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Stellingen

1
Het juveniel hormoon beinvlcedt de biogenese van vliegspiermitochondrién in de Colorado-
kever op indirecte wijze.

Dit proefschrift.

2.

De cxperimenten van Bassi & Feir rechtvaardigen niet hun conclusie, dat het juveniel
hormoon bij Oncopeltus fasciatus de synthese van het enzym zure fosfatase op transcrip-
tieniveau controleert.

Bassi, 5. D. & Feir, D. (1972). Comp. Biochem. Physiol. 41B, 771~776.

3.

De waarnemingen, dat rechtstreekse toediening van schildklierhormonen aan geisoleerde
levermitochondrién de ciwitsynthese in deze organcllen stimuleert, hebben geen fysio-
logische betekenis.

Primack, M. P. & Tapley, D. F. (1974). Endocrinology 94, 871874,
Primack, M. P., Tapley, D. F. & Buchanan, J. (1971). Biochim. Biophys. Acta 244, 349—352.

4,

De door Kellerman et al. bij Saccharomyces cerevisiae waargenomen effecten van cyclo-
heximide op de ['*C]lleucine-incorporatie in mitochondriaal eiwit, duiden niet nood-
zakelijk op een koppeling tussen de cytoplasmatische en mitochondriale eiwitsynthese.
Kellerman, G. M., Griffiths, D. E., Hansby, J. E., Lamb, A. J. & Linnane, A. W. (1971). In: Autonomy

and Biogenesis of Mitochondria and Chloroplasts (Boardman, N. K., Linnane, A, W. & Smillie, R. M.,
eds.), pp- 346—359. North-Holland Publishing Co., Amsterdam.

5

De mening van Albin er al., dat tijdens geinduceerde hartspierhypertrofie bij de rat het
gehalte aan cytochroom ¢ een index is voor de ontwikkeling van de mitochondriale
binnenmembraan, wordt onvoldoende door hun experimenten ondersteund.

Albin, R,, Dowell, R. T., Zak, R. & Rabinowitz, M. (1973). Biochem. J. 136, 629—637.



6.

Door Ozawa & Honjo is geenszins aangetoond, dat voor de prognose van het post-
operatieve verloop bij patiénten met een maligne levertumor, de concentratie van het
cytochroom aa3 in de niet aangetaste leverkwab een geschikt criterium is.

Ozawa, K. & Honjo, 1. (1975). Clin. Sci. Mol. Med. 48, 7582,

7.

De studie van Von Jagow et al. over de samenstelling van de adembhalingsketen bij Neuros-
pora crassa kan dienen als paradigma voor soortgelijke onderzoekingen bij animale
systemen.

Jagow, G. von, Weiss, H. & Klingenberg, M. (1973). Eur. J. Biochem. 33 140-157.
8.

Bij Erysiphe graminis spelen de eigenschappen van de waardplantcuticula hoogstwaar-
schijnlijk een ondergeschikte rol bij de vorming van appressoria.

Yang, §. L. & Ellingboe, A. H. (1972). Phytopathology 62, 708—714.
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List of abbreviations and symbols

ADP

ATP

adenosine 5'-diphosphate

adenosine 5'-monophosphate

adenosine 5'-triphosphate

curie (3.7 X 10'%"7)

deoxyribonucleic acid
disintegrations/min
ethylenediaminetetra-acetate
ethanedioxybis{ethylamine)tetra-acetate
acceleration due to gravity (981 cm-s™2)
molar

mole

nicotinamide-adenine dinucleotide
oxidized nicotinamide-adenine dinucleotide
probability

orthophosphate (inorganic)

revolutions

ribonucleic acid

standard deviation

standard error of estimate of mean value
species

N-tris(hy droxymethyl)methylglycine
tristhydroxymethyl)methylamine
transfer ribonucleic acid

uniformly labelled

volume/volume

weight/volume




List of enzymes

oxidoreductase

Trivial name Systematic name* Number*
Acid phosphatase Orthophosphoric-monoester 3.1.3.2
phosphohydrolase (acid optimum)
ATPase ATP phosphohydrolase 3.6.1.3
(formetly 3.6.14)
Cytochrome ¢ oxidase Ferrocytochrome ¢: oxygen oxidoreductase  1.9.3.1
a-Glycerophosphate sn-Glycerol-3-phosphate: NAD" 1.1.1.8
dehydrogenase 2-oxidoreductase
Lactate dehydrogenase L-Lactate: NAD" oxidoreductase 1.1.1.27
Nagarse proteinase — 34.21.14
Pyruvate kinase ATP: pyruvate 2-0-phosphotransferase 2,7.1.40
Ribonuclease Ribonucleate 3"-pyrimidino- 3.1.4.22
oligonucleotidohydrolase (formerly 2.7.7.16)
Succinate dehydrogenase Succinate: ferricytochrome ¢ 1.3.991

* According to the recommendations of the International Union of Pure and Applied Chemistry and
the International Union of Biochemistry.



General introduction

In the Colorado beetle (Leptinotarsa decemiineata Say) the structural state of the
flight muscles and their mitochondria is under photoperiodic control. Beetles reared at
long photoperiods show marked development of the flight muscles following adult
emergence. This development, in which there is the formation of an extensive sarcosomal
system, is completed within two weeks (de Kort, 1969; de Kort & Bartelink, 1972; de
Kort et al., 1973). In animals reared under short-day conditions flight-muscle develop-
ment is initiated, but stops precociously and the muscles soon undergo pronounced
atrophy. The onset of the degeneration process is marked by a decrease in the activities of
several mitochondrial enzymes (Stegwee et al., 1963; Stegwee, 1964; de Kort, 1969; de
Kort & Bartelink, 1972),

Long-day beetles exhibit feeding and reproductive behaviour, but short photoperiods
induce diapause: the critical photoperiod being about 15 hours (de Wilde, 1969). This
response is mediated by the endocrine system (de Wilde, 1968; de Wilde & de Loof,
1973), and enables the insect to survive the unfavourable season. The degeneration of the
flight-muscle mitochondria largely accounts for the low rate of oxygen consumption
observed during dormancy (de Wilde & Stegwee, 1958; Stegwee, 1964).

The above studies left unanswered which mechanism was responsible for the cessation
in mitochondrial formation at short photoperiods. This question is even more intriguing
since biogenesis of mitochondria involves the activity of both the nucleo-ergastoplasmic
genetic system and the intrinsic mitochondrial machinery of transcription and translation.
Part of the mitochondrial proteins are coded for by the nuclear genome and synthesized
on cytoplasmic ribosomes, the other proteins are formed within the confines of the
organelle itself (Borst, 1972; Kroon et al., 1972; de Vries, 1973; Schatz & Mason, 1974).
Thus, it is interesting to find out whether in short-day beetles the extrinsic synthesis of
mitochondrial proteins becomes deficient or whether it is the intramitochondrial protein
synthesis which is affected. Information on this point may lead to an understanding of
the factors regulating the activity of both translation systems.

The present thesis is based on four papers. In Paper 1 conditions are defined for the
assessment in wve of extra- and intramitochondrial contibutions to the amino acid
incorporation inte mitochondrial protein. Paper I deals with the elaboration of an
incubation medium to study the incorporation activity of isolated flight-muscle mito-
chondria in vitro. The procedures devised are applied in an investigation (Paper II1} of
mitochondrial biogenesis in Colorade beetles reared under long-day conditions. Paper I1II
further describes the accumulation in these beetles of mitochondrial cytochromes and
some respiratory enzymes. Similar studies conducted with short-day animals are pre-
sented in Paper [V. As the juvenile hormone is of particular importance in the photo-
periodic response, this paper also includes experiments on the effects of administration of
the hormone.

11
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Synthesis of Mitocimndrial Protein in the Flight
Muscles of the Colorado Beetle

DIFFERENTIATION IN VivQ BETWEEN EXTRA- AND INTRA-MITOCHONDRIAL

CONTRIBUTIONS TO THE AMINO ACID INCORPORATION INTO
MITOCHONDRIAL PROTEIN

By A, K. M. BARTELINK and C. A. D. DE KORT
Laboratory of Entomology, Agricultural University, Wageringen, The Netherlands

(Received 11 June 1973)

By using cycloheximide, an inhibitor of cytoplasmic protein synthesis, conditions were
investigated to estimate in vivo the extra- and intra-mitochondrial contributions to the
synthesis of organelle protein in the flight muscles of Colorado beetles. With 4-day-old
bectles about 15% of the ['*Clleucine incorporation into mitochondrial protein is
resistant to the action of cycloheximide. The incorporation into cytosol protein is
inhibited by more than 99.5 %, with cycloheximide. During the first hour after precursor
administration the incorporation into mitochondrial protein proceeds, in both the pre-
sence and the absence of cycloheximide, at a more-or-less linear rate with time. The
cycloheximide-resistant amino acid incorporation is sensitive to the inhibitor of mito-
chondrial protein synthesis, chloramphenicol. The uncertainties inherent in the use of
cycloheximide were discussed in arriving at the conclusion that about 15% of the mito-
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chondrial protein is formed inside the organeile.

In the past decade cur knowledge of the mechanism
of mitochondriogenesis has increased considerably.
Mitochondria have been shown to contain genetic
information and an intrinsic system for protein syn-
thesis (for reviews see Borst, 1972; Kroon et al.,
1972). The properties of the mitochondrial DNA,
RNA, polymerases, aminoacyl-tRNA synthetases,
ribosomes and protein factors differ from those of the
nuclear and cytoplasmic counterparts. The response
of mitochondria to antibiotics exemplifies this, Mito-
chondrial protein synthesis is impaired by chlor-
amphenicol and carbomycin, agents that also inter-
fere with bacterial ribosome functioning but that
do not have any effect on the cytoplasmic ribosomes
of eukaryotes. Cycloheximide, on the contrary,
inhibits protein synthesis by cytoplasmic ribosomes
without affecting mitochondrial and bacterial ribo-
somes.

Besides the intrinsic genetic system there is also an
cxtramitochondrial contribution to the biogencsis
of mitochondria. The information content of mito-
chondrial DNA. is far from sufficient to code for all
mitochondrial proteins. Most are coded by nuclear
genes, synthesized on cytoplasmic ribosomes and
subsequently transferred to the mitochondria. With
regard to cytochrome ¢ this chain of events is now well
documenied (Sherman & Stewart, 1971).

Mitochondriogenesis thus comprises the assembly
of proteins synthesized at different locations in the
cell. Particularly with respect to the regulation of the

Vol. 136

two translation systems our knowledge is very in-
complete. The series of studies we started on mito-
chondria in developing flight muscles of the Colorado
beetle is associated with this,

The development of flight muscles in the Colorado
beetle occurs mainly during the adult stage. This
development involves a 50-fold increase in mito-
chondrial mass. As a result 14 days after the imaginal
moult the mitochondria occupy about one-third of
the muscle volume (de Kort, 1969). However, com-
plete development only takes place if the beetles are
reared at long photoperiods. When the animals are
bred under short-day conditions, a treatment which
induces diapause (de Wilde ef al., 1959), the develop-
ment of the flight muscles and their mitochondria
ceases soon after the moult. This arrest is followed by
a complete degeneration (Stegwee, 1964; de Kort,
1969; de Kort & Bartelink, 1972). From experiments
of de Kort (1969) it is evident that the photoperiodic
cffects on flight-muscle development are mediated
by the endocrine system. These observations suggest
that flight-muscle mitochondria of the Calorado
beetle are an interesting object for studying mito-
chondriogenesis. The usefulness of insect flight-
muscle mitochondria for such studies has been
demonstrated (Kleinow er al., 1971).

The present paper deals with experiments to work
out conditions for determinations of extra- and intra-
mitochondrial contributions in vive to the synthesis of
mitochondrial protein in the flight muscles. This was
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accomplished by making use of the above mentioned
differential sensitivity of cytoplasmic and mitochond-
rial ribosomes to cycloheximide.

Materials and Metheds
Materials

Animals. Adults of the Colorado beetle (Leptino-
tarsa decemiineata Say) were obtained from the in-
ternal laboratory breeding stock. The beetles were
reared at 25°C on fresh potato foliage as described by
de Wilde (1957) and de Kort (1969). The daily length
of the photophase amounted to 18h {(long photo-
period). Unless otherwise stated the expertments were
performed with 16h-starved beetles 4 days after
adult emergence (the voung adults emerge from the
soil at the second day of the imaginal stage).

Chemicals. From Sigma Chemical Co., S§t. Louis,
Mo., U.S5.A., the following were purchased: cyclo-
heximide, D(—)-tAreo-chloramphenicol, bovine serum
albumin (fraction V powder), yeast RNA (type XI)
and fish sperm DNA (type VI). L-[U-*ClLeucine
(331mCi/mmol) was obtained from The Radio-
chemical Centre, Amersham, Bucks., U.K, Nagarse
was obtained from Teikoku Chemical Industry Co.
Ltd., Higashi-Ku, Osaka, Japan, and succinate, cyto-
chrome ¢, ATP and 4-nitrophenyl phosphate were
from C. F. Boehringer und Soehne G.m.b.H.,
Mannheim, Germany. Oligomycin was a gift of
Professor J. Dekker, Laboratory of Phytopathology,
Agricultural University, Wageningen, The Nether-
lands, All other chemicals were of analytical-reagent
grade. The solutions were prepared in deionized
distilled water.

Methods

Injection of antibiotics and radicisotope. Anti-
biotics and L-['*C]lleucine, dissolved in Ringer solu-
tion (Ephrussi & Beadle, 1936), were injected ab-
dominally as described by Schooneveld (1970),
each beetle receiving 1l of freshly prepared anti-
biotic solution and 0.1uCi of ['*Clleucine (331mCi/
mmaol) in a volume of 2ul. The 50ul Hamilton 705 SN
micro-syringes (Micromesure N.V., The Hague, The
Netherlands) used were fitted with a 31-gauge needle
and operated by means of a Hamilton PB600-1
repeating dispenser. This device allows the delivery
of microlitre quantities with a reproducibility of
+1%.

Preparation of subcellilar fractions. At specified
times after the injections the beetles, kept at 25°C,
were decapitated and freed from elytra, wings, legs
and abdomens. The thoraces of six beetles (three
females and three males) treated identically were
bisected and placed in 6ml of a preparation medium
containing 0.25M-sucrose, Smm-Tris—~HCl buffer,

. K. M. BARTELINK AND C. A. D. DE KORT

pH7.4 at 20°C, 1mM-EGTA [ethanedioxybis(ethyl-
amine)tetra-acetate] and 10mm-L-[*2Clleucine. After
the addition of 1.4mg of bacterial proteinase {(Nag-
arse), dissolved in 1ml of preparation medium, the
thoraces were briefly homogenized in a Dounce
homogenizer (two strokes of the Teflon pestle). The
suspension was incubated for 15min at 0°C, after
which the homogenization was repeated. The homo-
genate was filtered through four layers of muslin and
diluted with 10ml of preparation medium. The mito-
chondria were sedimented by centrifugation at 6000g
for 5min in a Sorvall SS-1 centrifuge. After decanta-
tion the centrifuge tubes were cleaned with paper
tissue and the ‘fuffy’ layer was removed by gentle
agitation with a small volume of medium. The pellet
was suspended in 8inl of preparation medium and
re-centrifuged. The sedimented mitochondria were
finally suspended in 1.2ml of preparation medium.
The whole procedure, which is an adaptation of the
method of Chappell & Hansford (1969), was per-
formed at 0—4°C.

For the preparation of the 100000g supernatant
the six thoraces were homogenized, with omission of
Nagarse, in 7ml of preparation medium by four
strokes of the Dounce homogenizer. The homogenate
was passed through four Iayers of muslin and centri-
fuged for 5min at 6000g. The supernatant fluid was
then centrifuged in a Christ 9530 rotor at 100000g
during 60min. The resulting supernatant was care-
fully collected with the aid of a pipette. This prepara-
tion procedure was also carried out at 0—4°C.

Determination of radioactivity. Portions of the
mitochondrial suspension or 100000g supernatant
were added to equal volumes of cold 10%{ (w/v) tri-
chloroacetic acid, containing [0mm-L-{'2C]leucine.
After 10min the precipitates were recovered by centri-
fugation and then washed as described by Hawley &
Greenawalt (1970). The final sediments were dissolved
in IM-NaOH. To 1.0ml of the solutions, 0.1ml of
11M-HCI and 10ml of toluene—Triton X-100 (2:1,
v{¥) liquid scintillant was added, the toluene contain-
ing 0.4% 2,5-diphenyloxazole and 0.01% 1.4-bis-
(5-phenyloxazol-2-yl}benzene (cf. Madsen, 1969).
The samples were counted for radioactivity with a
Nuclear-Chicago Mark I liquid-scintiflation counter.
The counting efficiency was 79-81 %

Determinations of enzyme activity. The activity of
succinate dehydrogenase (EC 1.3.99.1) was deter-
mined spectrophotometrically as described previously
(de Kort & Bartelink, 1972). ATPase* activity (EC
3.6.1.4) was measured in a medium containing 75 mm-
KCl, 50mmM-sucrose, S50mM-Tris—acetate buffer,
pH7.4, 1mM-EDTA, 6mMm-MgCl, and SmM-ATP.
After a 15min incubation period the reaction was
terminated by the addition of 10% (w/v) trichloro-
acetic acid. The amount of liberated phosphate was

* Abbreviation: ATPase, adenosine triphosphatase.
1973
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determined by the method of Fiske & SubbaRow
(1925). The activity of acid phosphatase (EC 3.1.3.2)
was measured with 4-nitrophenyl phosphate as a
substrate. The reaction medium contained 50mm-
sodium citrate buffer, pH4.8, 0.1%, (v/v) Triton
X-100 and 5.5mMm-4-nitrophenyl phosphate. After
incubation for 30min a double volume of 0.2m-
NaOH was added and the extinction read at 405nm.
The amount of 4-nitrophenol released was determined
from a standard curve. All enzyme assays were per-
formed at 25°C.

Determinations of protein, RNA and DNA. Protein
content of the solutions in IM-NaOH was measured
by the method of Lowry ef al. (1951), with bovine
serurn albumin as the standard.

Samples for determinations of RNA and DNA
were prepared by adding equal volumes of cold
0.4M-HCIO, and washing the resulting precipitates
as described by Tanguay & Chaudhary (1971). The
final residues were extracted with 0.5M-HCIQ, at
90°C for 60 min. RNA content was measured in the
extracts by the orcinol method as described by
Schneider (1957), with yeast RNA as the standard.
DNA was determined by the diphenylamine test
(Burton, 1936). Fish sperm DINA served as the stan-
dard. Corrections for deoxyribose destruction during
the extraction were made as indicated by Lavtrup
(1962).

Determination of leucine specific radioactivity. Six
thoraces were homogenized in 6ml of cold water with
a Potter-Elvehjem (glass-Teflon) homogenizer (A. H.
Thomas Co., Philadelphia, Pa., U.S.A.). The free
amino acids were extracted from the homogenate and
analysed as described by de Zwaan & van Marrewijk
{1973). The volumes of the solvents used during the
extraction procedure were adjusted to the small
amount of material present, The ethanol residue was
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discarded and the second chloroform treatment as
well as the fractionation on Amberlite were omitted
from the procedure.

Results

Characteristics of the mitochondrial fraction from flight
niuscles

Some biochemical characteristics of mitochondrial !
preparations from flight muscles of the Colorado
beetle are listed in Table 1. Since in the preparation
procedure a proteinase was used, it was impossible to
estimate in the usual way the recoveries of the enzymes
from the homogenate. We therefore chose the follow-
ing procedure. The thoraces of 60 beetles were longi-
tudinally bisected and the halves divided between
two glass mortars. The thorax parts in the first mortar
were homogenized by a Potter-Elvehjem-type Teflon
pestle (A, H. Thomas Co.) in 35ml of preparation
medium without added leucine. The motor-driven
pestle rotated at 170rev./min (three periods of 30s).
The resulting homogenate was filtered through one
layer of nylon ganze. The preparation was performed
at 04°C. The mitochondria were isolated from the
thorax halves in the second mortar as described in the
Materials and Methods section, except that the
medium without added leucine was used and the
volumes were quintupled. For the calculation of the
recovery values, the total enzyme activities and DNA
and RNA contents of the mitochondrial preparation
were compared with those of the filtered homogenate.

The recovery of the mitochondrial inner-membrane
enzyme succinate dehydrogenase indicates that the
preparation procedure yielded about 50% of the
mitochondria present in the thoraces. The ATPase
activity in the mitochondrial preparations showed a
high sensitivity for the inhibitor oligomycin. It can

Table 1. Characteristics of mitochondrial preparations from flight muscles

The reported experiments were carried out on 12-day-old beetles, which contain full-grown flight muscles with an
extensive sarcosomal system. For further details see the text. Specific activity is expressed as pmol of substrate/h

per mg of protein and content as pg/mg of protein.

Recovery Specific activity
(% of homogenate) or content
Expt. a Expt. b Expt. a Expt. b
Succinate dehydrogenase 43 54 14.8 15.8
ATPase 17 10 94 7.2
+oligomycin* 0.6 0.7
Acid phosphatase 1.5 6.9 0.40 0.36
DNA 8.5 9.2 5.4 5.2
RNA 4.1 5.0 20.1 18.0
Protein 12 13

* 10-20pg of oligomycin/mg of protein,
Vol. 136
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be deduced from the recovery of acid phosphatase
activity that the preparations were contaminated with
lysosomes. The observed values of the DNA and
RINA contents of the mitochondrial fraction greatly
exceed those reported for purified preparations of
mature flight-muscle mitochondria from the blowfly
Lucilia cuprina, which contained 1.4ug of DNA and
5ug of RNA per mg of protein (Lennie et al., 1967).
Tanguay & Chaudhary (1971) found 1.2ug of DNA
per mg of protein in mitochondria isolated from full-
grown flight muscles of the locust Schistocerca
gregaria, and Kleinow & Neupert (1970) estimated
with Locusta migratoria 4.6ug of RNA per mg of
mitochondrial protein, Therefore the possibility of
contamination of our mitochondrial fraction by
nuclei and microsomal fractions is not unlikely. In
view of the relatively high nucleic acid to protein
ratio usually encountered in such components a con-~
tamination in terms of protein is not necessarily
disquicting. In the fully developed flight muscles of
the Colorado beetle about 909, of the volume is
occupied by myofibrils and mitochondria (de Kort,
1969). Nuclei, tracheoles, sarcoplasmic reticulum,
ribosomes, lysosomes etc. make up the remaining
volume. Thus despite the high nucleic acid content
of the mitochondrial fraction and the retention of acid
phosphatase activity, we think that the contamination
by non-mitochondrial protein cannot be of a severe
character.

Electron-microscopic investigation has shown that
the mitochondrial fraction was free from fibrillar
material (de Kort & Bartclink, 1972). Data on
respiratory and phosphorylating activities of the
mitochondria were recorded in previous papers
(de Kort & Bartelink, 1972; de Kort ef al., 1973).

Incorporation of ['4Clleucine inte mitochondrial pro-
tein

The specific radioactivities of the protein frommito-
chondrial fractions isolated at different times after
the injection of [!4C]leucine are shown in Fig. 1.
During the first hour the ['*C]leucine incorporation
follows a more-or-less linear course. Later on the
incorporation rate declines. The incorporation of
[**CJleucine into the protein of the other fractions
that are obtained during the preparation of mito-
chondria is shown in Table 2. When considering the
recovery values for radioactivity and protein one
should bear in mind the use of Nagarse.

Effects of antibiotics on [**Clleucine incorporation

In Fig. 2 the effects of different amounts of cyclo-
heximide on the [*CJleucine incorporation into
mitochondrial and 100 000g supernatant protein are
shown. After the administration of 1ug of this cyto-
plasmic ribosomal inhibitor per animal the radio-
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Fig. 1. Incorporation of ['* Clleucine into mitochondrial
protein as a function of time

4-day-oid beeties which contain rapidly developing
flight muscles were injected with 0.1uCi of [*C}-
leucine (331 mCijmmol). At the indicated times the
flight-muscle mitochondria were isolated and pro-
cessed as described in the Materials and Meihods
section. The animals received no antibiotic injection.

:
|
T

Incorporation (%4 of control)
W,
o

N

¢ | 2 3 4 5 [[+)
Cycloheximide (xg/animal)

Fig. 2. Effect of cycloheximide on [**Clleucine incor-
Pporation into mitochondrial protein and the protein of
the 100000g supernatant

(=]

The antibiotic, dissolved in Ringer solution, was
administered 10min before the injection of 0.1 1Ci of
[**Clleucine per animal. After a 30min Iabelling
period the thoraces were fractionated as indicated in
the Materials and Methods section. The 1009 value
for the mitochondrial fraction amounted to
3013 d.p.m./mg of protein; the control of the 100000g
supernatant was 3402d.p.m./mg of protein. ®, Mito-
chondrial protein; o, 100000g supernatant protein,

activity incorporated into mitochondrial protein is
decreased to about 13 %, of the control value. An in-
crease in the amount of administered cycloheximide
up to 5-10ug per animal does not lead to a further
inhibition. These quantities of cycloheximide inhi-
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Table 2. Distribution of radioactivity in fractions from flight muscles

Six beetles each received 0.1uCi of [**Clleucine. After 30min the thoraces were isolated and fractionated as
described in the Materials and Methods section. There was no injection of antibiotics.

Recovery
(% of homogenate)
Specific radioactivity - - -
Fraction {d.p.m./mg of protein) Radioactivity Protein
Homogenate 319 100 100
Filtrate 3110 93 ’ 96
Supernatant and ‘fluffy’ layer, first centrifugation 2834 57 64
Pellet, first centrifugation 3524 15 13
Supernatant, second centrifugation 2967 0.8 0.9
Mitochondria 3606 14 12
&% 10k - Table 3. Effect of time of pretreatment with cyclo-
g EJ heximide on [Y“Cleucine incorporation into mito-
E E 3 chondrial protein
GE -
gg% 5F . Beetles were treated with Sug of cycloheximide at
@y E different times before the injection of 0.1xCi of
LB [}*Clleucine. The flight-muscle mitochondria were
&8 ! : . isolated after a 30min labelling period.
« 0 €0 120 180 Specific radivactivit
. . pecific radioactivity
Time (min) Period of (d.p.m./mg of protein)
Fig. 3. Cycloheximide-resistant incorporation of pretreatment A
[ CYeucine inte mitochondrial protein as a function of (min) Expt. a Expt. b
time 10 387 374
Animals were treated with Sug of cycloheximide 30 403 348
10min before the injection of 0.1 uCi of ['*CHeucine. 138 %gg ﬂi’

The flight-muscle mitochondria were isolated at the
indicated times after the precursor injection. In
control experiments (not shown here) it was estab-
lished that a single dose of 5ug of cycloheximide per
animal was sufficient to block cytoplasmic protein
synthesis for all 3h.

bited the [**C]Jlencine incorporation into the protein
of the 100 000g supernatant by more than 99.5%,. In
six experiments the percentage of [14Clleucine in-
corporated into mitochondrial protein after injection
of 5ug of cycloheximide per animal amounted to an
average of 14.6:+2.0 (s.0.). The time-course of pre-
cursor incorporation into mitochondrial protein
resistant to the action of cycloheximide is given in
Fig. 3. Here also a nearly linear incorporation rate
during the first hour and a decline thereafter occurs.
Table 3 shows that after a 30 min pretreatment with
cycloheximide the [Y*Clleucine incorporation into
mitochondrial protein resembles the value obtained
with a 10min period. Longer periods of pretreatment
led to a decreased incorporation.

To establish the intramitochondrial origin of the
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protein labelled in the presence of cycloheximide,
the effect of chloramphenicol was studied (Fig. 4).
Administration of 150ug of chloramphenicol per
animal blocked three-quarters of the cycloheximide-
resistant incorporation into mitochondrial protein.
To obtain this effect, it was necessary to extend the
time-interval between antibiotic and precursor injec-
tion up to 30 min. At shorter time-intervals the inhibi-
tion by chloramphenicol was less pronounced (not
shown). The possibility that the inhibitory effect of
chloramphenicol was duc to an interference with
oxidative metabolism (Freeman, 1970) is not lkely,
because the antibiotic caused no inhibition of ['*C]-
leucine incorporation into the 100 000g supernatant
protein. The specific radioactivities of the protein
after administration of 0, 50, 100 and 150ug of chlor-
amphenicol were in Expt. a 2903, 2822, 2932 and
3042d.p.m./mg of protein respectively and in Expt:
b 3480, 2632, 3536 and 3366d.p.m./mg of protein. In
these experiments beetles were treated with chlor-
amphenicol 30min before the injection of 0.1 xCi of
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Fig. 4. Effect of chloramphernicol on cycloheximide-
resistant incorporation of [1*Clleucine into mitochond-
rial protein

Beetles were treated with 5ug of cycloheximide and
different amounts of chloramphenicol 30min before
the injection of 0.1 .Cj of [**Clleucine. After another
30min the flight-muscle mitochondria were isolated.
The antibiotics were dissolved in ethanol. The 100%4
value amounted to 327d.p.m./mg of protein,

[**Clleucine; after another 30min the thoraces were
fractionated to yield the 100000g supernatant.
Owing to the strong aerobic character of energy con-
servation in insect flight muscles (Sacktor, 1970),
an interference by chloramphenicol on this level
would probably also have led to a decreased synthesis
of cytosol protein.

Effect of eycloheximide on leucine specific radioactivity

Experiments were undertaken in which a possible
influence of cycloheximide on the specific radio-
activity of frec leucine in the flight muscles was ex-
amined. Animals were treated with 5ug of cyclo-
heximide 10min before the injection of 0.1 uCi of
[**Clleucine. Control animals received Ringer solu-
tion. The thoraces were isolated 30min after the in-
jection of label and analysed for leucine specific radio-
activity as described in the Materials and Methods
section. Cycloheximide administration did not pro-
voke a substantial change in leucine specific radio-
activity. In Expt. a the specific radioactivities of the
free leucine from control and cycloheximide-treated
animals were 0.27 and 0.34.Ci/umol respectively and
in Bxpt. b they were 0.31 and 0.39:Ci/umol. In both
treated and control animals there was also some radio-
activity associated with alanine, aspartic acid, glut-
amine, glutamic acid and proline. The specific radio-
activities of these amino acids were, however, less
than 1% of the corresponding leucine values.

Discussion

Although antibiotics have proved to be powerful
tools in studying biogenesis of mitochondria, their
use often introduces uncertainties, Qur application of
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cycloheximide for the determination of extra- and
intra-mitochondrial contributions to the synthesis of
organelle protein therefore needs some comment.

The possibility exists that cycloheximide affects the
intracellular leucine pool(s) and thereby the specific
radioactivity of the precursor. Sebald ef al. (1971)
reported that in Neurospora crassa cells the size of
the leucine pool increases eightfold after the addition
of cycloheximide. They regard this accumulation as a
consequence of the inhibitory action of the antibiotic
on protein synthesis while the production of leucine
still proceeds. The inability of insects to synthesize
leucine and the use of starved animals makes a similar
effect of cycloheximide in our experiments improb-
able, In this context we must also mention the action
of cycloheximide on membrane transpori. Ellis &
MacDonald (1970) found in short-term experiments
with discs of bectroot (Beta vulgaris) an inhibition of
uptake of radioactive leucine. Under certain condi-
tions Evans (1971) noticed in Euglena gracilis a rapid
inhibitory effect of ¢ycloheximide on the uptake of
phenylalanine, glucose and 2,4-dinitrophenol. It is
clear that if cycloheximide interferes with membrane
transport i the flight muscles, the specific radio-
activity of intracellular leucine may be affected. From
the results presented in this paper, however, no fall
in leucine specific radioactivity after cycloheximide
puisoning is evident. The above-mentioned compli-
cations apparently do not occur with Colorado
beetles.

Garber et al. (1973) reported that cycloheximide
inhibits respiration and phosphorylation by rat and
guinea-pig liver mitochondria oxidizing NAD-linked
substrates. A similar observation was made with
mitochondria from turnip roots (Brassica napus) by
Wilson & Moore (1973), who found an inhibition of
malate oxidation. Very high concentrations of the
antibiotic, however, were required in these studies to
obtain a marked effect. As up to 100ug of cyclo-
heximide/ml did not affect amino acid incorporation
in vitro by isolated Colorado-beetle mitochondria
utilizing proline as oxidizable substrate (A, K. M.
Bartelink, unpublished work), we consider it unlikely
that an interference with energy-transfer mechanisms
influenced the present experiments,

Another important problem is posed by the dis-
turbing effect of cycloheximide on the co-operation
between the two protein-synthesizing systems. This
co-operation is best illusirated in the biogenesis of
the enzyme complexes cytochrome oxidase and
ATPase (Tzagoloff et al., 1973). Blockage of cyto-
plasmic protein synthesis may have a secondary
influence on the activity of the intrinsic mitochond-
rial system. Millis & Suyama (1972} treated whole
cells of Tetrahymena pyriformis for different lengths
of time with cycloheximide and then measured in
vitro the capacity of the isolated mitochondria to
incorporate ['*Clleucine into protein. It appeared
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that even a Smin incubation period with the anti-
biotic led to a decreased incorporation activity of the
isolated mitochondria. After the cells had been treated
for 30min more than 509 of the activity was lost.
On the other hand Schweyen & Kaudewitz (1970),
working with Saccharomyces cerevisiae, observed no
differences in cycloheximide-resistant labelling of
mitochondrial protein in vive when they extended the
preincubation with the drug from 1 to 20min. Nor
did we find any notable variance in [**C]leucine
incorporation after 10 and 30min of cycloheximide
pretreatment, A decrease in the incorporation activity
only took place when the antibiotic was administered
60min before injection of precursor (Table 3). This
result, together with the nearly linear incorporation
rate during the first hour (Fig. 3), suggests that under
our normal experimental conditions (10min of pre-
treatment and a 30min labelling period) mitochond-
rial protein synthesis is not limited by a shortage of
products from the cytoplasmic system.

In view of the preceding considerations it seems
Jjustifiable to conclude from the present results that in
the flight muscles of 4-day-old beetles about 15%; of
the total mitochondrial protein is synthesized by the
intrinsic system. Here it is assumed that the leucine
content of the polypeptides formed by both trans-
lation systems is similar, Owing to the absence of
experimental results, any possible influence by pro-
tein pools is not taken into account. Finally, lipo-
proteins extracted by the organic solvents used during
the isolation of radicactive proteins are not included
(see Burke & Beattie, 1973).

The above percentage is of similar magnitude to
the values reported by others. Schweyen & Kaude-
witz (1970) cstimated with Saccharomyces cells
grown in galactosc that 8-99%; of the mitochondrial
protein is synthesized by the cycloheximide-resistant
system. Their experiments were performed with a
leucine-auxotrophic strain in a medium containing
[*Clleucine as the sole amino acid, thereby neatly
avoiding the problem of amino acid pools. Using
chloramphenicol and erythromycin Kellerman et al.
(1971) found in glucose-repressed yeast cells a value
of 5% for the intrinsic contribution and 13%{ in de-
repressed cells. After correcting for the increased
leucine poot Sebald er af. (1971) calcutated the value
8% for Neurospora. Hawley & Greenawalt (1970)
arrived via other procedures at 159, for the same
organism. When Sebald er al. (1969) simultancously
injected cycloheximide and *C-labelled amino acids
into locusts (Lecusta migratoria), they found that the
radioactivity incorporated into the postmitochond-
rial-supernatant protein of the flight muscles was
less than 39 of the conirol, the value for the mito-
chondrial protein being about 159, In slices of rat
cerebral cortex a similar percentage of the amino
acid incorporation into mitochondrial protein was
resistant to the cytoplasmic ribosomal inhibitor
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emetine and sensitive to chloramphenicol (Mahler
et al,, 1971),

The described technique now makes it possible
to estimate the relative contributions of the two
protein-synthesizing systems to mitochondriogenesis
at different stages during flight-muscle developmert
and degeneration.

We are indebted to Dr, A, M, Kroon for critical discus-
sions. Thanks are also due to Professor J. de Wilde for
stimulating interest. The amino acid analyses were kindly
performed by Dr. W. J. A. van Marrewijk and Mr, H. J. L.
Ravenstein (Laboratory of Chemical Animal Physiology,
State University of Utrecht, Utrecht, The Netherlands).
Miss C. Peck corrected the English text. This work was
supported by the Netherlands Organization for the
Advancement of Pure Research (Z.W.0.).

References

Borst, P. (1972) Annu. Rev, Biochem. 41, 333-376

Burke, J. P, & Beattie, D. S. (1973) Biocchem. Biophys. Res.
Commun. 51, 349-356

Burton, K. (1956) Biochem. J. 62, 315-323

Chappell, J. B. & Hansford, R. G, (1969) in Subcellular
Components: Preparation and Fractionation (Birnie,
G. D. & Fox, S. M., eds.), pp. 43-56, Butterworths,
London

de Kort, C. A. D. (1969) Ph.D. Thesis, University of
Nijmegen

de Kort, C. A. D. & Bartelink, A. K. M. (1972) Comp.
Biochem. Physiol, 43B, 1009-1017

de Kort, C. A. D., Bartelink, A. K. M. & Schuurmans,
R. R. (1973) Insect Biochem. 3, 11-17

de Wilde, J. (1957) Z. Pflanzenk, Pflanzenpathol. Pflanzen-
schutz 64, 589-593

de Wilde, 1., Duintjer, C. 8. & Mook, L. (1959) J, Insect
Physiol, 3, 715-85

de Zwaan, A. & van Marrewijk, W. I, A, (1973) Comp.
Blochem. Physiol. 4B, 429439

Ellis, R. J. & MacDonald, I. R. (1970) Plant Physiol. 46,
227-232

Ephrussi, B. & Beadle, G. W. (1936) Amer. Natur. 70,
218-225

Evans, W. R. (1971} J. Biol. Chem. 246, 6144-6151

Fiske, C. H. & SubbaRow, Y, (1925) J. Biol, Chem. 66,
375400

Freeman, K. B. (1970) Can. J. Biochem. 48, 469-478

Garber, A. J., Jomain-Baum, M., Salganicoff, L., Farber,
E. &Hanson,R. W.(1973).J, Biol. Chem_248, 1530-1535

Hawley, E. S. & Greenawalt, J. W, (1970) J. Biol. Chem.
245, 3574-3583

Kellerman, G. M., Griffiths, D, E., Hausby, J. E., Lamb,
A.J. & Linnane, A. W. (1971) in Autonomy and Bio-
genesis of Mitochondria and Chloroplasts (Boardman,
N. K., Linnane, A, W. & Smillic, R. M., eds.), pp.
346-359, North-Holland Publishing Co., Amsterdam

Kleinow, W. & Neupert, W, (1970) Hoppe-Seyler’s Z.
Physiol. Chem. 351, 1205-1214

Kleinow, W., Sebald, W., Neupert, W. & Biicher, Th.
(1971) in Autonomy and Biogenesis of Mitochondria and
Chloroplasts (Boardman, N, K., Linnane, A, W. &
Smillie, R. M., eds.), pp. 140-151, North-Holland
Publishing Co., Amsterdam



802

Kroon, A, M., Agsteribbe, E. & de Vries, H. (1972) in
The Mechanism of Protein Synthesis and its Regulation
(Bosch, L., ed.), pp. 539-582, North-Holland Publishing
Co., Amsterdam

Lennie, R. W., Gregory, D. W. & Birt, L. M. (1967) J.
Insect Physiol. 13, 1745-1756

Levtrup, S. (1962) Acta Biochim. Pol. 9, 411-424

Lowry, O. H., Roscbrough, N. J., Farr, A, L. & Randall,
R. 3. (1951} J. Biol. Chem. 193, 265-275

Madsen, N, P, (1969) Anal, Biochem. 29, 542-544

Mahler, H. R., Jones, L. R, & Moore, W. I. (1971) Bio-
chem, Biophys. Res. Commum, 42, 384-389

Millis, A. J. T. & Suyama, Y. (1972} J. Biol. Chem. 247,
40634073

Sacktor, B. (1970) Advan. Insect Physiol. 7, 267-347

Schoeider, W. C. (1957) Methods Enzymol. 3, 680684

Schooneveld, H. (1970) Neth. J. Zool. 20, 151-237

. K. M. BARTELINK AND C. A. D. DE KORT

Schweyen, R. & Kaudewiiz, F. (1970) Biochem. Biophys.
Res. Comrun. 38, 728-735

Sebald, W., Hofstéitter, Th., Hacker, D. & Biicher, Th.
(1969) FEBS Lett. 2, 177-180

Sebald, W., Birkmayer, G. D., Schwab, A J, & Weiss, H.
(1971) in Auronomy and Biogenesis of Mitochondria and
Chloroplasts (Boardman, N, K,, Linnane, A. W. &
Smillie, R. M., eds.), pp. 339-345, North-Holland
Publisking Co., Amsterdam

Sherman, F. & Stewart, J. W. (1971) Annu. Rev. Genet. 8,
257-296

Stegwee, D, (1964) J. Insect Physiol. 10, 97-102

Tanguay, R. & Chaudhary, K. D. (1971) Can. J. Biochem.
49, 357-367

Tzagoloff, A., Rubin, M. S. & Sierra, M. F. (1973) Bio-
chim. Biophys. Acta 301, 71-104

Wilson, S, B. & Moore, A. L. (1973) Biochim. Biophys.
Acta 292, 603-610

1973




Biochem. J. (1973) 136, 795-802
Printed in Great Britain

Synthesis of Mitociwndrial Protein in the Flight
Muscles of the Colorado Beetle

DIFFERENTIATION IN VIO BETWEEN EXTRA- AND INTRA-MITOCHONDRIAL

CONTRIBUTIONS TO THE AMINO ACID INCORPORATION INTO
MITOCHONDRIAL PROTEIN

By A. K. M. BARTELINK and C. A. D. DE KORT
Laboratory of Entomology, Agricultural University, Wageningen, The Netherlands

{(Received 11 June 1973)

By using cycloheximide, an inhibitor of cytoplasmic protein synthesis, conditions were
investigated to estimate in vivo the extra- and intra-mitochondrial contributions to the
synthesis of organelle protein in the flight muscles of Colorado beetles. With 4-day-old
beetles about 15% of the ["“Clleucine incorporation into mitochondrial protein is
resistant to the action of cycloheximide, The incorporation into cytosol protein is
inhibited by more than 99.5 %, with cycloheximide. During the first hour after precursor
administration the incorporation into mitochondrial protein proceeds, in both the pre-
sence and the absence of cycloheximide, at a more-or-less linear rate with time. The
cycloheximide-resistant amino acid incorporation is sensitive to the inhibitor of mito-
chondrial protecin synthesis, chloramphenicol. The uncertaintics inherent in the usc of
cycloheximide were discussed in arriving at the conclusion that about 15%; of the mito-
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chondrial protein is formed inside the organelle,

In the past decade our knowledge of the mechanism
of mitochondriogenesis has increased considerably.
Mitochondria have been shown to contain genetic
information and an intrinsic system for protein syn-
thesis (for reviews see Borst, 1972; Kroon ef al.,
1972). The properties of the mitochondrial DNA,
RNA, polymerases, aminoacyl-tRNA synthetascs,
ribosomes and protein factors differ from those of the
nuclear and cytoplasmic counterparts, The response
of mitochondria to antibiotics exemplifies this. Mito-
chondrial protein synthesis is impaired by chlor-
amphenicol and carbomycin, agents that also inter-
fere with bacterial ribosome functioning but that
do not have any effect on the cytoplasmic ribosomes
of cukaryotes. Cycloheximide, on the contrary,
inhibits protein synthesis by cytoplasmic ribosomes
without affecting mitochondrial and bacterial ribo-
somes,

Besides the intrinsic genetic system there is also an
extramitochondrial contribution to thc biogencsis
of mitochondria. The information content of mito-
chondrial DNA is far from sufficient to code for all
mitochondrial proteins. Most are coded by nuclear
genes, synthesized on cytoplasmic ribosomes and
subsequently transferred to the mitochondria. With
regard to cytochrome ¢ this chain of events is now well
documented (Sherman & Stewart, 1971).

Mitochondriogenesis thus comprises the assembly
of proteins synthesized at different locations in the
cell. Particularly with respect to the regulation of the
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two translation systems our knowledge is very in-
complete. The series of studies we started on mito-
chondria in developing flight muscles of the Colorado
beetle is associated with this.

The development of flight muscles in the Colorado
beetle occurs mainly during the adult stage. This
development involves a 50-fold increase in mito-
chondrial mass. As a result 14 days after the imaginal
moult the mitochondria occupy about one-third of
the muscle volume (de Xort, 1969). However, com-
plete development only takes place if the beetles are
reared at long photoperiods. When the animals are
bred under shori-day conditions, a treatment which
induces diapause (de Wilde et al., 1959), the develop-
ment of the flight muscles and their mitochondria
ceases soon after the moult. This arrest is followed by
a complete degeneration (Stegwee, 1964; de Kort,
1969; de Kort & Barielink, 1972), From experiments
of de Kort (1969) it is evident that the photoperiodic
effects on flight-muscle development are mediated
by the endocrine system. Thesc observations suggest
that flight-muscle mitochondria of the Colorado
beetle are an interesting object for studying mito-
chondriogenesis. The usefulness of insect flight-
muscle mitochondria for such studies has been
demonstrated (Kleinow et al., 1971).

The present paper deals with experiments to work
out conditions for determinations of extra- and intra-
mitochondrial contributions in vive to the synthesis of
mitochondrial protein in the flight muscles. This was
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accomplished by making use of the above mentioned
differential sensitivity of cytoplasmic and mitochond-
rial ribosomes to cycloheximide.

Materials and Methods
Materials

Animals. Adults of the Colorado beetie (Leptino-
tarsa decemlineata Say) were obtained from the in-
ternal laboratory breeding stock. The beetles were
reared at 25°C on fresh potato foliage as described by
de Wilde (1957) and de Kort (1969). The daily length
of the photophase amounted to 18h (long photo-
period). Unless otherwise stated the experiments were
performed with l16h-starved beetles 4 days after
adult emergence (the young adults emerge from the
soil at the second day of the imaginal stage).

Chemicals. From Sigma Chemical Co., St. Louis,
Mo., U.S.A., the following were purchased: cyclo-
hexumde, D{—)-threo-chloramphenicol, bovine serum
- albumin (fraction V powder), yeast RNA (type XI)
and fish sperm DNA (type VI). L-[U-"*C]Leucine
(331mCi/mmol) was obtained from The Radio-
chemical Centre, Amersham, Bucks., UK. Nagarse
was obtained from Teikoku Chemical Industry Co.
Ltd., Higashi-Ku, Osaka, Japan, and succinate, cyto-
" chrome ¢, ATP and 4-nitrophenyl phosphate were
from C. F. Boehringer und Soehne G.m.b.H.,
Mannheim, Germany. Oligomycin was a gift of
Professor J. Dekker, Laboratory of Phytopathology,
Agricultural University, Wageningen, The Nether-
lands. All other chemicals were of analytical-reagent
grade. The solutions were prepared in deionized
distilled water.

Methods

Injection of antibiotics and radicisotope. Anti-
biotics and L-[**C]leucine, dissolved in Ringer solu-
tion {(Ephrussi & Beadle, 1936), were injected ab-
dominally as described by Schooneveld (1970),
each beetle receiving 1pl of freshly prepared anti-
biotic solution and 0.1x.Ci of ['*Cleucine (331mCi/f
mmol) in a volume of 2ul. The 50u] Hamilton 705 SN
micro-syringes (Micromesure N.V., The Hague, The
Netherlands) used were fitted with a 31-gauge needle
and operated by means of a Hamilton PB600-1
repeating dispenser. This device allows the delivery
of microlitre quantities with a reproducibility of
+1%.

Preparation of subcellular fractions. At specified
times after the injections the beetles, kept at 25°C,
were decapitated and freed from elytra, wings, legs
and abdomens. The thoraces of six beetles (three
females and thrce males) treated identically were
bisected and placed in 6ml of a preparation medium
containing 0.25M-sucrose, SmM-Tris—HCl buffer,
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pH7.4 at 20°C, 1mM-EGTA [ethanedioxybis(ethyl-
aming)tetra-acetate] and 10mM-L-[12C]leucine. After
the addition of 1.4mg of bacterial proteinase {Nag-
arse), dissolved in 1ml of preparation medium, the
thoraces were briefly homogenized in a Dounce
homogenizer (two strokes of the Teflon pestle). The
suspension was incubated for 15min at 0°C, after
which the homogenization was repeated. The homo-
genate was filtered through four layers of muslin and
diluted with 10ml of preparation medium. The mito-
chondria were sedimented by centrifugation at 6000g
for 5min in a Sorvall S5-1 centrifuge. After decanta-
tion the centrifuge tubes were cleaned with paper
tissue and the ‘fuffy’ Iayer was removed by gentle
agitation with a small volume of medium. The pellet
was suspended in 8ml of preparation medium and
re-centrifuged. The sedimented mitochondria were
finally suspended in 1.2ml of preparation medium.
The whole procedure, which is an adaptation of the
method of Chappell & Hansford (1969), was per-
formed at 04°C,

For the preparation of the 100000g supernatant
the six thoraces were homogenized, with omission of
MNagarse, in 7ml of preparation medium by four
strokes of the Dounce homogenizer. The homogenate
was passed through four layers of muslin and centri-
fuged for 5min at 6000g. The supernatant fluid was
then centrifuged in a Christ 9530 rotor at 100000g
during 60min, The resulting supernatant was care-
fully collected with the aid of a pipette. This prepara-
tion procedure was also carried out at 04°C.

Determination of radioactivity, Portions of the
mitochondrial suspension or 100000g supernatant
were added to equal volumes of cold 109 (w/v) tri-
chloroacetic acid, containing 10mm-L-['2*CJleucine,
Afier 10min the precipitates were recovered by centri-
fugation and then washed as described by Hawley &
Greenawalt (1970). The final sediments were dissolved
in IM-NaQH. To 1.0ml of the solutions, 0.1ml of
11M-HC1 and 10ml of toluene—Triton X-100 (2:1,
v/v) liquid scintillant was added, the toluene contain-
ing 0.4% 2,5-diphenyloxazole and 0.01% 1,4-bis-
(5-phenyloxazol-2-yl)benzene (cf. Madsen, 1969).
The samples were counted for radicactivity with a
Nuclear—Chicago Mark I liquid-scintillation counter.
The counting efficiency was 79-81 4.

Determinations of enzyme activity, The activity of
succinate dehydrogenase (EC 1,3.99.1) was deter-
mined spectrophotometrically as described previously
(de Kort & Bartelink, 1972). ATPase* activity (EC
3.6.1.4) was measured in a medium containing 75mM-
KCl, 50mM-sucrose, 50mM-Tris-acetate buffer,
pH7.4, 1mM-EDTA, 6mM-MgCl, and 5SmM-ATP.
After a 15min incubation period the reaction was
terminated by the addition of 10%, (w/v) trichloro-
acetic acid. The amount of liberated phosphate was

* Abbreviation: ATPase, adenosine triphosphatase.
1973
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AMINO-ACID INCORPORATION INTO PROTEIN BY
ISOLATED FLIGHT MUSCLE MITOCHONDRIA FROM THE
COLORADO BEETLE
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Laboratory of Entomology, Agricultural University, Wageningen, The Netherlands
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ABSTRACT

Mitochondria isolated from the flight muscles of Colorado beetles (Leptino-
tarsa decemlineata) incorporate [*C]leucine into protein. Proline was found to
be the most effective oxidizable substrate tested, in supporting the incorporation
activity. Optimum ["C]leucine incorporation also required appropriate con-
centrations of Mg?*, phosphate, ADP, H' and a synthetic amino-acid mixture
{minus leucine). The incorporation activity was inhibited by p-chlorampheni-
col, oxytetracycline, ethidium bromide, 2,4-dinitrophenol, and oligomyecin.
Erythromycin and cycloheximide had no effect. Evidence is presented that
bacterial contamination of the mitochondrial preparations did not contribute to
the results obtained,

IsoLaTED mitochondria possess the intrinsic ability to incorporate amino acids into
protein (for reviews see Beattie, 1971; Kroon et al., 1972). Flight muscle mitochondria
from insects constitute no exception in this respect. On account of the rapid proliferation
and growth during adult development, these mitochondria are even very advantageous
for studying mitochondrial protein synthesis én vitro (Bronsert and Neupert, 1966; Chan
and Richardson, 1969; Williams and Birt, 1g71a,b). Thus, as part of investigations on
mitochondriogenesis in Colorado beetle flight muscles (de Kort and Bartelink, 1972;
Bartelink and de Kort, 1973), we initiated incorporation studies in vitro.

In this paper experiments are described to define optimum conditions for amino-
acid incorporation by isolated flight muscle mitochondria. In addition we tested the
effects of various inhibitors on the observed incorporation activity and investigated
whether the bacteria contaminating the mitochondrial preparations contributed signifi-
cantly to the incorporation rate.

MATERIALS AND METHODS
ANIMALS

Coloradobeetles (Leptinotarsa decemlineata Say) were reared under long-day conditions asdescrib-
ed previously (Bartelink and de Kort, 1973). In the experiments beetles starved overnight were
used 4 days after adult emergence. For 32 hr preceding the starvation period the animals received
ampicillin-treated foliage (¢f. Chan and Richardson, 1969): fresh potato shoots (100 g.) were
allowed to absorb a solution of 100 mg. of ampicillin in water and were then offered to the beetles,

PreEpARATION OF MITOCHONDRIA
Beetles were rinsed with water, wiped, and kept at o to 4° C. After 30 min the animals were

* Laboratory of Microbiology, Agricultural University, Wageningen, The Netherlands.
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cleaned with 96 per cent ethanol and then dissected with sterilized scissors and gloves. All further
equipment was also sterile. Glassware, centrifuge tubes, instruments, etc. were autoclaved or dry
heated. Solutions were passed through a membrane filter (pore size o'z um. ; Sartorius-Membran-
filter GmbH, Gottingen, West Germany, and Gelman Instrument Company, Ann Arbor, Mich.,
U.S.A). The mitochondria were prepared from 3o or 6o thoraces according to the method of
Chappell and Hansford (1969) as detailed previously (Bartelink and de Kort, 1973). Two modi-
fications were made in the present experiments. The volumes were adjusted to the larger number
of thoraces and the composition of the preparation medium was changed into: o-25 M suctose,
5 mM Tricine-KOH buffer (pH 4-4), and 1 mM ethyleneglycol-bis-(8-aminoethyl ether)N,N'-
tetra-acetic acid (EGTA). The final mitochondrial pellet was resuspended in the preparation
medium to give 8 to 12 mg. of protein per ml. and used immediately.

DETERMINATION OF AMINO-ACID INCORPORATION

The incorporation activity of the isolated mitochondria was measured at 25° C in an incubation
medium containing o-o4 mM L-[U-C]leucine (10 mCi per mmole), 50 mM sucrose, 50 mM
Tricine-KOH buffer, 1 mM disodium-EDTA, o-1 mM EGTA, 20 pg. ribonuclease per ml., and
variable amounts of KCl, MgCl;, potassium phosphate, ADP, oxidizable substrate, and amino-
acids. The concentrations of these components, other additions, and the pH are indicated in the
legends to Tables and Figs, With the exception of [1Clleucine, the incubation medium was passed
through a membrane filter before use, The final reaction volumes were -0 ml. and included
o8 to 12 mg. of mitochondrial protein. All incubations were carried out with sterile r3-ml,
round-bottom centrifuge tubes in a reciprocal shaking water-bath (296 oscillations per min), The
reactions, initiated by the addition of [*C]Jleucine, were terminated with 1 ml. of cold 10 per cent
trichloroacetic acid containing 20 mM L-[*C]leucine. The resulting precipitates were processed
and assayed for radioactivity and protein as previously described (Bartelink and de Kort, 1973).
Blanks were prepared by adding [1*C]leucine after trichloroacetic acid. To facilitate comparison
with other studies the results were calculated as pmoles of leucine incorporated per mg. protein,
using the specific radioactivity of the added [Clleucine. Dilution by endogenous amino-acid
was not taken into account.

DETERMINATION OF BACTERIAL CONTAMINATION

Dilutions of mitochondtrial preparations were made into sterile o5 per cent NaCl and plated
in duplicate on nutrient agar (o5 per cent peptone, o'§ per cent yeast extract, o*5 pet cent glucose,
and 1°2 per cent agar; pH 7-0). After 48 hr. at 25° C the plates were evaluated. Unless otherwise
stated the mitochondrial preparations contained less than 7 x 10® bacteria per mg. of protein.

CHEMICALS

Ampiciilin (Penbritin) was obtained from Beecham (Ned.) N.V., Amsterdam, The Netherlands,
Ribonuclease (E.C. 2.7.7.16), DL-a-glycerophosphate (disodium salt), non-radioactive L-amino-
acids, oxytetracycline hydrochloride, and ethidium bromide were purchased from Sigma Chemical
Co., St Louis, Mo., U.S.A. The amino-acid mixture {minus leucine) was prepared according to
Roodyn et al. (1961), with a molar ratio for tyrosine of 1'6. Sodium pyruvate was from E. Merck,
Darmstadt, W. Germany, and matic acid from Calbiochem, Los Angeles, Calif., U.S.A. Pyruvate
kinase (E.C. 2.7.1.40) and sodium salts of phosphoenolpyruvate and ADP were obtained from
C. F. Boehringer & Soehne, GmbH, Mannheim, W. Germany. ADP was assayed enzymatically
with pyruvate kinase and lactate dehydrogenase (E,C. 1.1.1.27). 2,4-Dinitrophenol was a product
of Eastman Kodak Co., Rochester, N.Y., U.S.A. Peptone was from Brocades, Amsterdam, ‘The
Netherlands, yeast extract (powder) from Oxoid Ltd., London, U.K., and Bacto-agar from
Difco Laboratories, Detroit, Mich., U.S.A. The sources of other chemicals have been described
previcusly (Bartelink and de Koxt, 1973).

RESULTS
BACTERIAL CONTAMINATION

Axenic cultures of Colorado beetles could not be obtained because a proper artificial
diet is not available at present. Thus, the starting material for the preparation of mito-
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chondria, the thoraces, was inevitably contaminated with bacteria. The severance of the
intestine during the dissection of the beetles is especially adverse. We, therefore,
examined to what extent the bacteria contaminating the mitochondrial preparations
contribute to the amino-acid incorporation into protein.

Mitochondrial preparations, isolated under non-sterile conditions from beetles reared
on untreated potato foliage, contained in 6 experiments an average of 3 x 10* viable
bacteria per mg. of protein (range: 1-6 x 10%). The predominant organism was classified
(Breed et al., 1957) as Streptococcus faecalis. 'T'wo other bacteria, usually encountered,
belong to the genera Achromobacter and Pseudomonas, The effects of extra additions of
these bacteria to the incubation medium for amino-acid incorporation were tested and
the results are shown in Table 1. It can be seen that at numbers exceeding 104 to 108 all
three bacterial species enhanced the [“4Clleucine incorporation into protein and also to
the same extent. The data show the necessity to reduce the number of bacteria con-
taminating the mitochondrial preparations. A combination of feeding the animals
ampicillin-treated foliage and a sterile preparation procedure (see the Materials and

Table 1.—ErrFECcTS OF ExTRA ADDITIONS OF BACTERIA ON [“C]LEUCINE INCORPORATION INTO
ProTEIN BY MITOCHONDRIAL PREPARATIONS FROM FLIGHT MuscLEs

SrECIES NuMBER OF ADDED [**C]LEUCINE INCORPORATED
BAcCTER1A PER mg. PROTEIN (pmoles per mg. protein)
Streptococcus — I5°'1
Jaecalis 5o X108 157
50X 104 1600
soX10° 454
§5-0x 10° 2078
Achromobacter — 129
spec. 42x10% 132
4'z % 10% 14°4
4°2 % 10° 299
42X 108 1457
Pseudomonas — 12°9
spec, 2'3 % 16° 130
2'3x rot 137
23 X 10° 22'9
23 % 108 I11-7

Bacteria were grown aerobically at 25° C with reciprocal shaking in a liquid medium containing
o5 per cent peptone, o°§ per cent yeast extract, and o-5 per cent glucose. Logarithmic phase cells
were harvested by centrifuging and washed once with preparation medium (see the Materials and
Methods section), using centrifugation conditions identical to those used during the preparation of
mitochondria. The bacteria were resuspended in preparation medium, diluted, and then added
to an incubation medium containing mitochondria, 20 mM KCI, 8:5 mM NaCl, 5 mM MgCl,,
zo mM potassium phosphate, 2z mM ADP, 30 mM pyruvate, 30 mM malate, 50 pg. amino-
acid mixture per ml., and the basic components listed in the Materials and Methods section. 'The
final pH was 7+4, the incubation time 1 hr. The mitochondrial preparations were derived from
beetles fed untreated foliage and were isolated under non-sterile conditions. The intrinsic con-
tamination of these preparations and the number of added bacteria were determined by plating
suitable dilutions on nutrient agar. The mitochondrial preparation contained in the experiment
with Streptococcus faecalis 1-9 X 10* bacteria per mg. protein; in the experiment with Achromo-
bacter and Pseudomonas 2+3 % 10* bacteria per mg. mitochondrial protein were present.
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Methods section) was found to eliminate 8o to go per cent of the bacteria. In all further
experiments the mitochondrial preparations contained less than 7 x 10®% bacteria per mg.
of protein, a level at which a significant contribution to the amino-acid incorporation is
unlikely.

Optimum  CoNDITIONS FOR [MC]JLEUCINE INCORPORATION INTO MITOCHONDRIAL
PROTEIN

The incubation medium, described by Kroon and de Vries (1971) for studying mito-
chondrial protein synthesis in e#fro, was taken as the starting-point to define optimum
conditions for amino-acid incorporation by isolated flight muscle mitochondria from
Colorado beetles. Two modifications were made beforehand. NH,Cl was omitted from
the medium and initially 30 mM pyruvate + 1o mM malate were used as oxidizable
substrate.

Varying the concentrations of KCl, MgCl,, potassium phosphate, and ADP in the
incubation mediurn revealed optima at 40 mM, 10 mM, 5§ mM, and 2 mM respectively
{not shown). ‘The use of these optimum concentrations led only to a minor increase in the
[*C]leucine incorporation, at least when compared with the results obtained in testing
the effects of various oxidizable substrates (Table 2). All substrates examined stimu-
lated the incorporation activity but, to our surprise, pyruvate +malate was inferior to
a-glycerophosphate and succinate. In measurements of respiration rates with Colorado
beetle flight muscle mitochondria, the last two substrates yielded much lower values than
pyruvate + malate (de Kort and Bartelink, 1972). Proline, which is very rapidly oxi-
dized (de Kort et al. 1973), was by far the most effective substrate in supporting [*4C]
leucine incorporation. The exogenous ATP-generating system used could not replace
proline in this respect. The strongly stimulative effect of proline on [Clleucine
incorporation is also shown in Fig. 1, where the dependence on the concentration is
depicted. Maximum incorporation was obtained at 10 mM ; a further increase in proline
concentration was without effect. Fig. 2 illustrates that addition of more amino-acid
mixture than the amount used in the former experiments (50 ug. per ml. medium)
markedly raised the incorporation rate.

Table 2—EFrFecTs oF OXIDIZABLE SUBSTRATES AND AN EXOGENOUS
ATP-GENERATING SYSTEM ON [¥C]LEUCINE INCORPORATION INTO
PROTEIN BY IsOLATED MITOCHONDRIA

ADDITIONS [“C]LEUCINE INCORPORATED
(final concentrations) (pmoles per mg. protein)
- 24

Pyruvate (30 mM)+ malate (10 mM) 37
a-Glycerophosphate (30 mM) 62
Succinate (30 mM) 7
Proline (30 mM) 271
Phosphoenolpyruvate (5 mM)+

pyruvate kinase (20 ug. per ml.) 56

The incubation medium contained 40 mM KCl, 10 mM MgCl,,
5 mM potassium phosphate, 2 mM ADP, 50 pg. amino-acid mixture
per ml. and the basic components listed in the Materials and Methods
section. The final pH was -4, the incubation time 1 hr,
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After this substantial improvement of the incubation medium by the use of proline
and a higher concentration of the amino-acid mixture we felt it desirable to reinvestigate
the dependence of [C]leucine incorporation on the concentrations of MgCl,, potas-
sium phosphate, and ADP. The results are shown in Figs. 3, 4 and 5. As may be seen,
optimum incorporation was still obtained at 10 mM MgCl,, 5 mM phosphate, and 2 mM
ADP. The requirements for these components were, however, more pronounced than in
the earlier trials.

The influence of pH on the amino-acid incorporation is illustrated in Fig. 6, the
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[1*C]Jleucine incorporation into protein by
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and the basic components listed in the
Materials and Methods section, 40 mM KCl,
10 mM MgCl,, 5 mM potassiumn phosphate,
30 mM proline, and 200 pg. aminc-acid mix-
ture per ml. were present. The final pH was
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optimum pH being about 7-6.

Under the optimum conditions, as evaluated by the above experiments, the rate of
precursor incorporation was linear with time during the first hour; thereafter a decline
was observed (Fig. 7). Amino-acid incorporation was proportional to mitochondrial
protein concentration in the range used in this study. Addition of o5 per cent bovine
serum albumin to the incubation medium had no effect (not shown).

ErFrecT OF INHIBITORS ON [**C]LEUCINE INCORPORATION INTO MITOCHONDRIAL PROTEIN

In Table 3 the effects of various inhibitors on mitochondrial amino-acid incorpora-
tion are described. The incorporation activity was sensitive to chloramphenicol and
oxytetracycline, two inhibitors of mitochondrial and bacterial protein synthesis (Borst
and Grivell, 1971; Pestka, 1971; Kroon and Arendzen, 1972). The macrolide ery-
thromycin (Borst and Grivell, 1g71; Kroon and de Vries, 1g71; Pestka, 1971; Kroon
and Arendzen, 1972), on the other hand, had no effect. Resistance to the cytoribosomal
inhibitor cycloheximide (Pestka, 1g71; Bartelink and de Kort, 1973) was also observed.
Interference with mitochondrial transcription by ethidium bromide (Kroon and de
Vries, 1971) resulted in a strong inhibition. 2,4-Dinitropgenol and oligomycin, an
uncoupler and inhibitor respectively of oxidative phosphorylation (Slater, 1967), both
affected amino-acid incorporation.

Table 3.—EFFECTS OF INHIBITORS ON [1*C]LEUCINE INCORPORATION
INTO PROTEIN BY ISOLATED MITOCHONDRIA

ADDITIONS [*C]LEUCINE INCORFPORATED
(final concentrations) (percentage of control)
p-Chloramphenicol (100 pg. per ml.) 16 (13-18)
Oxytetracycline (100 pg. perml.) 27 (18-32)
Erythromycin (100 pg. per ml.) 98 (9b6-100)
Cycloheximide (100 pg. per ml,) 100 (g6~103)
Ethidium bromide (2 pg. per ml.} 3 (1-5)
2,4-Dinitrophenol (o-1 mM) 12 (11-14)
Oligomycin (2 ug. per ml.) 5 (4-6)

The incubation medium contained 40 mM KCl, 10 mM MgCl,,
5 mM potassiurn phosphate, 2 mM ADP, jomM proline, 200 ug.
amino-acid mixture per ml., 1 per cent ethanol, and the basic compon-
ents listed in the Materials and Methods section. The final pH was
47+6; the incubation time 30 min. The results shown are the averages of
3 experiments with the range in parentheses, ‘The control values were
237, 262, and 278 pmoles per mg, protein.

DISCUSSION

The results reported in this paper indicate that isolated flight muscle mitochondria
from Colorado beetles effect amino-acid incorporation into protein. A substantial con-
tribution by contaminating bacteria to the measured incorporation rate is improbable.
In short-term experiments, where the effects of extra additions of three different bacterial
species were studied, we only noticed an increase in amino-acid incorporation at num-
bers exceeding 10* to 10® bacteria per mg. of mitochondrial protein (Table 1). Beattie
et al. (1967a) showed that adding 10* bacteria to an incorporation system resulted in a
slight labelling of protein { < 1 pmole per mg of protein per 30 min). Using Streptococ-
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cus faecalis, Chan and Richardson (1969) needed 10® bacteria to enhance the incorpora-
tion. No differences in incorporation activities were observed by Kroon et al. (1968)
between sterile mitochondria and preparations containing up to 10° bacteria per mg. of
protein. In view of these data, amino-acid incorporation by mitochondrial preparations
from flight muscles in which bacterial contamination was minimized to less than 7 x 103
bacteria has to be considered as an intrinsic activity of the mitochondria (cf. Krymkiewicz
and Gonzilez-Cadavid, 1970). The resistance of the incorporation activity to the
macrolide antibiotic erythromycin (Table 3) supports this conclusion.

Flight muscle mitochondria from Colorado beetles oxidize proline at a higher rate than
pyruvate, a-glycerophosphate, and Krebs cycle intermediates (de Kort and Bartelink,
1g72; de Kort et al., 1973). Amino-acid analysis of thorax extracts revealed that proline
accounts for nearly half of the total content of free acidic and neutral amino-acids (de
Kort et al,, 1973). The present results show that [*C]leucine incorporation into mito-
chondrial protein is very effectively stimulated by proline (Table 2, Fig. 1). These
observations pointto a particular significance of the imino-acid for flight muscle metabol-
ism in the Colorado beetle, as already discussed earlier {(de Kort ef af., 1973). In the
context of this study we further want to consider the following. Wheeldon and Lehninger
(1966), working with rat liver mitochondria, likewise found a stimulation of [C)
leucine incorporation by proline (see also Beattie e al., 1g67b; Hamberger et 4l., 1969;
Coote and Work, 1971). From their experiments the authors inferred that proline did
not act by serving as an oxidizable substrate, but possibly via an effect on precursor
uptake into mitochondria. Williams and Birt (1g971b) reported that [“C]leucine incor-
poration by flight muscle mitochondria from the blowfly Lucitia cuprina was enhanced by
pyruvate, e-glycerophosphate, and to a lesser extent by proline. In contrast to Wheeldon
and Lehninger they attributed the effect of proline in their system to a promotion of
oxidative phosphorylation. Our experiments permit no definitive conclusion regarding
the importance of both alternatives for the stimulation of [**C]leucine incorporation by
proline in the Colorado beetle system. However, the corrclation between efficient
phosphorylation (de Kort ef al., 1973) and a high incorporation rate in the presence of
proline, together with the observed inhibition by 2,4-dinitrophencl and oligomycin
(Table 3), suggest strongly that the phospherylation process plays a significant role.
It may be added also that stimulative effects of products of proline metabolism (Sacktor,
1970) cannot be excluded.

The requirements for Mg+, phosphate, and adenine nucleotide to achieve optimum
amino-acid incorporation (Figs. 3-5) agree with the results of Burke and Beattie (1972).
These workers found maximum incorporation by rat liver mitochondria at 10 mM
Mg?+, 5 mM phosphate, and 2 mM ATP (see also Wheeldon and Lehninger, 1966).
Similarly Bygrave and Kaiser (1969), measuring [*¢C]serine incorporation into the
phospholipids of isolated flight muscle mitochondria from Locusta migratoria, needed
in a substrate-supported system 10 mM Mg?+, 5 mM phosphate, and 2 mM ADP for
optimum incorporation rates. The optimized system, which Bronsert and Neupert
(1966) had developed for the same object to study mitochendrial protein synthesis, in-
cluded 3 mM Mg?¥, 4 mM phosphate, and 2 mM ATP. Greater disparity is found in
the results which Williams and Birt (19714, b) obtained with flight muscle mitochondria
from Lucilia. Amino-acid incorporation into protein was maximum at 18 mM Mg?+,
4 to 5 mM ADP or ATP, 20 mM phosphate in the presence of ADP and 10 mM phos-~
phate with ATP. Insect systems are also not uniform with regard to optimum pH for
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amino-acid incorperation. Locusta mitochondria show maximum incorporation activity
at pH 67 to 6-8 (Bronsert and Neupert, 1966), flight muscle mitochondria from the
moth Manduca sexta at pH 7-2 (Chan and Richardson, 1969), and Colorado beetle
mitochondria at about 7-6 (Fig. 6). In the presence of an exogenous ATP-generating
system the optimum pH value for Lucilia mitochondria was 7-4, with a substrate-
supported system at pll 8-o0 (Williams and Birt, 1971a),

Because of the large number of reactions involved in the process of amino-acid
incorporation by isolated mitochondria, a study of this description cannot provide a
rationalization for the observed optimum concentrations. The present study did result
in a proper incubation medium for the further investigation of the factors controlling
protein synthesis by Colorado beetle mitochondria. The incorporation rates recorded
here are high because the mitochondria were isolated from beetles with rapidly develop-
ing flight muscles (de Kort, 1¢g6g). Mitochondria from full-grown flight muscles show
similar incorporation rates as reported for rat liver (Bartelink, A. K. M., unpublished).

The observed inhibitory effects of chloramphenicol, oxytetracycline, ethidium
bromide, 2,4-dinitrophenol, and oligomycin (Table 3) fit the results obtained with
mitochondria from a variety of organisms (Beattie, 1971; Borst and Grivell, 1971;
Kroon and de Vries, 1971; Kroon and Arendzen, rg72; Kroon e al., 1972). As for
erythromycin resistance the agreement only extends to intact animal mitochondria
(Kroon and de Vries, 1971; Kroon and Arendzen, 1972; Towers éf al., 1972; Williams
and Birt, 1972); mitochondria from yeast cells are sensitive to the macrolide (Lamb et al,,
1968). Amino-acid incorporation by mitochondrial preparations from flight muscles was
refractory to ribonuclease and cycloheximide, indicating that microsomal contamination
(Bartelink and de Kort, 1973) did not contribute to the activity observed. The above
effects of inhibitors are also difficult to reconcile with the view that the observed labelling
of protein merely reflects absorption of amino-acids (Hochberg et al., 1972; see also
Ibrahim et al., 1973).
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1972; Hinds & Newburgh, 1972), RNA (Lennie et al., 1967; Kleinow & Neupert, 1970)
and ribosomes (Kleinow & Neupert, 1971; Kleinow et al,, 1971). Amino acid incorpora-
tion into protein catalyzed by flight-muscle mitochondria has been demonstrated both in
vitro (Bronsert & Neupert, 1966; Chan & Richardson, 1969; Williams & Birt, 1971a, b;
Williams, 1972) and i wvive (Sebald et al, 1969; see also Polz & Kreil, 1970). The
contribution of the mitochondrial genetic system to the biogenesis of flight-muscle
mitochondria is poorly understood. To study this problem in the Colorado beetle, we
developed some conditions for assay (Bartelink & de Kort, 1973, Bartelink ez ol., 1974),
which have been used in this research.

Materials and methods
Animals

Colorado beetles (Leptinotarsa decemlineata Say) were reared under long-day condi-
tions (18 h light phase) at 25°C as described by Bartelink & de Kort (1973). Adult beetles
were collected within 16 h after emergence and kept until the desired age (the young
adults emerge from the soil at the second day of the imaginal stage).

Determinations of enzyme activity

Bectles were decapitated and elytra, wings, legs and abdomens were removed. The
thoraces of six animals (three females and three males) were bisected and homogenized
by hand with a Potter-Elvehjem {(glass-Teflon) homogenizer (A. H. Thomas Co., Phila-
delphia, Pa., US.A)) in 6 ml of a medium containing 0.25 M sucrose, 5 mM Tris-HCl
buffer (pH 7.4) and 1 mM disodium-EDTA. The resulting homogenate was filtered
through one layer of cheesecloth. The procedure was carried out at 0—4°C,

The cytochrome ¢ oxidase activity (EC 1.9.3.1) in the filtered homogenates was
assayed as described by Borst et al. (1967) and expressed as the first-order rate constant
in min™". The excess of sodium dithionite, used to reduce cytochrome ¢, was removed by
passage through a Sephadex G-50 column (40 cm high, 1.5 cm diameter), that had been
previously equilibrated with 30 mM phosphate buffer (pH 7.4). The activities of succinate
dehydrogenase (EC 1.3.99.1; measured as succinate: cytochrome ¢ oxidoreductase) and
soluble a-glycerophosphate dchydrogenase (EC 1.1.1.8) were assayed as previously de-
scribed (de Kort, 1969). All enzyme assays were performed at 25°C.

Protein content of the homogenates was estimated on defatted trichloroacetic acid
precipitates by the method of Lowry et al. (1951). Bovine serum albumin was used as the
standard.

Determinations of cytochrome concentration

The thoraces of beetles, 30 or 60 according to age, were homogenized by the above
procedure in 15 ml of a medium, that contained 1 mM EGTA [ethanedioxybis(ethyl-
amine)tetra-acetate] instead of EDTA. The filtered homogenates were quickly frozen in
liquid nitrogen and stored at —80°C unil use.

Reduced minus oxidized difference absorption spectra of the homogenates were
recorded at room temperature and at the temperature of liquid nitrogen with an
Aminco-Chance dual-wavelength/split-beam spectrophotometer (American Instrument
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Co., Inc., Silver Spring, Md., U.S.A.) operating in the split-beam mode. At room tempera-
ture, the recordings were carried out with 2 spectral band width of 1.5 nm, and at low
temperature with a band width of 0.7 nm. The contents of the reference cuvette were
oxidized by adding a few grains of potassium ferricyanide. Reduction of the measuring
sample was accomplished with a small amount of sodium dithionite or by the addition of
proline and KCN to final concentrations of 30 mM and 5 mM, respectively. The optical
depth of the cuvettes used at room temperature was 1.0 cm. The gluminium cuvettes with
Plexiglass windows for the low-temperature recordings had a light path of 0.3 ¢m and
were filled as described by Chance & Schoener (1966).

The concentration of cytochrome aa; was calculated from the room-temperature
spectrum, using an extinction cocfficient of 24.0 mM™!.cm™! for the difference in
absorbance between 604 and 625 nm (cf. van Gelder, 1966). For the calculation of
concentrations of cytochrome b and ¢, the following procedure was adopted (cf. von
Jagow et al, 1973). The ratios of the absorbance of these cytochromes to cytochrome
aas absorbance were calculated from the spectrum recorded at the temperature of liquid
nitrogen. The wavelength pairs used were 597—625 nm, 562—575 nm and 548—-540 nm
for cytochromes aas, b and ¢, respectively. After multiplication of the obtained ratios by
the cytochrome ag; absorbance at room temperature, the cytochrome concentrations
were calculated with the extnction coefficients 20.0 mM™'. cm™! cytochrome b (Esta-
brook & Holowinsky, 1961) and 17.8 mM™ ' cm™ for cytochrome ¢ (J. A. Berden,
personal communication). To correct for the difference between cytochromes aa; and b
in enhancement of absorbance at low temperature, the cytochrome b concentration was
divided by a factor of 1.3 (Wilson, 1967).

Determinations of amino acid incorporation

In vivo. Beetles starved overnight were injected with 5 pg of cycloheximide in 1 ul of
Ringer solution {Ephrussi & Beadle, 1936) as previously described (Bartelink & de Kort,
1973). Control animals received Ringer solution only. After 10 min, 0.1 uCi of
L-["*C]leucine (uniformly labelled, 331 mCi/mmol) was administered to each beetle in a
volume of 2 ul. Mitochondrial fractions from the thoraces of six animals treated identi-
cally were isolated after a 30 min labelling period. The isolation procedure, the processing
of the labelled protein and the measurements of radioactivity and protein concentration
have been detailed previously (Bartelink & de Kort, 1973).

In vitro. Flight-muscle mitochondria were prepared from beetles starved overnight
according to the method described earlier (Bartelink et al., 1974). This method includes
preparatory feeding of the beetles with ampicillin, and the use of sterile media and
equipment to cut down bacterial contamination of the mitochondrial preparations to
levels that contribute insignificantly to the incorporation activity. The mitochondria were
incubated at 25°C with an optimized incorporation medium (Bartelink et al., 1974)
consisting of 50 mM sucrose, 50 mM Tricine-KOH buffer (pH 7.6), 1 mM disodium-
EDTA, 0.1 mM EGTA, 40 mM KCl, 10 mM MgCl;, 5 mM potassium phosphate (pH
7.6), 2 mM ADP, 30 mM L-proline, 20 ug/ml ribonuclease (EC 3.1.4.22), 200 ug/ml
amino acid mixture without leucine {Roodyn et al., 1961) and variable concentrations of
L{'*C]leucine (uniformly labelled, 10 mCi/mmol). The incubation time was 30 min. For
further experimental details and the treatment of the radioactive protein, see Bartelink et
al. (1974).



Chemicals

Sephadex G-50 (medium) was purchased from Pharmacia Fine Chemicals AB, Uppsala,
Sweden and digitonin (A-grade) from Calbiochem, San Diego, Calif., U.5.A, Dihydroxy-
acetone phosphate dimethylketal (dicyclohexylammonium salt) was obtained from C. F.
Bochringer und Soehne, G.m.b.H., Mannheim, Germany, and converted to dihydroxy-
acetone phosphate as indicated by de Kort (1969). The sources of other chemicals have
been described previously (Bartelink & de Kort, 1973; Bartelink et al., 1974).

Results
Mitochondrial formation during flight-muscle development

Respivatory enzyme activities. Flight-muscle development in the Colorado beetle in-
volves a tremendous increase in mitochondrial volume and membrane profile (de Kort,
1969). The changes in succinate dehydrogenase (measured as succinate: cytochrome ¢
oxidoreductase} and cytochrome ¢ oxidase activities accompanying this increase are
illustrated in Fig. 1. At the moment of adult emergence, the flight muscles are still
primordial and contain small mitochondria with few cristae (de Kort, 1969). The
activities of the two mitochondrial inner-membrane enzymes were correspondingly low.
During the first days after emergence, a rapid accumulation of succinate dehydrogenase
and cytochrome ¢ oxidase activity occurred, which was completed in the second week of
adult life. At this stage the mitochondria contain many cristae and occupy about a third
of the volume of the flight muscles (de Kort, 1969). The protein values (Fig.1.) indicate
that the specific activities of both enzymes have also increased over the experimental

period.

Cytochrome concentrations. Dithionite-reduced mifmus ferricyanide-oxidized difference
spectra of flight-muscle homogenates, which were recorded at room temperature, revealed
the a-absorption bands of cytochromes a43, b and ¢ as a peak or shoulder at 604, 562 and
551 nm, respectively (Fig. 2). Similar spectra taken at the temperature of liquid nitrogen
showed a considerable intensification and sharpening of the absorption bands (Fig. 3,
Trace A). This phenomenon and an accompanying blue shift of maxima are already
known from the literature (eg. Wilson, 1967) and produced a different picture, The
o-region of the low-temperature spectra displayed at 597, 562 and 548 nm the maxima
corresponding to cytochromes aaz, b and ¢, respectively. In addition, a peak at 555 nm
was observed. The nature of the absorbance at this position deserves some comment.
When reduction of the cytochromes was brought about with a physiological substrate
(de Kort et al., 1973) in the presence of KCN, the low-temperature spectrum showed no
absorption band at 555 nm (Fig. 3, Trace B). Furthermore, the absorbance of the cyto-
chrome b band was decreased. Estabrook & Sacktor (1958), studying the spectral
properties of flight-muscle mitochondria from house flies (Musca domestica), also noted a
dithionite-induceable band at 555 nm in their low-temperature spectra. The band was not
elicited by ascorbate. Neither was the 555 nm band revealed by enzymic reduction of the
respiratory pigments with a-glycerophosphate, in the presence or absence of a terminal
inhibitor. But if the enzymic reduction was carried out in the presence of antimycin A,
the spectra showed an absorption band at 562 nm, and the peak at 555 nm. These
observations caused Estabrook & Sacktor to postulate an additional respiratory pigment,
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Fig. 1. Respiratory enzyme activi-
ties and total protein content of de-
veloping flight muscles. Homogenates
of thotaces were prepared at the in-
dicated stages and assayed for succi-
nate dehydrogenase activity (A),
cytochrome ¢ oxidase activity (B)
and protein content (C). For experi-
mental details, see Materials and
methods. At each stage 3—4 separate
homogenates were assayed.

which was designated cytochrome 555. In view of recent spectrophotometric studies on
the heterogeneity of cytochrome & (e.g. Sato ez al,, 1971; Davis et al., 1973) we tend to
attribute the absorbance at 555 nm to the low-potential b-cytochrome, cytochrome b,
The split a-band of this pigment' can be visualized in the difference spectrum between

1. There is also evidence that two different cytochromes are involved in the absorption structure

{Wikstrom, 1973).
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Fig. 2. Room-temperature difference spectrum of
cytochromes in flight muscles. A homogenate was
prepared from 30 thoraces of 16-day-old beetles
and divided between two cuvettes. The contents of
the measuring cuvette were reduced with dithio-
nite; to the reference material ferricyanide was
added. The spectrum was recorded as described
under Materials and methods. The protein concen-
tration was 7.9 mg/ml.

Fig. 3. Low-tecmperature difference spectra of
cytochromes in flight muscles. Recordings were
made with a homogenate prepared from 30 tho-
races of 16-day-old beetles. For Trace A the mea-
suring sample was reduced with dithionite and the
reference material was supplemented with ferri-
cyanide. The spectrum represented by Trace B was
obtained after reduction of the measuring sample
with L-proline (30 mM) in the presence of KCN
(5 mM); the reference cuvette contained ferricya-
nide. Trace C shows the difference in absorption
after reduction of .the cytochromes by dithionite
(measuring cuverte) and by L-proline in the pre-
sence of KCN (reference cuvette). The spectra were
recorded at the temperature of liquid nitrogen as
described under Materials and methods. The pro-
tein concentration was 6.7 mg/ml.
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the dithionitereduced state and the substrate-reduced state, A representative spectro-
graph of such a difference spectrum of flight-muscle homogenate is shown in Fig. 4
(Trace C). As seen a maximum at 563 nm is accompanied by the peak at 555 nm.

The cytochrome contents of flight-muscle homogenates prepared at various develop-
mental stages are plotted in Fig. 4. Cytochrome aa3 concentrations were estimated from
difference spectra (dithionite-reduced minus ferricyanide-oxidized) taken at room tem-
perature. For the evaluation of the contents of cytochromes b and ¢ the corresponding
low-temperature spectra were used, owing to the improved resolution of the absorption

10 | .
(A) . .
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( nmol / thorax )
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[ (e . bt )
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: ®

Cytochrome O content
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Fig. 4. Cytochrome contents of de-
veloping flight muscles. Homogenates
of thoraces were prepared at the in-
dicated stages. The concentrations of
cytochrome aa, (A), cytochrome b
{B) and cytochrome ¢ (C) in the
homogenates were calculated from
difference absorption spectra as
detailed in the text. At each stage
three separate homogenates were ana-
lysed. The average protein content of
, these homogenates increased in a
! similar fashion as depicted in Fig. 1
¢ 4 8 12 1 from 0.93 mg of protein/thorax a(tz:
Time after emergence (days) day O to 3.2 mg/thorax at day 16.

Cytochrome C content
{nmol / thorax )
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bands. In order to assay ‘total’ ¢cytochrome b content the absorbance was measured at the
wavelength pair 562—575 nm. The cytochrome concentrations were calculated via the
procedure detailed under Materials and methods with extinction coefficients for mam-
malian cytochromes. Mutual interference of the absorption bands was not taken into
account (cf. von Jagow et al, 1973). It is seen from Fig. 4 that the cytochrome contents
of the flight muscles increased progressively during the first week after emergence and
reached a maximum at day 8.

At no stage of development did we notice absorption indicative of cytochrome ¢ in
the spectra of flight-muscle homogenates., Neither could Estabrook & Sacktor (1958)
distinguish cytochrome ¢, absorption in low-temperature spectra of intact flight-muscle
mitochondria from house flies (cf. Chance & Parsons, 1963; Herold & Borei, 1963).
However, they did observe an absorption band at 551 nm with particles, which were
depleted of cytochrome c. The pigment, designated by Estabrook & Sackror as cyto-
chrome 551, was reducible by dithionite, ascorbate and substrate. If this pigment,
presumably cytochrome ¢, is also present in Colorado-beetle flight muscles, it con-
tributes to the absorbance of the cytochrome ¢ band. Thus, the cytochrome ¢ contents
presented in Fig. 4 are possibly overestimated.

Contribution of the intrinsic genetic system to mitochondrial formation

Effect of etbidium browmide on respiratory enzyme activities. The intramitochondrial
contribution to the biosynthesis of the enzymes succinate dehydrogenase and cyto-
chrome ¢ oxidase was studied with ethidium bromide, which is an inhibitor of mito-
chondrial transcription (Kroon & de Vries, 1971; see also Bartelink et 2l., 1974), The
results are shown in Table 1. It can be seen that treatment of Colorado beetles with
cthidium bromide inhibited the increase in cytochrome ¢ oxidase zctivity in developing
flight muscles. The elaboration of succinate dehydrogenase activity, however, was not
depressed by the dye. Neither did the protein content and the activity of cytoplasmic

Table 1. Effect of ethidium bromide on enzyme activities and protein content of developing flight
muscles!,

Control animals Ethidium bromide-treated animals

Succinate dehydrogenase
activity {gmol of 128410 130 1.1
succinate/h/thorax)

Cytochrome ¢ oxidase 49.0+ 6.5 222117
activity (min-! /thorax)

a-Glycerophosphate

dehydrogenase activity 46.4 £ 0.7 451+22
{umol of a-glycero-

phosphate/h/thorax)

Protein content (mg/thorax) 3.32+0.22 3.05+0.33

1. Beetles were injected two days after adult emergence with 10 ug ethidium bromide in 1 ul Ringer
solution using previously described methods (Bartelink & de Kort, 1973). Control animals received
Ringer solution only. The injections were repeated two days later. After another two days, the
gmmals were killed. The values represent the averages (+ S.E.M.} of five different experiments,
except that a-glycerophosphate dehydrogenase activity was assayed in three experiments of the
series.
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a-glycerophosphate dehydrogenase in the treated animals differ from control values,
which indicates that ethidium bromide had no influence on whole-cell protein synthesis.

Cyclobeximideresistant [*4C)leucine incorporation into mitochondrial protein in
vivo. To obtain more quantitative data on the intramitochondrial contribution to the
synthesis of organelle protein at different stages of flight-muscle development, we
undertook pulse-label experiments in vivo. The incorporation of [**Clleucine into mito-
chondrial protein was measured in the presence and absence of cycloheximide. This
antibiotic blocks protein synthesis on cytoplasmic ribosomes, but has no direct effect on
the mitochondrial proteinsynthesizing system (Kroon ez al.,, 1972; see also Bartelink et
al., 1974). For 4-day-old beetles, a dose of 5§ g of cycloheximide per animal inhibits
[**C]leucine incorporation into the cytosol protein of flight muscles by more than 99.5%
(Bartelink & de Kort, 1973). Under these conditions, however, a significant incorporation
into mitochondrial protein was observed, which appeared 1o be age-dependent (Table 2).
At the time of emergence, about 5% of the [ *CJleucine incorporation into mitochondrial
protein was resistant to the action of cycloheximide. During the early phase of flight-
muscle development, the percentage of cycloheximide-resistant incorporation rose to the
value of 14, four days after emergence. With full-grown flight muscles the radioactivity
incorporated in the presence of the antibiotic was again 5% of the control value, Through
lack of data on the specific radioactivity of the leucine pool(s) at different stages of
flight-muscle development, the magnitude of protein labelling cannot be compared verti-
cally in Table 2. We did previously establish that cycloheximide has no substantial effect on
the specific activity of free leucine in the flight muscles of 4-day-old beeties (Bartelink & de
Kort, 1973). It was also shown that in these beetles in the presence and absence of
cycloheximide the incorporation into mitochondrial protein proceeds, at an almost linear
rate during the first hour after injection of 0.1 uCi of ['*C]leucine per animal.

Table 2. Effect of cycloheximide on ['*C]leucine incorporation into mitochondrial protein in
developing flight muscles’®.

Time after Number of ['*C]Leucine incorporated Percentage
emergence experiments {(d.p.m./mg of protein)® of control®
(days)
Control Cycloheximide-
animals treated animals
0 3 5051 237 4.5 (2.5-5.9)
2 4 4361 420 9.7 (8.6—11.5}
4 7 3419 486 14.2 (11,5—-16.4)
8 5 767 62 8.2 (6.5-9.0)
12 4 905 41 4.5 (3.6—5.0}
16 4 986 54 5.2 (3.2-1.0)

1. Beetles of the indicated ages were treated with § ug of cycloheximide in Ringer solution. Control
animals received Ringer solution onty. After 10 min 0.1 uCi of ['*C]leucine (331 mCi/mmol) was
" administered per beede, The flighe-muscle mitochondria were isolated after a 30 min labelling
period, For further experimental details, sce Materials and methods.
2. The values represent the average specific radioactivity.
3. The average percentage is given with the range in parentheses.
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Fig. 6. [**C]Leucine incorporation into
protein by isolated mitochondria from
developing flight muscles, Flight-muscle
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cated intervals and incubated for 30 min
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(14C] Leucine incorporation into mitochondrial protein in vitro. Isolated flight-muscle
mitochondria from Colorado beetles have the intrinsic ability to incorporate ['*Clleucine
into protein (Bartelink et 4l., 1974). To study the incorporation activity of the organelles
at different developmental stages, we had to allow for possible variations in endogenous
leucine content. Therefore we measured the [**C]leucine incorporation into mitochon-
drial protein at various radioisotope concentrations (AB, 1968). Plotting the reciprocals
of the amount of ['*C]leucine incorporated and the isptope concentration in the
incubation medium resulted in a straight line (Fig. 5). The intersection with the ordinate
represents the reciprocal of the amino acid incorporation at infinite isotope concentra-
tion. This value was next estimated at various stages during flight-muscle development.
The results are shown in Fig. 6. Maximum ['*C]leucine incorporation into protein was
found with mitochondria isolated from 4-day-old beetles. Both at emergence and after
completion of muscular development, considerably less was incorporated.

Discussion

The development of flight musculature in the Colorado beetle is characterized by a
rapid accumulation of respiratory enzymes. During this period succinate dehydrogenase
activity was proportional to mitochondrial structure (de Kort, 1969). Thus, the results
presented in Fig. 1, depict mitochondrial growth in the developing Colorado-beetle flight
muscles.
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In their study on the development of the cytochrome system in the flight muscles of
the honey bee (Apis mellifera), Herold & Borei (1963) distinguished three steps. Cyto-
chrome aaj first started to increase in amount, at a second stage cytochrome b appeared
and finally the formation of cytochrome ¢ was initiated. Asynchronous development of
the various cytochromes was also observed in yeasts during respiratory adaptation after
anaerobiosis (Cartledge et al., 1972; Chen & Charalampous, 1973) or glucose repression
(Sherman & Stewart, 1971). In the flight muscles of the Colorado beetle, however, the
claboration of the cytochromes @a3, & and ¢ and the activities of succinate dehydro-
genase and cytochrome ¢ oxidase ran roughly parallel (Figs. 1, 4). It was previously
shown that also the activities of malate dehydrogenase and citrate synthetase are directly
proportional to succinate dehydrogenase activity during development {de Kort, 1969).
Apparently, the enzymes of oxidative metabolism are formed synchronously in the
flight-muscle mitochondria of the Colorado beetle. A parallel accumulation of mitochon-
drial enzymes has also been demonstrated during flight-muscle development in the locust
Locusta migratoria (Bicher, 1965; see also Kistler & Weber, 1974).

The intrinsic contribution of the flight-muscle mitochondria to the synthesis of
organelle protein was studied at different stages of development in vive and in vitro. In
vivo, the percentage of amino acid incorporation resistant to the action of cycloheximide
was cstimated. This cycloheximide-tesistant incorporation is mediated by intramitochon-
drial ribosomes, since it is sensitive to chloramphenicol (Bartelink & de Kort, 1973), a
specific inhibitor of mitochondrial protein synthesis. The results presented in Table 2
could therefore mean that the contribution of the mitochondria to the formation of their
protein varies with developmental stage. This implies that the activity of the intramito-
chondrial translation system and the extrinsic synthesis of mitochondrial protein are not
tightly coupled. It is also of interest that the time of maximum cycloheximide-resistant
incorporation corresponded with the period of rapid mitochondrial development
(Figs. 1.4). With chloramphenicol and erythromycin, Kellerman et al. (1971) estimated
that in glucose-repressed yeast cells, 5% of the mitochondrial protein was synthesized by
the intrinsic system, whereas after derepression a value of 13% was obtained. Evidently,
mitochondrial development requires an enhanced contribution of the intrinsic protein-
synthesizing system,

The interpretation of the observed differences in amino acid incorporation by isolated
mitochondria (Fig. 6) in terms of variation in protein-synthesizing capacity is hampered
by some uncertainties. Thus, for instance differences in incorporation values may reflect
differences in cofactor requirements rather than changes in synthesizing capacity. How-
ever, the coincidence of the maximum in the incorporation activity with that in the
percentage of cycloheximideresistant incorporation iz vivo strongly suggests that the
values obtained in the experiments in vitro are of physiological significance. Changing
rates of amino acid incorporation in wvitro were also demonstrated with flight-muscle
mitochondria of Locusta (Bronsert & Neupert, 1966), the moth Manduca sexta (Chan &
Richardson, 1969) and the blowfly Lucilia cuprina (Williams, 1972). The incorporation in
mitochondria from developing muscles was always substantially higher than after growth
ceased. Similar observations were made with other systems. For instance, mitochondria
isolated from logarithmic-phase cells of Neurospora crassa were more active in amino acid
incorporation than mitochondria from lag-phase cells (Greenawalt et al., 1972). With
regenerating livers of partially hepatectomized rats, the highest incorporation activities
were found if the mitochondria were isolated when the mitotic index was highest (Kroon,
1966). Changes in incorporation rates were observed also during normal liver develop-



12

ment. At the 1%th foetal day, the incorporation rate of the isolated mitochondria was
about three times ihe adult value (Hallman, 1971). In this context further the following
observations are of importance. By electron microscopy André & Marinozzi (1965) found
many more ribosome-like particles in the mitochondria of embryonic tissues of the rat
than in the corresponding adult tissues. The intrinsic RNA content of mitochondria from
regenerating rat liver was estimated by Kroon (1971) to be 3 ug per mg of protein,
whereas for normal liver a value of 1 pg per mg of protein was found. Mitochondria from
developing flight muscles of Luciia also contained much more RNA per mg of protein
than mature mitochondria (Lennie et al., 1967). Therefore we may conclude that the
higher incorporation activities of mitochondria from growing tissues indeed reflect a
higher capacity for protein synthesis.

In a previous study (Bartelink & de Kort, 1973), we estimated the specific radio-
activity of free leucine in the flight muscles after injection of 5 pg of cycloheximide and
0.1 uCi of the [**CHabelled amino acid per animal. So we can compare the rate of cyclo-
heximide-resistant amino acid incorporation in vivo with the incorporation activity of the
isolated mitochondria in vitro. With an identical injection schedule as in the present
experiments, the specific activity of the free leucine from 4-day-old beetles was found in
three experiments to average 0.38 uCi/umol. Assuming that this value equalled the
specific activity of the actual precursor pool during the labelling period, we can calculate
from the data of Table 2 that in 4-day-old beetles the rate of cycloheximide-resistant
incorporation of leucine into mitochondrial protein averaged 576 pmol/30 min per mg of
protein. Mitochondria isolated at the same stage of development showed in vitro about
50% of this activity (Fig. 6). Although the percentage is higher than previous estimates
(Hawley & Greenawalt, 1970; Kroon er al, 1972}, it indicates that the incubation
medium for the experiments in vitro is still suboptimal or that the mitochondria were
damaged during isolation.

At the enzymic level, the intrinsic genetic system of the flight-ruscle mitochondria
appeared to contribute to the formation of cytochrome ¢ oxidase (= cytochrome aas).
Administration of ethidium bromide to young adults of the Colorado beetle inhibited the
increase in cytochrome ¢ oxidase activity. However, the accumulation of another mito-
chondrial inner-membrane enzyme, succinate dehydrogenase, was not affected (Table 1).
Identical results were obtained for developing fat body of the cockroach Blaberus
discoidalis (Keeley, 1972). Interference with cytochrome ¢ oxidase formation by inhibi-
tors of mitochondrial transcription or translation has also been demonstrated for non-
insect systems, e.g. growing yeast cells (Clark-Walker & Linnane, 1967), regenerating rat
liver (Kroon & de Vries, 1971) and rat intestinal epithelium (Gijzel et al., 1972). These
observations support recent evidence that part of the cytochrome ¢ oxidase subunits are
products of the mitochondrial protein-synthesizing system (Weiss et al., 1972; Tzagoloff
etal., 1973).
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thereafter. No juvenile hormone was detectable at the entrance of diapause
about two weeks after emergence. In active long-day animals, however,
the titer increased until the fourth day and remained constant thereafter
(pE WILDE e al., 1968).

The state of the flight muscles and their mitochondria, therefore, is
correlated with the titer of the juvenile hormone. Further investigation
revealed that at the moment of adult emergence the flight muscles are
still primordial and contain small mitochondria. In long-day animals,
the flight muscles develop rapidly during the first fow days after emergence
and are fully formed by the second week. Flight-muscle development is
initiated also in beetles exposed to a short photoperiod, but the process
soon comes to a standstill and is then followed by degeneration (D Korr,
1969; pE KorT & BARTELINR, 1972).

In a previous paper (BARTELINK ef al., 1974b) we described the elabo-
ration of the cytochrome complement in the flight muscles of long-day
animals, It appeared that the accumulation of cytochromes aas, b, and ¢
proceeds roughly parallel and provides an index of mitochondrial develop-
ment. Furthermore, our examination of the intrinsic protein-synthesizing
gystem of the mitochondria revealed that maximum amino acid incorpo-
ration occurred during the period of rapid accumulation of eytochromes.
The investigation reported here evaluates these biochemical parameters
with beetles reared in a short-day environment.

MATERIALS AND METHODS
Animals

Colorado beetles (Leplinotarsa decemlineata Say) were bred at 25° C as
previously described (BarTELINK & DE KoRrT, 1973). The experimental
animals were reared ab ovo under a short-day régime with 10 h photophase.
Adult beetles were collected within 16 h after emergence from the soil
and kept until the desired age (the young adults emerge at the second

day of the imaginal stage). About two weeks after emergence the animals
leave the host-plant and re-enter the soil for diapause.

Topical application of juvenile hormone

Juvenile hormone, 160 ug dissolved in 1 ul of acetone, was applied on
the dorsal part of the abdomen of each beetle by means of & micro-syringe
and a Hamilton PB600-1 repeating dispenser (Micromesure N.V., The
Hague, The Netherlands). Control animals received acetone only. {
Determinations of cytochrome concentration f X

Homogenates of the thoraces from 30 or 60 bestles, depending on t.helf .
age of the animals, were prepared as described by BARTELINK ef al. (1974b), |
The concentrations of cytochromes aas, b and ¢ in the homogenates werg |
evaluated from dithionite-reduced minus ferricyanide-oxidized diﬂ"eren; '

H
i
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spectra recorded at both room temperature and the temperature of liquid
nitrogen. The spectrophotometric methods, spectra evaluation procedures
and extinction coefficients have been described in detail elsewhere (BAr-
TELINK ¢ al., 1974b).

Protein content of the homogenates was determined on defatted tri-
chloroacetic acid precipitates according to the method of Lowry e al.
{1951) with bovine serum albumin as the standard.

Determination of amino acid incorporation

Flight-muscle mitochondria were isolated under semi-sterile conditions
from 60 bectles starved overnight as reported previously (BARTELINK ef al.,
1974a), The mitochondria were incubated for 30 min at 25° C with an
optimized incorporation medium (KrooN & pE VRiEs, 197]1; BARTELINK
el al., 1974a) containing 50 mM sucrose, 50 mM Tricine-KOH buffer
(pH 7.6), 1 mM EDTA, 0.1 mM EGTA [ethyleneglycol-bis-(8-aminoethyl
ether) N,N’-tetra-acetic acid], 40 mM KCI, 10 mM MgCls, 5 mM potassium
phosphate, 2 mM ADP, 30 mM L-proline, 20 ug/ml ribonuclease (E.C.
2.7.7.18), 200 pg/ml amino acid mixture minus leucine (Roovyw e al.,
1961) and 0.01 or 0.04 mM L-[U-“CJleucine (10 mCi/mmole). Additional
incubation conditions, the treatment of the labelled protein and the
determination of radioactivity and protein have been described earlier
(BARTBLINE ¢f al., 1974a).

Chemicals

Synthetic juvenile hormone was provided by Hoffmann-La Roche,
Basle, Switzerland. The preparation ({R0-08-9550) was a mixture of the
geometrical isomers of methyl-10-epoxy-7-ethyl-3,11-dimethyl-2,6-tride-
cadienoate. The sources of the other chemicals have been given previously
(BARTELINK et al., 1974a).

RESULTS AND DISOUSSION

Citochrome concentrations

The changes in cytochrome contents accompanying flight-muscle de-
velopment and degeneration in beetles reared at a short photoperiod are
depicted in fig. 1. For comparison the average concentration of cyto-
chrome b in long-day animals has been included. At the moment of adult
emergence, the flight muscles of the short-day beetles contained only
small guantities of mitochondrial cytochromes. During the first week of
the imaginal stage a distinct increase in the levels of cytochromes aas, &
and ¢ oceurred. However, the cytochrome levels of short-day beetles did
not, at any stage of development, approach the values previously measured
in long-day beetles (BarTRLINE ot al., 1974b). The level of the three
cytochrome components reached a maximum during the second week and
declined thereafter. This loss of cytochromes signifies the onset of de-
generation. In deep diapause the thoraces were almost devoid of cytochromes.
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By taking the cytochrome contents as a measure of mitochondrial
development (see BARTRIINK ef al., 1974b), it may be concluded that
less mitochondrial mass is formed in short-day beetles, than in long-day
animals. As reported earlier (DE KorT & BARTELINE, 1972), the flight-
muscle mitochondria of pre-diapause beetles do show functionally normal
characteristics. Respiratory and phosphorylating activities with various
substrates were similar in mitochondria isolated from the flight muscles
of both pre-diapause and long-day animals.

Electron-microscopic investigation has shown that the degenerated
flight muscles of diapausing beetles resemble the precursor musculature
at adult emergence and contain only few small mitochondria (STEGWEE
e ol., 1963; StrewEE, 1964; DE Korrt, 1969). This agrees with the ex-
tremely low cytochrome concentrations encountered during diapause
(fig. 1). It should be pointed out that in the Colorado beetle the degener-
ation of the flight muscles and their mitochondria is reversible. After
termination of diapause fully differentiated flight muscles and mito-
chondria were observed (STEGWEE ef al., 1963 ; STEGWEE, 1964; DE KoRT,
1969). '

In witro [14CJleucine incorporation into mistochondrial protein

The results above indicate that functionally normal mitochondria are
formed in flight muscles of pre-diapause Colorado beetles, but to a lesser
extent than in long-day animals. It was of interest to investigate, whether
this is reflected in the protein-synthesizing activity of the isolated orga-
nelles. As mitochondria from other systems, flight-muscle mitochondria
of the Colorado beetle have the capacity to incorporate amino acids into
protein in vitro (BARTELINK ef al., 1974a). The incorporation activitics
measured with short-day beetles as a function of age are given in fig. 2.
The dotted line again represents the average values estimated at long-day
conditions (BARTELINK ef al., 1974b). A difficulty in this type of measure-
ments arises from the presence of an endogenous amino acid pool in the
mitochondria. Changes in pool size during flight-muscle development and
degeneration will influence the magnitude of protein labelling. In a previous
study (BARTELINE ef al., 1974b), this problem was approached by esti-
mating the [MCJleucine incorporation into mitochondrial protein at
different radioisotope concentrations in the incubation medium. The plot
of the reciprocal values of the amount of [14C]leucine incorporated against
the reciprocals of the isotope concentration (AB, 1868) gave a straight
line. In the graph the intercept with the Y-axis equals the reciprocal value
of the [4CJleucine incorporation at infinite precursor concentration.
Routinely, this value was determined by incubations at two concentrations
of [“Clleucine (0.01 and .04 mM),

Fig. 2 shows that except at day 8 the averages of the incorporation
rates obtained with short-day beetles were somewhat lower than the
rates measured during flight-muscle development in long-day, animals.
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Fig. 2. [4C]Leucine incorporation into protein by isolated flight-muscle mito-
chondria from short-day beetles. Mitochondria were isolated at the indicated times
and incubated for 30 min with 0.01 and 0.04 mM [4C]leucine (10 mCi/mmole).
The [4CJeucine incorporation at infinite radicisotope concentration is given, as
determined by extrapolation from reciproesl plots (see BARTELINE et al., 1974b).
Each point represents a separate mitochondrisl preparation. The averages of the
incorporation values measured with long-day beetles are connected by the dotted
line {after BARTELINE ef al., 1974b).

Very low incorporation activities were found with mitochondria isolated
from short-day beetles 16 days after emergence. Apparently, a condition
of decreasing juvenile hormone titer is associated with reduced rates of
mitochondrial protein synthesis. To establish this point more firmly the
effect of the opposite treatment was explored.

Effect of juvenile hormone on [14Cleucine incorporation

Synthetic juvenile hormone was administered to 16-day-old beetles,
reared at a short photoperiod. This treatment breaks diapause behaviour.
Within a week after application of 100 ug of the hormone, SCHOONEVELD
(1973) observed & reactivation of all animals. The response of the flight-
muscle mitochondria is shown in table 1. Two days after hormone ad-
ministration the level of [14C]leucine incorporation was three times greater
than with mitochondria from control animals and, after four days the
incorporation activity had increased to about six times the control value.
No effect wag found if the mitochondria were isolated immediately follow-
ing hormone treatment.

Although the stimulation was clearly significant at day 4, the level
of incorporation by no means reached the incorporation found during
mitochondrial development in long-day beetles (see fig. 2, dotted line).
Longer periods of exposure to juvenile hormone were not tested, because
the treated animals leave the soil after the fourth day and start feeding.
This might introduce undesirable side effects.
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TABLE 1

Effect of juvenile hormone application on [4Cllencine incorporation into protein
by isolated flight-muscle mitochondria.

[1¥C]Leucine incorporated (pmolefmg of protein)
Time after hormone -
application (days) ] Juvenile hormone-
Control animals troated animal
0 594 1.3 6.1+ 1.2
2 4.7+ 0.4 15.7 4 2.81)
4 5.0+ 1.3 29.3 + 6.91)

To 16-day-old beetles, reared at a short photoperiod, 100 pg of juvenile hormone
in acetone was applied. Control animals received acetone only. The bestles were
used immediately or kept in plastic viale with moist sand. Each vial contained one
female and one male. These animals rapidly entered the soil. Flight-rousele mito-
chondria were isolated and incubated for 30 min with 0.01 and 0.04 mM [14C[leucine
(40 mCifmmole) as described in the MarERIALS AND METHODE section. The [14C]
leucine incorporation at infinite radicizotope concentration was determined from
double reciproeal plots. The averages (+ S.E.M.) of these values from five different
experiments are given.

1) Significantly different from values of control animals {p<0.01), as determined
by Student's z-test.

The above correlation between hormonal status and mitochondrial
protein synthesis reminds of results described by Minks (1967) with
Locusta migratoria. Fat-body mitochondria isolated from allatectomized
locusts were distinctly less active in amino acid incorporation than mito-
chondria from control animals. Analogous observations were made with
mammalian systems. The incorporation activity measured with liver
mitochondria from hypophysectomized rats was nearly half that of normal
liver mitochondria. Treatment of the operated rats with growth hormone
stimulated the incorporation rate significantly (MapDa1am et al., 1973).
Furthermore, injection of growth hormone into normal mice enhanced
the amino acid incorporation by the liver mitochondria in vitro (DELANEY
& FENTON, 1967; DELANEY ef al., 1967). Castration of adult ratg resulted
in a decrease of prostate mitochondrial amino acid incorporation. Activity
was restored by testosterone administration (Prae & WILLIAMS-ASHMAN,
1968). Koras et al. (1972) reported similar effects of castration and
testosterone on mouse-kidney mitochondria. Also relevant are the studies
on the mode of action of thyroid hormones. Amino acid incorporation
into protein by rat-hepatic mitochondria tn vitro was depressed after
thyroidectomy. Tri-iodothyronine or thyroxine administered to hypo-
thyroid animals caused a stimulation of the incorporation activity (BRONK,
1963; RooDYN ef al., 1965; GomrpoN et al., 1973; Sarav ef al., 1973).

The observations cited indicate that in several systems mitochondrial
protein synthesis is affected by hormonal action. This raises the question
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as to whether the hormone interacts directly upon the mitochondria. Our
observation that juvenile hormone application did not produce an im-
mediate stimulation of amino acid incorporation (table 1), does not
preclude a primary hormonal effect on flight-muscle mitochondria. The
lag time may be due to a slow penetration of the hormone through the
cuticle. We therefore studied the infiuence of direct addition of juvenile
hormone to the mitochondria in witro.

Flight-muscle mitochondria were isolated from short-day beetles 16
days after emergence and incubated with the medium deacribed under
Materials and Methods. To each incubation tube juvenile hormone dis-
solved in 10 ul ethanol was added, giving final concentrations of 0, 0.002,
0.02, 0.2 and 2 ug of hormone per ml. After 10 min the incorporation of
[“Cleucine (0.04 mM; 40 mCi/mmole) was measured during a 30 min
labelling period. The concentration of 0.02 ug hormone/ml corresponds,
in the Galleria bioassay, with the juvenile hormone titer in the haemolymph
of active long-day beetles (DE WILDE e ¢l., 1968 ; H. SoHOONEVELD, personal
communication). In three experiments no effect of juvenile hormone
whatsoever could be detected.

It is not probable that the lack of effect was due to the low water
solubility of juvenile hormone. With a similar experimental design,
CoNaotk ef al. (1969) did find a stimulation of RNA polymerase activity
in isolated fat-body nuclei from Calliphora erythrocephala. Hence, we
conclude that juvenile hormone has no direct effect on tn vitro protein
synthesis by flight-musele mitochondria. This is in contrast to the obser-
vations that thyroid hormones are able to stimulate én vitro amino acid
incorporation by rat- and chick-liver mitochondria (KANDEMIR ef al.,
1866; PriMacK ef al., 1972; PriMack & TaprLEY, 1974). Similarly, cyclic
AMP and dibutyryl eyclic AMP were found to increase protein synthesis
in mitochondria isolated from rat-cerebral cortex and liver (BosMANN,
1971). In both cases, however, rather high concentrations of the hormonal
principle were used. Tri-iodothyronine over the range 0.001-10 xM failed
to accelerate amino acid incorporation into protein by mitochondria from
rat liver (RooDYN ef al., 1965). GorDOX e al. (1973) presented evidence
that the stimulation in vifro by thyroxine is mediated by other mechanisms
than the increase observed under in wivo conditions. Thus, the physio-
logical relevance of the effects in viiro is as yet questionable. It may be
added that also direct supply of testosterone to prostate mitochondria
‘from normal or androgen-deficient animals did not inftuence the incorpo-
ration activity (PEce & Winrrams-AsaMaw, 1968).

On the basis of the present results we suggest that in the flight muscles
of the Colorado beetle the mitochondrial response to juvenile hormone
is indirect. Which mechanism is intercalated, remains unclear. From the
biochemical point of view it is attractive to suppose that the nucleo-
ergastoplasmic genetic system is involved. In endocrinological terms one
can hypothesize about a role of neuro-endocrine centra (see KEELEY,
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1972a, b; ScmooNEVELD, 1972), Further research will be needed to dis-
criminate between these and other possibilities.
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Final remarks

Results presented in Paper 111 (Table 2) indicate that during flight-muscle development
in long-day beetles changes accur in the relative activities of the two protein-synthesizing
systems concerned with mitochondrial formation. The same can be inferred from the
measurements on short-day animals listed in the table of page 62. It is seen that the
percentage of cycloheximide-resistant amino acid incorporation into mitochondrial pro-
tein increased during the first few days after emergence. This indicates a2 growing
contribution of the intramitochondrial system to the synthesis of organelle protein (see
Paper I}. In the second half of the experimental period there was a decrease in the
proportion of cycloheximide-resistant incorporation. The latter observation seems an
answer to the question posed in the General inwoduction, as to which of the two
translation systems becomes disrupted in short-day beetles. However, we must remember
that also with long-day animals there are low percentages of cycloheximide-resistant
incorporation during the second week of adult life (Paper II1, Table 2). As a consequence,
the present results do not provide a conclusive answer to the above guestion.

In his study on flight-muscle development in the Colorado beetle, de Kort {1969} used
the level of succinate dehydrogenase activity as an index of the amount of mitochondrial
mass. It appeared that mitochondrial formation in beetles reared under long-day condi-
tions took 12 days. The results of Paper III, which were obtined with the same labora-
tory strain, indicate that at present development of flight-muscle mitochondria is com-
pleted within 8 days. The time courses of accumulation of cyrochromes shown in
Paper IV zlso suggest a more progressive formation of mitochondria in short-day beetles
than can be inferred from the data of de Kort (1969). Hence, it seems that the laboratory
strain has changed over the past six years. Slightly modified results as compared with
carlier trials {de Wilde, 1955; de Wilde et al, 1959), were also obtained in regard to the
photoperiodic response and oviposition (de Kort, 1969; Schooneveld, 1970).

Thus in the present laboratory colonies the differences in mitochondrial development
between long-day and short-day beetles are not pronounced. This lack of a distinct
difference has prevented the analysis of the cause of arrested mitochondrial growth.
However, the present study did characterize some variables which influence mitochon-
driogenesis in Colorado-beetle flight muscles. The functioning of the intramitochondrial
system for protein synthesis requires the presence of several cofactors (Paper 1I) and is
further dependent on the developmental and hormonal state of the animal (Papers 11l and
IV). The extrinsic synthesis of mitochondrial proteins is also important for the activity of
the intramitochondrial system. Extension of the time of pretreatment with cyclohexi-
mide up to 60 min and more led to a decreased amino acid incorporation into mitochon-
drial protein (Paper [, Table 3). This does not alter the fact that long-term changes can
take place in the relative contributions of the two translation systems (see Paper 111 and
the table on page 62).
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Effect of cycloheximide on [’ *C]leucine incorporation inte mitochondrial protein in flight muscles of
short-day beetles’.

Time after Number of ['*C]Leucine incorporated Percentage
emergence experiments (d.p.m./mg of protein)® of control®
(days)
Control Cycloheximide-
animals treated animals
0 3 5636 170 3.1(1.2—-6.6)
2 5 4601 443 9.6 (8.8—11.3)
4 5 4143 5513 13.8 (11.2—-15.6)
8 3 1184 125 10.0 (7.9-12.7)
12 5 700 35 5.5(2.5-88)
16 4 1004 46 4.7 (3.5-5.2)

1. Colorado beetles were reared as described in Paper IV. At the indicated ages beetles were treated
with 5 ug of cycloheximide in Ringer solution. Control animals received Ringer solution only.
After 10 min 0.1 uCi of ['*C]leucine {331 mCi/mmol) was administered per beetle. The flight-
muscle mitochondria were isolated after 2 30 min labelling period. For further experimental
details, see Paper III,

2. The values represent the average specific radioactivity,

3. The average percentage is given with the range in parentheses.

After addition of ethidium bromide or chloramphenicol to growing cultures of
Neurospora crassa Barath & Kiintzel (1972a, b) observed extra increased activities of
mitochondrial RNA polymerase and methionyl-tRNA transformylase. Furthermore, the
biosynthesis of mitochondrial elongation factors was stimulated. It was concluded that
these proteins are coded for by the nuclear genome and synthesized on cytoplasmic
ribosomes and that these processes are controlled by mitochondrial protein synthesis. To
account for the control Barath & Kiintzel postulated a repressor-like mitochondrial gene
product(s) which binds to nuclear cistrons.

The repressor mechanism and the observed effect of the extrinsic synthesis of mito-
chondrial proteins on the activity of the intramitochondrial system (Paper 1, Table 3; see
also Millis & Suyama, 1972) might explain the co-ordinated synthesis of mitochondrial pro-
teins. At the onset of mitochondrial growth, a high contribution of cytoplasmic ribosomes
will be necessary to produce, among others, the protein components of the mitochondrial
genetic apparatus (see Ch'ih & Kalf, 1969; Brega & Baglioni, 1971; Barath & Kiintzel,
1972a,b; Lizardi & Luck, 1972). In the next growth phase, the rate of intramitochondrial.
protein synthesis can increase (cf. Paper-1II). The mitochondrial translation products
make possible the integration of cytoplasmically-synthesized proteins into the mitochon-
drial inner membrane (Schatz & Mason, 1974). In addition, the manufacture of these
proteins will be lowered by repressor action. An excessive repression of the extrinsic
synthesis of mitochondrial proteins is prevented because shortage of the proteins will
lead to inhibition of the intramitochondrial system and thereby affect repressor production.
This arrgngement ensures the balanced synthesis and assembly of proteins during mito-
chondrial formation. After growth ceases, the activity of both translation systems will be
decreased. In adult rat liver, the inner mitochondrial membrane turns over more slowly
than matrix and outer membrane components (Brunner & Neupert, 1968; Beattie, 1969;
Aschenbrenner et al., 1970). Since the products of mitochondrial protein synthesis are
found predominantly in the inner membrane (Beattie ef al., 1967 ; Bandlow, 1972; Werner
& Neupert, 1972; Schatz & Mason, 1974), the intrinsic translation systern may suffice
with a lower relative contribution in fully-developed tissues (cf. Paper I, Table 2).
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Further investigations are necessary to prove or dismiss the order of events and the
nucleocytoplasmic-mitochondrial interactions outlined.
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Summary

This thesis deals with the biogenesis of flight-muscle mitochondria in the Colorado
beetle (Leptinotarsa decemlineata Say).

In beetles, reared under conditions of long photoperiod, the activities of succinate
dehydrogenase and cytochrome ¢ oxidase and the contents of cytochromes aay, b, and ¢
were found to increase roughly in parallel. This process starts around adult emergence and
is completed after 8 days. The above enzymes provide an index of mitochondrial growth,

Particular attention has been paid to the relative contributions of the two genetic
systems concerned in mitochondriogenesis. Ir vivo, the incorporation of ['*C]leucine was
measured after administration of cycloheximide, a specific inhibitor of cytoplasmic
protein synthesis. The incorporation into the cytosol protein of the flight muscles
appeared to be inhibited by more than 99.5% with the antibiotic. However, a consider-
able amount of radioactivity was found in the protein of mitochondria. At the beginning
of mitochondrial formation and in beedes with full-grown flight muscles the amino acid
incorporation amounted to about 5% of the control value. During the period of rapid
accumulation of mitachondrial enzymes, the percentage of cycloheximide-resistant incor-
poration increased to 14. This incorporation was sensitive to the inhibitor of mitochon-
drial protein synthesis, chloramphenicol.

The incorporation activity of the isolated mitochondria i» vitre was also examined.
Arttempts were made to elaborate a suitable incubation medium. It appeared, that proline
was the most effective respiratory subswrate in promoting the incorporation of
(**CJleucine into protein. Optimum incorporation furthermore required appropriate
concentrations of KCl, ADP, phosphate, Mg®*- and H"-ions, and a synthetic amino acid
mixture. Subsequently, the incorporation activity was estimated at various times during
mitochondrial formation. Maximum rates of amino acid incorporation were recorded in
the phase of rapid enzyme accumulation. Apparently, formation of mitochondria involves
an enhanced contribution of the intrinsic translation system.

While beetles reared at long photoperiods display locomotion and oviposition, treat-
ment with a short-day régime induces diapause. In pre-diapause animals a development of
the cytochrome system can be found after adult emergence, but the increase proceeds
more slowly than in long-day beetles. This increase stops after one week and is then
followed by a decline in cytochrome content. During deep diapause the cytochromes are
hardly detectable in the flight muscles.

Incorporation experiments with pre-diapause animals i# vivo yielded similar results to
those obtained with beetles reared under long-day conditions. Firstly, there was an
increase in the percentage of cycloheximide-resistant [1*CJleucine incorporation which
later fell. Because of the similarities it is impossible to say which of the two protein-
synthesizing systems is responsible for the stagnation in mitochondrial growth at short

photoperiods.
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The incorporation activities iz witroe of flight-muscle mitochondria isolated from
pre-diapause beetles were somewhat lower than those measured at corresponding times
during normal flight-muscle development. Very low incorporation rates were recorded at
the onset of diapause. Topical application of juvenile hormoene not only broke diapause
but also stimulated the incorporation activity of isolated mitochondria. No stimulation
was found after direct addition of the hormone to the mitochondria in witre. This
indicates that the effect of juvenile hormone on amino acid incorporation is indirect.
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Samenvatting

Dit proefschrift beschrijft een onderzoek naar de biogenese van vhegsp:enmtochon—
drién in de Coloradokever (Leptinotarsa decemlineata Say).

Bij kevers, die gekweekt waren bij een lange fotoperiode, werd.de vorming van enkele
mitochondriale enzymen tijdens de vliegspierontwikkeling bestudeerd. Her bleek, dat de
activiteiten van het succinaatdehydrogenase en cytochroomoxydase en de concentraties
van de cytochromen 443, & en ¢ alie min of meer parallel toenamen. Dit proces begint op
het moment, dat de kevers na het ontpoppen uit de grond komen en is 8 dagen later
voltooid. De genoemde enzymen kunnen gelden als parameters voor de mitochondriale
ontwikkeling.

Veel aandacht werd besteed aan de vraag, wat de bijdragen zijn van de twee genetische
systemen die een rol spelen bij de mitochondriogenese. In vive werd de incorporatie van
[*4C]leucine gemeten na injectie van cycloheximide, een specificke remstof van de
cytoplasmatische eiwitsynthese. Terwijl de incorporatie in het cytosoleiwit van de vlieg-
spieren voor meer dan 99,5% geremd was, werd een aanmerkelijke radioactiviteit in het
eiwit van mitochondrién gevonden. Aan het begin van de mitochondriénontwikkeling en
in volgroeide vliegspieren bedroeg de aminozuurincorporatie ongeveer 5% van de controle-
waarde. Tijdens de periode, waarin een sterke toename van mitochondriale enzymen was
waargenomen, steeg het percentage cycloheximide-resistente incorporatie tot 14. Vermeld
dient te worden, dar deze incorporatie gevoelig was voor de remstof van de mitochon-
driale eiwitsynthese, chlooramfenicol.

Ook werd de incorporatie-activiteit van geisoleerde mitochondrién in vitro onderzocht.
Allereerst werd getracht een geschikt incubatiemedium samen te stellen. Hierbij bleek, dat
van de geteste oxideerbare substraten, proline de incorporatie van ['*CJleucine in eiwit
het meest effectief stimuleerde. Voor optimale incorporatie zijn tevens bepaalde concen-
traties KCl, ADP, fosfaat, M.gz"- en H'-ionen en een synthetisch aminozuurmengsel
vercist. Vervolgens werd de incorporatie-activiteit op verschillende momenten tijdens de
mitochondriénontwikkeling gemeten. Maximale aminozuurincorporatie vond plaats in de
fase van snelle enzymvorming. Klaarblijkelijk gaat mitochondriale ontwikkeling gepaard
met een verhoogde relatieve en absolute bijdrage van het intrinsicke translatiesysteem.

Vertonen de bij lange lichtperioden gekweekte kevers locomotie en ovipositie, behan-
deling met korte daglengten induceert, zoals bekend, diapause. Bij de prediapausedieren
wordt na ontpoppen wel een ontwikkeling van het cytochroomsysteem gevonden. De
toename verloopt echter minder snel en raakt na cen week gestagneerd. Deze stagnatie
wordt gevolgd door een daling van de cytochroomgehaltes. Tijdens diapause zijn in de
inmiddels geatrofieerde vliegspieren de cytochromen nauwelijks aantoonbaar.

Incorporatie-experimenten met prediapausckevers in vivo gaven een overcenkomstig
beeld te zien als bij dieren behandeld met lange fotoperioden. Eerst vond een toename
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plaats van het percentage cycloheximide-resistente [14C] leucine-incorporatie, later een
daling. Als gevolg hiervan is geen conclusie mogelijk met betrekking tot de vraag, welke
van de twee ciwitsynthetiserende systemen de stagnatie in de mitochondriale groei bij
prediapausedieren veroorzaakt.

De incorporatie-activiteiten in eitro van vliegspiermitochondrién geisoleerd uit predia-
pausekevers waren meestal enigszins lager dan op overecenkomstige tijdstippen in de
normale vliegspicrontwikkeling. Zeer lage incorporatiewaarden werden gemeten bij
kevers, die op het punt stonden in diapause te gaan. Behandeling van deze kevers met
juvenicl hormoon leidde niet alleen tot een verbreking van de diapausereactie, maar ook tot
een stimulatie van de incorporatie-activiteit van geisoleerde mitochondrién. Deze stimu-
latie werd niet gevonden na directe toevoeging van het hormoon i vitro. Het effect van
juveniel hormoon op de aminczuurincorporatie is dus waarschijnlijk secondair.
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