-ethyl—ég n
of rat liver. Can. Res. 19: 380-390.



63

pearl, Re 1928. Experiments on 1°ngeVity

3, 391-407. Quart, Rev, pye,

perts, E. 1918. Fluctuations in
RO actér and selection., Jour, Exp? ;:g;sﬂive mendelian chayr-

* 274 157-192,

gchaeffer, G. W., and F, T, Sharpe, Jr, 19¢
1ary bud inhibition with b Phias'l
eas. 1301 107-110. enzyladenine

Release of =
in tobacco, Bo%fil

SchapirO' S' K', and Fo Schlenko 1960.
gulfonim compounds., Advan. Enzymol.Tg;:béggﬁgﬂgstry -~

Schmidt, G. K. Seraidarian, 1. M. Greenbaum |
s, J. Tannhauser. 1956, The effect of cérgéig.nﬁtgfii' i
conditions on the formation of purines ang of ribvo gnal
acids in bakers yeast. Biochem. Biophys, Kota. 20'n¥§55ic

149,

Schrank, A. R. 1956. Ethionine inhibition of elon
i gation and
geotroplc curvature of Avena coleoptiles,
Biophys. 61: 348-355, — p Arch, Biochen.

Shull, K. H. 1962, Hepatic phosphorylase and adenosine tri-
phosphate levels in ethionine-treated rats. Jour. Biol.
Chem. 237: PC1734-PC1735.

Shull, K. H., J. McConomy, M. Voght, A. Castillo, and E.
Farber., 1966, On the mechanism of induction of hepatic
adenosine triphosphate deficiency by ethionine. Jour.
Biol, Chem. 241: 5060-5070.

Smith, J. D., and D. B, Dunn. 1959. The occurrence of methy-
lated guanines in ribonucleic acid from several sources.

Biochem. Jour. 72: 294-301.,

Smolinsky, M., M. Saniewski, and J. Pieniazek. 1969. The
changes in anatomical structures in Pisum sativum L.d
seedlings after treatment with morphactin. IT8 5 an
Benzyladenine. Acta Soc. Bol. Pol. 38: 303-308.

. stigial wing
Stenley, W, F. 1931. The effect temperature on VECR %y .

in Drosophila melanogaster with temperature-
periOdS. Physiol' ZOOID H 39”'408.

incorpora-

Stekol, J, A., U. Mody,.and J. Perry. 1960.fT2$hionine e

tion of the carbon of the ethyl group © ionine feeding

S ° . f eth
v neelelo agfds =gE, IO ;ggegg gat liver. Jour. Biol.

on the contentuof gucleic ac
Chem, 235; PC54-PC60.

H. Cherry. 1970. Effegt of
ent and methylation ©

Stone, B, p., c. D. Whitty, and J.
L5y 636-638+

ethionine on invertase developT
ribonucleic acid. Plant Physlote.



, A. E. Pegg, A. Hawks, E. Farber, and P. N

p. F.
swanils 1971, Evidence f
Magee - . ce for ethylation of rat 1% "
Sonucleic acid after administrati ver deoxy-
Tl our. 1231 175-181. on of ethionine. Blo-

R. Dilley, and S. H. Whittwer. 1964, N®-venzyl-

i' ‘].' .
Tul adenine: inhibitor of respiratory Kinases., Science. 146,

1477-1479.

. 1a_TI‘eVin°! S., K. H. Sh\lll. and E. Farberc 1 62.
vil of adenosine triphosphate deficlency in ethiZnine??:d§2t§
inhibition of protein synthesis. Jour. Biol. Chem. 238

1757-1763.
3 snoton, Ce He 1940. The genetic control of wing develop-
waddgggt in Drosophila. Jour. Genet. k1. 75. . =



	000
	000_i
	000_ii
	000_iii
	000_iv
	000_v
	000_vi
	000_vii
	000_viii
	000_viiii
	0
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064



