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Introduction 

In larval and m some adult t i s s u e s of a var ie ty of Drosophila spe­

cies containing polytene chromosomes the a c t i v i t y of certain chromosome 

loci i s v i sual i sed Ъу the appearance of puffs. The act ivat ion of pre­

viously inact ive chromosome loci i s always preceded Ъу a local accumu­

l a t i o n of nonhistone proteins m a r e s t r i c t e d area of the presumptive 

puffing s i t e (Swift, 1964; Berendes, I968; Helmsing and Berendes, 1971; 

Berendes and Helmsmg, 1974; Mitchell and Lipps, 1975)· Tne accumula­

t i o n of nonhistone proteins r e s u l t s in an increase of the chromosome 

diameter m combination with a dispersed banding p a t t e r n . Autoradio-

graphs prepared from Drosophila polytene c e l l s , which have been exposed 

t o radioact ive RNA precursors, reveal t h a t these genome loci are act ive 

in RNA syntheses (Berendes, 196Θ; Berendes, Alonso, Helmsing, Leenders 

and Derksen, 1973). As soon as the protein accumulation becomes manifest, 

by t h e time that the act ive loci have a t ta ined t h e i r f inal s ize, the 

appearance of nbonucleo-protein p a r t i c l e s can be observed at the sub-

microscopic level (Leenders, Derksen, Maas and Berendes, 1973; Derksen, 

Berendes and Wil lart , 1973; Derksen, 19 7 5 a ; Derksen, 1975Ъ). 

Puffs can thus be considered to represent v i s i b l e changes in gene 

a c t i v i t y in terms of production of mKNA and do occur during ontogeny of 

Drosophila species ( P e l l m g , 1964; Clever, 1967; Berendes, 1968). The 

var ie ty of puffs that can be observed in t i s s u e s of Drosophila larvae 

can be divided into two different inducible c las ses . The f i r s t group of 

puffs i s r e l a t e d t o the c e l l u l a r metabolism. These puffs f luctuate m 

t h e i r a c t i v i t y and are apparently act ivated during the l i fe-t ime of the 

organism, whenever t h e i r a c t i v i t y i s needed (Ritossa, 1962, 1963, 1964; 

Berendes, van Breugel and Holt, 1965; van Breugel, 1966; Ashburner, 1970; 

Leenders and Berendes, 1972; Leenders, Derksen, Maas and Berendes, 1973). 

The second group of puffs i s involved in t h e d i f f e r e n t i a t i o n of the or­

ganism. These puffs, t h e 1lhormone"-puffs are only act ive at cer ta in 

stages in t h e development such as moulting or puparium formation. 

9 



(Clever ала Karlson, I960; Berendes, 196?; Grouse, 1968; Poels, 1970; 

Berendes and Thijssen, 1971; Poels, de Loof and Berendes, 1971; As-

burner, 1971; Poels, 1972; Ashburner, 1973)· Moreover,the "hormone"-

puffs are tissue specific. 

Both the puffs related to the cellular metabolisn and the puffs rela­

ted to differentiation do occur in normally developing larvae, but they 

can also Ъе induced experimentally by treatments interfering with the 

cellular metabolism or by administration of the moulting hormone ecdy-

sone,respectively. 

Major puffs, which normally develop following treatments interfering 

with the cellular respiratory metabolism in the polytene salivary 

gland cells of Drosophila hydei, are 2-32 A, 2-36 A, 2-48 ВС and 4-81 В 

(Leenders and Berendes, 1972; Leenders and Beckers, 1972). 

The actual factor(s) responsible for the induction of these spe­

cific puffs is still unknown. As a working hypothesis, however, the 

following has been suggested. Treatments interfering with the cellular 

respiratory metabolism may result m decreasing substrate levels. Such 

deficiencies in respiratory substrate supplies might decrease the sub­

strate affinity of allostenc mitochondrial enzymes. This decrease in 

substrate affinity, resulting in a reduced enzyme protection by its 

substrate, could give rise to macromolecules, which, following their 

release into the cytoplasm, could associate with specific proteins, 

migrate into the nucleus and induce the activity of specific chromosome 

loci (Leenders, Berendes, Helmsing, Derksen and Komnkx, 1974; Sin, 1975)· 

The active genes could be responsible in turn for changes in the activity 

of mitochondrial enzymes (see fig. l). 

It seems reasonable to suppose that the nuclear genome has a role 

in the correction of a deficiency in the mitochondrial metabolism, 

since during mitochondrial biogenesis most of the mitochondrial proteins 

are coded for by the nucleair genome and translated by the cytoplasmic 

protein synthesis machinery (Beattie, 1971; Tzagoloff, Rubin and Sierra, 

1973; Avadhani, Lewis and Rutman, 1975)· 
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The f i r s t indicat ions suggesting a r e l a t i o n s h i p between changes in the 

c e l l u l a r respi ratory metabolism and a p a r t i c u l a r genome response at 

the genome level , was the observation that addition in v i t r o t o poly-

tene t i s s u e s of Drosophila hydei of 2,4-dinitrophenol, s a l i c y l a t e or 

dicumarol, uncouplers of t h e oxidative phosphorylation,result ed in 

an almost immediate appearance of chromosome puffs at previously inact ive 

chromosome loc i (Ritossa, 1962, 1964; Berendes, van Breugel and Holt, 

1965; van Breugel, 1966; Ashburner, 1970). 

An induction of changes in the a c t i v i t y of the same loci which respond 

t o an experimental uncoupling of oxidative phosphorylation, can also 

be observed following the application of i n h i b i t o r s of the respi ratory 

chain, such as azide, an\ytalf rotenone, antimycine A and 2-heptyl-

4-hydroxy quinolme-N-oxide (Leenders and Berendes, 1972). A sudden r i s e 

in environmental temperature or the re lease from anaerobiosis, treatments 

which affect the c e l l u l a r respi ratory metabolism, are also able t o evoke 

t n e speci f ic chromosomal response. Moreover, the a v a i l a b i l i t y of sub­

s t r a t e s of the c i t r i c acid cycle (malate, succinate) or substrates sup­

port ing the mitochondrial r e s p i r a t i o n (glutamme, a-glycerolphosphate) 

during the temperature treatment or during the recovery from anaerobiosis 

r e t a r d or even completely prevent the genome response. This finding makes 

i t highly l ike ly , t h a t t h e r e ex i s t s a re la t ionship between the newly 

appearing puffs and d e f i n i t e changes in the mitochondrial metabolism 

(Leenders and Berendes, 1972; Leenders and Beckers, 1972; Berendes, 1972). 

A var ie ty of experimental treatments i n t e r f e r i n g with the c e l l u l a r 

respi ratory metabolism i s thus very effective in evoking gene a c t i v i t y 

of previously inact ive chromosome l o c i . Although the actual mechanism(s), 

by which gene a c t i v i t y i s regulated quant i ta t ive ly as well as q u a l i t a ­

t i v e l y , has not been elucidated, i t has been suggested t h a t , since these 

treatments and substances i n t e r f e r e with the c e l l u l a r metabolism, a 

decrease in the c e l l u l a r ATP level could serve as a possible t r i g g e r 

for t h e act ivat ion of p a r t i c u l a r chromosome loci (Ritossa, 1962, 1963; 

Ellgaard, 1972). Whether a change in t h e c e l l u l a r ATP level serves as 

a signal for the induction of puffs 2-32 A, 2-36 A, 2-48 ВС and 4-8I B, 
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has been investigated in the first chapter of this thesis. 

The other chapters of this thesis deal with the effects of induced 

gene activity upon cellular metabolism. 

In general, the activation of genes always precedes changes in RNA—syn­

thesis, protein-synthesis and/or changes in enzyme activity (Baudisch 

and Panitz, I968; Daneholt, Edstrbm, Egyhazy, Lambert and Ringborg, 

1969; Leenders and Beckers, 1972; Tissières, Mitchell and Tracy, 1974; 

Lewis, Helmsing and Ashburner, 1975; Bisseling, Berendes and Lubsen, 

1976). The effects of induced gene activity of the chromosome loci 

2-32 A, 2-36 A, 2^48 ВС and 4-81 В by treatments interfering with the 

cellular respiratory metabolism could possibly be expressed in changes 

in mitochondrial enzyme activities. 

Measurements of the effect of various substrates on the oxygen 

consumption of glands recovering from anaerobiosis indicated that 

isocitrate and tyrosine stimulated the respiration of recovering glands 

to a much greater extent than the respiration of the control glands 

(Leenders and Knoppien, 1973)· Therefore, the activity of the mitochon­

drial tyrosine aminotransferase was investigated (Leenders and Beckers, 

1972; Leenders, Berendes, Helmsing, Derksen and Koninkx, 1974; Sin and 

Leenders, 1975)· 

Squashes, made from salivary glands treated with rotenone or amytal, 

display puffs at loci 2-32 A, 2-36 A, 2-48 ВС and 4-81 B. Puff 4-81 В 

is not induced when antimyoin A is present in the incubation medium, 

whereas the other mentioned loci are activated (Leenders and Berendes, 

I972). This consistent difference initiated the study of the activity 

of the mitochondrial NADH dehydrogenase, which may be considered as one 

of the rate limiting enzymes in respiratory chain (Hemmerich, Nagel­

schneider and Veeger, 1970). 

In homogenates of salivary glands the activity of NADH dehydrogenase 

had increased significantly after recovery from anaerobiosis of the 

salivary glands (Leenders and Beckers, 1972). This increases in NADH 

dehydrogenase activity has evoked several questions, which are dealt 

with in this thesis, for example: 

Does the increased enzyme activity of NADH dehydrogenase originate 
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from an intranutochondrial or extramitochondrial enzyme ? Is the i n ­

creased enzyme a c t i v i t y of NADH dehydrogenase caused by synthesis de 

novo of t h i s enzyme af ter experimentally induced cene a c t i v i t y ? Does 

increased j^ene a c t i v i t y always precede changes in NADU dehydrogenase 

a c t i v i t y and are these changes dependent upon t r a n s c r i p t i o n of puffed 

chromosome loci and t r a n s l a t i o n of new mRI!A species ? Is the increase 

in NADH dehydrogenase a c t i v i t y due t o mitochondrial biogenesis ? 

By e lectrophores is in sodium dodecyl sulphate Polyacrylamide eels 

T i s s i e r e s , Mitchell and Tracy (1974) demonstrated tnat puff induction 

by a temperature shock in Drosophila melanogaster changes the pat tern 

of protein synthesis , namely, s ix new strongly labelled polypeptides 

appeared. A s imilar set of polypeptides could be induced by a tempe­

r a t u r e shock in sal ivary glands of Drosophila hydei (Lewis, Helmsing 

and Ashburner, 1975)· 

To t e s t whether or not the appearance of t h e polypeptides i s causally 

r e l a t e d t o the presence of the puffs 2-32 A, 2-36 A, 2-43 3C and 4-81 Б, 

sal ivary glands of Drosophila hydei larvae have been submitted t o a 

var ie ty of treatments i n t e r f e r i n g with the c e l l u l a r resp i ra tory meta-

Dolism. 

Both the increase m enzyme a c t i v i t y of NADH dehydrogenase and the 

appearance of the strongly label led polypeptides as a r e s u l t of gene 

a c t i v i t y occur with very s imilar k i n e t i c s of induction. This finding 

could indicate that the strongly label led polypeptides might be regarded 

as precursors of KADI: dehydrogenase. This p o s s i b i l i t y i s invest igated 

m t h i s t h e s i s . 
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CHANGES IN CELLULAR ATP, ADP AND AMP LEVELS FOLLOWING 

TREATMENTS AFFECTING CELLULAR RESPIRATION AND THE 

ACTIVITY OF CERTAIN NUCLEAR GENES IN DROSOPHILA 

SALIVARY GLANDS 

H J LEENDERS,1 A KEMP.' J F J G KONINKX1 and i ROSING2 

^Department of Genetics, University of Nijmegen, Toernooweld, Nijmegen, and 
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SUMMARY 

Changes in the cellular adenine nucleotide contents of larval salivary glands of Drosophila hydei 
as a result of treatments affecting the respiratory metabolism were established and correlated 
with changes in the activity of four genome loci The results demonstrate (hat the activation of 
the genome loci is not a necessary consequence of a reduction m the ATP level or changes in 
ADP or AMP levels Other regulatory mechanisms for the activation of these genome loci are 
discussed 

A variety of experimental treatments inter­
fering directly or indirectly with cellular 
respiration is effective in the activation of a 
group of specific genome loci in various dip-
teran species The activity of these loci, 
visualized by the presence of chromosome 
puffs active in RNA synthesis can be brought 
about by a sudden increase in environmental 
temperature [1-3], a recovery from an 
anaerobic treatment [4, 5], the administration 
of uncouplers of oxidative phosphorylation 
[5, 6], and by specific inhibition of certain 
mitochondrial processes [5] 

Although the actual mechanism by which 
these gene activities are monitored has not 
been elucidated, it has been suggested on 
account of the treatments causing the activa­
tion of these genes, that the cellular ATP 
level might play a decisive role in the activa­
tion mechanism [3, 5, 6] It could be argued 
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that a drop m cellular ATP or a rise in ADP 
or AMP serves as a signal for the activation 
of the particular genome loci 

In order to explore this possibility, cellular 
nucleotide levels were measured following 
treatments which have as a consequence the 
activation of the particular puffs 

MATERIALS AND METHODS 

All experiments were performed with salivary glands 
of mid third instar larvae of Drosophila hydei isolated 
according to the method of Boyd et al [7] using ice-
cold Drosophila Ringer (For composition see [8]) The 
larvae were obtained from mass cultures maintained 
under standardized conditions with respect to food 
supply, temperature, relative humidity and light 
regimen Each culture was started with eggs laid by 
3-week-old females during a 1 h period 

Isolated salivary glands were submitted to one of 
the following treatments which were all performed 
in the complex incubation medium described by 
Poels [9] 

(a) a temperature treatment in which (he medium 
temperature was raised from 25 to 37°C and kept at 
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Table 1. ATP, ADP and AMP levels and puff size of the regions 2-32 A, 2-36 A, 2-48C and 

4-81В following an in vitro temperature treatment or N^anaerobiosis and subsequent recovery 

in air applied to isolated larval mlivary glands of Drosophila hydei 

Total 
nucleotide 

ATP ADP AMP content ~ P : 
(nmol/ (nmol/ (nmol/ (nmol/ (nmol/ nucleotide 
mgprot) mg prot.) mgprot) mg prot.) mgprot) content 32A 36A 48C 81В 

Incubation 
conditions 

Relative puff size" 

25 mm medium 
at25 0C 5 80 0 92 018 6 90 12 52 1.82 

25 mm medium 
at 370C 
(temp, treatment) 1 12 2 04 1.40 4 56 4.28 0.94 

2 h medium 6.44 1.43 0.57 8.44 14.31 1 70 
2 h medium 
saturated with Nj 
(Ni-anaerobiosis) 0 00 1.09 2.43 3.52 1.09 0.31 

145 mm medium 9.86 167 0.22 11.75 2139 182 
120 min N2-anaero-

biosis •'• 25 mm 
recovery m air 5.21 1 90 0.71 7.82 12 32 1.57 

a Estimated puff sizes.—, no puff present. , large puff present. 

37"C for 25 mm; (b) an anaerobic treatment in which 
the glands were incubated in an N.-saluraled medium 
under N, atmosphere for 2 h followed by 25 mm 
recovery in air, (c) 2 h incubation of the glands in 
medium supplied with 7.5 χ 10~s M Na-arsenite, (rf) 
75 min incubation of the glands in medium saturated 
with rotenone (Sigma) (0 5 mg/ml) and containing 
3.4 κΙΟ-3 M amytal (Merck) (see [5]), (e) 75 mm 
incubation of the glands in medium saturated with 
oligomycin (Sigma) (0 5 mg/ml) and containing 
either 2 * ΙΟ"3 M KCN (Merck) or 2.5 χ ΙΟ"4 M 
atractyloside (Sigma) All incubations, except the 
temperature treatment, were carried out at 25±l i l C. 

Following treatment, the glands were thoroughly 
washed with ice-cold Drosophila Ringer, pelleted and 
homogenized (3 χ 10 sec, Branson sonifier step 2) 
m 1 ml 4 °t, citric acid m Ringer per 100 mg of glands. 
Subsequently, 0.1 ml 40 "o ice-cold perchloric acid 
(PCA) per ml of homogenate was added The re­
sulting precipitate was pelleted and used for protein 
determination according to Lowry et al [10]. The 
supernate was adjusted to pH 7.4 with 0.1 M Tris-
KOH and after freezing and removing of excess salt, 
aliquots were used for determinations of ATP, ADP 
and AMP 

ATP was determined with hexokmase (EC 2.7.1.1 ) 
and glucose-6-phosphate dehydrogenase (EC 1 1 1 49 ) 
ADP with pyruvate kinase (EC 2 7.1 40 ) and lactate 
dehydrogenase (EC 1.1 1 27) as described by Berg-
meyer [11]. Since the adenine nucleotide concentra­
tions were low an Aminco Chance dual wavelength 
spectrophotometer was used. 

All nucleotide values are expressed in nmoles/mg 
protein From each batch of salivary glands used for 

measurements of the nucleotide levels, 5 glands were 
fixed, stained and squashed and the relative puff size 
of the chromosome regions 2-32A, 2-36A, 2-48C and 
4-81B were estimated [12]. 

RESULTS 

As can be seen from table 1, a temperature 
treatment of the isolated glands for 25 mm 
results in an increase in puff size at all loci 
studied, a result which confirms earlier 
findings [2, 5]. In these experiments, as well 
as after the anaerobic treatments, the levels 
of ATP, ADP and AMP were measured in 
homogenates of glands which had been 
treated with citric acid immediately after the 
incubation. Washing was omitted in order to 
avoid a possible change in distribution and 
content of nucleotides. Following the tem­
perature treatment, the level of ATP was 
reduced, and ADP and AMP levels were 
increased as compared with the control 
glands. 

After an anaerobic treatment of 2 h, ATP 
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Table 2. ATP, ADP and AMP levels and puff size of the regioni 2-32 A, 2-36 A, 2-48C and 

4-81В following in vitro incubation of laival salivary glands of Drosophila hydei with arsenite, 

rotenone, amytal, oligomycin, cyanide and atractyloside 

Incubation 
contitions 

2 h medium 
2 h medium 

7-5- 10 » M 
arsenite 

75 mm medium 
75 min medium 

saturated with 
rotenone 
3-4 s 10 3 M 
amytal 

75 mm medium 
saturated vulh 
oligomycm and 
rotenone 
3 4 N ΙΟ"3 M 
amytal 

2 h medium 
2 h medium satu­
rated with 
oligomycm 

2 h medium satu­
rated with oligo-
mycin 
2 ·< Ю-3 M KCN 

45 min medium 
45 min medium 

Ч 0 - 1 M KCN 

2 h medium 
2 h medium 

2 5- 10-'M 
atractyloside 

2 h medium 
saturated with 
oligomycm 
2 5 x 1 0 ' M 
atractyloside 

ATP 
(nmol/ 
mg prot.) 

7.47 

7.18 

7.22 

1.11 

0.33 

4.58 

0.81 

0.43 

7.14 

3.93 

7.22 

10.63 

1.64 

ADP 
(nmol/ 
mg prot.) 

1 85 

1.52 

2.58 

3.32 

2.92 

1.43 

1.89 

3.00 

3.11 

3.12 

2.58 

3 25 

4 38 

AMP 
(nmol/ 
mg prot ) 

0.19 

0 20 

— 

— 

— 
0.28 

1 50 

— 
0.21 

1.30 

— 

— 

Total 
nucleotide 
level in 
(nmol/ 
mg prot ) 

9.51 

8.90 

— 

— 
6 29 

4.20 

— 
10 46 

8.35 

— 

— 

~ P 
(nmol/ 
mg prot.) 

16.79 

15 88 

17.02 

5.54 

3.58 

10.59 

3.51 

3.86 

17 39 

10.98 

17 02 

24.51 

7.66 

~p _ Relative puff size" 
nucleotide 

content 32A 36A 48C 81 В 

1.77 -

1 78 - + - + -

_ _ _ 

- - - - h -

- -ι- + 

1.68 - - -

0.84 -

+ - + 

1 66 -

1.31 -
_ „ _ _ 

_ _ _ _ 

-L _ — J .L· _ 

" Estimated puff sizes: - , no puff present. +, small puff present. -, large puff present 

can no longer be detected, the ADP content 

is slightly decreased and the AMP content is 

increased significantly. However, no in­

crease in puff size was observed under these 

conditions. Complete depletion of the ATP 

pool could be responsible for the failure of 

the puffs to respond to this treatment. As 

has been reported previously [13], the de­

velopment of a puff is dependent on the 

availability of sufficient energy. This sugges­

tion finds some support from the data 

obtained after a recovery from anaerobiosts 

in which the ATP level has increased again 

and the puffs do appear (table I). In con-
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ISO - 1 

12S - / f * · •· ^ 

^ t ^ * 
1 00 I = ^ •' -^ ' 

10 * 10 ' 0 3 

f i i 1 Abscissa M atractylosidc m the presence of 
ol igomycin, ordinale rel риГГ size Response of 
chromosome region ζ L , 2-48C , · · , 2-32A, 
С О, 2 36A 

The effect оГ incubation of salivary glands for 
75 m m in various concentrations of atractyloside 
supplied to medium saturated u i t h ohgomycm 
Puff diameters are recorded as relative values They 
represent the ratio of the measured width of the puff 
region and a non-puffed neighboring region (see [5]) 
Each value is an average of 5 measurements S Ь are 
indicated 

trast, it was found that a significant reduction 
in the ATP level during a 30 mm period of 
anaerobiosis failed to result in the appearance 
of the puffs During this period the ЛТР 
level was reduced from 11 23 to 0 79 nM,mg 
protein This level should be sufficient, 
however, to allow puff formation (see table 2) 
Moreover, the period of treatment is suffici­
ently long to permit the development of a 
puffed morphology at the loci studied [14] 
Table 1 further reveals that the temperature 
treatment, anaerobiosis and anaerobiosis 
followed by recovery in air, all result in a 
decrease in total nucleotide content and ~ P 

Both table 1 and table 2 indicate that the 
adenine nucleotide levels in the controls vary 
greatly This may be due to variations in the 
age of the larvae from which the glands were 
isolated In all instances, therefore, the 
changes in nucleotide contents should be 
assessed by a comparison of the results from 
the treated glands with those of the control 
glands, which in all instances are ahquots of 
the same batch of glands 

The energy content of the system as 
expressed by ~P(2 χ ATP + ADP)/mg pro­
tein varies to the same extent as the total 
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quantity of adenine nucleotides Because of 
the variation between various preparations, 
the ratios of ~ P/total adenine nucleotides 
were compared As can be seen in tables 1 
and 2, this ratio (1 82-1 66) is very similar in 
different control experiments 

In table 2, the results of treatments inter­
fering with the respiratory metabolism are 
presented with regard to their effect on the 
adenine nucleotide levels and puff size. 
Incubation of the isolated glands in medium 
conlaming arsemte, which effectively in­
hibits the lipoic acid dehydrogenase [15], 
results in the appearance of small puffs at 
the loci 2-32 A and 2-36 A and large puffs at 
2 48C and 4-81В The ATP and ADP levels 
are only slightly reduced as are the total 
nucleotide level and ~ P 

Incubation of the glands in medium con­
taining the mitochondrial respiratory inhibi­
tors rotenone and amytal, either in the 
presence of or without oligom\cin (inhibitor 
of ATP formation) results in an almost 
complete depletion of the ATP pool and in 
the appearance of all four puffs when ohgo­
mycm is absent and of three of them when 
oligomycin is present in the medium 

Oligomycin alone (saturated solution), 
though causing a significant reduction in 
the ATP and an increase in AMP level, does 
not cause the induction of the specific puffs 
In the presence of KCN, however, a saturated 
solution of oligomycin does induce the 
appearance of three of the puffs, even though 
the ATP level is reduced to almost the same 
level as after incubation with oligomycin 
alone KCN alone, which also reduces the 
ATP level, does not stimulate puff formation 
The observations confirm earlier results 
which revealed that incubation of the glands 
neither with oligomycin nor with KCN 
result in the induction of the puffs [5] 

Incubation of the glands in medium 
saturated with oligomycin and containing 
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atractyloside (inhibitor of nucleotide trans­
port across the mitochondrial membrane) 
resulted in significant reduction of the ATP 
level and in the appearance of three of the 
puffs A dose-response curve for the three 
puffs (fig 1) revealed that the response of 
region 36 A was less than that of 32 A and 
region 48 С showed the strongest reaction 
Comparison of these results with those 
obtained with oligomycin in combination 
with KCN reveals that the response of the 
puffs 32 A and 36 A under the latter condi­
tions is higher for 36 A than for 32 A [5] 
This comparison indicates that, although in 
both treatments the level of ATP is sub­
stantially reduced, the two loci 32A and 36 A 
respond differently to the two treatments 

DISCUSSION 

It has been suggested that the characteristic 
response of particular genome loci in Droso-
phila to the addition of agents affecting the 
cellular respiratory metabolism is mediated 
by changes in the levels of adenine nucleo­
tides In particular, a decrease in cellular 
ATP was proposed as a possible trigger for 
the activation of the particular genome 
loci [3, 5, 6] 

The results presented in this paper do not 
favor the idea that changes in adenine 
nucleotide levels should be considered as 
primary triggers for the activation of the 
specific genes Anaerobiosis, which depletes 
the ATP pool, does not result in the induction 
of puffs, neither does treatment with oligo­
mycin or KCN, both of which cause a 
significant reduction in the ATP content 
Conversely, an arsenite treatment which 
hardly changes the cellular ATP concentra­
tion does result in the activation of the 
genome loci studied 

Examination of the ADP and AMP levels 
after the various treatments failed to reveal a 

correlation between quantitative changes in 
the levels of these nucleotides and the activa­
tion of the specific genome loci 

It could be argued that a drop in cellular 
ATP will produce an activation of the 
respiratory metabolism and, thus, an in­
creased demand for either—exogenous—sub­
strates or certain enzymes However, the 
treatment with arsenite revealed that the 
specific puffs may become active even 
when neither the ATP level, nor the respira­
tory activity changes significantly (unpub­
lished results) It seems possible that either 
the inhibition of the lipoic dehydrogenase by 
arsenite or a general activation of the re­
spiratory metabolism may result in the release 
of one or more triggering substances, which 
induce the activation of the particular genome 
loci The release of these triggering sub­
stances may be performed by steps in the 
respiratory metabolism other than those 
which are directly affected by the treatments 
used For instance some mitochondrial 
entrance pathways, which perhaps function 
as monitors, may be responsible for the 
release of the triggering substances The 
resulting gene activities may produce in­
formation for the synthesis of respiratory 
components which although corresponding 
to the particular triggering substances are not, 
however, always able to release the inhibitions 
or activation caused by the treatments ap­
plied Consequently the triggering mechanism 
would then continue to operate and the 
puffs would continue synthesis of their prod­
ucts 

The described control mechanism finds 
support from recent findings on the action 
of vitamin B, and the effect of cycloheximide 
on the activation and persistent activity of 
the puffs studied [16, 19] 

A good example to illustrate this control 
mechanism might be provided by puff 4-81В 
Whenever oligomycin is present in the in-
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cubation medium, in addition to other 

substances which interfere with respiration, 

this puff will not become active, in spite of a 

drastic decrease in ATP level (table 2) 

Following inhibition of terminal respiration 

by rotenone and/or amytal, puff 4-81В 

will become active This inhibition may 

cause an increase in the oxidation and thus 

a fall in the level of α-glycerophosphate (a-

GP), leading to an increased demand for 

oc-GP This decrease in level of ot-GP may be 

abolished in the presence of oligomycin or 

antimycin A under which conditions puff 

4-81 В is not induced (see also [5]) An indi­

cation that possibly the a-GP oxidase is 

the monitor in this feed back system is 

found in the definite change in stimulatory 

action of a-GP in respiration, if puff induc­

tion is performed. a-GP does stimulate 

respiration in 'non-puffed', but not in 

'puffed' glands [17] The hypothesis that the 

activity of puff 4-81В might be related to the 

activity of the enzyme NADH-dehydro-

genase-enzyme activity increases following 

the activity of puff 4-81В [19] fits the afore­

mentioned observation, because an increased 

dehydrogenation of N A D H will reduce the 

increased oxidation of a-GP 

So far, the data available do not disagree 

with the idea that the induction of a particu­

lar group of puffs as a result of treatments 

interfering with respiration seem rather a 

consequence of an increased demand for 

either substrates or certain enzymes than of a 

decrease in cellular ATP 
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help and to the Netherlands Organization for the 
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SUMMARY 

A comparison was made between some respiratory characteristics of mitochondria isolated from 
larval salivary glands of Drowplula hydei displaying chromosome puffs induced by anacrobiosis 
and mitochondria from non treated glands Mitochondria from anaerobically treated glands 
displayed a Kw of the respiration in the presence of isocitrate (2 4 mM) which is half that of the 
A , found in control glands (5 6 mM) The fmax of respnatory activity in the presence of iso-
citrate is similar for mitochondria of treated and non treated glands The apparent Vmix of the 
NADH dehydrogenase (С С 1 6 99 3) activity in mitochondria isolated from treated glands was 
70 higher than in the control glands Neither the change in A,„ of the respiratory activity in the 
presence of isocitralc nor the change in app Утл^ of the NADH dehydrogenase in the anaerobi 
cally treated glands was apparent when puff induction occurred in the presence of actmomycin 
D or cyclohcximidc in the incubation medium The present results indicate that the changes 
in the pattern of active genes (the occurrence of new puffs) may be related with a change in the 
respiration of isocitrale and a change in NADH dehydrogenase activity 

A variety of treatments interfering with the 
cellular respiratory metabolism have as a 
consequence definite changes in genome ac­
tivity at the nuclear level [1] As indicated 
from studies on isolated larval salivary glands 
of Dioiophila, a particular group of genome 
loci becomes active whenever the cellular 
respiratory metabolism is submitted lo a 
stress situation On account of these observa­
tions, it was suggested that the activated 
genome loci may provide information which, 
in some way or another, can stimulate the 
respiratory activity in order to meet the 
higher demands of the cellular metabolism 
under the artificial conditions applied [2 3] 

As has been demonstrated, the appearance 

19 -51808 

of a set of new puffs in the polytene chromo­
somes, following treatments affecting the 
respiratory metabolism, is correlated with an 
increase in activity of the enzyme NADH-
dehydrogenase (FC 1 6 99 3) as established 
in homogenates of whole salivary glands [2] 
In addition, a significant difference m sub­
strate-dependent stimulation was found when 
glands with the particular group of gene loci 
active were compared with glands in which 
these loci were inactive Glands in which the 
particular set of gene loci were active dis­
played a significantly higher utilization of 
isocitrate and tyrosine as substrates for сгііи-
lar respiration [4] So far, however, it was 
uncertain as to whether the enhanced iso-
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citrate and tyrosine respiration and the in­
crease in NADH-dehydrogcnase activity are 
consequences of enhanced intra-, rather than 
extra mitochondrial processes 

In order to distinguish between those pos­
sibilities, isocitrate respiration and NAÜH-
dehydrogenase were measured using purified 
mitochondria isolated from salivary glands 
with and without the particular group of 
puffs activated 

Before this aspect of the mitochondrial 
metabolism was investigated, the respiratory 
activity of mitochondria isolated from the 
salivary glands in the presence of various 
substrates was characterized 

MATERIALS AND METHODS 

All experiments were performed with salivary glands 
of mid-third instar larvae of Diosopltila hydei Isola­
tion of the glands was done essentially as described 
by Boyd et al [5] Mitochondria were isolated from 
freshly prepared glands or from glands premcubated 
m a complex medium described by Pocls [6] The in­
duction of the particular set of gene activities, re­
vealed by the occurrence of chromosome puffs at 
previously inactive chromosome sites, was per­
formed in vivo by submitting the larvae to a period 
of C0 2 anacrobiosis followed b> a period in air 
Subsequently, the salivary glands were isolated Puff 
induclion in isolated salivary glands was performed 
by Nu anacrobiosis followed by a recovery m aerated 
medium Both trealments result in the induction of 
the same group of genome loci [7] 

Inhibition of nuclear RNA synthesis or cytoplasmic 
protein synthesis was performed by administration of 
5 /fg/ml actinomycin D (Merck, Sharp & Dohme) 
or 10 tig ml cycloheximide (Serva) respectively, to the 
incubation medium These concentrations inhibit 
RNA or protein synthesis in isolated salivary glands 
of Drosophila to a level of less than 5 0

ο of that of 
non-treated glands [6, 8] 

Preparation of mitochondria 

Mitochondria were pieparcd b> homogeni7ation of 
200-400 mg salivary glands in 3 ml of a medium con­
taining 0 154 M KCl, 1 mM EDTA and 1 о bovine 
serum albumin (BSA, Calbiochem) pH 7 2 at 25 С 
[9, 10] As will be indicated, BSA was omitted from 
the medium in some preparations Following homo-
gem/ation and twice repealed centnfugalion at 750 
g for L mm to remove nuclei and mucopolysaccharide 
containing secretion droplets, the resulting supcr-
natants were centrifuged at 6 000 g for 10 mm The 
pellet was homogenized gently with 0 5 ml isolation 
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medium when respiratory activity was measuied or 
with 3 ml 0 1 M fiis-HCI containing Ι M KCl (pH 
7 2) when NADH-dchydrogenase was prepared 

Measurement of respiratory activity was carried 
out in a medium composed of 120 mM KCl, 10 mM 
Κ,ΗΡΟ,, 10 mM I n s HCl, 5 mM MgCl , 1 mM 
FDTA and 5 mM ADP (pH 7 1) at 25 С in 5 ml 
Warburg flasks [11, 12] When milochondna isolated 
in the presence of BSA were used, BSA was included 
in the medium with a final concentration of 2°, 
ADP was omitted from the incubation medium when 
the dependence of respiration upon oxidative phos­
phorylation was tested The following substrates were 
added at the concenti ations as indicated in the text 
succinate, isocitrate, proline, glutamate, glutamine, 
pyruvate malate and α-glycerophosphate In some 
experiments 2 mM NAD1" was administered to (he 
incubation medium Oxygen consumption h was 
computed by extrapolation of the data obtained by 
measuring oxygen consumption over a penod of 30 
mm 

Measuremenls of Ρ,Ο ratios in isolated mito­
chondria were performed after 30 mm incubation 
followed by the addition of 0 1 ml 40° cold per­
chloric acid ml mitochondria suspension and sonica-
tion of this mixture (3 ^ 10 sec, Branson sonifier, 
step 2) ATP, ADP and AMP concentrations were 
measured spectrophotometncally as described previ­
ously [16] 

Preparation and assay of NADH-dehydiogenase 
was performed as described previouslv, but in the 
absence of Na-deoxycholate [2] The protein content 
was measured according to Lowry et al [13] 

RESULTS 

Respiratory properties of mitochondi ш 
from isolated salnary glands 
As indicated by the results presented in table 
1 the various substrates tested have different 
effects on respiratory activity m intact glands 
as compared with isolated mitochondria 
From the first column it is evident that 
pyruvate and isocilrate do not stimulate 
respiration in intact glands, whereas all other 
substrates have a stimulatory effect 

Isolated mitochondria did not display en­
dogenous respiratory activity All substrates, 
except pyruvate, support respiration m iso­
lated mitochondria However, the respira­
tory activity attained vanes for the different 
substrates When the effect of the substrates 
upon respiration of isolated mitochondria is 
compared with their effect on respiration of 
intact glands certain differences become evt-
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Table 1 A comparison of the effect of various substrates on oxygen consumption of freshly pre­

pared intact salivary glands and salivary gland mitochondria isolated without and m the pi esence 

of BS A 

Oxygen consumption is expressed in μ\ Ο,/h/mg salivary glands" 

Substrate 

No substrate 
(endogenous 
respiration) 

Succinate 

otGP 

Pyruvate 

Pyruvate 
plus malate 

Isocitrate 

Malate 

glu-NH2 

glu 

pro 

mM 

50 
10 
25 
10 
50 
IO 
10 
10 
50 
10 
50 
10 
25 
10 
50 
10 
50 
10 

Isolated 
glands 

016 
— 
0 34ь 

— 
0 30 
— 
016" 

— 
— 
oie" 

0 32' 
— 
0 33" 
— 
0 22 ь 

— 
0 35" 

Salivary gland mitochondria 
prepared without BSA 

-•-SmM 
ADP 

000 
064 
0 49 
0 12 
0 10 
0 0 0 
000 

0 34 
0 57 
0 46 
0 15 
0 07 
0 22 
012 
0 39 
0 27 
040 
031 

- A D P 

— 
0 35 
0 17 
0 14 
— 
— 
— 

000 
0 02 
— 
— 
— 
0 00 
— 
— 
— 
— 
— 

Salivary gland mitochondria 
prepared 

5mM 
ADP 

0 0 0 
0 79 
0 56 
0 25 
0 19 
000 
— 

0 52 
0 76 
0 54 
0 28 
021 
0 55 
0 47 
0 53 
0 43 
046 
0 42 

in the presence of BSA 

- A D P 

000 
0 08° 
0 08c 

000 
— 
— 
— 

000 
000 
— 
— 

0 0 0 
— 
— 
— 
— 
— 

r/vy ι α ι ι υ i l l 
the presence of 
0 5 mM ADP 

180 

3 54 

— No measurements performed 
" 124 mg salivary glands is equivalent to I mg mitochondrial protein 
ь Inclusive endogenous respiration 
c No oxygen consumption detectable during first 15 mm of measurement 

dent Whereas α-glycerophosphate and malate 

stimulate respiration in intact glands to a 

similar extent as succinate, glutamine and 

proline, both substrates support the respi­

ration of isolated mitochondria to a sig­

nificantly lower degree than succinate, glut­

amine and proline Isocitrate and glutamate, 

on the other hand, having a weak stimulatory 

effect on respiration of intact glands as com­

pared with succinate, glutamine and proline, 

support respiration of isolated mitochondria 

to a similar degree as succinate, glutamine 

and proline 

The presence of BSA in all media during 

the isolation and subsequent incubation of 

salivary gland mitochondria not only im­

proves the support of respiration by all sub­

strates, but also coupling of respiration and 

oxidative phosphorylation This is also in­

dicated by the P/O ratios measured in these 

mitochondria preparations (table 1), as well 

as by the values for oxygen consumption in 

the presence and absence of ADP Whereas 

mitochondria isolated without BSA display 

respiration when incubated without ADP in 

the presence of succinate or a-glycerophos-

phate, mitochondria isolated in the presence 

of BSA fail to do so (in the presence of 

Expit Cell Res 92 (1975) 
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Table 2 Respiration of mitochondria isolated in the presence of BSA from salivary glands in­

cubated for 3 25 h in Poels' medium 

The effect of ADP and NAD+ was determined in the presence of various substrates Oxygen consumption is 
expressed in /il 0 2 h'mg salivary glands 

Substrate 

No substrate 
(endogenous 
respiration) 

Succinate 
xGP 
Pyruvate plus 
Malate 
Isocitratc 
glu-NH2 

glu 
pro 

mM 

50 
25 
101 
IO/ 
50 
25 
50 
50 

- 5 m M ADP 

2 mM NAD+ 

0 0 0 
0 07 
0 0 0 

009 

0 42 
0 17 
0 25 
0 30 

NAD+ 

0 0 0 
0 34 
012 

0 03 

0 32 
0 12 
021 
0 25 

ADP 

-NAD+ 

— 
0 0 0 

— 
000 

000 
000 

— 
-

P/O ratio in the presence 
of 5 mM ADP 

2 mM NAD* 

1 52 

2 33 

a-glytcrophosphate), or have a significantly 

reduced oxygen consumption (in the presence 

of succinate) 

Because the study of the relationship be­

tween the mitochondrial metabolism and nu­

clear gene activity has to be performed in 

many instances with salivary glands incubated 

for relatively long periods (up to 3 | h) in 

vitro, a necessary requirement was the deter­

mination of the effect of these incubations 

upon the mitochondrial respiration As can 

be seen in table 2 the respiration of mito­

chondria isolated from salivary glands in­

cubated for 3} h is significantly reduced as 

compared with the respiration of mito­

chondria isolated from freshly prepared 

glands (table 1, col 4 and 5) Addition of 2 

mM N A D + to the mitochondrial incubation 

medium caused an increase in respiration of 

20-40 0

0 (compare col 1 and 2, table 2) in 

the presence of isocitrate, glutamme, gluta­

mate and proline In the presence of suc­

cinate and α-glycerophosphate the presence 

of NAD 1 - caused a strong reduction in oxy­

gen consumption The latter effect may be a 

consequence of a partially reversed electron 

flow 

As indicated by the P/O ratios of mito­

chondria isolated from incubated glands, the 

coupling between respiration and oxidative 

phosphorylation is lower than in mito­

chondria isolated from fresh glands 

Isocitrate respiratory acta it) in 

mitochondria of it Ρ and Ρ glands 

As has been demonstrated previously [4] 

aerobic recovery of isolated salivary glands 

from a 2 h anaerobiosis (N2) is accompanied 

by an increase of 40 % in oxygen consumption 

as determined 1 h after the onset of the re­

covery period (see also table 3) During the re­

covery period a number of specific genes be­

came active in the salivary gland nuclei (spe­

cific puffs in the polytene chromosomes) 

The increase in respiratory activity in the 

presence of isocitrate during the recovery 

period is abolished when cycloheximide (10 

/¿g/ml) or actmomycin D (5 /¿g/ml) are added 

to the medium (table 3) Because the anti­

biotics used in these concentrations dimmish 

de novo protein and RNA synthesis to less 

than 50o of the level in control glands, it 

seems that the increase in isocitrate-supported 

respiration is dependent upon an intact RNA 

Exptl Cell Res 92 (/975) 
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Table 3 hocitrate-wppoited o\ygen conmmption m sainar) glands and saluar\ gland mito-
chondi ¡a 

Measurements performed on preparalions of salivary glands incubaled in vitro (Poels medium) for 3 25 h 

Rctovermg Recovering 
glands glands Rct-ovenng 

Recovering in presence of in piLsence of glands 
Control glands aclinomyun D cydoheximidc KCN(lmM) 

Whole 10 mM 
glands" isocilrate 0 28 0 40 010 0 28 0 00 

Mito 50 mM 
chondna11 isocitratc 

NAD 187 199 172 197 00 

a Oxygen consumption expressed in n] O h mg sali\ary glands 
4 Oxygen consumption expressed in «1 О h mg mitochondrial protein 

and c>toplasmic protein s\nthesizing s\stem 
The increase in isocttrate-supportcd respira­
tion, however, should be primanl> based 
upon the intramttcchondnal metabolism be­
cause (as can be seen in table 3) 1 m M KCN 
docs suppress this respiration completcl> 

In order to seek further support for the 
suggestion that the isoutrate-supported re­
spiration is of mtra-mitochondnal origin, the 
oxygen consumption of mitochondria iso­
lated from glands recovering from anacro-
biosis was compared with that of mito­
chondria of control glands incubated for the 
same period of time This comparison, car­
ried out in the presence of 50 m M isocitratc, 
did nol reieal a clear-cut diffcrcrce in oxj-
gen consumption between the two mito­
chondrial preparations The respiration of 
mitochondria isolated from glands recovered 
from anacrobiosis in the presence of the anti­
biotics actinomycm D or cycloheximide was 
similar to that of the control glands (table 3) 

It was expected that the comparison per­
formed would have revealed an increased ac­
tivity in mitochondria of recovering glands 
as well as an inhibition of this effect by the 
antibiotics The similar values for oxygen 
consumption in mitochondria of control 
glands and glands recovering from anaero-

biosis could be explained, however if at the 
isocitratc concentration used (50 mM) the 
l·^,, of the isocitratc respiration is reached 
and that the ϊ^,, is not significantly different 

in the two conditions compared In order to 

test this suggestion the ^ a , and К of the 
respiration were established (fig I) As can 
be seen from fig 1, mitochondria of control 
glands have a lower substrate (isocitrate) af­
finity (/(,, 5 6 mM) than those of glands re­
covering from anacrobiosis (K,, 2 4 mM), 
whereas the (/„,^ is essentially identical 

The increase in substrate affinm in mito­
chondria of glands recovering from anacro­
biosis is not observed when the glands were 
incubated in medium containing actinomycm 
D or cycloheximide during the period of re­
covery (fig 1) 

\'ADH-deh\diogcnasc actuity 

Whereas in the case of isocitralc-supported 

respiration the VmRX did not differ in mito­

chondria of control glands and those of 

glands recovering from anacrobiosis, it has 

been established previously that the app 

Kn-ax of the NADH-dehvdrogcnase is in­

creased by 30-40",, in homogenates of whole 

glands recovering from anacrobiosis as com­

pared with homogenates of control glands 

Lxprl Cell Res 92 (1975) 
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Fig. I. Ahscnw (mM isocitrate)-1, ordinate (μ\ O h 
mg protein) '. 

Lineweaver-Biirk plot of oxygen consumption by 
mitochondria isolated from ( · · ) puffed (P) and 
( — ) non-puffed (NP) salivary glands m relation 
to different isocitrate concentrations m the presence 
of NAD addition of (C—O) cycloheximide and 
(À—A) actmomycin D as described under Materials 
and Methods 

So far, however, it was not determined to 
what extent this increase in the app. Kmax of 
NADH-dehydrogenase in the homogenates 
was of mitochondnal origin. 

A determination of the app. Kmax of 
NADH-dehydrogenase m isolated mito­
chondria of control glands and glands re­
covering from anaerobiosis also revealed a 
clear-cut increase of the app. Kmax in the lat­
ter. In this case the increase was approx. 
70 % (fig. 2a, b). The change in app. тлх is 
inhibited when the glands are placed m an 
actinomycin D or cycloheximide-containing 
medium during the recovery period (fig. 2h). 

Because a comparison of the mitochondria 

isolated without and in the presence of BSA 

did not reveal significant differences in the 

app. Kmax of NADH-dehydrogenase and only 

a very little difference in app. Km (compare 

fig. 2a and b), it seems that the presence of 

BSA in the isolation medium is not essential 

with respect to the activity of the NADH-

dehydrogenase. 

Fig. 2. Abscissa (mM NADH) 1; ordinate: (/ÍM 
NVDH mm mg protein) '. 

Lineweaver-Burk plots of the NADH dehydrogen­
ase activity isolated from ( · — · ) puffed (P) and 
( ^ — ) non-puffed (NP) salivary gland mitochondria 
in relation to different concentrations NADH. (a) 
Plot of NADH dehydrogenase activity from BSA-
isolated mitochondria from fresh glands; (6) plot of 
NADH dehydrogenase activity from mitochondria 
isolated without BSA from incubated glands Addi­
tion of (o—C) cycloheximide and ( .— ) actmo­
mycin D as described under Materials and Methods, 
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DISCUSSION 

The characterization of mitochondrial re­
spiration of salivary gland mitochondria pre­
pared from freshly isolated glands and from 
glands incubated in Poels' medium for a 
period of 3J h revealed that in both cases the 
relative support of respiration by various 
substrates is similar Although mitochondria 
from incubated glands have a lower oxygen 
consumption and lower Ρ Ό ratios than 
those isolated from freshly prepared glands, 
both preparations display essentially the 
same respiration characteristics The results 
of these comparisons of mitochondrial oxy­
gen consumption in the presence of various 
exogenous substrates are also similar to the 
results obtained with mitochondria from other 
insect sources [10, 11, 14] 

Because mitochondria prepared from 
glands which were incubated for 3J h in 
vitro were, in their respiration characteristics, 
similar to mitochondria prepared from 
freshlv isolated glands, it seems reasonable 
to assume that the enzymatic pattern remains 
essentially intact during the long term in 
vitro incubation of the salivary glands 

From this point of view, it was worthwhile 
to investigate variations in isocitrate support 
of respiratory activity under different meta­
bolic circumstances, comparing the isocitrate 
supported oxygen consumption in mito­
chondria from glands recovering from an 
anaerobic treatment in vitro with that of 
mitochondria from control glands kept in 
vitro for the same period of time A com­
parison of Vm„ and Km of isocitrate respira­
tion indicated that in mitochondria from re­
covering glands the К т а к is the same, whereas 
the Κ,, is lower than in control glands 

It may be pointed out that in glands re­
covering from an anaerobic treatment cer­
tain 'genes' are activated which are in the 
control glands inactive or active at a very 

low level [1, 4] These genes become active 
in all instances in which the respiratory 
metabolism is experimentally disturbed [1] 

Because inhibition of nuclear RNA syn­
thesis and cytoplasmic protein synthesis do 
exert an effect at the level of mitochondrial 
isocitrate respiration, it could be suggested 
that the regulation of this part of the respira­
tory metabolism is controlled by the nuclear 
genome 

So far, however, it is unclear how the iso-
citrate respiration is regulated via specific 
gene action It appears that the Кт а ж is the 
same in mitochondria of recovering glands 
and control glands irrespective of the pres­
ence or absence of the antibiotics in the in­
cubation medium during the recovery period 
The Km, on the other hand, is lower in mito­
chondria of recovering glands than in those 
of control glands and this decrease in Km 

is prevented when the antibiotics are present 
in the medium It appears that the change in 
Km is dependent upon nuclear RNA and, 
probably subsequent, cytoplasmic protein 
synthesis 

It could be suggested that the protein 
synthesis dependent change in Km reflects a 
change in the relative quantities of different 
subumts of the allostenc enzyme isocitrate 
dehydrogenase in such a way that the pro­
duction of a-ketoglutarate is enhanced A 
change as such could require de novo syn­
thesis of an isocitrate dehydrogenase isozyme 
with a lower Km The suggestion that the de­
crease in Km may result in an increased avail­
ability of a-ketoglutarate could not only be a 
clue for the regulation of the increase in 
substrate respiration as shown in fig 1, but 
also for transamination and substrate trans­
port [15] These increased activities would 
all support the restoration of the mito­
chondrial metabolism which became partly 
deficient as a consequence of the anaerobic 
treatment The restoration of the mitochon-
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drial metabolism dfler sudi a treatmenl 

seems to be, at least parll>, dependent upon 

the activity of certain nuclear genes 

This idea is also supported by the finding 

that the mitochondrial NADH-dehydrogen-

ase displays a protein synthesis dependent 

increase in app т х during the recovery 

from anaerobiosis 

As has been shown previously [1, 16], the 

activity of one particular 'gene* (chromo­

some puff) is correlated with the increase in 

app. V^x of NADH-dehydrogenase in whole 

gland homogenales 

The present data indicate that this increase 

is mainly due to an increase in the intra-

mitochondnal enzyme, sugj-cslmg a regula­

tory system for the activity of this cn/vme 

based upon previous action at the genome 

level ( R N A synthesis) and at the cytoplasmic 

level (protein synthesis) 

The nature of this regulatory mechanism 

remains to be elucidated 

The authors arc indebted to Professor H О Bercn-
des for his valuable simgcstions and to Drs Л Kemp 
and J Rosing for Iheir valuable suggestions and help 
in the delcrmmalion of the Ρ O ranos The aulhors 
thank also the Netherlands Organization for Advance 
ment of Pure Research (ZWO) for financial support 
to J К 
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Induced Transcription-Dependent Synthesis of Mitochondrial 
Reduced Nicotinamide-Adenine Dinucleotide Dehydrogenase in Drosophila 

By JOS F J G KONINKX 
Department ofGniilici, Unweisity of Nijmegen, Nijmegen, The Netherlands 

(Receiiedil Api ¡I 1975) 

Salivary glands of Droioplula hydei recovering from an anaerobic treatment show a 
significant increase in apparent Vm„ of mitochondrial NADH dehydrogenase This 
increase in Vmj% is based on an increase in en/yme molecules resulting from synthesis 
de novo m the cytoplasm, as indicated by the inhibition by cyclohcximide of both the 
increase in apparent VmiX and the increase in amino acid incorporation into enzyme 
fractions The increase in enzyme activity is also inhibited by actinomycm D, which is in 
support of previous data indicating a causal relationship between transcription in puff 
4-8ID in the polytene chromosomes and an increase in apparent тп of the enzyme 
Gel electrophoresis of mitochondrial protein extracts revealed three protein fractions 
with NADH dehydiogenasc activity All three fractions showed increased actnity as well 
as increased amino acid labelling in glands recovering from anaerobiosis compared with 
control glands The data suggest that the increase in mitochondrial NADH dehydrogenase 
activity in salivary glands recovering from an anaerobic treatment depends on increased 
gene transcription 

A variety of treatments which interfere with the 
cellular respiratory metabolism results in the activa­
tion of a particular set of genes In the polytene 
chromosomes this gene response is manifested by the 
occurrence of new chromosome puffs at loci which 
were inactive before the treatment (Ritossa, 1962, 
Bcrendes et al, 1965, Ashburner, 1970, Leenders 
& Berendes, 1972) 

In Drosophila h) dei, the genome response after the 
release from anaerobiosis or incubation of salivary 
glands in media containing inhibitors of the terminal 
respiratory chain consists of the formation of four 
major puffs (Leenders & Bcrendes, 1972) 

It has been previously shown that the appearance 
of these new puffs is followed by increases in apparent 
Kna« of both mitochondrial NADH dehydrogenase 
(EC 1 6 99 3) and tyrosine aminotransferase (EC 
2 6 15) (Leenders et al, 1974, Koninkx et al, 1975) 
No change in the apparent Km of these enzymes was 
observed Moreover, it was established that the 
increase in apparent K™, of the mitochondrial 
enzymes was dependent on synthesis de пою of RNA 
and cytoplasmic protein (Leenders & Beckers, 1972; 
Leenders et al, 1974, Koninkx et al, 1975) 

The increase in NADH dehydrogenase activity 
could be correlated with the increase in activity of 
puff4-81B, since treatment withanlimycin A, which 
induces only three of the four puffs, did not lead to 
ele\ated NADH dehydrogenase activity If the acti­
vity of locus 4-81В does indeed result in an increase in 
mRNA coding for NADH dehydrogenase (his in­
crease should be rellected in the synthesis of the 
enzyme de novo. 

Vol. 152 

The aim of (he present study was to demonstrate 
that synthesis de novo of this mitochondrial enzyme 
does indeed increase after pu(T induction 

Materials and Methods 

Materials 

Bovine serum albumin and actinomycm D were 
obtained from Calbiochem, Los Angeles, Calif, 
U S A , 3-(4,5-dimeth>lthia7ol-2 yl)-2,5-tetrazolium 
bromide was obtained from Sigma Chemical Co., 
St Louis, Mo . U S A , cyclohcximide was from 
Sci va, Heidelberg, Germany, /f-NADH (disodium 
salt) and chloramphenicol were from Boehnnger 
G m b H , Mannheim, Germany, acrylamide and 
bisacrylamide were from BDH Chemicals, Poole, 
Dorset, U К , [;,sS]methionine (sp radioactivity 
325Ci/mmol) was from The Radiochemical Centre, 
Amersham, Bucks, U K , and mixtures of : ,H-
labelledammoacids(lot no 787-172) andl4C-labelled 
amino acids (lot no 828-021)werefromNew England 
Nuclear Corp , Boston, Mass , U S A All other 
chemicals were ot analytical grade from E Merck 
A G , Darmstadt, Germany 

In all experiments salivary glands of mid-third-
instar larvae of Diosophila h\dei, raised under stand­
ardized conditions in mass culture (Mitchell & 
Mitchell, 1964), were used Salivary glands were 
isolated as described by Boyd et al (1968) 

Puff induction 

Pulís at the chromosome loci 2-32A, 2-36A, 
2-48BC and4-81В were induced by incubating salivaiy 
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glands for 120ιτιιη in Pocls's (1972) medium (lushed 
with N2 under an Nj atmosphere The glands were 
allowed to recover for 75 mm by exposure to air 
Glands used as controls were kept in the same medium 
(well aerated) for 195min Bcfoic the glands were 
used for isolation of the mitochondria the chromo 
somal pufling pattern was analysed lo ascertain that 
anacrobically treated glands had developed the 
specific puffs and that they were absent from the 
controls 

Preparation of mitochondria 

After incubation, 150-250mg of glands was 
washed three times with 5ml of Mg Ringer medium 
(see Lecndcrs & Beiendes, 1972) and homogcni7cd in 
3 5ml of a solution containing 0 154\t-KCI, 1 тм-
EDTA and I % (w/v) bovine serum albumin, pH7 2 
The homogenate was centi ifugcd for lOmm at lOOOy, 
the pellet was resuspended in 1 5 ml of the same solu­
tion and rc-ccntrifuged for lOmm at ІООО^ The 
supcrnatants were combined and centrifuged for 
lOmm at 6000g After icsuspension of the resulting 
mitochondrial pellet m 5 ml of 0 154 м KCl 1 тм-
EDTA, pH7 2, and re-centrifugalion for 10nun at 
6000c, the pellet was suspended in 0 35 ml of the same 
solution and sonicated with a Branson soniher (step 2, 
3 x10s) The sonicate was used for protein determi­
nation (Lowry et al 1951, bovine serum albumin 
as standard) and for gel electrophoresis 

Gel е/есігорИогеич and enzyme activity aisay 

Gel electrophoresis was performed as described by 
Davis (1964) and Ornslem (1964) on 10% (w'v) 
Polyacrylamide gels for Ih Bromophenol Blue was 
used as a marker The current applied per gel was 
2mA The innei diameter of the Pyrex glass tube was 
5 mm, the outer diameter was 7 mm, the length of the 
tube was 115 mm Three diflerent buffers were used. 
The small pore gel buffer was composed of 48 ml of 
IM-HCI, 36 6g of Tris and water added to 100ml, 
pH8 9 The large-pore gel buffer was composed of 
48ml of 1 M-HCI, 5 98g of Tris and water added to 
100ml, pH6 7 The reservoir buffer was composed of 
3 Og of Tris, 14 4g of glycine and water added to 
] litre, pH8 3 The protein quantity applied varied 
for different experiments between 50 and l50/ig,'gcl 
In all instances in which mitochondrial proteins from 
treated and non-treated glands were compared, equal 
protein quantities were applied to the gels 

NADH dehydrogenase activity was determined 
after gel electrophoresis of the mitochondrial protein 
preparations by incubation of the gels overnight at 
0 С in 0 1 M-Tns HCl (pH? 2) containing 0 5тм-
NADH and 0 5mM-oxidizcd 3-(4,5-dimethyllhiazol-

2-)l)-2,5-tclrazoliuni bromide NADH dehydro­
genase activity was detected on the basis of the 
formation of formazan [reduced 3-(4,5-dimelhyl-
thia/ol 2 yl) 2,5 telrazohum bromide] which has a 
blue purple colour with a peak absorbancc at 560nm 
(Sin & I eenders, 1975) The quantity of reduced 
3-(4 5 dimeth>llhia7oI-2-yl)-2,5-tctrazoIium bromide 
formed was measured dcnsitometncally at 560 nm 
with a Zeiss PMQ II spectrophotometer, equipped 
with an integrating recorder Control experiments 
revealed a linear relationship between the dcnsilo-
metrically established peak area ol staining bands and 
the quantity of mitochondrial protein in the range 
from 20 to 150//g gel 

After incubation of the gels in buffer with neither 
NADH nor oxidized 1 (4,5-dimcthylthia/ol-2-yl)-2,5-
tetra/olium bromide, no stained bands were ob­
served 

liuoipoiutum oj [**S]mcthioiiine and 1У/- and Re­
labelled amino acidi 

The incorporation of [•"SJmethionine in salivary 
glands or in mitochondria of these glands was deter­
mined after incubation in 200/d of Poels's (1972) 
medium devoid of methionine sources other than the 
[35S]methionine After incubation, the glands were 
washed six times for 5 mm each with 5 ml of ice-cold 
Mg-Rmger (pH7 2) containing ІОтм-melhionine 
(unla belled) 

To establish the lime of maximal protein synthesis 
in glands recovering from an anaerobic treatment, 
protein was extracted bv the procedure described by 
Tissiercs et al (1974) and the radioactivity per pg of 
protein determined by liquid-scintillation counting 
in 10ml of scintillant containing 20ml of melhoxy-
ethanol (E Merck A G ) , 5 5 g of Pcrmablcnd III 
(Packard Instrument C o , Downers Grove, III, 
U S A ) and 30ml of Soluene-lOO (Packard Instru­
ment Co ) per litre of toluene Liquid-scintillation 
counting was pei formed with a Philips liquid-
scintillation analyser PW 4510/01 which was 
equipped with a computer program for calculation 
of the number of d ρ m from the number of с ρ m 
and the external-standard ratio 

A comparison of the radioactivity incorporated by 
30mg of glands incubated in l00/il of medium con­
taining }0pCi of ["Slmethionine during 20min 
incubation periods beginning immediately after the 
release from anaerobiosis or 15 mm, 30min, 45 min or 
60min after the release from anaerobiosis revealed 
a higher rate of incorporation of radioactivity per 
PS of protein in the treated glands than in the control 
glands if the incorporation period begins at 45 or 
60min after the release fiom anaerobiosis (Table I) 
If the incorporation period of 20min begins at an 
earlier lime, the incorporation per /ig of protein in the 
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Tabic 1 Rale of YbS\methiomne incorporation mio lolal sahvary-gland protein after various periods of recovery from 
anaerobiosis 

The treated salivary glands were recovering from a 2h (N;) anaerobic treatment m a well-acratcd medium at 25 С The con­
trol salivary glands were kept in a well aerated medium for the same period of time at 250C The salivary glands were pulsc-
labcllcd Tor 20min 

Radioactivity incorporated 
(d ρ m //ig of protein) 

Time after release from 
anaerobiosis (mm) 

0 
15 
30 
45 
60 

Control glands 

5610 
5849 
5902 
6021 
5727 

Treated glands 

1611 
4305 
6012 
7230 
7322 

Treated glands/control glands 

0 29 
0 74 
102 
1 20 
128 

treated glands is lower than in control glands (Tabic 
1) On account of these data comparisons between 
pulse labelled proteins of ticatcd and non-lrcatcd 
glands or milochondna prepared from (hem are 
alwavs based on experiments in which the glands were 
pulse labelled for a 30 mm period beginning at 
45mm after the release from anaerobiosis 

The patterns of newly synthesized pulse-labelled 
proteins were studied after electrophoresis on 10% 
(w v) Polyacrylamide gels which were either cut into 
1 mm slices and counted for radioactivity or radio-
autographed with Kodak medical X ray films, RP/ 
R14 (exposure time 5 days) 

Double-labelling experiments were performed m 
which anaerobicallj treated glands were incubated 
for a 30 mm period beginning 45 min after the release 
from anaerobiosis, in 75,ul of medium containing 
40/iCi of a mixture of -"H-labcllcd amino acids and 
non treated glands were incubated in 75/(1 of medium 
containing 15//Ci of a mixture of 14C-labelled amino 
acids Equal amounts of the protein extracts from 
treated and non treated glands were mixed and sub­
mitted to electrophoresis The gels were cut into 
1 mm slices and the 3 H and U C labelling was deter­
mined by liquid scintillation counting 

Inhibition e\perimeiif! 

To test whether or not the changes in the pattern 
of newly synthesized proteins after the release of 
salivary glands from anaerobiosis is dependent on 
synthesis de novo of RNA and protein inhibition 
experiments were performed RNA synthesis was 
inhibited during the recovery period by 20/ig of aclino-
mycin D/ml, cytoplasmic protem synthesis by 5//g of 
cycloheximide ml and mitochondrial protein syn­
thesis by 100/jg of chloramphenicol, ml 

Results 

UectiopliOiCtic sepaialion of pioteini vuth NADH 
deli) di ogenasc actn ity 

After electrophoresis of sonicates of mitochondria 
and incubation of the gels with NADH and oxidized 
3-(4,5-dimcthylthiazo!-2 yl) 2,5-tctrazolium bromide 
overnight, three blue-purple bands [reduced 3-(4,5-
dimethylthiazol-2 yl)-2,5-tetrazolium bromide] were 
detected These bands, designated А, В and C, with 
relative mobilities of 0 157 0 177 and 0 201 (Table 2) 
diflcrcd in Ε 5 ή 0 as measured bj densitometry (f-ig 1) 
Measurements of the peak areas of densitograms of 
the three bands obtained from mitochondria of con­
trol glands revealed the proportion of А В С as 
52 3 33 8 13 9 

Heclrophorcsis of sonicates of mitochondria iso­
lated from glands 75 mm after the onset of recovery 
from an anaerobic treatment also revealed three 
bands The RF values of these bands as well as the 
lelative absorbanccs were identical with those of the 
controlglands(Tablc2 Fig 1) These findings demon­
strate that the number and electrophorctic behaviour 
of protein fractions with NADH dehydrogenase 
activity are the same in mitochondria from control 
as in those from anaeiobically treated glands 

However, the absolute values of the measured peak 
areas of all bands difiered significantly when each 
band in the mitochondrial protein extract of treated 
glands was compared with the corresponding band 
of non treated (control) glands (Table 2) In all pro­
tein fractions with NADH dehydrogenase activity, 
the activity was higher in mitochondria obtained 
from anaerobically treated glands than in control 
glands This result agrees with previous data indicat­
ing an increase in the apparent тл, of the enzyme 
during the recovery of glands Irom anaerobiosis 
(Konmkxi'fa/, 1975) 
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Table 2. Relative eleclrophoreli'c mobilities, relative absórbame values and increase in peak areas of mitochondrial protein 
fractions with NA DH dehydrogenase activity 

The relative mobility of a protein fraction is defined as the ratio between the migration distance in Polyacrylamide gels of the 
protein fraction and of the tracking dye Bromophenol Blue. The relative absorbance value is defined as the ratio between 
the peak areas of the individual fractions in densitograms made at 560nm and the total peak area of all fractions with NADH 
dehydrogenase activity in the same densitograms. The increase in peak areas of each mitochondrial protein fraction with 
NADH dehydrogenase activity from treated glands is expressed as percentage increase over the corresponding fractions in 
the controls. Each value is a mean of five experiments (±s.D.). 

Relative mobilities 

Band A 
Band В 
BandC 

Untreated 
0.157 + 0.002 
0.177 + 0.003 
0.201 ±0.002 

Treated 
0.156 + 0.004 
0.177 ±0.004 
O.2O0±O.0O3 

Relative absorbance values 

Untreated 
52.3±3.2 
33.8±1.3 
13.9 ±2.4 

Treated 
50.5 ±8.3 
34.2 ±3.7 
15.3±5.0 

Increase in peak area 
38.8+1.4 
17.3±0.7 
9.7 r 0.6 

Fig. 1. Densiiometer tracings of Polyacrylamide gels shoH-
ing the protein fractions with NA DH dehydrogenase activity 

The gels were measured at 560nm which is the peak ab­
sorbance of reduced 344,5-dimethylthiazol-2-yl)-2,5-
tetrazolium bromide. The densitometer tracing at the left 
is from gels of controls, the tracing at the right from gels of 
mitochondrial proteins from recovering glands. 

T o establish whether or not this increase in enzyme 
activity is based on an increase in enzyme molecules, 
both the rate of protein synthesis and the pattern of 
incorporation of labelled precursors in mitochondrial 
protein were determined. 

Electrophoresis of [3SS]melhionine-labelled milo-
chondrial proteins 

The rate of protein synthesis is very low in glands 
which are just released from anaerobiosis (see Table 1 
in the Materials and Methods section). At 50min 
after the onset of the recovery period the rate of pro­
tein synthesis is higher than in the control glands. The 
chromosome puffs attained their maximum size at 

10 20 30 40 50 
Slice number 

Fig. 2. Radioactivity profiles of [2'S\methiomiK-pulsc-
labelled mitochondrial proteins isolatedfrom salivary glands 
· , Non-treated glands; o , glands after 75min recovery 
from anaerobiosis (identical with that of glands recover­
ing in the presence of 100;/g of chloramphenicol/ml); 
•, glands after 75niin recovery from anaerobiosis in the 
presence of 5/ig of cycloheximide/ml ; U, glands after 
75niin recovery from anaerobiosis in the presence of 
20//g of actinomycin D/inl. The (15S)methionine pulse 
was given from 45min until 75min after the onset of 
recovery. The inhibitors were present during the entire 
recovery period. Arrows indicate the position of protein 
fractions (Α-C) with NADH dehydrogenase activity. 
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20niin, whereas the greatest rale of increase in the 
apparent Vm„ of the NADH dehydrogenase occurs 
between 30 and 75 mm after the onset of the recovery 
period (Lecnders & Beckers, 1972) 

Fig 2 shows the electrophoretic analysis of labelled 
mitochondrial proteins obtained after 30mm labelling 
with [^Slmethionme beginning at 45min after (he 
onset of recovery from anaerobiosis This analvsis 
demonstrated that, among others, the protein frac 
lions with NADH dehydrogenase activity displayed 
a significanlly higher incorporation m treated than in 
non-treated glands (arrows) As expected, no incor­
poration was seen m mitochondrial proteins of glands 
recovering from anaerobiosis in the presence of cyclo-
heximide Little incorporation was found when the 
glands recovered in medium with actinomycm D 
(Fig 2) Chloramphenicol had no effect on the label­
ling of the protein fractions These data suggest that 
the increase in label also depends on nuclear RNA 
synthesis de novo 

υ 
Ϊ 2 00 

C'\%- --<tl«--t ; 

J 

Ш; 
0 10 20 10 40 50 60 70 80 90 

Slice number 

Double-labelling experiments 

To exclude (he possibility that the higher P'S]-
methionine incorporation in mitochondria of 
anaerobically treated glands merely reflects changes 
in ammo acid pools, equal quantities of 14C-labelled 
mitochondrial proteins Irom control glands and J H-
labelled proteins from treated glands were mixed and 
run on Polyacrylamide gels After electrophoresis 
the 3H 1 4C ratio of each I mm slice was determined 
The ratios found for slices containing proteins with 
NADH dehydrogenase activity were significantly 
higher in mitochondrial extracts from treated than 
from non-treated glands (Fig 3) 

Inhibition experiments 

Measurements of enzyme activity in gels of mito­
chondrial proteins extracted from glands recovering 
from anaci obiosis in the presence of cycloheximide 
revealed that the peak area of each of the three bands 
with enzyme activity is approximately the same as in 
extracts of control glands This finding indicates that 
the increase in NADH dehydrogenase activity found 
after release from anaerobiosis is due to a net increase 
in enzyme molecules in the mitochondria Since the 
activity of a mitochondrial enzyme synthesized in the 
cytoplasm can be increased in three different ways, 
ι e decreased enzyme turnover in the mitochondria, 
increased uptake or increased synthesis de novo 
accompanied by increased uptake, the effect of cyclo­
heximide on the appâtent Κη„, of the enzyme was 
tested An increase in enzyme activity owing to 
either a decreased turnover or an increase in uptake 
without an increase in synthesis de novo would be 
insensitive to cycloheximide inhibition of protein 
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Fig 3 3///'4C ratios for individual fractions of gels m 
Klnch a mixture of equal quantities of ^H-labelled mito­
chondrial proteins from ι ecover nig g lands and "C-labelled 
mitochondrial proteins from control glands неге electro-

phoretically separated 

χ is the mean of all ЭН/14С ratios σ is the standard devia­
tion of these 3H/ , 4C ratios which are indicated in the 
figure Arrows show the positions of the fractions (A-C) 
with NADH dehydrogenase activity 

Table 3 Apparent F„„ of the mitochondrial NADU 
deh)drogenase 

The apparent Vmjx was measured in sonicates of mito­
chondria isolated from salivary glands (see the Materials 
and Methods section) after incubation of the control sali­
vary glands in the absence (-) or presence (+) of cyclo­
heximide (5/ig/ml) and of salivary glands in the absence 
(—) or presence (+) of cycloheximide during the 75min 
recovery from anaerobiosis The enzyme assay and the 
calculation of the apparent Уш„ were done as described by 
Leenders & Beckers (1972) 

Apparent Vm„ 
Oimol of NADH/mm 

per mg of protein) 
4 12 
3 84 
7 61 

Control glands—cycloheximide 
Control glands J-cycloheximide 
Glands recovering from 

anaerobiosis for 75 mm 
—cycloheximide 

Glands recovering from 
anaerobiosis for 75min 
+cycloheximide 

4 24 
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synthesis Tabic 1 shows (hat the jpp.nent K„,aK ol 
mitochondrial N A D H dehydrogenase in control 
glands incubated in medium without and with cydo-
hcximide is slightly decreased when cydoheximide 
is present in the medium The apparent K„,„ of the 
enzyme in mitochondria of glands recovering in 
medium without cycloheximidc is significanti^ higher 
than in the controls (see Komnkxi '/«/, 197^), whereas 
this increase is almost completely absent from glands 
recovering in the presence of the piotcin-synthesis 
inhibitor Thus the increase in apparent K m „ of the 
enzyme during recovery from anaerobiosis depends 
on protein synthesis dc novo 

Discussion 

The present results demonstrate that the previously 
established increase in apparent Km i < of the mito­
chondrial N A D H dehydrogenase after схречтепіаі 
gene activation ( К о п т к ч et al, 1975) is correlated 
with an increased enzyme activity of three mitochon­
drial protein fractions as well as with an increased 
labelling of these proteins The results of the inhibition 
experiments further suggest that the increase in appa­
rent Утз, depends on synthesis dc novo of nuclear 
R N A and cytoplasmic protein ι alher than on changes 
in turnover rate or uptake of enzyme molecules with­
out increased synthesis de noi о The apparent lack of 
labelled protein fractions in mitochondria of glands 
recovering in the presence of cycloheximide indicates 
that the synthesis of cyclohcximide-insensilive mito­
chondrial proteins is very low or completely absent 
As such, this finding is in accord with a previous 
suggestion that the increase in mitochondiial activity 
after recovery from anaerobiosis is not due to mito­
chondrial biogenesis 

The present data show a definite relalionship be­
tween the induced activity of nuclear genes and in­
crease in the activity of a mitochondrial enzyme which 
is known to occupv a key position in the terminal 
respiration (Hemmcrich et al, 1970) 

It is tempting to suggest that one of the induced 
puffs, in particular puff 4-81B, is icsponsible for the 
production of m R N A molecules coding for the 
enzyme on the basis of the fact that this puff is not 
activated when the glands are treated with antimycm 
A and that under those conditions no increase in mito­
chondrial N A D H dehydrogenase activity occurs 

An analysis of the pattern of newly synthesized 
cytoplasmic proteins m glands recovering from 
anaerobiosis revealed six strongly labelled poly­
peptide fractions in DiOioplula h)dci glands (Lewis 
et al, 1975) Preliminary experiments indicated that 
the labelled mitochondrial protein fractions with 
N A D H dehydrogenase activity separated by poly-
aciylamide-gel electrophoresis migrate in sodium 
dodecyl sulphate-polyacrylamide gels in the range 

ol proteins with mol wts 67000 7'5000 In (hisrcgion 
two or three heavily pul^c labelled protein Iraclions 
occur in evloplasmic protein extracts of glands re­
covering from anaerobiosis Since the N A D H 
dehydrogenase isolated from ral heart mitochondria 
h a s a p p r o x mol wt 100000 (King el al, 1966), the 
mitochondrial protein migrating in the range 
6700O-''50OO mol wt may be a subunil of the 
enzyme 

The relationship between the transcriptional acti­
vity of one chromosome locus (4 81B) and the in­
creased synthesis of proteins with N A D H dehydro­
genase activity which are incorporated in the mito­
chondria supports Becrmann's hypothesis (1952) 
that puffs are sites of m R N A synthesis 

I am indebted to Professor Dr H D Bercndcs and 
Dr H J I eenders for valu іЫе suggestions and support 
dui mg mis mvesligation I in memi support for this study 
wji obtained fiom The Netherlands Org,ini¿alion for 
Pille Seientifie Risiareh (ZWO) 
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Several treatments, namely inu.ibationat IV^C, in the presence of arsenite, 2,4-dmitrophenol 
or vitamin B-6, or release from anaerobiosis induce the same set of puffs in the polythene 
chromosomes of salivary glands of Drosophila h\dei Analysis of changes in protein-
synthetic patterns (as determined by radioautography of sodium dodecyl sulphate-gel 
electrophoretograms of extracts from [J5S]niclhionine-labelled salivary glands) showed 
that concomitant with pulT induction bv these various treatments the same six strongly 
labelled polypeptide bands appeared The amount of radioactive label in these peptides 
accounted for 25 % of the total incorporation of ["SJmethionmc, except during incubation 
at ЗТ^С when it accounted for about 50% The rate of synthesis of these peptides was 
maximal 1 h after the start of the puff-inducing treatment The rate of decay of the rate of 
synthesis showed first-order kinetics both after removal of the puff-mducing stimulus or 
in the presence of actmomycin, with a half-life of approx 4h 

Interference with the respiratory metabolism of 
salivary glands of Drosophila hydei (or Diosophila 
melanogas/er) results in the appearance of a specific 
set of puffs, the 'heat shock' puffs (Ritossa, 1962, 
1964, Berendes et al, 1965, Ashburncr, 1970, 
Leenders & Berendes, 1972, Leenders et al 1973, 
1974α, b) About 10 to 20min after these puffs have 
reached their maximum size in D hydei, the activities 
of several mitochondrial enzjmes stait to increase 
(Leenders & Beckers, 1972; Leenders et al, 1974α,ύ) 

Koninkx et al, 1975, Koninkx, 1975, Sin & Leenders, 
1975) These increases are dependent on transcrip­
tion and translation de novo Moreover, the increass 
in activity of mitochondrial NADH dehydrogenase 
(hC 1 6 99 3) could be correlated with the presence 
of a puff at locus 4-81B, whereas the increase in mito­
chondrial tyrosine tiansaminase activity (EC 2 6 15) 
appeared to be related to the presence of a puff at 
locus 2-48 ВС (Leenders & Beckers, 1972, Leenders 
et al, 1973) It was therefore suggested that the RNA 
product of these puffs might code for at least part of 
these enzymes 

On the other hand, Tissieres et al (1974) have 
shown that puff induction by a temperature shock in 
D melanogastcr is followed by a change in the pattern 
of protein synthesis six new strongly labelled bands 
appear These findings were extended by Lewis et al 
(1975) who found that a similar set of bands could be 
induced by a temperature shock m salivary glands of 
D In dei or D sumían1! If the appearance of these 
bands is indeed causally related to the presence of the 
'heat-shock' puffs, as has been suggested, then all 
treatments which induce these puffs should also lead 
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to the appearance of the 'heat-shock' bands How­
ever, Lewis et al (1975) found that puff induction by 
release from anaerobiosis induced the 'heat-shock' 
bands only in salivary glands from D melanogaster, 
but not in those from D hydei, where a partial 
induction was found, whereas after treatment of D 
melanogaster glands with 2,4-dinitrophenoI, which 
also induces the 'heat-shock' puffs, only one of the 
'heat-shock' bands could be detected 

I have therefore re-investigated the induction of the 
'heat-shock' bands under various conditions Further, 
preliminary to a study of a possible correlation 
between the induction of one or more of the 'heat-
shock' bands and the observed increases in enzyme 
activity, an effort has been made to study the kinetics 
of induction and de-mduction of these bands quanti­
tatively 

Experimental 

Materials 
NNN N -Tetramethylethylenediamine, riboflavin, 

acrylamide, bisacrylamide and sodium arsenite were 
from BDH Chemicals, Poole, Dorset, U Κ , sodium 
dodecyl sulphate and cycloheximide were from Serva, 
Heidelberg, Germany, 2,4-dinitrophenol and oligo-
mycin were from Sigma Chemical Co , St Louis, MO, 
U S A , vitamin B-6 was from Eastman Kodak Co , 
Rochester NY, U S A , actmomycin D was from 
Calbiochem, Los Angeles, CA, U S A , and chlor­
amphenicol from Bochrmger G m b H , Mannheim, 
Germany, Permablend III and Soluene-100 were 
from Packard Instrument Co , Downers Grove, IL, 
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U S A ; [35S]methionine (specific radioactivity 
330Ci/mmo]) and f3H]uridine (specific radioactivity 
53 5Ci/mmol) were from The Radiochemical 
Centre, Amersham, Bucks , U К All other chemicals 
were of analytical grade from E Merck A G , 
Darmstadt, Germany 

Incubation and labelling of salivary glands with 
[3>S]methionine 

Salivary glands were hand-isolated from late-third-
instar larvae of Drosophila hydei, reared as a mass 
culture under standard conditions (Mitchell & 
Mitchell, 1964) Five pairs of glands, freed of the 
adhering fat-body as much as possible, were incubated 
in 50μ] of incomplete Poels' (1972) medium (modified 
to remove exogenous methionine) at 25°C (except for 
'heat-shock' experiments) under the various condi­
tions and for the length of time necessary (as detailed 
in the legends to the Figures) to induce the puffs In 
all experiments, the effectiveness of puff induction 
was checked by examining a squash preparation of 
one of the glands Glands were labelled at 25"C for 
15mm in 5μΙ of incomplete Poels' (1972) medium 
containing 10^0 ["SJmethionme, except after treat­
ment with 2,4-dinitrophenol or vitamin B-6 In those 
cases, the labelling period was 30 mm and 50μΟ 
[35S]methionine was used Samples were prepared for 
electrophoresis as described by Tissieres er al (1974), 
except that the dried glands were dissolved by boiling 
them for 2min in 35μΐ of sample buffer (for composi­
tion see below) A sample (2 μι) was then counted 
directly in 10ml of scintillant containing 20ml of 
methoxyethanol, 5 5 g of Permablend HI and 30 ml of 
Soluene-100/litre of toluene Liquid-scintillation 
counting was performed with a Packard Tn-Carb 
liquid-scintillation spectrometer, model 3004 A 
sample of the remainder was applied to a slab gel such 
that all slots contained an equal amount of radio­
activity (this usually varied between 150000 and 
1 850000c ρ m ) 

Gel electrophoresis and radioautography 
The protein samples were run for 3h at 16mA on 

10% (w/v) polyacrylamide-slab gels, 1 5 mm thick in 
a discontinuous sodium dodecyl sulphate system at 
room temperature (230C) The system used was 
slightly modified from that described by Tissieres 
et al (1974) Thesmall pore gel buffer was composed 
of 375mM-Tris'HCI, pH8 9, 4м-игеа and 0 1% 
sodium dodecyl sulphate The large-роге buffer was 
composed of 62 5 тм-Tris, HCl, pH 6 7, 4м-игеа 
and 0 1 % sodium dodecyl sulphate The sample 
buffer contained ООІм-sodium phosphate, pH7 6, 
1% sodium dodecyl sulphate, 4м-игеа, 1% 2-
mercaptoethanol and 0 001 % Bromophcnol Blue 
The reservoir buffer was composed of 3 Og of Tris, 
14 4g of glycine, 0 1 % of sodium dodecyl sulphate 
and water added to 1 litre, pH8 3 After drying, the 

J. F. J. G. KON1NKX 

slab gels were exposed to Kodak RP/R14 X-ray film 
for 4-72 h The radioautographs were quantified by 
scanning with a Vitatron densitometer From this 
densitogram, thi areas under the various peaks were 
then determined 

Results 

Correlation between puffing patterns induced by mter-
Jerence Mith the cellular respiratory metabolism and 
changes in protem-iynthetic patterns 

As mentioned above, several treatments that inter­
fere with the respiratory metabolism all induce the 
same set of puffs namely 2-32A, 2-36A, 2-48BC and 
4-81B in D hydei (Leenders & Berendes, 1972; 
Leenders et al, 1974α,6) The size of the puff induced 
is virtually the same irrespective of the puff-inducing 
stimulus, except for the puff at locus 2 48BC, which 
becomes very much larger during treatment with 
vitamin B-6 (Leenders et al, 1973) Not only are puff 
sizes the same, the amount of undine incorporated in 
the puff area, as assayed radioautographically, is also 
very similar (Plates I and 2) In order to determine 
whether the induction of similar puffs is accompanied 
by similar changes in protein-synthetic patterns, 
salivary glands were pulse-labelled with [35S]-
methiomne at various times after the start of the puff-
inducing treatment The gland extracts were then 
electrophoresed on Polyacrylamide gels in the 
presence of sodium dodecyl sulphate and the pattern 
of labelled protein was determined by radioauto­
graphy Plate 3 shows such an experiment with 
temperature as the puff-inducing stimulus In agree­
ment with Lewis et al (1975), new bands appear 
during the temperature treatment, whereas some of 
the bands present in the untreated control sample 
disappear The same set of bands appear during 
recovery from anaerobiosis, although the bands of 
lower molecular weight are less prominent than after a 
temperature shock (Plate 4a) In contrast with the 
pattern obtained after temperature treatment, how­
ever, the bands also present in control glands con­
tinue to be synthesized The pattern obtained during 
incubation of the glands in arsenite (Plate 4ft) is very 
similar to that obtained after release of the glands 
from anaerobiosis the extra bands are added to the 
normal pattern of protein synthesis and do not 
replace it 

Glands incubated in medium containing 2,4-
dmitrophenol or vitamin B-6 did not incorporate 
enough [3SS]methionine to allow a radioauto-
graphic analysis of the protein-synthetic pattern This 
failure is presumably due to the very low cellular 
concentration of ATP under these conditions There­
fore glands were pre incubated with either 2,4-
dinitrophenol or vitamin B-6 to induce the puffs, 
then rinsed with and further incubated in normal 
medium and pulse labelled with [3SS]raethionine 
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EXPLANATION OF PLATES I AND 2 

Radioautographs of salivary-gland chromosomes displaying region 4-81Д 

After incubation of the glands in Poers(19721 medium under various conditions to induce the puffs (see below), the glands 
were labelled for 5min with [-'Hluridine (ImCi/ml) and prepared for radioautography as described by Berendes (1966). 
Exposure time was 3 days. (Plate la) Control (untreated glands); (Plate \h} 2h incubation at 37 C; (Plate li-)2h N2 anaero-
biosis followed by 45min recovery in air; (Plate !<ƒ) incubation for 2h in the presence of 0.1 m\i-sodium arsenite; (Plate 2a) 
incubation for 2h in the presence of I mM-2,4-dinitrophenol; (Plate 2i) incubation for 2h in the presence of 50m4-vitamin 
B-6( Plate 2f) the banding pattern of the salivary-gland chromosomes after aceto-orcein staining (incubated as in Plate 2я). 

J. F. J. G. KONINKX (facing p. 624) 
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PLATE 2 
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EXPLANATION OF PLATES 3, 4 AND 5 

Radioaulographs of lisS]meihîomne pnhe-lahelled proteins, separated by sodium dodccy I stdphate-gel electrophoresis, after 
puff itidaetion by various treatments 

In all radioaulographs Ihe pattern of protein synthesis in control glands (C)and in 2 h heat-treated glands (T) is shown for 
comparison. The numbers Indicate the length (in mm) of the incubation or the recovery period before the addition of label. 
(Plate 3) Incubation at 37 С (heat shock); (Plate 4a) recovery from 2h N2 anaerobiosis [m this case, glands were mass-
isolated as described by Boyd et al (1968), t'„, is the pattern obtained after labelling ol control mass-isolated glands] ; 
(Plate 4ά) incubation in О.ітм-sodium arsenite; (Plate 5a) recovery from a 2h incubation in I mM-2,4-dinitrophenol; 
(Plate 5i) recovery from a 2h incubation m 50imwltamin B-6. 
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EXPLANATION OF PLATE 6 

Radioautogrophs of [3sS]meihumttie labelled proteins from extracts of glands incuhated with oltgomyctn 

Glands were labelled as described in Ihe Experimental section after the following incubation conditions: Control (C), 2h 
at 25 C; heat-treated (T), 2h at 37 C; 60. 120 and 240, after 1, 2 and 4h in the presence of 0.25mg of oligomycin/ml 
respectively. 
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EXPLANATION OF PLATE 7 

Radhautographi of [isS]methioniHi' pulse-lahelled proteins extracted from glands incubated и itk actinotnycin D, chloram­
phenicol or cycloheximide 

(a) Glands were labelled after 2h incubation at 37 C; ίό) glands were labelled after 2h incubation at 37 С in the presence of 
20/ig of actinomycin D ml, aclmomycin D was added before the glands were transferred to 37 С; (c) as in (h), except that 
actinomycin D was added after a 15 mm preincubation at 37 С ; W) as in (h), except that actinomycin D was added after a 
30min preincubation at 37 C; (e) glands were labelled after a 2h incubation at 37 С in the presence of 100/ig of chloram­
phenicol ml; ( ƒ ) as in (f), except that chloramphenicol was also present during the labelling period; 0?) as in («·), except that 
chloramphenicol was present only during the labelling period; (Л) glands were labelled after a 2h incubation at 37 С in the 
presence of 5//g;ml of cycloheximide. 
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PROTEIN SYNTHHSIS IN SALIVARY GLANDS OF DROSOPHILA И Y DEI 625 

Under these conditions, if the mRNA coding for the 
'heat-shock' bands is unstable, one would expect a 
transient appearance ofthe'heat-shock'bands.Thisis 
indeed seen after puff induction with 2,4-dinitro-
phenol (Plate 5a) : the six extra bands are clearly seen 
60 min after the removal of 2,4-dinitrophenol from 
the medium, but only faintly after 120min. However, 
in the case of vitamin B-6, a slow increase in the 
amount of additional bands made is seen, even 
though the puff-inducing stimulus was removed 
(Plate 56). The reason for this phenomenon is not 
clear, but it may be due to a slow rate of transport of 
RNA from the puff area to the cytoplasm. It is clear, 
however, that also during vitamin B-6 treatment, as 
well as during all other treatments used here, six 
additional (as compared with untreated glands) 
peptide chains are synthesized. 

The majority of treatments that interfere with the 
respiratory mechanism also cause a lowering of 
the ATP concentration in the cell (Leenders et al., 
1974α, 6).This decrease could affect the rate of initia­
tion and thus change the pattern of protein synthesis, 
independent of any new transcription. To determine 
whether such a pattern shift does indeed occur, 
salivary glands were incubated in the presence of 
oligomycin, which lowers the ATP concentration 

but does not induce puffs. A change in pattern of 
protein synthesis does indeed occur, but the typical 
six bands are not visible (Plate 6). Further, as shown 
in Plate 7, and in agreement with others (Lewis et al., 
1975), the appearance of these bands is strictly 
dependent on RNA synthesis de novo (since it is 
inhibited by actinomycin D) and cytoplasmic protein 
synthesis de novo (since it is blocked by cyclo-
heximide, but not by chloramphenicol). 

Kinetics of induction ofthe 'heat-shock' bands 

From radioautograms such as shown in Plates 3, 
4 and 5 it is possible to quantify the relative amount 
of radioactivity incorporated in each band by 
measuring the darkness of the film. Clearly such a 
quantitation cannot yield absolute rates of synthesis: 
only the relative amount of incorporation of methi­
onine in the 'heat-shock' bands with respect to the 
total incorporation can be determined. The quantita­
tive changes observed in protein-synthesis patterns 
under the various puff-inductive conditions are very 
similar: the rate of synthesis of the 'heat-shock' 
bands increases rapidly within the first hour. In 
contrast with previous work (Lewis et al., 1975) no 
indications were found for a sequential appearance of 
the bands, rather, all bands appear at the same time 

Fig 1 Kinetics of induction ofthe 'heat-shock' bands during various treatments 

The relative amount of label (expressed as % of the total darkening of the film) in the 'heat-shock' bands was calculated as 
described in the Experimental section from radioautograms as shown in Plates 3,4 and 5 (a) At 370C, (i) in the presence of 
0 ImM-sodiumarsenite; (c) after release from 2hof N2 anaerobiosis The numbers given in the Figure indicate the mole­
cular weights ( χ IO-3) of the various peptides. 
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2 1 0 1 2 

Time (h) 
2 3 4 0 1 2 

Time (h) 

Fig. 2. Kinetics of decay of the rate of synthesis of 'heat-shock' bands 

The relative amount of label in the 'heat-shock' bands was calculated as described in the Experimental section, (a) Glands 
were incubated for 2 h at 37 С and then further incubated at 25 C; (h) glands were pieincubated for 2 h at 37"C, then actino-
mycin D (20/ig/ml) was added and incubation was continued at 37l'C; (c) glands were preincubated for 2h in 1 тм-2,4-
dinitrophenol. The numbers given in the Figure indicate the molecular weights ( χ IO-3) of the various peptides. 

(Fig. 1). The rate of synthesis of the bands remains 
relatively constant after the first hour of induction, 
except for the 38000mol.wt. band, whose rate of 
synthesis decreases again after 1 h, at least at 37CC or 
in the presence of arsenite. The relative rate of syn­
thesis of this protein at 37°C appears to be lower than 
during arsenite treatment or during recovery from N2 

anaerobiosis. On the other hand, the two high moi.wt. 
proteins (70000 and 67000) are synthesized at a 
relatively greater rate at 37'C as compared with the 
other treatments used. The 'heat-shock' proteins 
account for about 50% of the total protein synthesis 
at nQC, but for only 25% during arsenite treatment 
or after release from N2 anaerobiosis. 
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Kinetics of decay of the synthesis of the 'heat-shock' 
bands 

If the incubation temperature of the glands is 
lowered from 37' to 25°C the temperature puffs 
rapidly regress A similar response is seen in the rate 
of synthesis of the 'heat-shock' bands (Fig 2a) the 
rate of synthesis of all bands decreases rapidly and 
with apparent first-order kinetics The rate of decay 
of most bands has a half-life of 3h Only the 67000 
mol wt band decays faster, with a half-life of about 
45 min A decrease in the rate of synthesis is also 
found after addition of actinomycin D to glands 
incubated at 37 С (Fig 2b) again the rate of syn­
thesis of the 'heat-shock' bands decreases with first-
order kinetics and with a half-life of 3h After puff 
induction with 2,4-dinitrophenol the rate of synthesis 
of the 'heat-shock' proteins decreased with the 
same apparent half-life (Pig 2c) The mRNA coding 
for the 'heat-shock' proteins thus appear to be 
unstable with a half-life of roughly 4h 

Discussion 

The data presented in this paper confirm and 
extend the observations of Lewis et al (1975) 
namely, all treatments that induce the full set of 
'heat-shock' puffs also lead to similar qualitative 
changes in the pattern of protein synthesis, thus 
strengthening the hypothesis that these puffed loci 
contain the genetic information for the protein of 
these 'heat-shock' bands Other changes in the 
protein-synthesis pattern are also observed, for 
example, an additional high-molecular-weight 
protein appears during arsenite treatment, but such 
changes appear to be treatment specific, and do not 
accompany puff induction in all cases 

As expected, since the size and activity in RNA 
synthesis of the puffs induced by the various treat­
ments are very similar, there are no large quantitative 
differences in either the kinetics of induction or the 
rate of synthesis of the various 'heat-shock' bands 
between the various treatments, with the possible 
exception of the 38 000 mol wt band The decrease in 
the rate of synthesis of this latter band during either 
temperature or arsenite treatment is not accompanied 
by obvious changes in the puffing patterns From the 
data presented here, no correlation can be made 
between the presence of any one puff and the appear­
ance of any one 'heat-shock' band Not only can a 
precursor-product relationship between any two 
bands not be excluded, but a further difficulty is that 
there are only four major 'heat-shock' puffs m D 
hydei and at least three small puffs (Berendes et al, 
1965) These latter puffs have not been studied 
intensely, but two of these might also be involved in 
the synthesis of the 'heat-shock' bands In О melano-
gasterAocas 3-87B is the largest puff and the 67000 
mol wt band the most prominently labelled one 
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(Tissieres et al, 1974). Further, RNA isolated from 
'heat-shocked' tissue-culture cells hybridized most 
heavil> to this locus (McKenzie et al, 1975, Spradling 
étal, 1975л, b) It has thus been suggested that in D 
melanogaster locus 3-87B codes for the 67000 mol wt 
protein Such a correlation between protein and puff 
would be strengthened, if the protein patterns are 
analysed after treatments, which induce only a few 
of the 'heat-shock' puffs, for example after treatment 
with antimycin A, which induces the loci 2-32A, 
2 36A and 2^8BC, but not 4-81B m D hydei. 
Unfortunately, antimycin A also inhibits [15S]-
methionme incorporation severely and apparently 
irreversibly 

At 370C the relative rate of synthesis of the protein 
in these bands is about twice as high as during the 
other treatments used here The data presented by 
McKenzie et al (1975) suggest that the high rate of 
synthesis of the 'heat-shock' proteins at 37°C is due 
to a translational rather than transcriptional control 
of protein synthesis If so, the translational control 
must act negatively on the pre-existing mRNA 
species rather than positively on mRNA species 
coding for the 'heat-shock' proteins since the rate of 
decay of the synthesis of these bands is the same at 
25° and at 37 С in the presence of actinomycin D 
(with the possible exception of the 67000-mol wt 
band) Under the latter conditions, the rate of 
decrease of synthesis of the bands presumably reflects 
the rate of decay of the mRNA Moreover, it cannot 
be excluded that this translational effect is non-speci­
fic, it could be the result of changes in the net rate of 
initiation of protein synthesis due to an increase in 
temperature and a decrease in the cellular ATP con­
centration Such changes in net initiation rate are ex­
pected to result in a change in the protein-synthetic 
pattern, both theoretically (Lodish, 1974) and also ex­
perimentally (Ayuso-Panlla & Panila, 1975, Plate 6) 
The lack of suppression of background synthesis at 
25X during arsenite treatment or after N 2 anaero-
biosis also suggests that any translational effect at 
37°C is correlated with the specific inductive stimulus 
rather than with the presence of the set of puffs 

Spradling et al (1975a, b) have found that the half-
life of unstable mRNA in an Aedes albopictus cell line 
is 1 2h A significantly longer functional half-life was 
found here for the mRNA species coding for the 
'heat-shock' bands, namely about 4h A similar decay 
rate of the synthesis of the 'heat-shock' proteins was 
found after removal of the puff-inductive stimulus or 
in the presence of actinomycin D, except after puff 
induction with vitamin B-6 In this case the rate of 
synthesis of the 'heat-shock' proteins increased up to 
3 h after removal of vitamin B-6 from the medium. 
The reason for this phenomenon is not clear, but it 
may be due to a combination of a slow regression of 
the puffs and a slow rate of transport of the puff RNA 
from the nucleus Cytological studies do show a slow 
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regression of the puff 2-48BC and a slow rate of 
transport of material from this puff after induction 
with vitamin B-6 (J. Derksen, personal communica­
tion). 

The kinetics of induction of the 'heat-shock' bands 
are very similar to the previously found rate of 
increase of some mitochondrial enzyme activities 
(Leenders & Beckers, 1972; Leenders et al., 1974α,Α; 
Koninkx et al, 1975 ; Koninkx, 1975 ; Sin & Leenders, 
1975). The data presented here do not therefore 
exclude the possibility that the 'heat-shock' peptides 
are part of such enzymes, nor do they offer further 
support for this suggestion. Further evidence for 
such a function of the 'heat-shock' proteins must come 
from a characterization of the peptide chains of these 
enzymes. 

I am indebted to Dr. H. J. Leenders, Dr. N. H. Lubsen 
and Dr. Υ. Τ Sin for valuable suggestions and support 
during this investigation. I thank Miss E. C. T. Willart for 
her excellent technical assistance. Financial support for 
this study was obtained from the Netherlands Organiza­
tion for Pure Scientific Research (Z. W. O.). 
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1. 

Summary 

A variety of treatnerrts, all of which interfere with the cellular 

respiratory metabolism and nost of which cause a drop m the cellular 

ATP level, evoke the induction of puffs at the loci 2-32 A, 2-36 A, 

2-48 ВС and 4-31 B. By means of the experiments, described in the first 

part of the thesis, it has been verified whether changes in the cellular 

adenosine nucleotide levels are responsible for the release of the primary 

signal for the activation of these specific gene loci. However, there is 

no positive correlation between the reduction m the ATP level and the 

response at the genome level during all treatments applied. A temperature 

shock reduces the cellular ATP level and induces gene activity. Anaero-

biosis, which depletes the ATP pool, does not result in the activation 

of the chromosome loci unless the salivary glands axe exposed to oxygen 

again. Oligornycme or cyanide are not able to induce puffs, although the 

ATP level is significantly reduced. On the other hand, exposure to arsenite, 

which hardly changes the cellular ATP level, is very effective in evoking 

the appearance of the specific puffs. Therefore the initiation of gene 

activity following treatments causing a deficiency in mitochondrial respi­

ratory metabolism, cannot be a direct consequence of changes in cellular 

adenosine nucleotide levels. Other regulatory mechanisms are proposed, 

which favor the idea that the signals evoking the induction of gene acti­

vity originate from deficiencies in respiratory substrate supplies or 

certain mitochondrial enzymes. 

Previously it has been demonstrated that following puff induction the 

isocitrate respiration is enhanced as well as the enzyme activity of NADH 

dehydrogenase. In part two of the thesis data are presented, which indicate 

that both the increased isocitrate respiration and the increased NADH dehy­

drogenase activity are from intramitochondrial rather than from extramito­

chondrial origin. The isocitrate respiration of mitochondria isolated 

from salivary glands recovering from anaerobiosis shows a significant 
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decrease in app. Km (control glands 5f6 mM; glands recovering from 

anaerobiosis 2,4 mM), whereas the app. Vmax of the mitochondrial NADH 

dehydrogenase is increased Ъу about ICffa. 

Inhibition of RNA synthesis or protein synthesis during puff induction 

by actinoinycin D or cycloheximide inhibits the decrease in app. Km of 

the mitochondrial isocitrate respiration and the increase in app. Vmax 

of the mitochondrial NADH dehydrogenase. This inhibitory effect and the 

fact that gene activity always precedes these changes suggest that 

these changes may be dependent upon transcription of new mRNA species 

in one of the newly activated chromosome loci and its subsequent trans­

lation. 

In the next part of the thesis Polyacrylamide gelelectrophoresis 

reveals that the increase in app. Vmax of the mitochondrial NADH dehy­

drogenase after experimentally induced gene activity is correlated with 

an increase of NADH dehydrogenase activity in three mitochondrial pro­

tein fractions as well as with an increased amino acid incorporation 

into these proteins.- Inhibition of nuclear RNA synthesis or cytoplasmic 

protein synthesis inhibits the increase in app. Vmax and the increase in 

amino acid incorporation. The results of several experiments indicate 

that these changes cannot be accounted for merely by changes in amino 

acid pools, enzyme turnover rate or uptake of enzyme molecules by the 

mitochondria from the cytoplasm without increased synthesis de novo of 

NADH dehydrogenase. Moreover, the increase in mitochondrial NADH dehy­

drogenase activity after recovery from anaerobiosis cannot be ascribed 

to mitochondrial biogenesis, because the synthesis of cycloheximide 

insensitive mitochondrial proteins is very low or completely absent as 

can be judged from the radioactive profiles of pulse labelled mitochon­

drial proteins. Thus it is reasonable to suggest that the increase in 

mitochondrial NADH dehydrogenase activity in salivary glands recovering 

from anaerobiosis depends on increased gene transcription. 

In the last part of the thesis the protein synthesis in salivary 

glands of Drosophila hydei elfter experimental gene induction has been 

analysed by electrophoresis on sodium dodecyl sulphate Polyacrylamide 
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gels of labelled salivary gland proteins and subsequent autoradiography. 

Gene activation by treatments interfering with the cellular respiratory 

metabolism, which induce the same set of puffs in Drosophila hydei, 

namely 2-32 A, 2-36 A, 2-48 ВС and 4-81 B, is always followed by the 

appearance of six strongly labelled polypeptides in the pattern of 

protein synthesis. Oligonycine, an inhibitor of the ATP formation, 

does not cause the induction of the specific puffs. Although oligo-

mycine changes the pattern of protein synthesis, most probably as a 

result of a decreasing ATP concentration in the cell, the changes do 

not include the appearance of the six polypeptides. These data clearly 

indicate, that the presence of the same set of puffs leads to similar 

qualitative changes in the pattern of protein synthesis. The kinetics 

of induction of the six polypeptides are very similar to the previously 

found rate of increase in app. Vmax of mitochondrial NADH dehydrogenase 

and mitochondrial tyrosine amino transferase and the decrease in app. 

Km of mitochondrial isocitrate dehydrogenase. The change in activity of 

the mitochondrial enzymes occurs about 30 minutes after the loci 2-32 A, 

2-36 A, 2-48 ВС and 4-81 В have started their puff formation. The six 

strongly labelled polypeptides also appear about 30 minutes after puff 

induction. 

However, whether the polypeptides are part of the mitochondrial enzymes 

increasing in activity following treatments interfering with the cellular 

respiratory metabolism needs further investigation. It is tempting to 

suggest that the puffs, which are induced by treatments interfering with 

the cellular respiratory metabolism, represent regions of the genome 

which are derepressed through the action of the puff inducing stimuli, 

in such a way that they actively .transcribe mRNA's which are immediately 

translated, thus altering the pattern of protein synthesis in Drosophila 

hydei salivary glands. In this thesis data are presented demonstrating 

that the temperature sensitive genes of the genome respond to fluctuations 

in mitochondrial metabolism and that these genes hasten the synthesis of 

gene products, which following translation, effect a return to normal 

metabolism. This involves probably the de novo synthesis of at least one 

mitochondrial protein as has been demonstrated. 
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Samenvatting 

Behandelingen, die inwerken op het cellulair ademhalinfsmetabolisme 

en waarvan de meeste eer significante daling van het cellulaire ATP ni­

veau veroorzaken, induceren specifieke aktiviteit in de genloci 2-32 Λ, 

2-36 A, 2-48 JC en 4-81 I. Door riddel van de experimenten, die Ъезскге-

ven zijn in het eerste gedeelte van het proefschrift, is nagegaan of 

verandennger m de cellulaire adenosine nucleotide concentraties ver­

antwoordelijk zijn voor het vrijkomen van het primaire signaal, dat 

specifiek aktiviteit in deze genloci induceert. Een positieve correlatie 

tussen deze ATP daling ongeacht de toegepaste behandeling en een reaktie 

op genoomniveau is echter niet gevonden. Een temperatuurshock verlaagt de 

cellulaire ATP concentratie en induceert genaktiviteit. Het ontbreken van 

ATP tijdens anaerobiose resulteert alleen dan in de aktivenng van chro-

mosoomloci, als de anaerobiose van speekselklieren wordt opgeheven. 

Oligomycme of cyanide zijn niet in staat puffs te induceren, terwijl de 

ATP concentratie toch significant gereduceerd is. Arseniet daarentegen 

verandert de cellulaire ATP concentratie nauwelijks, maar is zeer effek-

tief in het laten verschijnen van de specifieke puffs. On deze reden kan 

de initiatie van genaktiviteit door behardelingen, die een deficiëntie 

veroorzaken in het nitochondriaal adenhalmgsTetabolisme, niet een direct 

gevolg zijn van veranderingen in de cellulaire adenosine nucleotide con­

centraties. 

Andere regelmechanismen worden voorgesteld, die er van uitgaan,dat de 

signalen, die inductie van genaktiviteit oproepen, veroorzaakt worden 

door tekorten ir de substraatvoorziening van het ademhalingsmetabolisme 

of m bepaalde mitochondriale enzymen. 

In eerste instantie werd aangetoond, dat na puff-inductie zowel de 

isocitraat ademhaling als de enzymatische aktiviteit van NADH dehydro­

genase toegenomen is. De experimenten beschreven m het tweede gedeelte 

van het proefschrift wijzen er op, dat zowel de toegenomen isocitraat 

ademhaling als de toegenomen NADH dehydrogenase aktiviteit veeleer intra-

mitochondriaal dan extramtochondnaal is. De isocitraat ademhaling van 

mitochondriën, geïsoleerd uit speekselkliercellen na herstel van anaero­

biose, laat een significante daling in app. Km zien (controle klieren 
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5,6 ml!; k l ie ren hers te ld van anaerobiose 2,4 шМ), te rwi j l de app. Vmax 

van de nitochondriale KADII dehydrogenase net ongeveer Ί&,Ό i s toegenomen. 

Remming van de RMA-synthese of eiwitsynthese door respect ieve l i jk ac t ino-

щусіпе D of cycloheximide gedurende de puff-inductie remt de afname in 

app. Km van de mitochondriale i s o c i t r a a t ademhaling en de toename in app. 

Vmax van de mitochondriale ΝΑΒΗ dehydrogenase. Deze remmende werking en 

het f e i t , dat genakt iv i te i t a l t i j d voorafgaat aan de toename m enzyn-

a k t i v i t e i t , doen vermoeden, dat deze veranderingen afhankelijk zouden 

kunnen zi jn van t r a n s c r i p t i e van nieuwe mRTIA soorten in één van de nieuw 

geaktiveerde chromosoomloci en t r a n s l a t i e van dit mïïTIA. 

In het volgende deel van het proefschrif t i s door middel van Poly­

acrylamide gelelectroforese aangetoond, dat de toename in app. Vmax van 

de mitochondriale ІШШ dehydrogenase ten gevolge van experimenteel ge-

induceerde genakt iv i te i t gecorreleerd i s met een toename van de NADH 

dehydrogenase a k t i v i t e i t in dr ie mitochondriale e iwi t f rakt ies en een ver­

hoogde aminozuur incorporat ie in deze e iwi t ten. I n h i b i t i e van de nucleaire 

RNA-synthese of cytoplasmatische eiwitsynthese remt de toename in app. 

Vmax en de toename in aminozuur incorporat ie . De r e s u l t a t e n van meerdere 

experimenten wijzen er op, dat deze veranderingen n ie t enkel en al leen 

verklaard kunnen worden door wijzigingen in aminozuurpools, in turnover 

snelheid van enzymen of opname van enzymmoleculen zonder toegenomen de 

novo synthese van NADH dehydrogenase. Bovendien kan de toename van de 

mitochondriale NADH dehydrogenase a k t i v i t e i t na h e r s t e l van anaerobiose 

niet toegeschreven worden aan mitochondriale biogenese, omdat de syn­

these van cycloheximide-ongevoelige mitochondriale eiwitten zeer gering 

of vol ledig afwezig i s , zoals op t e maken val t u i t de radioaktieve pro­

f ie len van de pulse-gelabelde mitochondriale e iwit ten. Op grond van deze 

gegevens i s het rede l i jk t e veronderste l len, dat de toename van de mito­

chondriale NADH dehydrogenase a k t i v i t e i t in speekselkl ieren, die zich 

van anaerobiose h e r s t e l l e n , afhankelijk i s van toegenomen gen-transcr ip­

t i e en cytoplasmatische eiwitsynthese. 

In het l a a t s t e deel van het proefschrift i s de eiwitsynthese na 

experimentele gen-inductie in speekselklieren van Drosophila hydeï 

geanalyseerd met behulp van SDS Polyacrylamide gele lect roforese van 

59 



з . 

gelabelde speekselkl ier eiwitten er. autoradiograf i e . iiehandelin^en, die 

inwerken op het c e l l u l a i r e adenhalinpsrnetaoolisme induceren a l t i j d de­

zelfde puffs in Drosophila hydei, namelijk 2-32 A, 2-36 A, 2-4J BC en 

4-dl 13. Inductie van genakt iv i te i t wordt a l t i j d gevolgd door het ver­

schijnen van zes sterK gelabelde Polypeptiden in het eiwitsynthese pa­

troon. Oliromycine, een i n h i b i t o r van de ATP synthese, i s n iet in s taat 

de specifieke puffs t e induceren. Hoewel oliromycine het eiwitsynthese 

patroon verandert, noogstwaarschijnlijk a l s gevolg van een dalende ATP 

concentrat ie m de cel, behelzen deze veranderingen niet het v e r s c h i j ­

nen van de zes Polypeptiden. Deze gegevens tonen duidel i jk aan, dat de 

aanwezigheid van dezelfde puffs le idt t o t gel i jke kwali tat ieve veran­

deringen in het patroon van de eiwit synthese. De induct ie-kinet iek van 

de zes Polypeptiden vertoont veel overeenkomst net de voorheen gevonden 

toename in de app. Vmax van de mitochondriale KADK dehydrogenase en 

mitochondriale tyros ine aminotransferase en de afname in app. Km van de 

mitochondriale i s o c i t r a a t dehydrogenase. 

De verandering m a k t i v i t e i t van de mitochondriale enzymen begint onge­

veer 30 minuten nadat de puffs 2-32 A, 2-36 A, 2-48 ВС en 4-81 Б aktief 

worden. Ook de zes s terk gelabelde Polypeptiden verschijnen ongeveer 

30 minuten na puff- induct ie . Of deze Polypeptiden deel uitmaken van de 

mitochondriale enzymen, die in a k t i v i t e i t toenemen na behandelingen 

welke inwerken op het c e l l u l a i r e ademhalingsmetabolisme, vere i s t nader 

onderzoek. Het i s v e r l e i d e l i j k t e veronderste l len, dat de puffs, die 

geïnduceerd worden door behandelingen welke inwerken ото het c e l l u l a i r e 

ademhalingsmetabolisme, gebieden van het genoom vertegenwoordigen, die 

door inwerking van de puff inducerende st imuli vrijkomen voor een sne l le 

t r a n s c r i p t i e van mRKA's, welke onmiddellijk ver taa ld worden en aldus 

het eiwitsynthese-patroon veranderen van de speekselklieren van Droso­

phi la hydei. 

In di t proefschrift worden gegevens gepresenteerd, die aantonen, 

dat een bepaalde groep genen, n . l . de temperatuur gevoelige loei van 

het genoom,reageert op schommelingen in het mitochondnaal metabolisme 

en dat deze loei de synthese van gen producten versnel len, die na t r a n s c r i p ­

t i e een terugkeer naar een normaal metabolisme zouden bewerkstell igen. Dit 

betekent dat zoals in d i t proefschrift beschreven werd minstens één mito— 

chondriaal enzymen de novo gesynthetiseerd zou worden. 
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