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Elution disgram resulting from ion exchange chromstography on Amberlite-120 resin of a pupae
homogenate. The sample was prepared by homogenizing ten grams of 122 + 2 hour Drosophila pupae
in twenty milliliters of cold tap water. The homogenate was centrifuged at 8,000 rpm for thirty
minutes. Eighteen milliliters of supernatant were recovered and incubated with tyrosine at a
final concentration of 2 x 10~° M and hydroxylamine at a final concentration of approximately
1.0 M, After incubation at 25°C for 2.5 hours, the total reaction mixture was dialyzed against
250 ml of distilled water for twenty-four hours and then lyophilized. The dried sample was dis-
solved in 2.5 ml of sample diluting buffer, pH 2.20 (citrate buffer, 0.20 N in sodium ion) and
applied to the colum. The eluting buffers were prepared according to the instruction manual.
The buffer changes are indicated in the figure. The temperature was maintained at 52°C through-
out the run. The colum was 155.5 cm high. Trace A is ninhydrin color at 570 mp of ten per
cent of the sample; the remaining ninety per cent was collected in a fraction collector by
means of a stream splitting device. The Fet**-positive material was determined on aliquots
from the collected fractions in the usual manner (trace B). The arrow near 150 ml represents
the position of aspartic acid. The scale for the Fett+-positive material is absorbance and the
scale for the ninhydrin color is absorbance x 10.
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Figure 8 is a representation of the Fe+++-positive components
from the column. The Rf of the compounds is plotted against
the tube number and the shaded areas indicate the occurrence

-

of the Fe ++-positive compounds. The details of the column

chromatography are given in the legend to Figure 8,

The Fe"'

-positive regions of Figure 8 are generally
free of ninhydrin-positive materials. This is probably

due to the strong ionic character of amino acid and peptides,
and they consequently exhibit a very low Rf in the butanol-
acetic acid-water solvent. Several of the Fe+++-positive
compounds move well away from the base line and can be
separated from the ninhydrin-positive compounds by chromato-
graphy and elution of the regions of interest. Rechromato-
graphy in the propanol-ammonia solvent and another elution
produced samples which were hydrolyzed in 6 N HC1l for nine
hours at 105°C.

To date most of the characterization has been done on
the acidic compounds (A, B, C) that were collected in frac-
tions 15 through 20 of Figure 8. Although these compounds
can be distinguished from each other by chromatography in
butanol-acetic acid-water, they cannot be differentiated by
high voltage electrophoresis (5,000 volts for ninety minutes)
in eight per cent formic acid. This suggests that they have
a similar charge-to-size ratio, but that their partition coef-

ficients between the bound water on the chromatography sheet

and the solvent are significantly different.
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Chromatogrephic regions of Fe™ ' -positive material. 13,7 grams of
Drosopliila pupac were homogenized, centrifwred 5,000 rpm for thirty
minutes, and incubated with hydroxylamirie at a final concentiation of
approximately 1.0 M. After dialysis the lyophilized materiel was
disgolved in 3 ml of 8.8% formic acid and put on a 155 x 1 c.. Dovex
50w-x2 column. The resin was in the formate form and hod been equil-
ibrated with pyridinium formate buffer, pH 2.36, Eluticu was begun
with this buffer also. The elution schedule was as follows:

Buffer

Buffer oH Prepared by mixing: Change
10% pyridine- 8.5% formic acid 2.36 362 ml acid 50 ml pyricine 18
15% pyridine- 13,29 formic acid 2.36 286 ml scid 50 ml pyridine b1
20% pyridine- 17.6% formic acid 2.30 275 ml acid 50 ml pyridine 61
25% pyridine- 22 ¢ formic acid 2.36 245 nl acid 50 ml pyridine 82
25% pyridine- 22 ¢ formic acid 2.61 185 ml ecid 50 ml pyridine 100
25% pyridine- 22 % formic acid 2.97 122 ml acid 50 ml pyridine 123
25% pyridine- 22 % formic acid 3.12 87 ml acid 50 ml pyridine end

The buffer was changed when the indicated tube was under the column. A
total of 141 fractions of 5 ml were collected, and the column wes kept &t
room temperature by means of & water bath and pumn. Three per cent of
each lyophilized sample was chromatogrammed and the chromatograms were
dipped in 5% ferric chloride in butanol. The Fettt-pocitive regions were
marked and transposed to the above diagram. Diagonal linec inlicate
wveekly positive areas, crocs-hatched ereas are of medium strength and un-
lined areas are strong Fett+r-pocitive areas.

Figure 3 (cont.)
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The hydrolyzed samples were compared with equal amounts
of unhydrolyzed material by chromatography and electrophoresis.
There are two major changes produced by the treatment with
strong mineral acid: the ability to give a2 color with ferric
ions is destroyed and the response to ninhydrin is now posi-
tive. All of the samples which were ninhydrin-negative give
more than one ninhydrin-positive component after hydrolysis.
Each of the compounds contains much more glutamic acid than
any other amino acid, but other amino acids have been tenta-
tively identified by their electrophoretic behavior. Glycine,
alanine, and tryptophan as well as one amino acid that belongs
to the serine-valine-isoleucine group of this electrophoretic
system are present. In addition, component A contains a
rapidly migrating, unidentified compound while both B and C
contain a slow moving, but different, compound.

The large component in fractions 75-80 has also been

subjected to hydrolysis, and, although it is ninhydrin-
negative before hydrolysis, it yields at least five amino
acids of roughly equal amounts after treatment with mineral
acid., Tyrosine, leucine, and arginine are probably present
as well as two amino acids that have Rf's of between 0.15
and 0.20 in the propanol-ammonia chromatographic system.
The paper blank is negative to ninhydrin treatment before
and after hydrolysis so it is felt that the appearance of
the ninhydrin-positive material is not an artifact of the
methods employed in purification--a common phenomenon if

unwashed paper is used for chromatography and elution.
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DISCUSSION

Existence of Peptides in Drosophila

Considerable evidence was cited in the introduction
which showed that the existence of free peptides in bioclog-
ical materials is a common phenomenon. Additional evidence
for this phenomenon is presented in the experimental results
of this study. In Figure 7 the ninhydrin trace of an amino
acid analyzer run shows large amounts of ninhydrin-positive

material from Drosophila pupae which are more acidic than

aspartic acid. The only common amino acids which emerge
ahead of aspartic acid in this system are methionine
sulfoxide and cysteic acid. Since this analysis is of a
dialyzed preparation which is protein free, acidic peptides
are good candidates for this ninhydrin-positive material
which comes off the column in the first 150 ml, Figure 6
also shows such ninhydrin-positive material which emerges
before aspartic acid (arrow). Since the samples for Figure 6
were much smaller than that for Figure 7, the multi-component
nature of the pre-aspartic acid region is evident.

In Figures 6 and 7 there are other ninhydrin-positive
components which are not readily identifiable as amino acids.
The known amino acids are marked in Figure 6; they were de-
termined by making a standard calibration run of known amino

acids before and after the Drosophila materizl was run. Since

there are many compounds in Drosophila dialyzates that are not




_37_

identifiable as amino acids using the amino acid analyzer,
it is suggested that these non-protein, ninhydrin-positive
substances are peptides. Simmons (5), Simmons and Mitchell
(132), and Mitchell and Simmons (133) have done more specific
chemical characterizations of such compounds and have con-
cluded that they behave as peptides.

As will be discussed later in greater detail, there are

compounds in these Drosophila supernatants that can sustain

nucleophilic attack and whose derivatives yield several
ninhydrin-positive components upon hydrolysis. This pre-
sents the possibility that the peptides which exist in

Drosophila homogenates are metabolically active in a

special manner.

Hydroxamate Formation

Hydroxylamine reacts with compounds that are capable
of sustaining nucleophilic attack; carbonyl-containing com-
pounds are important in this respect for they form hydroxamic
acids upon treatment with hydroxylamine. The common species
that undergo hydroxaminolysis are esters, acid chlorides,
anhydrides, nitriles and imides (134). To result in hydroxamic
acid formation the reaction species must have an acyl carbon
atom and the reaction must involve an acyl to oxygen bond
breaking process. Hydroxamate formation is most certainly
a bimolecular reaction of the common BAC2 mechanism where B

indicates that the substrate rather than the conjJugate acid

is attacked by the nucleophile, AC indicates that acyl-oxygen



- 38 -

bond breaking occurs, and "2" refers to the molecularity of
the reaction (135). The most likely candidates for hydrox-
aminolysis which exist in blological material are high energy
esters and phospho-anhydrides.

Figure 2 shows the plot of hydroxamate formation as es-
timated by 540 mp absorption after treatment with ferric
ion. Curve A demonstrates that the reaction goes faster at
2500 than at 0°C. The hydroxamate forming system is markedly
enhanced by the addition of tyrosine, but there is no satis-
factory explanation of this phenomenon at the present time.
Mitchell's experiments (130) showing that radioactive tyro-
sine is rapidly converted to several other components at 0°c
are still under investigation. The increase in hydroxamates
cannot be accounted for by all the added tyrosine being ac-
tivated and trapped by hydroxylamine. Approximately three
micromoles of tyrosine were added in the experiment described
in Figure 2. After two hours of reaction time the difference
between curves A and B is about 0.8pmole/ml., For a total
volume of fifteen milliliters this represents an increase of
12.0umole of hydroxamates. Thus there is a fourfold en-
hancement of hydroxamates compared with what would be ex-
pected if the activation of tyrosine was the only source of
the increased hydroxamate formation. Although, as judged by
the Rf's of the strong Fe+++-positive components from ion
exchange chromatography, tyrosine hydroxamate could be pres-

ent, the behavior of known amino acids on the Lo cm Dowex 50
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column suggests that tyrosine hydroxamate does not emerge
in the regions of strong Fe+++—positive components. Like-
wise, there is no explanation for the decrease in the slope
of Curve B at the temperature change other than the coin-
cidence of the termination of the tyrosine effect at 0°c
and the raising of the temperature. The slopes of both
curves at 2500 are essentially the same.

Figure 3 demonstrates that the 40,000 rpm supernatant
can carry out the reactions necessary for hydroxamate forma-
tion and also shows that the preparations vary from day to
day. Curves A and C should be quite similar, but they are
very different at 0°C. The simplest explanation for the
daily variation is that the physiological age of the pupae
cannot be controlled as precisely as is necessary and desired.

Figure U4 shows that the fraction sedimenting between
8,000 rpm and 40,000 rpm has a definite effect on hydroxa-
mate formation. This fraction should contain the mito-
chondria as well as the microsomes since they are generally
considered to sediment at about 15,000 rpm. When this sedi-
ment is added back by resuspension, the increase in hydroxa-
mates is pronounced (compare curves A and C). The addition
of tyrosine further increases the hydroxamate formation in
the portion containing the resuspended sediment (Curve D).
Tyrosine does not seem to have an enhancing effect on hydrox-
amate formation in the 40,000 rpm supernatant (Curves A and
B). Since the tyrosine effect on hydroxamate formation ap-

pears to be involved with the fraction that sediments between
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8,000 and 40,000 rpm, one might feel encouraged to investigate
this curious effect with respect to the mitochondria and en-
ergy generating systems in addition to exploring the possible
role of microsomes with respect to tyrosine enhancement of
hydroxamate formation.

It is quite clear that Drosophila homogenates can carry

out reactions, that form compounds which complex with ferric
ion only after the addition of hydroxylamine to the reaction
mixture. The obvious candidates for these compounds are

hydroxamic acids.

ne Phosphatase

Because of the meager data and the complexity of the
system, the significance of the relationships among the alka-
line phosphatase activities in Figure 5 is not well under-
stood. It is assumed that the activity is a measure of the
concentration of this particular protein in a dynamic system.
The decrease of activity is presumably due to proteolytic
action by endogenous enzymes; the increase in activity does
not necessarily result from de novo synthesis of protein for
activation of zymogens is well-known in enzyme chemistry.

In any event, some interesting speculations can be made about
Figure 5.

The tyrosine and hydroxylamine effects probably are in-
dependent phenomena. The addition of tyrosine causes a rise
with subsequent decline at both temperatures while the ac-

tivity of the untreated supernatant increases only after the
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temperature change. The behavior of the untreated supernatant
probably reflects the fact that some compound is released dur-
ing the 0° incubation and is not utilized until the tempera-
ture is raised. A good candidate for this compound might be
tyrosine (130). The action of tyrosine in increasing the
phosphatase activity could be the making up of a tyrosine
deficiency at this stage of the life cycle. Alternatively,
tyrosine or metabolic products might act as an agent for the
breaking down or larval protein into small units that could
be utilized for the synthesis of adult protein. The tyrosine
effect may even be mediated by some derivative such as tyro-

sine-O-phosphate which is known in Drosophila (135). Mitchell

(130) has suggested that dopa phosphate might contain a high
energy phosphate group if it is oxidized at the 4 position.
Thus the tyrosine effect may not be intimately involved with
the protein molecules themselves.

The most attractive explanation for the hydroxylamine
effect is the trapping of carboxyl activated intermediates of
the general protein synthesis scheme. If hydroxylamine is
added, there is an initial rise in activity so hydroxylamine
probably does not inactivate the alkaline phosphatase mole-
cules per se. Once the activity starts to drop it is not
rescued by the presence of tyrosine or an increase in the
temperature. This is consistent with a mechanism that pre-
vents synthesis of new protein while the existing pool is
digested by proteolytic enzymes, although there are other

plausible explanations.
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Although no satisfying statement can be made about the
mechanisms of the tyrosine and hydroxylamine effects, there
is no doubt that they have curious and striking effects on
the alkaline phosphatase activity. These phenomena present
interesting possibilities for investigation of cellular con-
trol and metabolism.

Effect of Tyrosine and Hydroxylamine
on Ninhydrin-positive Compounds

The four ninhydrin traces in Figure 6 show some striking
differences. It is felt that these differences are real be-
cause of the care that was employed in the preparation of the
samples for analysis.

The similarity of the supernatants that have had hydroxyl-
amine added is greater than the similarity to each other of
those that are without hydroxylamine. In the acidic region
there are several differences between the two hydroxylamine
curves; there are notable differences in the region between
65 and 70 ml and between 90 and 120 ml. The difference be-
tween the two is particularly striking in the large peak at
110 ml. Beyond the acidic region there are a few small dif-
ferences between the hydroxylamine curves; this is evident
with the small unidentified peaks near methionine, between
leucine and isoleucine, and between leucine and tyrosine.

In the hydroxylamine-treated samples, phenylalanine and
lysine are the only variations of known amino acids; the

amounts of the other known amino acids are strikingly similar.
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Thus, tyrosine in the presence of hydroxylamine appears to
have a greater effect on the very acidic and other minor
compenents than it does on the known amino acids and the un-
identified neutral components.

The curves without hydroxylamine can only be compared
with each other in the acidic and part of the neutral re-
gions due to the loss of the larger part of run I. As is
readily seen, these curves are more similar to each other
than to the hydroxylamine curves, but they are quite dif-
ferent between themselves. The presence of tyrosine causes
an increase of those substances which emerge in the first
150 ml, and then the tyrosine-containing trace (III) is the
same or slightly lower than trace I with the one exception
at 145 ml.

In comparing the two sets of curves (I and III with II
and IV) we can see that the total amount of material in the
first 180 ml of effluent is much less if hydroxylamine is
present. This could be due to the prevention of the forma-
tion of these acidic substances or to their transformation
to other compounds. With the data at hand neither the
formation of hydroxamic acids nor any other means of decreas-
ing the acidic material with hydroxylamine can be strongly
suggested. Some refinements that could be introduced into
this type of experiment are (1) starting the run at a lower
pH to spread out the many components in the acidic region

(2) finding a2 means to sharpen the peaks in the basic region
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(3) exploring the region beyond arginine and (4) isolating
specific compounds and studying their specific behavior in
relation to the overall pattern.

This work with the amino acid analyzer clearly empha-
sized that both the addition of tyrosine and hydroxylamine
have rather drastic effects on the metabolism of ninhydrin-

positive compounds in Drosophila supernatants. A good ex-

ample of this is that added tyrosine in the absence of

hydroxylamine does not show up greatly in the ninhydrin pat-
tern (trace III), however, in the presence of hydroxylamine,
the tyrosine peak is obvious whether tyrosine has been added

or not.

The Nature of Fe"'—positive Materials

The nature of the compounds formed by Drosophila super-

natants under the influence of hydroxylamine has not been
thoroughly investigated. ©Some information is available
however; they are not amino acid hydroxamates for they do
not exhibit the same behavior on ion-exchange columns as
known hydroxamates. A number of them are acidic and come
off Dowex 50 and Amberlite 120 columns in the first 100 ml
of effluent. Further purification of these column peaks by
chromatography on paper produces samples which are free of
ninhydrin-positive material. Hydrolysis of these compounds
releases several amino acids as identified by chromatography

and electrophoresis. Those compounds which emerge from cation



_45_
exchanger columns in the acidic region show a predominance of
glutamic acid which is interesting in view of the fact that

polyglutamic acid has been found in Drosophila larvae (5,130).

A1l of these compounds which have been freed of ninhydrin-
positive materials by chromatography have produced five to
seven amino acids after hydrolysis. Hydrolysis destroys the
ability of the samples to give a purple color with ferric
ion. The information that is available about these compounds
at the present time is certainly consistent with a peptidyl
hydroxamate model.

The information gained thus far about these compounds
certainly suggests that a further detailed study is in order.
The facts that their formation is absolutely dependent on
hydroxylamine and that a large variety of them are present

after hydroxylamine treatment of Drosophila supernatants

make them interesting subjects for further investigations.
Since none of them has been isolated in pure form, it is not

possible to make conclusive statement about their nature.

Peptides and Protein Synthesis

The introduction to this thesis contains a large amount
of evidence that peptides and peptide derivatives are natur-
ally-occurring classes of compounds in biological materials;
there is also a considerable amount of evidence that these
classes of compounds are active in the normal metabolic path-

ways of organisms. Although peptide intermediates in protein
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synthesis have generally not been considered for several years,
there azre a few investigations which have recently been con-
cerned with this possibility.

Since Drosophila pupae are quasi-closed systems, they

appear to be a reasonable place to study peptide metabolism;
thermodynamics would favor peptide intermediates for at least
one high energy bond would be conserved per intact peptide
bond that is incorporated into adult protein. Selection pres-
sure in evolution should favor such a mechanism in highly
specialized forms such as insect pupae.

This work has shown that a trapping reagent, hydroxyl-
amine, has a definite effect on the activity of an enzyme as
well as a significant alteration of the distribution of small

ninhydrin-positive compounds in Drosophila homogenates. From

the small amount of work designed at revealing the mechanism
of the trapping reagent, it appears that peptides are likely
to be among the compounds influenced by such a nucleophile.
It is felt that the reasons that this work varies con-
siderably from the bulk of the investigations on protein syn-
thesis are because of the approach taken in this work and be-

cause of the specialization of Drosophila pupae. Since it is

felt that peptides are well worth considering as intermediates

in protein synthesis in Drosophila pupae, it may be worthwhile

to make some conjectures about the mechanism of such a process.
The possible mechanism that immediately comes to mind is the

activation and transfer of peptides to sRNA by the means that
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amino acids of the current protein biosynthetic scheme are
activated and transferred (see Figure 1). If the C-terminal
amino acid of a peptide is transferred to the messenger RNA-
covered surface of the ribosome, it is plausible to suggest
that the rest of a short peptide could find its way onto the
ribosomal surface if the sequence of the peptide is the correct
one. This raises some questions about the indiscriminate pro-
duction of peptides by endogenous proteolytic action. There
has been no good explanation for the specific proteolytic
action of some enzymes such as chymotrypsin in biological
materials; there is a possibility that specific proteolytic
action and the functions of peptides are not unrelated topics.

Another possible way of putting peptides on the ribosome
is for the N-terminal and the C-terminal amino acids of a
peptide to be complementary to adjacent sites on the messenger
RNA surface (130). This mechanism would allow for a small re-
gion of messenger RNA to specify a relatively long portion of
a polypeptide chain. If the adaptor hypothesis is universal,
or even correct, it does not particularly rule out peptide
intermediates. The peptide could reach over adjacent sRNA
sites to the next charged sRNA molecule.

Several bits of evidence have been presented that are not
inconsistent with peptides as intermediates in protein syn-
thesis. This work, in a familiar pattern, has raised more
questions than it has answered; of course, much further in-
vestigation is needed to delineate the real nature of the

problem. It is felt that the results presented here make

a good case for further investigation in this area.
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