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Synthesis and Breakdown of Proteins and Ribo-
nucleic Acid in Tribolium confusum, Duval

Since very few studies concerning the synthesis of
nucleic acids and proteins in insects have been so far
undertaken? it is desirable to investigate the ability of
Tribolium confusum?, Duval to synthesize RNA and pro-
tein at the various stages of its growth and development.
The previous work of DEevI et al.? indicated a close rela-
tionship between RNA contents and growth of the insect
at different stages of its life cycle. The present investiga-
tion shows how far RNA and protein synthesis are related
to growth of this insect. The results of our investigation
on the incorporation of C leucine into proteins and C1*
uridine into RNA of Tribolium confusum, Duval at the
various stages of insect’s life are presented in this commu-
nication.

For this study a definite number of larvae 18-20 h old
was allowed to grow in a synthetic diet containing 74.59%,
dextrose, 20.09%, casein, 4.09%, salt mixture, 1.09% choles-
terol, 0.59%, yeast powder plus sufficient quantity of vita-
min B complex mixture and either C'% leucine or C¢
uridine. The insects used in this work were taken from a
pure stock continually reared for the last ten years on
whole wheat flour supplemented with 5.09, dried brewer’s
yeast and maintained at 28 4- 1°C and at a constant humi-
dity of 70 4 59%,. On every third day a certain number of
the insects (having the same total weight) was taken out,
washed three times with 0.859%, cold saline, homogenized
in 2 ml of the same medium at 0°C and then deproteinized
by adding an equal volume of 109, cold TCA. The precipi-
tate was washed, plated and counted in a window-less gas
flow counter (Nuclear Chicago) according to the proce-
dures described by DEvI et al.4 and Devi and SARKARS,
except that where C** uridine incorporation into cellular
RNA was studied the acid-insoluble material was not
heated in 5%, TCA at 90°C for 15 min.

Figure 1 (a) indicates that the rate of incorporation of
C' into proteins increases slowly but regularly in the ini-
tial stages of growth of the insect but during the latter
part of the larval period (6 to 12 days) the rate of incor-
poration of C14 increases sharply; during 13 to 16 days of
its life the specific activity of the labeled protein does not
significantly change, whereas at the pupal stage (17-20
days), the specific activity is dropped considerably but
increases very slowly thereafter. The experiments were
discontinued at the beginning of the reproductive cycle of
the female insects.

A fairly identical picture has also been noted as shown
in Figure 1 (b) in the case of incorporation of C'4 uridine
into cellular RNA. The rate of incorporation steadily in-
creases over the entire period of the larval period although
maximum incorporation occurs between 4-10 days; a few
days earlier than the maximum incorporation of C leu-
cine into protein is observed. During the pupa stage a
steady drop in C'* uridine uptake occurs, and the radio-
activity slowly increases thereafter.

Since the specific activity of the labeled protein or
RNA does not significantly change between 12 to 17 days
in the former case and 10 to 15 days in the latter case it
may be concluded that the rate of incorporation of Cl#
into proteins or RNA and its release from the labeled pro-
tein or RNA balance each other during this time. The
drops in the amino acid incorporation during 17-20 days
and in the uridine incorporation during 15-18 days of
insect’s life might possibly be due to the absence of any
active transport of C' from outside (diet) during this
period. It should be remembered that the insects do not
take any food during this period. It may also be possible
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that the rate of protein or RNA catabolism during this
period exceeds the rates of their synthesis.

Since the increased rate of amino acid incorporation
into proteins (between 6-12 days) corresponds with the
active growth period of the inscct, the protein synthesis
may be considered as an index of growth of the insect.
Figure 2 represents such a growth curve of Tvibolium con-
fusum, Duval. Our present results suggest that RNA syn-
thesis precedes the protein synthesis as should be because
RNA is known to be directly involved in protein syn-
thesis®. Our results also indicate that in larva the protein
synthesis exceeds the protein catabolism while in pupa
the reverse is true.

The gradual loss of radioactivity might be due, as has
been suggested earlier, to the breakdown of labeled pro-
tein by intracellular proteases or labeled RNA by nucle-
ases. That such a process of protein and RNA catabolism
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2 The life cycle of Tribolium confusum, Duval is divided into five
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(d) Pupal stage (18 to 21 days), and (¢} Adult stage.
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is continuously going on in the insect cell is illustrated in
the Table. In order to show this, insects previously la-
beled with C!4 leucine or C' uridine are transferred and
allowed to grow in a nonradioactive diet. At regular inter-
vals a definite number of them are withdrawn, washed,
homogenized and deproteinized by adding 5%, cold TCA.
The precipitate was washed, plated and counted as
described before. The results of the Table show a regular
decline in the radioactivity in the acid insoluble precipi-
tate until very little activity is retained by the insect.
These results can only be interpreted on the basis of con-

The progressive loss of radioactivity in Tribolium confusum due to con-
tinuous degradation of proteins and RNA by intracellular proteases
and RNase’s respectively during the life cycle of the insect

Counts per min per mg of TCA - insoluble material

8th 11th  14th  17th  20th  24-26th
day day day day day day
Protein labeled 40-45 18-20 6-8 3-4 very nil
with Cl%-leucine little
RNA, labeled 90-95 50-60 3540 14-16 4-6 practically
with C1-uridine nil

The insects were fed radioactive diets containing either C'4-leucine or
Cl.yridine for 7 days; then on 8th day the radioactivity in the acid
insoluble material was determined; a definite number of the insects
was removed to a jar containing non-radioactive diet. At regular
interval the radioactivity retained by the insect was determined. For
experimental details see the text.

Occurrence of ‘Partially Acid-Fast’ Cells in
Cultures of Genus Staphylococcus and Genus
Micrococcus?

The occurrence of ‘partially acid-fast’ (PAF) cells in
cultures of Escherichia coli was noted previously? The
cells were demonstrated by a simple staining method?,
which resembles the MACHIAVELLO?-7, CASTANEDAS, and
K&sTER?®:1 stains.

These experiments were extended to Gram positive
cocci, namely, genus Staphylococcus and genus Micro-
coccus growing on nutritive agar (Difco), free from any
agents such as antibiotics.

Smears were prepared from cultures incubated at 37°C
for 17 and 41 h, and cultures incubated at room tempera-
ture for four weeks. The ‘partially acid-fast’ stain revealed
PAF positive (red stained) and PAF negative (blue
stained) cocci in all cultures of both genera (Figure). The
positive forms were always outnumbered by the negative
forms.

It has been stated that the carbol fuchsin penetrates the
dead cells of Staphylococci more easily than living cellst;
however, division of PAF positively stained cells was
clearly observed in these experiments (see illustration).
This division sometimes leads to development of small
microcolonies consisting of PAF positive cocci.

A total of 66 strains of Staphylococci and 62 strains of
Micrococci were studied. In the Staphylococci, 87%, were
PAF positive and in the Micrococci, 38%. Thus, the
Staphylococei are more apt to produce PAF positive forms.

Most of the cultures contained Gram negative cocci as
well as Gram positive forms, and it was shown that the
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tinuous breakdown of proteins by intracellular proteases
and RNA by RNase in the cells of the insect.

In summary, from this study one can conclude that the
insect Tribolium confusum, Duval, shows great variations
in the activities of those enzymes involved in the synthe-
sis and breakdown of proteins and nucleic acids during its
entire life cycle. The results, obtained in the course of this
investigation, further indicate that RNA synthesis pre-
cedes protein synthesis and the protein synthesis can be
considered as an index of growth of the insect?.

Résumé. Dans notre étude, l'incorporation de la leu-
cine-C'* dans les protéines et de l'uridine-C!* dans le
RNA chez le Tribolium confusum s’est révélée maximale
durant la phase la plus active de croissance, et minimale
durant la phase de pupe, pendant laquelle ’animal ne
mange pas. La synthése du RNA précéde celle des pro-
téines, tel que prévu. Nos résultats montrent aussi une
continuelle dégradation des protéines par des protéases
intra-cellulaires et du RNA par des RNases.
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7 This work has been supported by a grant received from National
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PAF character coincides with the Gram positive cocci.
This observation was made by comparison of color
photomicrographs taken from the same area of smears
stained first by the PAF method and later by the Gram
technique, Thus, the Gram positive cocci can now be sub-
divided on the basis of staining into PAF positive and
PAF negative forms.
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