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INLEIDING 

De belangrijkste resultaten welke verkregen zijn m.b.t. 

de structuur, transcriptie en replicatie van het genoom 

van prokaryoten (zie voor overzicht: 1) zijn niet zonder 

meer overdraagbaar gebleken op het genoom van eukaryoten. 

In tegenstelling tot het genoom van prokaryoten kan men 

in het genoom van eukaryoten structurele eenheden waar

nemen. Deze zijn lichtmicroscopisch zichtbaar als chromo-

meren tijdens de meiotische profase, en als banden in de 

somatisch gepaarde interfase chromosomen (ook wel polytene 

of reuzechromosomen genoemd) (2, 3, 4, 5). 

Daarnaast kan men met behulp van bepaalde technieken, 

zoals autoradiografische en spreidingstechnieken binnen 

de chromosomen van hogere organismen replicatie en trans

criptie eenheden aantonen, waarvan de aktiviteit onaf

hankelijk van elkaar gereguleerd kan worden (6, 7, 8, 9, 

resp. 10, 11 en 12). 

Er zijn pogingen gedaan deze functionele eenheden te 

correleren, of zelfs te identificeren met de structurele 

eenheden (6, 13, 14, 15, 16 en 17). Materiaal dat de 

structurele eenheden gemakkelijk herkenbaar laat zien 

zijn de reeds genoemde polytene chromosomen die in be

paalde weefsels bij bepaalde organismen voorkomen. Vooral 

aan larven van Dipteren, en wel speciaal de genera 

Drosophila en Chironomus, is uitgebreid onderzoek naar 

de structurele en functionele eenheden van het chromosoom 

gedaan. 

Wanneer een structurele eenheid sterk actief is in RNA-

synthese (transcriptie), dan kan deze eenheid in het 

polytene chromosoom als een puff worden waargenomen. 
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Het is gebleken dat de aktïviteiten van bepaalde pufts 

zijn te correleren met een bepaalde RNA- of eiwit

synthese, dan wel met bepaalde enzymaktiviteiten (18, 

19, 20, 21, 22, 23 en 24). 

Op ultrastructureel niveau is uitgebreid onderzoek gedaan 

naar de hoedanigheden van actieve genen. 

Het is daarbij gebleken dat genaktiviteit niet alleen 

gepaard gaat met de vorming van een transcript van het 

DNA, het RNA, maar dat het transcript tijdens zijn opbouw 

met eiwit geassocieerd wordt tot partikels, de z.g. RNP-

partikels (ribonucleo-proteine partikels) in grootte 

variërend van 100 tot 500 8. Grote hoeveelheden RNP-

partikels zijn in actieve puffs (= genen) aanwezig (25, 

16, 27, 28 en 29). 

Puffs welke met bepaalde agentia, zoals ecdyson (30, 31 

en 32) of behandelingen die interfereren met cellulaire 

ademhalingsmechanisme, te induceren zijn (34 en 24) bieden 

goede mogelijkheden voor een gedetailleerd onderzoek van 

uitrastructureIe aspecten betrokken bij de aktivering en 

synthese aktiviteit van individuele genen. 

Van de induceerbare puffs trekt er één de aandacht, en 

wel één die gelegen is aan het eind van het tweede chromo

soom, chromosoom locus 2-48BC van D. hydei. Het puffprodukt 

is voor wat betreft de structuur en de grootte, een vol

slagen afwijkend, en voor dit locus specifiek, RNP. Naast 

0.1-0.3μ grote KNP complexen kunnen in deze puff kleine 

RNP-partikels aangetroffen worden met een diameter van 

200-300 Я. 

Er is nog weinig bekend over de structurele en functionele 

eenheden binnen de puff; de verwerking van het puffprodukt 

9 



(het transcript) en de vorming van de RNP partikels in 

de puff. Door de gemakkelijke herkenbaarheid van zowel 

deze puff als het produkt van deze puff, werd een onder

zoek naar deze hoedanigheden mogelijk. 

In dit proefschrift wordt een methode beschreven om het gen 

(of de genen) gelegen in chromosoomgebied 2-48BC, min of 

meer specifiek, sterk te aktiveren waardoor het onderzoek 

van het puff metabolisme aanzienlijk vereenvoudigd kon 

worden. Tevens is een poging ondernomen om de aktiviteit 

van dit gen te correleren met een bepaalde enzymaktiviteit. 

Op ultrastructureel niveau werd de produktie en het trans

port van het puffprodukt naar het cytoplasma beschreven 

terwijl met behulp van cytochemische methoden geprobeerd 

werd een inzicht te verkrijgen in de structuur en samen

stelling van dit puffprodukt. 

Naast dit onderzoek werd een poging gedaan de methode voor 

het elektronenmikroskopisch visualiseren van actieve genen, 

welke door Miller en zijn medewerkers ontwikkeld werd (35 

en 36), toe te passen op polytene weefsels en de puffs in 

het bijzonder. 

Als modelsysteem werden eerst hele kernen van Chironomus 

thummi gebruikt. Later is een procedure voor massa iso

latie van nucleoli van D. hydei voor dit doel ontwikkeld. 

Met behulp van micromanipulatie, een door Edström en 

medewerkers ontwikkelde methode (37 en 38), kunnen gede

tineerde eenheden van polytene chromosomen geïsoleerd 

worden. 

Door deze methode te kombineren met die van Miller en 

medewerkers zou een bijzonder elegante benadering van de 

regulatie van de genaktiviteit bij eukaryoten mogelijk 
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worden. Met name zou informatie verkregen kunnen 

worden over de lengte van de transcriptie eenheid, de 

initiatie van de synthese en de repetetiviteit van het 

gen binnen de puff. In dit proefschrift zijn een aantal 

facetten van de structuur van het Drosophila genoom in 

het bijzonder van puff 2-48BC belicht. 

In de puff komt, naast de grote RNP complexen, een af

zonderlijk localiseerbaar type van RNP-partikels voor 

met een diameter van 200-300 Ä. De grote BNP complexen 

lijken opgebouwd te zijn uit kleinere eenheden van de

zelfde grootte, die aan de rand van de grote complexen 

zichtbaar zijn (29 en 39). De vraag doet zich nu voor 

wat de relatie tussen deze in dezelfde puff voorkomende 

kleine partikels en grote complexen is: zijn de grote 

complexen simpelweg aggregaten van de kleine partikels 

of staan zij geheel los van elkaar en vormen zij ieder 

voor zich een apart genprodukt? 

In het eerste geval zou er een tijdsverschil aantoonbaar 

moeten zijn tussen het verschijnen van de kleine partikels 

en de grote complexen. Hoewel elektronenmikroskopisch 

een verschil in locatie binnen de puff tussen de kleine 

partikels en de grote complexen duidelijk is, is een 

verschil in tijdsduur voor het verschijnen van deze RNP's 

niet of nauwelijks aantoonbaar. Wel is het mogelijk ge

bleken de verschillen in locatie te correleren met 

uridine-markeringspatronen in deze puff die na autoradio

grafie van kneuspreparaten van behandelde klieren terug 

te vinden zijn; exponeert men gedurende een zeer korte 

periode, ongeveer 1 minuut, een weefsel met daarin reeds 
3 

geïnduceerde puffs, aan radioaktief ( H-)uridine, dan 
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wordt binnen de puff alleen op die plaats markering 

aangetroffen waar men, op grond van de elektronenmikros-

kopische waarnemingen, de kleine partikels zou ver

wachten. Pas na een labelingsperiode van 5 tot 10 

minuten kan zwarting van de film gevonden worden boven 

die plaatsen waar men de grote complexen zou verwachten 

(39 en 40). 

Deze gegevens leidden tot de suggestie dat de grote 

complexen uit de kleine partikels opgebouwd worden. 
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Selective Induction of a Giant Puff 

in Drosophila hydei by Vitamin Вц 
and Derivatives 

Η J Leenders, J Derk^en, Ρ M J M Maas and I I D Bercndes 

Department of Genetics, University of Nijmegen, The Netherlands 

Abstract Vitamin Вй indii(,cs m г wo as well as m vitro the appearance of a puff 
at region 2 480 in Drosophila hydei At concentrations of 10_- if or lower, region 
2 480 is the only region responding to \itamiii Ii e provided that ohgomycm is 
present m the incubation medium Pyridoxal phosphate and pyndoxamme phos
phate supplied to medium oontdining oligom3 cm induce upon incubation of salivary 
glands a larger puff at 2-480 — Puff 2 480 produces large quantities of a unique 
R N P product; globular 140 220 Л particles which aggregate to stable complexes 
of 0 1-0 2 μ in diameter Upon continuous m vitro incubation with vitamin B 6, 
puff 2 48C becomes loaded with these aggregates which have never been observed 
in any other puff of Drosophila hydei 

Introduction 

A variety of agents has been found to induce agent-specific puffb in 

the polytene chromobomes of Diptera (Ashburner, 1970, Berendes, 1972) 

The application of these Agents in studies on the formation of local 

changes in chromosome morphology, correlated with an inereased level 

of undine incorporation, lias provided some insight in the complex 

structural and macromolecular changes involved in this process (Beren

des, 1968 a, 1972) However, in spite of the availability of means to 

manipulate the activity of certain chromosome loci, several pertinent 

questions regarding the initial steps in making template available for 

t ransa ipt ion аь well as the significance of the transcription product for 
cellular metabolism remained unanswered 

Recently, an a t t e m p t was made to gain some information about the 
significance of a particular group of puffs, induced by various treatments 
all affecting the cellular respiratory metabolism (Leenders and Berendes, 
1972) I t was found t h a t changes in the activity of a particular mito
chondrial enzyme are correlated with changes in the activity of one of 
the puffs of this group (Leenders and Beckeis, 1972) However, a causal 
relationship between these two phenomena could not be established. 

One of the prerequisites for an investigation of a causal lelationship 
between puff activity and a subsequent change in the activity of an 
enzyme seems to be the availability of an agent which induces selectively 
the activity of one particular puff with as a consequence a quantitative 
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change in the concentration of a certain enzyme. I n order to fulfill this 
requirement a variety of agents, known to interfere with certain steps 
in the mitochondrial metabolism were screened for their effects on the 
chromosomal puffing patterns in Drosophila hydei (see also: Leenders 
and Berendes, 1972). I t was observed that vitamin B e and related 
compounds did induce specifically one of the group of chromosome loci 
which generally responds to treatments affecting terminal respiration. 

This report describes the kinetics of the formation of this puff (at 
region 2-48C) as a consequence of in vivo and in vitro application of 
vitamin B e as well as the dosage-effect curves reflecting the action of 
vitamin B e and related compounds as expressed a t the chromosome level. 
I n addition to these results some observations on the submicroscopic 
features of the typical ribonucleoprotein product of this puff will be 
presented. 

Materials and Methods 

Throughout this study mid third larvae of Drosophila hydei raised under 
standardized conditions were used. 

/и vivo application of vitamin B,, (Eastern Chem. Corp.) dissolved in Mg-Ringer 
(see: Leenders, Wullems and Berendes, 1970) was performed by injection of 0.5 μΐ 
of the solution per larva. Controls were injected with the same quantity of the 
solvent. 

For in vitro studies on the effect of vitamin Be and related compounds, isolated 
salivary glands were incubated in the medium described by Poels (1972) supplied 
with a defined quantity of the compound to be studied with respect to its effect on 
chromosomal activity. Sister glanda incubated over exactly the same period of time 
in Poels' medium without the compound were used as controls. 

Puff size was established in aceto-orcein squashes of salivary glands with an 
ocular micrometer. Puff size will be given as a relative value representing the 
quotient of the diameter of the puff and the diameter of the non-puffed region 47B 
(see: Berendes, 1968a). 

3H-uridine incorporation into the vitamin Be-induced puff 2-48C was analyzed 
by autoradiography. Following a 4 hour period of in vivo incubation with vitamin 
Be (0.5 μΐ of 0.1 M vitamin Be solution injected per larva) the salivary glands were 
dissected and incubated for 30 min in a Ringer solution containing 1 μϋί/πιΐ 3H-
uridine (spec. act. 27 Ci/mM). Squashes of these glands were coated with Kodak 
AR 10 stripping film and exposed for 7 days at 0° С 

The effect of vitamin Be and related compounds on the respiratory activity of 
isolated salivary glands in vitro was established as described in a previous report 
(Leenders and Berendes, 1972). 

Electron microscopic observations were made on puff 2-48C following an in 
vitro treatment of isolated salivary glands with Ö-IO^M vitamin Be in Poels' 
medium (pH 0.9). The treated glands were fixed for 30 min in glutardialdehyde 
(3% in 0.1 M cacodylate buffer pH 7.2) at 0° С and subsequently for 15 min in 
the same fixative at room temperature after which they wore squashed in 50% 
acetic acid. After detaching the eoverslip (dry ice) the squashes were postfixed in 
methanol-formaldehyde, dehydrated and embedded in Epon as described previously 
(Berendes and Meyer, 1968). Well-spread chromosome regions carrying puff 48C 
were selected (Berendes, 1968b), sectioned and examined with a Phillips 300 EM. 
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Results 

In vivo Activation of Puff 2-48C 

In order to study the kinetics of puff formation under in vivo condi
tions, mid third instar larvae (140-145 hrs after oviposition) were 
injected with 0.5^0.1 μΐ of 0.1 M vitamin B e in Mg-Ringer. Puff size 
of region 2-48C was established in salivary glands of these animals at 
5-7 min, 12-15 min, 30 min, 60 min, 120 min, and 240 min after injec
tion. Puff size is presented as a relative diameter value established for 
at least 5 cells per gland pair. 

In non-treated larvae of 144 hrs after oviposition the average diam
eter value (relative puff size) is 0.91 ¿0.07 (SD). This value represents 
the relative diameter of region 2-48C in an inactive situation. Since the 
values for individual cells of these glands vary from 0.8 to 1.1, only 
values larger than 1.1 were considered to reflect a positive response of 
region 2-48C in the injected animals. Table 1 reveals the number of 
larvae which did show a positive reaction at subsequent times after 
injection. The diameter values of these larvae were pooled and the means 
are shown in Fig. 1. As a control, larvae injected with Mg-Ringer were 
used. The relative size of region 2-48C at 4 hrs after injection of the 
Ringer solution was 0.99±0.10 (w = 8, see Table 1). From Fig. 1, it can 
be seen that region 2-48C rapidly develops its puffed appearance although 
maximum puff size has not been attained at 4 hrs after the injection of 
the vitamin B« solution. 

Table 1. The effect of injection of vitamin B e into mid third instar larvae of 
Drosophila hydei as determined by the diameter ratio of region 2-48C over 2-47B 

Time after injection 
of 0.5 μΐ 

of 0.1 M vit. 

none 
5-7 min 

12-15 min 
30 min 
60 min 

120 min 
240 min 

В, 

Number of larvae displaying 
a diameter vali 

a l l 

7a 

3a· 
3 
6 
1 
3 
7 

ne 

> l . l a 

2 
5 

12 
12 
6 

12 

240 min 
after injection of 
0.5 μΐ Mg-Ringer 8 a 

a The values of these animals were used to calculate the means and standard errors 
shown in Fig. 1. 
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Fig. 1. Development of puff 2-48C after injection of 0.5 μΐ of 0.1 M vitamin B e 

per larva. Each point represents an average of the values obtained from at least 

5 nuclei per larva. The standard errors are indicated; о controls injected with 
0.5 μΐ Mg-Ringer 

Fig. 2 a and b. Autoradiograph of salivary gland chromosomes displaying puff 
2-48C. Glands were incubated for 30 min with 3H-uridine following the develop
ment of puff 2-48C during 4 hrs in vivo in larvae injected with 0.5 μΐ of 0.1 M 
vitamin B 6 . The strong incorporation of the induced puff as compared to the 

nucleolus (a) is evident. Ns nucleolus 
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As revealed Ъу autoradiography, puff 2-48C became strongly labeled 
in glands incubated for 30 min with 3H-uridine in vitro following a 4 hr 
period of in vivo incubation with vitamin B 6 (Fig. 2). 

Since puff 2-48C is one of the group of puffs activated simultaneously 
by a temperature t reatment (Berendes, van Breugel and Holt, 1965), as 
well as other t reatments affecting in some way the respiratory metab
olism (Leenders and Berendes, 1972), the total puffing pat tern was 
analyzed following 2 hrs in vivo incubation with vitamin B e in order to 
establish whether or not the puffs 2-32A, 2-36A or 4-81В were activated 
concomitantly with 2-48C. Only in one out of 10 gland pairs small puffs 
were present at the regions 2-32A and 2-36A. I n addition to these, some 
of the larvae displayed larger puffs at the regions 2-28A, 3-58C and 
5-97A. However, these puffs were not consistently present in all animals 
injected. Moreover, they were also observed in some of the larvae 
injected with Mg-Ringer only. 

In vitro Activation of Puff 2-48C 

The kinetics of puff formation at region 2-48C under in vitro condi
tions was studied on "hand-isolated" salivary glands incubated in 
Poels' medium supplied with vitamin B 6. I n some series of experiments 
Pools' medium was saturated with oligomycin. 

As shown in Fig. 3 incubation of the glands in Poels' medium supplied 
with vitamin B e at a concentration lower than 2 · ΙΟ - 2 M does not result 

in the appearance of puff 2-48C. At a concentration of 2 ·10~ 2 Μ a 

moderately sized puff develops during a three hour incubation period. 

With higher concentrations the puff diameter increases, the maximum 

size for a given concentration being attained in all instances at around 

120 min after the onset of incubation. With a concentration of 6 · 10~2 M 

a giant puff (Fig. 4) develops within 120 min. 

Examination of the total puffing pattern following 60 and 120 min 

of incubation of the glands in Poels' medium containing 6·10~ 2 Μ 

vitamin B 6 revealed t h a t in all nuclei, in addition to the giant puff at 

region 2-48C, large puffs were present at 2-32A, 2-36A, 4-81В whereas 
in the nuclei of some glands also the regions 2-28C: 2-42Ü: 2-44A; 
3-58D; 5-97A and 5-108C displayed large puffs. From these puffs only 
the latter six were occasionally observed after long incubation periods in 
Poels' medium devoid of vitamin Be. 

Since the concentrations of vitamin B6 above ΙΟ - 2 M seems rather 

unphysiological, a number of experiments were performed in which a 

lower concentration of vitamin B e was added to Poels' medium saturated 

with oligomycin. As has been reported previously, oligomycin enhances 

the effect of substances which are known to interfere with the respiratory 
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relative puff size 

2 6 h f . · 5 1 0 " 2 Μ 

30 50 90 120 150 180 time (mm) 

Fig. 3. Relationship between puff size of 2-48C and vitamin B e concentration 
in vitro. Each point representa an average of 2.) measurements (5 nuclei in each of 
5 glands). All incubations were performed in Poels' medium. For comparison of 
the effect of physiological concentrations of vitamin B 6 ) incubation of the glands 
in 10"2 M vitamin B e was performed with and without oligomycin in the medium 

metabolism, e.g. KCN (see: Leenders and Berendes, 1972). As can be 

concluded from Fig. 3, representing the results of incubation of the 

glands in Poels' medium saturated with oligomycin and containing 

10 - 2 M vitamin B6, region 2-48C develops a puff under these conditions 

whereas no puff appears upon incubation of the glands with the same 

concentration of vitamin B 6 in the absence of oligomycin. Moreover, 

examination of the total puffing pattern of glands incubated for either 

60 or 120 min in medium saturated with oligomycin and containing 

10~2 M vitamin B e revealed no other puffs t h a n those regularly present 

at this stage of development. I n only one out of 6 glands incubated for 

120 min slight puffing was observed a t region 4-81B. No sign of puffing 

was seen at either 2-32A or 2-36A. 

One experiment was performed using "mass-isolated" glands ob

tained as described earlier (Boyd, Berendes and Boyd, 1968). These 

glands (approximately 100) were incubated in 2 ml Poels' medium 

saturated with oligomycin and containing ΙΟ - 2 M vitamin B e . The 

kinetics of puff formation at region 2-48C was found to be essentially 

the same as for "hand-isolated" glands. 
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Fig. 4a and b. Puff 2-48(, at 120 min after the onset of in vitro incubation of 
salivary glands in Poels' medium containing 6· ΙΟ-2 M vitamin Be. a Control ; gland 

incubated for 120 min in Poels' medium, b Treated gland 

The results obtained so far indicate t h a t incubation conditions in 

which vitamin B e was supplied to medium saturated with oligomycin 

not only provided a basis for experimental induction of puff 2-48C at 

more physiological concentrations but also a very selective induction of 

this puff only. Under these conditions, however, the relative diameter 

of the puff never increases above a value of about 1.5 (see also Table 2). 

Since it is unlikely t h a t vitamin B e as such is the compound active 

in the selective induction of puff formation at 2-48C, several compounds 

were tested and dosage-response curves established. 

Dosage-Effect Curves for Vitamin Bt and Related Compounds 

In order to test whether or not compounds related to vitamin B e 

produce an effect on the chromosomal puffing pattern similar to t h a t just 

described, hand-isolated glands were incubated in Mg-Ringer saturated 

with oligomycin and containing various concentrations of either vitamin 

B e, pyridoxal, pyridoxamine, pyridoxal phosphate or pyridoxamine 

phosphate. As can be seen from Table 2, only vitamin B e and pyridoxal 
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Table 2. In vitro effect of Vitamin Ββ and related compounds on the puff size of 
region 2-48C 

Time of Substance Relative size of region 2-48C 
incu-
bation i n i n Mg-Ringer 

Mg-Ringer saturated with 
oligomycin 

45 min vitamin Bg (ΙΟ-2 M) 1.2-1.3 1.5 
4 5 m i n pyridoxal phosphate (ΙΟ"2 ΛΙ) 1.1-1.2 1.5 
45 min pyridoxamine phosphate (ΙΟ - 2 M) 0.9-1.0 1.5 
45 min pyridoxal (10-2 M) 0.9-1.0 0.9-1.0 
45 min pyridoxamine (10-2 M) 0.9-1.0 0.9 1.0 

phosphate are effective in the induction of a small puff at 2-48C at a 

concentration of 10~2 M in Mg-Ringer without oligomycin. I t may be 

pointed t h a t the same (IO - 2 M) concentration of vitamin B 6 in Poels' 

medium did not induce a clear response of region 2-48C. The puff dia

meter follovring 45 min of incubation is significantly different for the 

two substances under these conditions, pyridoxal phosphate being less 

effective. Pyridoxamine phosphate (10" 2 M ) , pyridoxal (10 _ 2 M) and 

pyridoxamine (IO - 2 M) had no effect. If these substances are supplied 

to Mg-Ringer saturated with oligomycin, vitamin B e as well as the 

phosphorylated compounds induced in all instances a clear puff a t 

2-48C. The nonphosphorylated compounds other than vitamin B e were, 

also in the presence of oligomycin, inactive (Table 2). 

The dosage-effect curves for pyridoxal phosphate, pyridoxamine 

phosphate and vitamin B e in the presence of oligomycin are shown in 

Fig. 5. During 45 min of incubation in Mg-Ringer saturated with oligo

mycin, the concentration required to obtain a relative puff size of about 

1.5 is smaller for pyridoxal phosphate than for pyridoxamine phosphate 

or vitamin B e, indicating that pyridoxal phosphate is the most effective 

compound. 

Regression of Puff 2-48C 

In vitro incubation of the glands in Poels' medium containing vitamin 

B 6 was performed over periods up to 16 hrs. During the entire incubation 

period puff 2-48C remained present a t maximum size for the concen

tration vitamin B e applied. Since this puff is one of the puffs responding 

to a temperature treatment, but fails to remain present at the same size 

if the temperature treatment is continued over periods longer t h a n 

60 min, it was questioned whether or not the vitamin Be-induced activity 

would cease after removal of the stimulus. Following induction of puff 

2-48C during a 90 min incubation in oligomycin-saturated Poels' medium 

containing 2 · 10~2 M vitamin B e, glands were thoroughly rinsed with 
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Kig. 5. Dosage-response curves revealing the response of puff 2-480 after 45 mm 

incubation in Mg-Ringer containing various concentrations of vitamin Β β (a o), 
pyridoxamine phosphate (o —o) or pyridoxal phosphate (» *). Each point repre
sents an average of 25 measurements (5 in each of 5 glands). The standard error is 

indicated 

medium and transferred to fresh medium without vitamin Be. At 
120 min after the transfer to the fresh medium no puff at 2-48C was 
present anymore. 

Respiratory Activity of Isolated Salivary Glands 
in Medium Containing Vitamin Bt, 

Pyridoxal Phosphate or Pyridoxamine Phosphate 
Measurements made on batches of approximately 70-80 mg "mass-

isolated " mid third instar glands incubated with either IO-2 M pyridoxal 
phosphate, 10_! !M pyridoxamine phosphate or 10~2 M vitamin B, 
revealed increased respiratory activity in the presence of either of these 
substances (Table 3). 

Table 3. Respiratory activity of isolated salivary glands in Mg-Ringer saturated 
with oligomyein and supplied with 10 2 M of either vitamin H e , pyridoxal phos

phate or pyridoxamine phosphate measured over a period of 45 min 

Substance Respiratory activity 

in % of the control 

Pyridoxal phosphate 1 9 5 ± 1 2 a 

Pyridoxamine phosphate 148 J-15 

Vitamin B. 141 ¿ 1 4 

11 Standard deviation. 
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Fig. (ia and b. Electron micrographs of puff 2-48C after 4 hr incubation of salivary 
glands in Poels' medium containing β·10~2Μ vitamin B6. a Puff 2-48C containing 

numerous aggregates of RXP-granules. b Detail of the aggregates 

EM Observations 

The submicroscopic features of puff 2-48C were investigated in 

sections made of chromosome regions displaying the puff as a conse

quence of a 2 hr or a 16 hr in vitro incubation of the glands in Poels' 

medium supplied with 6 · 1(Γ2 M vitamin B 6 . As reported earlier (Beron-

des, 1972), puff 2-48C is characterized by the presence of a typical 

RNP-product which has not been found in any of the other puffs of the 

chromosome complement of Drosophila hydei (see Fig. 6a and b). This 

RNP-product is present in the form of aggregates or compositions of 

small 140-220 A globular particles (average diameter 185 A) which 

altogether can attain a diameter of 0.2 μ (average diameter of the 

aggregates 985 A). The aggregates sometimes display a massive center, 

surrounded by a wreath of small 185 A particles which seem attached 

to the massive center by stalks, indicating a physical connection of the 

small particles with the center. Some aggregates (Fig. 6 b, arrow) seem 

to be composed of closely packed particles which can be identified even 

in the center region of the aggregate. 
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In addition to the aggregates, free 185 A particles can be present 
within the puff area. I t may be mentioned tha t in a non-puffed state 
the region does not contain aggregates as described, whereas this typical 
product is present in all instances in which the region displays a puffed 
appearance irrespective of whether the stimulus responsible for this puff 
occurs as a consequence of normal development or results from experi
mental induction. I t , thus, seems likely tha t the aggregates are formed 
as a consequence of the activity of the chromosome region. 

This suggestion finds support from comparisons of the number of 
aggregates in puffs with relative small diameters and in those with 
extremely large diameter. Generally, it was found that in the gigantic 
puffs as induced by the in vitro t reatment with vitamin B6, the number 
of aggregates was significantly greater than in a medium sized puff 
2-48C (diameter value 1.5). 

A comparison of puffs present in glands incubated 4 hrs and 16 hrs 
with vitamin B e revealed that , even though the puff diameter is not 
significantly different under these conditions, the number of aggregates 
appears greater in 16 hr than in 4 hr incubated glands. 

Discussion 

Vitamin B e and some of its derivatives provoke a specific and unique 
change in the chromosomal activity of salivary gland nuclei. Incubation 
of isolated glands in medium containing physiological concentrations of 
vitamin Be in the presence of oligomycin results in the development of a 
clear-cut puff a t region 2-48C only. I t appeared tha t the mechanism 
responsible for the activation of region 2-48C is most sensitive to the 
dehydrogenated and phosphorylated derivative of vitamin Be, pyridoxal 
phosphate. This raises the question of whether or not vitamin Be as such 
is able to activate the puff inducing principle. On account of a com
parison of non-phosphorylated and phosphorylated compounds related 
to, and including, vitamin Be , which revealed tha t phosphorylated com
pounds were more active than the non-phosphorylated substances (see 
Table 2 and Fig. 5), it could be argued tha t vitamin B e is not able to 
induce the activity of region 2-48C, unless it is dehydrogenated and 
phosphorylated in the cell. In other words, the dehydrogenation and 
phosphorylation may be essential requirements for the triggering of the 
inductive mechanism. I t is evident that in the absence of oligomycin, the 
phosphorylated derivative of vitamin Be is less effective in the induction 
of puff 2-48C, than vitamin B e itself. This may be a consequence of a 
greater permeability of the cell membrane for the vitamin than for 
pyridoxal phosphate under these conditions. 

31 ('hromosoma (Beri.), I)d. 41 
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The substances applied in this study cause, in general, an activation 
of transaminating enzymes. The compounds act as coenzymes for these 
enzymes (Meister, 1965). Activation of the transamination reactions 
causes an increase in the level of respiration. This was also established 
for isolated salivary glands which revealed a significantly higher respira
tory activity during 45 min incubation with vitamin B6, pyndoxal 
phosphate or pyridoxamine phosphate. Pyridoxal phosphate was the 
most active compound. I t has been shown previously (Leenders and 
Berendes, 1972) tha t an increase in the level of respiratory activity can 
be associated with the occurence of a whole group of specific puffs among 
which the puffs at regions 2-32A; 2-36A; 2-48C and 4-81B are the most 
prominent. In spite of the fact that the coenzymes used, do raise the 
respiratory activity, they cause, if applied at physiological concentrations 
in the presence of oligomycin, the appearance of a puff at 2-48C only. 
I t , therefore, could be assumed that these substances interfere primarily 
with only one of the transaminating enzymes. 

Recently, Badaway (1972) suggested tha t t reatment of rat liver with 
vitamin B e enhanced particularly the activity of the enzyme tyrosine 
aminotransferase. A preliminary test on the effect of the amino acid 
tyrosine on the respiratory activity of salivary glands in which puff 
2-48C was induced by vitamin B e in the presence of oligomycin, revealed 
that this amino acid supported respiration to a 60 % higher level than in 
controls incubated with vitamin B e in the absence of tyrosine. This 
result, which was not found after addition of other amino acids, indicates 
that the oxygen conbumption in glands displaying vitamin Be-induced 
puff 2-48C is more increased if tyrosine is present than in the absence of 
the amino acid. 

The question whether or not the activity of the enzyme tyrosine 
aminotransferase (E.G. 2.6.1.5) in salivary glands is indeed stimulated 
and the question whether there is a relationship between the activity of 
region 2-480 and the activity of this enzyme are under investigation. 

Another interesting feature of the system described is the synthesis 
of large numbers of R N P particles in puff 2-48C. Preliminary observations 
indicate tha t the aggregates formed from these particles are released 
from the chromosome and remain intact within the nucleus (Derksen and 
Berendes, unpublished). The aggregates observed in all instances in 
which region 2-48C is activated, resemble those described by Swift 
(1963, 1966) for D. virilis. The relative abundancy of these aggregates 
following vitamin B e induction of puff 2-48C offers a unique opportunity 
for the isolation and characterization of these aggregates, which may 
consist in part of informofers as defined by Georgiev and Samarina 
(1972). 
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Since the occurence of the aggregates in D. hydei is restricted to 
puff 2-48C, characterization of the macromolecular composition of these 
aggregates л оиісі provide an insight in the composition of the primary 
product of a defined chromosome region. 
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PRODUCTION AND RELEASE OF A 

LOCUS-SPECIFIC RIBONUCLEOPROTEIN PRODUCT 

IN POLY T E N E NUCLEI OF DROSOPIIILA HYDEI 

J D E R K S E X , H D B E R E X D E S , and Ε Λ\ I L L A R T 

From the Department of Genetics, I imersity of Nijmegen, Nijmegen, The Netherlands 

A B S T R A C T 

A specific, 0 1-0 З-дт large nbonucleoprotein complex consisting of a central core with 

stalklike extensions on top of which 280-320 A nbonucleoprotein particles are situated 

is found in an experimentally activated chromosome region, 2 48C, ol the polytene 

chromosomes of Drosophila hydei Alkaline hydrolysis, R N A s e digestion, and uranyl 

E D T A lead staining indicated the nbonucleoprotein character of the 280-320 A par

ticles, whereas the central core seems t o be devoid of R N A 

The characteristic complexes are present in the nucleoplasm and at the nuclear mem 

brane, but absent from the cytoplasm It is suggested that the large R N P complexes are 

the specific products of the puff at 2 48C Complexes similar to the ones described have 

not been observed in any other region of the polytene salivary gland chromosomes of 

this species 

I N T R O D U C T I O N 

One of the prominent submicroscopic features of 

chromosome puffs in Dipteran polytene nuclei is 

the presence of typical particles within these syn 

thetically active chromosome regions (Beermann 

and Bahr, 1954, Swift, 1962) I he nbonucleopro

tein (RNP) nature of these particles, which 

resemble the penchromatin granules in nonpoly-

tene nuclei (Monneron and Bernhard, 1969), was 

established by cytochemical analysis (Swift, 1963 

and 1965, Swift et a l , 1964, Stevens and Swift, 

1966) Different puffs within the same polytene 

chromosome complement can display strikingly 

different particles with respect to size and shape 

(Swift, 1965) 

O n e of the largest R N P products thus far de

scribed has been observed in the salivary gland 

chromosomes of Drosophila vinhs (Swift, 1965) and 

Drosophila hydet (Bercndes, 1972), in both in

stances in a subtermmal puff of the second chro

mosome This product, previously considered as 

an aggregation of 150-220-A particles, can attain 

a size of 0 3-0 4 μπι in diameter In Drosophila 

hydei, the occurrence of this typical product in the 

polytene chromosome complement is restricted to 

chromosome region 2 48C T h e characteristic 

morphology of this product, the fact that its occur

rence is restricted to only one chromosome region, 

and the recent finding of an agent which can selec

tively induce the activity of this region (Leenders 

et al , 1973) prompted a study on the formation 

and fate of this typical R N P particle under various 

experimental conditions In order to gam some 

insight into the possible significance of this product 

for the metabolism of the cell, particular attention 

was paid to the questions of whether the particles 

are released from the chromosome, whether they 

are stable within the nucleoplasm, and whether 

they enter the cytoplasm A further aim of this 
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study was to determine the most favorable condì 

tions for the synthesis of this product to perform 

its isolation on a scale which would permit its 

biochemical analysis 

M A T E R I A L S A N D M E T H O D S 

Mid-third instar larvae of Drosophila hydei (140-1 TO h 
after oviposition) raised under standardized condi
tions (Berendes 1965) were used throughout this 
study 

The experimental activation of region 2-48C in 
the salivary gland chromosomes was performed in 
three different ways (o) transfer of larvae from 26" 
to 350C and maintanance for 1 h at 350C in a moist 
chamber (temperature treatment), (¿>) injection of 
0 5 ± 0 1 μΐ of 0 1 M vitamin Be (Eastern Chemical 
Corp , Pequannock, N J ) in Ringer's solution (see 
Leenders et al , 1973), {с) in vitro incubation of iso 
Idted salivary glands in Poels medium (Poels, 1972) 
supplied with 5 Ι Ο - 2 M vitamin Be Following 1 h 
at 35"С the salivary glands were dissected, one gland 
was stained with aceto orcein and squashed and the 
other placed in З'/'с glutaraldehyde in 0 1 M sodium 
cacodylate buffer (pH 7 2) at 0 o C for 90 mm From 
the injected animals, the salivary glands were dis
sected 4 h after vitamin Be injection, one gland being 
used for analysis of the puffing pattern after staining 
and squashing in aceto orcein, the other one fixed as 
above or fixed for 1 h in 2 % Os04 in veronal acetate 
(pH 7 2) at 0 o C Sections of OsO^ fixed glands were 
used for alkali hydrolysis (0 5 N NaOH for 1 h) The 
in vitro treated glands were all, except for a few used 
to analyse the puffing pattern, fixed with glutaralde
hyde 

All three treatments are effective in the induction 
of a puff at region 2 40C Some additional changes 
in the puffing pattern of the salivary gland chromo
somes occur as a consequence of the temperature 
treatment (Berendes et al , 1965, van Breugel, 1966, 
Leenders and Berendes, 1972, Leenders et al , 1973) 
and during in vitro incubation with vitamin Be 
(Leenders et al , 1973) Furthermore, the size of the 
puff at 2-48C is, in general, significantly smaller 
after temperature treatment than after in vivo or in 
vitro application of vitamin Be Another significant 
difference in the behavior of puff 2-48C in relation 
to the different treatments may be mentioned 
Whereas this puff upon its activation by a tempera
ture treatment attains its maximum width within 20 
mm after transfer of the larvae to 35 °C and starts 
regression after 60 mm at 35°C, the puff attains its 
maximum diameter between 90 and 120 mm after 
injection of vitamin Be and in this case puff size 
remains constant for at least the following 3 h (Leen
ders et al , 197 i) In vitro incubation with vitamin 
Be (5 10" 2 M) causes growth of the puff diameter 
up to 2 h 

The glutaraldehyde fixed glands were extensively 
washed with cacodylate buffer before postfixation 
with 1% Os04 (1 h) Subsequently, the glands wer 
washed again, dehydrated, and embedded m Epon 
(I uft, 1961) Random sections were made with an 
LKB microtome and mounted on Formvar coated 
grids (Belden Mfg Co , Chicago, 111 ) The section« 
were stained with uranyl acetate-lead citrate (Ven 
able and Coggeshall, 1965) Preferential staining с 
nbonucleoproteins was performed on glutaraldehyde 
fixed material with the uranyl EDT\-]ead method 
according to Bernhard ( 1969) RNase digestion experi 
ments were carried out on material embedded in 
glycolmethacrylate (Leduc et al , 1963) by submitting 
sections, previously treated with Pronase (2 mg/ml) 
(Calbiochem, San Diego, Calif) for 2 h at 300C, to 
2 mg/ml RNase (pancreas, Sigma Chemical Co , St 
Louis, Mo ) at 30oC overnight For comparison с 
the relative number of RNP particles in puff 2-48C 
induced by different procedures, glutaraldehyde-fixed 
glands were squashed in 4 5 % acetic acid and the 
resulting material embedded on the slide From these 
slides, chromosome sections including puff 2 48C 
were selected and sectioned (Sorsa and Sorsa, 1967, 
Berendes and Meyer, 1968) 

R E S U L T S 

In all sections of flat-embedded (squashed) chro 

mosomes displaying a puffed appearance of region 

2 48C, large particles 0 1-03 μττι in diameter are 

present within this puff I hese particles have a 

globular dense center with stalk like extensions at 

the surface on top of which globular particles ol 

200-300 A can be present (Fig 1) In addition 

to these large particles, smaller particles resembling 

those at the surface of the larger particles can be 

found within the puff region Whether the puff 

developed as a consequence of either a 1-h tern 

pera ture treatment or a 4-h treatment in vivo or 

in vitro with vitamin Be, the large as well as the 

small particles are in general distributed randomly 

over the puffed area 

So far, the large particles just described have 

never been observed m any other puffed region 

of the salivary gland chromosomes of Drosophila 

hydei T h e occurrence of these particles in region 

2-48C is consistently associated with a puffed mor

phology of this region and with a high level of 

[3H] undine incorporation in this puff after pulse 

labeling (10 min) 

Sections through region 2-48C of control glands 

revealed that neither large nor small particles are 

present in a nonpuffed state of the region T h e 

number of large particles increases with increasing 

periods of a puff-inducing treatment Puffs result-
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FiGüKK 1 Part of puft' 2-48C displaying large 0.1-0.3-μιη RNP complexes. Section through squashed 
chromosome with puff at 2-48C induced by a 4-h in vitro vitamin Be treatment. Arrows indicate stalklike 
connections. Scale bar: 300 nm. X 64,400. 

ing from a 10-min temperature treatment contain 

significantly smaller numbers of large particles 

than those resulting from a 60-min temperature 

treatment (Derksen, in preparation). In all in

stances, however, puffs developed as a consequence 

of in vivo or in vitro treatment with vitamin Be 

contain more large particles than the puffs occur

ring after a 1-h temperature treatment. T h e rela

tive number of large particles within the puff, 

therefore, seems to be correlated with puff size 

(see Berendes, 1968; Leenders et al., 1973). 

This finding was confirmed by observations on 

puffs at region 2-48C present in sections of whole 

glands. Whereas it is often difficult to define chro

mosome regions with regard to their position at 

the chromosome map in randomly sectioned 

nuclei, puff 2-48C can be easily detected by the 

presence of the typical large particles (Figs. 2 A 

and 3 B), as well as by the presence of the typical 

telomere structure at the tip of chromosome 2 

(Berendes and Meyer, 1968) (Figs. 2 A and 3 B). 

Sections through puff 2-48C developed during 

a 1-h temperature treatment displayed only a few 

large particles whereas the same region was com

pletely filled with these structures in puffs occur

ring after a 4-h in vivo or in vitro treatment with 

vitamin Be (Figs. 2 A and B, 3 B). 

Within the nucleoplasm of salivary gland cells 

after a 1-h in vivo temperature treatment, large 

particles were observed only in a few of the sections 

screened. T h e number of particles appearing free 

of chromosomal structures never exceeded five per 

section of a nucleus. In sections of nuclei of glands 

treated in vivo or in vitro with vitamin Be, the 

nucleoplasm contained large numbers of the 

typical large particles distributed randomly over 

the nucleoplasm (Fig. 4, also see Fig. 3 A). Some

times clusters of 280-320-A particles, among 

which some appeared to be connected by a 

threadlike structure, were observed in the nucleo

plasm. With regard to other 300-400-Ä particles 

present in the nucleoplasm, it is difficult to trace 

their origin because particles of this size are 

present in other puffs of the chromosome comple

ment as well as in puff 2-48C (Fig. 3 A). 

From the observations described so far, it may 

be suggested that the large particles are produced 

within puff 2-48C and are released from this 

region into the nucleoplasm. Their abundant 

occurrence in the nucleoplasm of 4-h vitamin 

Be-treated glands indicates that the particle is 

stable within the nucleus. 
о 

In contrast to single particles of 300-500 A in 

diameter which can be found in positions suggest-
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FIGURE Í Section tlirough nucleus displaying puff 2-48C induced by 4-h in vivo vitamin Be treatment. 
Arrow indicates the telomere position. Figs, á a and b are magnifications. Scale bar: ] μιη. a, X 8,700. 
b, X ¿5,550. 

ing passage through the nuclear membrane (Fig 

5 A~C) and which can be seen in the cytoplasm 

enveloped in an outpocketing of the outer mem

brane, the large 0. l-0.3-/im particles have never 

been observed in the cytoplasm O n the other 

hand, these large particles have been found asso

ciated with the nuclear membrane (Fig. 6) in 

configurations that indicate the passage of the 

smaller subunits (Fig. 6 B). Whereas this type of 

association has been observed only in a few cases, 

clusters of small granules (200-300 A) are fre

quently found associated with the membrane 

These clusters often display connections between 

the individual small particles. As may be evident 

from Fig. 7, the small particles could pass the 

nuclear membrane through the nuclear pores. It 

should be mentioned that neither clusters nor 

strings of interconnected small granules were 

found outside the nucleus. 

The R N P nature of the large particles present 

in puff 2-48C and their morphological equivalent 

in the nucleoplasm has been inferred from the 

uranyl-EDTA-lead staining method, alkaline 

hydrolysis, and enzyme degradation experiments. 

The results of the uranyl-EDTA-lead staining 

procedure (Fig. 8 A) indicate that the large par

ticles consist of a central matrix devoid of RNA, 

at the surface of which smaller RNA-containing 

particles are arranged in a stringlike fashion indi

cating a physical connection between at least some 

of the smaller particles Pronase followed by ribo-

nuclease digestion resulted in the loss of the small 

particles at the surface of the dense central matrix, 

a result which was essentially the same as that of 

alkaline hydrolysis (Fig. 8 B). 

D I S C U S S I O N 

The present observations on the submicroscopic 

organization of region 2-48C after the induction 

of a puff by various treatments indicate a quan

titative relationship between puff size and the 

mumber of large (0.1-0.3 μιή) R N P complexes. 

It was shown earlier by autoradiography that 

puff 2-48C incorporates [ 3H]uridine during short 

in vivo or in vitro pulses given at any moment 

after the onset of puff induction (Berendes, 1968; 

Berendes and co-workers, unpublished). O n the 

other hand, autoradiographical analysis of the 

incorporation of tritiated amino acids gave no 

indication for a specific labeling of the protein 

components which are known to accumulate 

within the puff region during development of its 
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FIGURE 3 Sections through a puff at the tip of the X chromosome (a) showing accumulation of 300-
500-Ä RNP particles and, through puff а-48С (6) displaying a random distribution of large RNP com
plexes. Both micrographs are from the same nucleus. Puff '2-48C was induced by 4-li vitamin Be treatment 
in vitro. The dense region at the upper right of photograph b is the telomere region (arrow). Large RNP 
complexes (arrows) resembling those in puff 2-48C can be seen in the nucleoplasm around the tip of the X 
chromosome (a). Scale bar: 1 μιη. X 14,400. 



FiGüKE 4 Low power micrograph of salivary gland nucleus after 4-h vitamin Be treatment in vitro, 
showing numerous large RNP complexes in the nucleoplasm. Scale bar: 5 /urn. X 3,450. 

FIGURE 5 The occurrence of single 3OO-50O-Ä RNP particles at the inside (a), within (6), and at the 
outside (c) of the nuclear membrane. Scale bar: 200 nm. X 4á,000. 

puffed state (Berendes, 1968; Holt, 1970 and poration actually reflects a local accumulation oi 

1971). labeled RNA synthesized elsewhere on the chro-

O n account of these findings it could be sug- mosomal DNA, nor that the association of tht 

gested that the large R N P complexes present in large R N P complexes with region 2-48C result 

puff 2-48C are composed of RNA transcribed from an accumulation of the complexes within th( 

within the puff region and protei η (s) which were puff. 

already available in the cell before development O n the other hand, because of the frequeni 

of the puff was initiated. Thus far, however, it can occurrence of small single 200-300-Ä particle; 

neither be excluded that the [3H] uridine incor- within the puff region and the presence of simi 
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FIGURE 6 The occurrence of large 0.1-0.3-^m RNP complexes inside (o) and associated with (6) the 

be essentially the endpoint of the intrapuff migra

tory process to which the [3H]uridine-labeled 

material is subjected. If this were the case, the 

site of transcription would be different from the 

site at which the complexes accumulate. 

Recently, the activity of region 2-48C has been 

related to certain steps in the respiratory metabo

lism (Leenders et al., 1973). This relationship 

could be brought about by the synthesis of a 

specific RNA in region 2-48C followed by its 

release from the puff in the form of R N P and 

subsequent passage of the RNP, or par t of it, 

through the nuclear membrane A release of the 

large complexes from the puff may be assumed 

from the abundant occurrence of the complexes 

within the nucleoplasm, detached from chromo

somal material, and their presence close to or at 

the nuclear membrane. It may be pointed out 

that the number of complexes occurring free in 

the nucleoplasm is far greater after vitamin Be 

treatments than after the application of a tem

perature treatment As has already been men

tioned, both the size of the puff and the number 

of large complexes it contains are greater after 

vitamin Bs treatments than after a temperature 

treatment. The question of whether the abundant 

occurrence of complexes in nuclei of vitamin Re

treated glands is a result of a high rate of pro

duction of these structures, an inefficient transport 

to the cytoplasm, or a combination of these pos

sibilities remains to be answered. In any case, it 

can be concluded that the vitamin Be treatments, 

so far, provide the best point of departure for the 

isolation of the complexes by biochemical methods. 
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nuclear membrane. Scale bar: 200 nm. X 56,000. 

FIGURE 7 Group of 200-300-Â RNP particles situated 
η the neighbourhood of a nuclear pore (oblique section) 
(arrow). A connection between some of the particles 
;an be seen. Scale bar: 100 mju. X 82,000. 

arly sized particles associated with the large 

). 1-0.3-дт complexes, it may be suggested that 

he complexes arise by association of the small 

^articles which may include the primary products 

jf transcription. This assumption is supported by 

iutoradiographical evidence for a undirectional 

nigration of [3H]uridine-labeled material within 

he puff region (Berendes, 1968 and 1972). More-

)ver, in early stages of puff development at 2-48C 

he large complexes are restricted in their distribu-

ion to a particular region of the puff which could 
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i—А -
FIGURE 8 Large 0.1-0.3-μιη RNP complexes following uranyl-EDTA-lead staining of a section of 
glutaraldehyde-fixed material (a) and after alkaline hydrolysis performed on a section of OsOrfixed 
material (6). A connection between the stained 200-300-A particles at the surface of the complexes can be 
seen (arrows). In b only the central core and remainders of the stalks (arrows) are distinguishable. Scale 
bar: 100 nm. X 80,000. 

In contrast to our observations that single 

R N P particles of 400-500 A do occur in the cyto

plasm included in outpocketings of the outer 

nuclear membrane, the large complexes have 

never been found outside the nuclear membrane. 

Only in a few instances has the complete complex 

been seen closely associated with the nuclear 

membrane. Individual particles of 200-300 A, 

sometimes connected with each other in a string

like configuration, have been observed more fre

quently at the inner nuclear membrane. These 

structures may represent dissociated complexes. 

I n these cases the non-RNA-containing central 

part of the complex has disappeared. It thus may 

be suggested that the macromolecular constitu-

ent(s) of the central part of the complex remain 

within the nucleus. A similar behavior has recently 

been suggested for protein components involved in 

the intranuclear transport of "informofers" (Lu-

kanidin et a l , 1972 a and b). 

It may be concluded that the selective induction 

of the abundant production of the large R N P com

plexes by vitamin Be provides the opportunity for 

an elegant approach to the isolation and charac

terization of a product associated with the activity 

of a defined chromosome region of a eukaryotic 

cell. 

Received for publication 19 July 1973, and in revised form 

3 August 1973. 
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Abstract 

Differential staining of the core and RNP particle-

of RNP complexes in puff 2-48BC in salivary gland 

chromosomes of Drosophila hydei was achieved with 

aqueous uranyl acetate (UA) at low pH, with UA in 

acetone, with phosphotungstic acid (PTA) in organic 

solvents, and with aqueous PTA at pH 5 and 6. The 

results of a comparison of UA and PTA staining under 

various conditions indicate that the proteins in the 

core region and in the RNP particles differ with respect 

to the number of free amino groups (arginine and lysine 

residues) and the number of SH-; OH; = 0; and NH groups. 

The results further suggest that the staining reaction 

achieved with aqueous PTA is based upon PTA binding to 

hydroxy1-, sulphydryl, aldehyde, amino- and imino groups 

in proteins. 

Introduction 

In eukaryotes, the primary products of gene trans

cription, sequence specific RNA molecules, become 

associated with non-histone proteins already during the 

transcription process (Miller and Beatty, 1969; Hamkalo 

and Miller, 1973; Derksen, 1975). The finished trans

cription products associated with proteins can be observed 

at the chromosomal level and in the nuclear sap as 
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distinct globular ribonucleoprotein (RNP) particles 

(Monneron and Bernhard, 1969; Vazquez-Nin and Bernhard, 

1971; Albrecht and Van Zijl, 1973; Sommerville, 1973). 

Studies on the distribution of ROT in the polytene 

chromosomes of Dipteran insects, in which genetic (trans

criptional) activity is morphology manifested in the 

form of chromosome puffs (Beermann, 1952, 1956) revealed 

that active puffs may contain large quantities of RNP 

particles. Although the RNP particles in most puffs have 

a similar size and structure, some produce a morhologi-

cally different, puff specific RNP product (Beermann and 

Bahr, 1954; Swift, 1962; 1963; 1965; Stevens and Swift, 

1966; Berendes, 1972; Derksen et al., 1973; Gabrusewycz-

Garcia and Garcia, 1974). In Drosophila hydei salivary 

gland chromosomes, one puff at the tip of the second 

chromosome, 2-48BC, produces a giant RNP-complex 

(Berendes, 1972; Derksen et al., 1973). The activity of 

this chromosome region, resulting in the production of 

0.1 - 0.3 pm RNP-complexes, can be brought about by a 

variety of treatments which interfere with the mitochon

drial respiratory metabolism (Leenders. et al., 1973; 

1974). The RNP-complexes consist of a core surrounded by 

small globular 280-320 A particles which appear connected 

with the central core region by "stalks". Preliminary 

cytochemical studies indicated that the core region 

consists of proteins without detectable RNA, whereas the 

surrounding small particles are composed of RNA and pro

tein (Derksen et al., 1973). 

Other chromosome regions which are also activated 

by the same treatments which induce the activity of 

region 2-48BC (Leenders and Berendes, 1972), display 
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exclusively small 250-400 A RNP. Since the protein 

components of RNP in puffs has sofar not been characteri

zed, a cytochemical study based on differential staining 

procedures with uranyl acetate and phosphotungstic acid 

was made in order to obtain an insight in possible 

variations in protein composition of BNP, in particular 

of the giant RNP complexes of puff 2-48BC. 

Material and methods 

All experiments to be described were performed on 

mid-third instar salivary glands of a laboratory stock of 

Drosophila hydei. 

Puff _induction 

Large, RNA synthesizing, puffs were induced in 

freshly dissected salivary gland cells during a 4 hr 

incubation in a complex culture medium (Poels, 1972) 
-2 

containing 5 x 1 0 M vitamin B,. Among the newly induced 

puffs (see: Leenders and Berendes, 1972), puff 2-48BC 

which display in 600-700 A sections through the center of 

the puff approximately 100-150 giant RNP-complexes, is 

the most prominent puff. 

Fixâtion_j_ dehydration and stjiining 

Following the vitamin B, treatment, the glands were 

fixed for 30 min at 40C in 3% glutaraldehyde (GA) in 

0.1 M sodium cacodylate (pH 7.2) and subsequently for 

30 min at room temperature in the same fixative. After 

washing 3 times for 30 min with cacodylate buffer, the 

glands were stained overnight at 0 C. The following 
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staining procedures were applied: 

a) 3% uranyl acetate (UA) in absolute methanol (MeOH), 

or in absolute ethanol (EtOH), 

or in acetone 

b) 3% phosphotungstic acid (PTA) in absolute MeOH, 

or in absolute EtOH, 

or in acetone, 

or in aqueous solutions of a 

pH 2.0 

or pH 5.0 

Following staining, the glands were rinsed twice with the 

solvent used, and then via the usual propylene oxide steps 

embedded in Epon (Luft, 1961). Some glands were treated 

with either a 1% Na-periodate solution (10-20 min) or a 

2% hydrochinone solution in cacodylate buffer, before 

staining with aqueous PTA at pH 2, 5 or 8. 

Another group of glands was fixed in 2% 0s04 in 

veronal acetate buffer (pH 7.2), dehydrated and embedded. 

For staining on sections, glands were fixed in GA 

as described before, dehydrated in an EtOH series and 

embedded in Epon. Sections of 600-800 A were stained with 

3% aqueous UA for 5 min at various pH values between pH 2 

and 5. Following staining, the sections were rinsed by 

dipping the grids 30 times in water with the same pH as 

that in which the staining was performed. A similar pro

cedure was used to investigate the effect of a 3% aqueous 

PTA staining at pH's between 2 and 11. In all instances 

the time for staining was restricted to 5 min since it 

had been found that the differential staining of different 

components of the BNP complexes is abolished when the 

staining time exceeds a period of 10 min. 
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In order to test the effect of GA fixation with 

respect to the time of fixation upon the reaction of 

aqueous PTA with the RNP components, the results of PTA 

staining at pH 2.5 and 8 on sections of glands fixed 

for 5 min, 1 hr and 24 hrs in GA were compared. This 

comparison did not indicate obvious differences in PTA-

binding as related to the length of the fixation time. 

The question of whether or not PTA in aqueous 

solution binds to RNA was tested by addition of PTA to 

a solution of 0.5 mg/ml and 1.0 mg/ml commercial torula-

yeast RNA (Sigma) which was deproteinized before use by 

two phenol extractions. Possible binding was tested at 

pH 2, 4 or 8.6, at a final PTA concentration of 1, 2 or 

3%. In none of these solutions PTA addition caused 

precipitation of the RNA. 

Results 

Structure of_puf f_ .2-48BC 

In random sections of nuclei of salivary glands 

treated with vitamin Β,, puff 2-48BC can be easily 

recognized because of the presence of a large number of 

the typical giant RNP complexes specific for this puff 

region (Berendes, 1972; Derksen et al., 1973). Since puff 

2-48BC is located terminally in chromosome 2, one side 

of the puff region is delimited by the typical telomere 

structure as described previously (Berendes and Meyer, 

1968). Within the puff area two zones can be distinguished. 

The region adjacent to the telomere structure, generally, 

displays numerous small 280-320 S RNP particles, whereas 

the giant RNP complexes are found predominantly in the 
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basal region of the puff adjacent to the typical group of 

three bands (ASA,, ASB, and 488^) which delimit the basal 

side of the puff area (Fig. 1). In some instances, the 

region containing the giant ROT complexes may appear as 

a ring around the basal area of the puff. As has been 

suggested (Berendes, 1972), this typical polar arrangement 

of the different HNP-containing structures may reflect 

a zonal differentiation within the puff region with res

pect to the synthesis and the organization of the compo

nents of the final puff product. Within the puff region 

the small BNP-particles (280-320 S) are generally found 

associated with DNP fibrils and a direct release of the 

small RNP particles from the puff area has, sofar, not 

been observed. Since numerous giant KNP complexes are 

found in the nuclear sap around the puff and also, though 

less frequent, in other areas of the nucleo-plasm, the 

giant RNP complex is considered to be the final puff 

product (see also: Derksen, 1975). 

UA_binding_to RNP сопфіехез 

Staining of sections of puff 2-48BC with UA at 

various pH values showed that the electron density 

(contrast) of the RNP complexes increased with higher 

pH values (4.0; 4.5 and 5.0). At lower pH values 

(3.0 and 2.0) differential staining of the core and the 

RNP particles of the complex was observed (Table 1 ; 

Fig. 2a-c). At pH 2.0, the core region does not bind UA 

anymore, whereas the surrounding RNP particles are still 

stained. The differential staining reaction at the lower 

pH values may reflect differences in chemical composition 

of the components of the RNP complex. 
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At higher pH values, the UA-substrate complex 

should be predominantly based upon UA binding to carboxyl-

and phosphate groups (Zobel and Beer, 1961; Huxley and 

Zubay, 1960). At lower pH the binding is more specific 

for phosphate groups (Zobel and Beer, 1961). The obser

vation that at low pH, the UA binding is restricted to 

the RNP particles agrees well with previous observations 

which indicated that the core of the RNP complexes is 

essentially devoid of nucleic acids (Derksen et al., 1973). 

The UA staining at low pH, thus, should be due essentially 

to the binding of the UA to phosphate groups of the RNA 

in the RNP particles. 

This conclusion is supported by the observations of 

the UA-binding behavior in experiments in which UA binding 

in organic solvents with different dielectric constants 

was compared (Table 1). The electron density of the RNP 

complex was highest when glands were stained with UA 

dissolved in absolute methanol. No differential UA-

binding between core and surrounding RNP particles could 

be observed. Following staining with UA in ethanol, the 

electron density of the complex was clearly reduced as 

compared with that after MeOH-UA staining. Acetone-UA 

stained the RNP particles, but failed to bind to the 

core of the complex. 

On account of these data, it became evident that in 

order to establish possible differences in UA-binding be

tween core protein(s) and the protein in the RNP particles 

(e.g. differential binding of UA to carboxylgroups), the 

RNA had to be removed. Since RNase treatments are diffi

cult to control with respect to the completeness of the 

reaction and alkaline hydrolysis and extraction with 
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perchloric acid (PCA) do remove, in addition to the 

nucleic acid, also proteins, the possibility to utilize 

another contrasting agent (PTA) for the partial 

characterization of the proteins was investigated. 

PTA binding to_MP_com£lepces 

According to various authors PTA dissolved in 

organic solvents binds specifically to amino groups and 

does not react with nucleic acids (Sheridan and Barnett, 

Д969; Palladini et al., 1970; Bloom and Aghajanian, 

1968; Rambourg, 1973). Staining of whole, GA fixed, glands 

with 3% PTA in MeOH, EtOH or acetone resulted in a 

different contrast between core and RNP particles of the 

giant BNP complexes, the core being essentially without 

contrast (Fig. 4; Table 2). Similar differences in PTA 

binding to the different components of the RNP complex 

could not be observed following staining of sections 

with aqueous PTA solutions at various pH values (Fig. 5, 

Table 2). Aqueous PTA at pH 5 and pH 6 give a higher 

electron density of the core than of the RNP particles. 

At the other pH values tested, no evident difference in 

electron density between the two components could be 

observed. The results of staining with aqueous PTA 

solutions may be based on PTA binding to other groups, 

which are not available for binding when the PTA is 

dissolved in organic solvents. 

In order to test wheter the aqueous PTA staining 

reaction is due to ion-binding to positively charged 

groups in the proteins, the following experiments were 

performed. Glands were treated with the reducing agent 

hydrochinone and subsequently stained with aqueous PTA 
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(pH 2, 5 or 8). If the aqueous PTA staining reaction 

results from PTA binding to amino groups, a pretreatment 

with a reducing agent should not interfere with the 

staining reaction. However, the PTA binding following a 

hydrochinone treatment was, at the three pH values tested, 

clearly less than without this pretreatment. 

A similar test was made after a pretreatment of the 

glands with Na-periodate. In these glands the PTA binding 

to the RNP complexes was at all three pH values clearly 

stronger than the binding in glands which were not pre-

treated. 

These observations are in agreement with the results 

obtained after the staining of sections of 0s04 fixed 

glands with aqueous PTA solutions of different pH. Also 

in this case a higher contrast of the RNP complexes was 

observed. At pH 5.0 the highest contrast was obtained in 

the core region of the RNP complex, the RNP particles 

displaying a slightly lower contrast. This result is 

similar to that obtained following the staining of 

sections of CA fixed material with aqueous PTA at pH 5 

(see table 2). 

The PTA binding in the RNP complexes after appli

cation of PTA in organic solvents as well as after 

staining with aqueous PTA solutions at pH 5 or 6 indicate 

that there exist differences in PTA binding capacity 

between the core - and the RNP components. Since these 

differences cannot be based upon PTA binding to RNA 

(see also under Material and methods), the differences 

should reflect differences in the protein composition 

of the two components. 

From the results of pretreatments with reducing and 
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and oxidizing agents on the staining of the RNP com

plexes with aqueous PTA (summarized in table 3) it may 

be inferred that the binding of PTA is not exclusively 

due to a reaction with free amino groups. 

Since, sofar, no attention has been paid to the 

reaction of the small RNP particles present in the 

"apical" area of the puff region, it may be mentioned 

that these particles display staining properties which 

are essentially the same as those demonstrated by the 

RNP particles in the giant RNP complexes (Fig. 6). 

Discussion 

St a iηing_meehanism£ 

The results of the UA staining experiments indicate 

that the staining reaction is based upon ion binding. 

Not only the staining reaction of the RNP complexes in 

puff 2-48BC after aqueous UA staining at different pH's, 

but also the reactions after staining with UA dissolved 

in organic solvents with different dielectric constants 

support this view. Both, carboxyl and phosphate groups 

will bind UA and differentiation between the UA-binding 

to these groups on the basis of staining at different 

pH is possible. The differentiation between UA-binding 

to carboxyl and phosphate groups was not only demon

strated by the staining reaction of the components of 

the RNP complexes, but also by ribosomes, lamina densa 

and the mucoprotein granules which are abundantly present 

in the cytoplasm of the Drosophila salivary gland cells. 

Silverman and Click (1969) suggested a similar 

mechanism for the staining with aqueous PTA. If this 
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Suggestion were correct, one might expect a similar 

staining behavior of the RNP complexes as found for UA-

binding, when aqueous PTA solutions with different pH 

values are used. However, as clearly shown in table 2, 

the reaction of the RNP complexes following staining 

with aqueous PTA solutions was definitely different from 

that after UA staining at different pH (see table 1). 

Moreover, pretreatments of the material with reducing or 

oxidizing agents altered the reaction of the RNP compo

nents with aqueous PTA tested at three pH values. Also 

this effect would not be expected when PTA staining were 

based on simple ion binding. 

Other mechanisms for PTA staining have been suggested. 

Pease (1966) suggested staining on the basis of hydrogen-

bond formation, whereas Palladini et al. (1970) provided 

evidence supporting the idea that the staining reaction 

is based upon oxidative deamination. In regard to the 

suggestion of Pease (1966), favoring the idea that the 

staining with aqueous PTA is based upon hydrogen-bond 

formation, Silverman and Click (J969) presented convin

cing data which did not support this suggestion. Neither 

DNA (Silverman and Click, J969), nor RNA formed a preci

pitate with PTA in aqueous solutions. Moreover, muco-

proteins should stain strongly with PTA at pH values 

below pH 2 (Pease, 1966). However, the mucoproteins pre

sent in the secretion granules of the Drosophila salivary 

gland did not display an evidently higher contrast after 

staining with an aqueous PTA solution at a pH lower than 

2. 

These results indicate that the staining reaction 

following aqueous PTA is most likely due to binding of 
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PTA to hydroxyl-, sulfhydryl-, aldehyde-, imino- or 

amino-groups (Rambourg, 1974). The present results are 

consistent with such a mechanism. 

Diff erential_staininj» of_the_com£onente_ .2.f_the_giant 

BNP complexe_s 

The results of staining with aqueous PTA at pH 5 or 

6 indicate a differential PTA binding to core and RNP 

particles. Since under these conditions the core dis

played a higher contrast than the RNP, it could be argued 

that the presence of Ш А particles protects certain re

active groups which are available for PTA binding in the 

core region which is essentially free of RNA (Derksen et 

al., 1973). However, PTA staining in organic solvents 

which is exclusively based on a reaction with amino 

groups (Palladini et al., 1970; Rambourg, 1974) results 

in a lower contrast of the core as compared to the RNP 

particles. Consequently, the core protein must contain 

less free amino groups (predominantly arginine and lysine 

residues) than the protein associated with the RNA. Since 

the core protein displays more contrast than the RNP 

after staining with aqueous PTA at pH 5 (or 6), this 

higher contrast should be due to the availability of more 

hydroxyl-, sulphydryl-, aldehyde-, or immino-groups in 

the core than the RNP protein. 

On account of the present study it appears that the 

two components of the giant RNP complex produced in puff 

2-48BC have a different protein composition; the pro

tein in the RNP particle having relatively numerous free 

amino groups (arginine and lysine residues) and the core 

protein having relatively few free amino groups but 
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more hydroxyl-, sulphydryl-, aldehyde or immino groups 

available for PTA binding than the RNP protein(s). The 

indication that the RNP proteins are relatively basic 

in nature agrees well with the results of biochemical 

studies on proteins isolated from RNP particles of 

mammalian cell types (Sarasin, 1969; Martin et al., 

1973). 
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Table 1 Reactions of KNP complexes with UA in aqueous 

solutions of different pH and in organic 

solvents with different dielectric constants 

electron density of: 

aqueous UA core RNP particles 

pH 2 

pH 3 

pH 4 

pH 4.5 

pH 5 

UA in MeOHt+ 

UA in EtOH** 

UA in acetone 

-
+ 

++ 

+++ 

+++ 

+++ 

++ 

-

+ 

++ 

++ 

+++ 

+++ 

+++ 

++ 

+ 

staining performed on sections (GA-EtOH) 

staining performed on whole glands after GA fixation 
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Table 2 Reactions of RNP complexes with PTA in 

organic solvents and in aqueous solu

tions with different pH 

electron density of: 

PTA in MeOH* 

PTA in EtOH* 

PTA in acetone* 

core 

+ 

-

-

RNP particles 

++ 

++ 

+ 

aqueous PTA + + 

pH 2 

pH 2 ++ ++ 

pH 3 ++ ++ 

pH 4 ++ ++ 

pH 5 +++ ++ 

pH 6 +++ ++ 

pH 7 ++ ++ 

pH 8 + + 

pH 9 + + 

staining performed on whole glands after GA fixation 

staining performed on sections (GA + EtOH) 
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Table 3 Reactions of KNP complexes with PTA in 

aqueous solutions after pretreatment of 

the glands with reducing or oxidizing agents 

core RNP particles 

Pretreatment 

GA fixation 

hydroquinone 

treatment 

6A fixation 

Na-periodate 

treatment 

0s04 fixation 

GA fixation 

staining at: 

pH 

pH 

рн 

pH 

pH 

pH 

pH 

pH 

pH 

pH 

pH 

pH 

3 

5 

8 

3 

5 

8 

3 

5 

8 

3 

5 

8 

+ 

+ 

+ 

+++ 

+++ 

++ 

+++ 

+++ 

++ 

++ 

+++ 

+ 

+ 

+ 

+ 

+++ 

++ 

++ 

+++ 

++ 

++ 

++ 

++ 

+ 

staining performed on sections 

the number of +signs indicates the relative contrast 

of the different components of the ВНР complex 

the differences in contrast indicated may be compared 

only between the different pH values used after the 

same pretreatment 
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Puff 2-A8BC activated by a vitamin B¿ treatment in a 

salivary gland nucleus of Drosophila hydei. Two regions, 

one containing predominantly small RNP particles and one 

with giant RNP complexes, can be distinguished. The telo

mere structure and one of the three bands (B3) delimiting 

the puff region at its basal side are indicated. Staining 

with UA-lead citrate according to Venable and Coggeshall 

(1965). Scale bar: Í um X 6,000 

Fig. J 
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Uranyl acetate binding to RNP complexes of puff 2-48BC. 

Sections stained with a 3% UA solution at different pH's. 

a, pH 2.0 

b. pH 3.0 

с pH 5.0 

с; cofe; arrows point to small KNP particles 

scale bar: 0,4 pm X 80,000 
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Uranyl acetate binding to RNP complexes of puff 2-Д8ВС. 

Staining of whole glands after GA fixation. 

a. UA in 100% EtOH 

b. UA in acetone 

Scale bar: 0.15 μιη X 64,400 

.'V 
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PTA binding to RNP complexes of puff 2-48BC. 

Staining of whole glands after GA fixation. 

a. PTA in 100% MeOH 

b. PTA in 100% EtOH 

Scale bar: 0,15 ym X 64,400 

Fig. 4 
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Fig . 6 

62 



Fig. 5 

PTA binding to RNP complexes of puff 2-48BC. 

Staining was performed on sections. 

a. aqueous PTA at pH 3.0 (GA-fixed material) 

b. aqueous PTA at pH 5.0 (GA-fixed material) 

c. aqueous PTA at pH 8.0 (GA-fixed material) 

d. aqueous PTA at pH 5.0 (OsOA-fixed material) 

Scale bar: 0.2 wm X 50,000 

Fig. 6 

PTA binding to KNP following staining with a PTA 

solution in methanol. The RNP particles of the 

complexes in the basal region of the puff (non-

stained cores) display the same staining behavior 

as the "free" RNP particles in the apical region 

of the puff. Inset: RNP complexes in the 

nucleoplasm (outside puff region) displaying the 

same properties as those within the puff region. 

Scale bar: 0.6 ym X 16,600 

Inset: 0.2 мт X 80,000 
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The typical RNP complexes produced in puff 2-48BC in the salivary gland chromo
somes as a consequence of treatments interfering with the cellular respiratory metabolism 
have been found in various other cell types after treatment with 5 · 1(Γ2 M vitamin B 6 for 
4hr 

In Drosophila hydei the typical RNP complexes were present in puff 2-48BC in the 
nuclei of gastric caeca cells, in nuclei of cells of the imaginai (wing) discs and of embry
onic cells in primary culture 

Similar RNP complexes were observed in a puff in D vinlis salivary gland nuclei, but 
not m salivary gland nuclei of D melanogaster 

In Drosophila, various treatments which interfere with the cellular respira
tory metabolism initiate or enhance transcription at specific chromosome 
sites as manifested by puff formation at these sites in the polytene chromo
somes (Ritossa, 1964; Berendes et al., 1965; Ashburner, 1970; Leenders et 
al., 1972; Leenders et al., 1974). These treatments, when applied to salivary 
glands, also result in the appearance of a specific set of newly synthesized 
proteins (Lewis et al., 1975) and in an increased activity of some mito
chondrial enzymes (Leenders et al., 1974). 

One would expect that interference with the cellular respiration would 
elicit the same genome response and subsequent changes in the patterns of 
protein synthesis in all tissues. Indeed, the patterns of newly synthesized 
proteins following puff induction by interference with respiration are the 
same in various polytene cell types of D. melanogaster. Furthermore, this 
pattern is very similar to that found in salivary glands of D. hydei (Lewis et 
al., 1975). 

In contrast to D. melanogaster, however, in D. hydei at least one of the 
loci (2-48BC) activated by treatments interfering with cellular respiration 
can also be activated by vitamin B6 (Leenders et al., 1973). Following puff 
induction by this compound an increase in mitochondrial tyrosine amino
transferase is found which is dependent upon de novo RNA and cytoplasmic 
protein synthesis (Leenders et al., 1974). Since the presence of puff 2-48BC 
in D. hydei is correlated with an increase in the level of an enzyme involved 
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in the basal mitochondrial metabolism and since no corresponding puff is 
found in D. melanogaster salivary glands (Ashburner, pers. comm.) it is of 
interest to determine whether the genome response to vitamin B6 is peculiar 
to D. hydei salivary glands or whether it can also be found in other tissues of 
D. hydei and in other Drosophila species. 

From electron microscopic studies of salivary glands of D. hydei following 
a vitamin B6 treatment it is known that puff 2-48BC produces a unique RNP 
complex which is characterized by its large size (0.2—0.3 μπι) and unusual 
structure consisting of a central protein core surrounded by small RNP par
ticles (±300 A) (Berendes, 1972; Derksen et al., 1973). The distinct mor
phology of this RNP complex provides an opportunity to assay for activa
tion of locus 2-48BC even in diploid tissues where genome activation is not 
accompanied by detectable cytological changes in chromosome structure. 

It should be pointed out, however, that the detection of this specific RNP 
complex in the polytene salivary gland chromosomes is facilitated by the 
presence and transcription of a large number of identical gene copies (at least 
one thousand) due to the polytenic nature of the chromosomes. In the 
salivary gland puff up to about 1500 complexes may be present after a 
treatment of the glands with 5 · 10"2 M vitamin B6 for 4 hr. On the basis of 
a similar rate of production of the gene(s) in a diploid nucleus, about one 
complex would be expected in the chromosome region. Consequently, the 
chances for detection of this gene product in diploid cells are rather low. In 
spite of this, it seemed worthwhile to make an effort to investigate whether 
or not treatment of different tissues with vitamin B6 results in the activation 
of the same gene(s). 

MATERIAL AND METHODS 

The following tissues and cell types were used in this study: 
1) hand-isolated, mid third instar salivary glands of D. hydei. The salivary 

glands were dissected from larvae of a standard laboratory strain maintained 
in mass culture by Dr. Berendes since 1963; 

2) hand-isolated, mid third instar gastric caeca of D. hydei; 
3) hand-isolated imaginai discs (wing disc) of D. hydei; 
4) primary cultures of embryonic cells of D. hydei which were kindly 

supplied by Dr. N.H. Lubsen; 
5) hand-isolated salivary glands of mid third instar larvae of D. virilis 

maintained as laboratory stock; 
6) hand-isolated salivary glands of mid third instar larvae of D. melano

gaster, strain Oregon®. 
Immediately after isolation the tissues were incubated for 4 hr in a com

plex medium described by Poels (1972) which was slightly modified (stock 
solution A did not contain NaCl and KCl) and contained 5 · 10~2 M vitamin 
B6 (Sigma). Incubation of the salivary glands of D. hydei for 4 hr in this 
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medium results in induction and subsequent activity of puff 2-48BC (Leen-
dersetal., 1973). 

Primary cultures of embryonic cells maintained in Poels' medium were 
transferred to medium with a composition as described above and incubated 
for 4 hr. 

Freshly isolated tissues and tissues incubated for 4 hr in Poels' medium 
without vitamin B6 were used as controls. 

Following incubation, the tissues were fixed at 4° С for 30 min in 3% 
glutaraldehyde in sodium cacodylate buffer (0.1 M; pH 7.2) and subsequent
ly for 30 min at room temperature in the same fixative. The primary culture 
cells were fixed by addition of 10 vol. of the glutaraldehyde solution to a 
cell suspension. Subsequently, the fixed cells were pelleted by low speed 
centrifugation and processed as the tissues. Following fixation the material 
was rinsed in Na-cacodylate buffer and postfixed in 2% Os04 in veronal 
acetate buffer (pH 7.2). After rinsing with veronal acetate buffer, the mate
rial was dehydrated in an ethanol series and embedded in Epon according to 
Luft (1961). Sections of 700 Â were cut with an LKB ultratome III and 
stained with uranyl acetate and lead citrate according to Venable et al. 
(1965). The material was examined and photographed with a Philips EM 201 
microscope. 

RESULTS 

In random sections of salivary glands, the region of the nucleus occupied 
by puff 2-48BC can easily be recognized due to the presence of a large 
number of the typical RNP complexes. As has been shown previously 
(Derksen et al., 1973), the RNP complexes are frequently found in the 
vicinity of the typical telomere structure of chromosome 2 (see Berendes et 
al., 1968), indicating that the RNP complexes are, indeed, located within 
puff 2-48BC. In seôtions which were cut through the centre of the puff, 
some 100—200 RNP-complexes can be counted (Fig. la). In the nucleoplasm 
of these cells many of the typical RNP complexes may be observed. How
ever, the number of complexes in the nucleoplasm varies from only a few to 
about 150 per section in nuclei of different glands as well as in different 
nuclei of the same gland. In sections of control glands which were either 
fixed immediately after dissection or following a 4 hr incubation in Poels' 
medium without vitamin B6 no RNP complexes resembling those found in 
puff 2-48BC were observed. In random sections of these glands it weis ex
tremely difficult to distinguish the non-active region 2-48BC. By sectioning 
chromosome region 2-48BC after it had been selected in squashes of control 
glands according to the procedure of Berendes et al. (1968), it was estab
lished that in most chromosomes observed, the region was devoid of RNP 
complexes (Fig. la). Only in some preparations a few (up to 10) RNP 
complexes were observed within the chromosome region 2-48BC. 

In random sections of the caecae of D. hydei, which are composed of 
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Fig. 1. Electron micrographs of region 2-48BC in the salivary gland chromosomes of 
Drosophila hydei. a) Region 2-48BC in a non-puffed state. Section of the tip of chromo
some 2. The chromosome was selected from a squashed control gland after glutaral-
dehyde fixation and flat embedding as described previously (Berendes et al., 1968). b) 
Puff 2-48BC in a random section of a salivary gland incubated for 4 hr in medium 
containing 5 · 1(Γ2 M vitamin B(,. The section displays about 100 RNP complexes within 
the puff area (arrows). 



Fig. 2. Sections through a nucleus with puff 2-48BC of a cell of the gastric caeca of 
Drosophila hydei after an in vitro vitamin B6 treatment of 4 hr. In a) puff 2-48BC can be 
recognized from the presence of the RNP complexes typical for this puff region as well as 
by the 'telomeric structure (double arrow), b) Detail of the RNP complexes in this puff. 

polytenic cells with a lower degree of polyteny than the salivary gland cells, 
puff 2-48BC could also be identified as a consequence of the presence of the 
typical RNP complexes. The size and structural organization of the com
plexes was identical to that in puff 2-48BC in salivary gland cells. In sections 
in which the centre of the puff region was cut, the number of RNP com
plexes counted was between 60 and 75 (Fig. 2). The puff area was, in all 
sections, smaller than that in the salivary gland nuclei, as expected from the 
comparisons of chromosome- and puff-diameters in chromosome squashes of 
caeca and salivary gland. 
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Fig. 3. a) Section of a part of the wing disc of Drosophila hydei following an in vitro 
vitamin B 6 treatment of 4 hr, b) Section through a pellet of embryonic primary culture 
cells following incubation in medium with vitamin B 6 . Insets: details of RNP complexes 
showing the central core and the small RNP particles around it. 
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Sections through the wing disc after incubation in vitamin B(, revealed 
that about 50% of the nuclear profiles displayed one or two RNP complexes 
resembling those typical for puff 2-48BC (Fig. 3a). In this tissue, too, the 
RNP complexes were very similar with respect to their size and organization, 
to the RNP complexes in the salivary gland chromosomes. The wing disc 
nuclei screened for the occurrence of the typical RNP complexes were all 
essentially diploid nuclei. 

Observations similar to those on the imaginai disc cells were made on 
embryonic cells in primary culture. Roughly 50% of the nuclear profiles in 
random sections through a pellet of these cells displayed either one or two of 
the typical RNP complexes (Fig. 3b). Although in the control preparations 
of caecae and wing discs no nuclear profiles with the typical RNP complexes 
have been observed, the controls of the primary culture cells displayed in 
one or two nuclei among hundred screened one of the typical RNP com
plexes. 

These observations demonstrate that in the various tissues investigated 
after a treatment with vitamin B6 , the nuclei contain the typical RNP com
plex which originates in puff 2-48BC. The origin of the complexes could be 
demonstrated in salivary gland- and caeca nuclei, but for obvious reasons not 

Fig. 4. Section of a puff in a Drosophila virilis salivary gland nucleus showing giant RNP 
complexes similar to those found in puff 2-48BC in D. hydei. Within the puff area two 
zones can be distinguished, one containing predominantly small, 280—320 A RNP par
ticles and one in which many RNP complexes can be observed. This zonal differentiation 
of the puff is similar to that of puff 2-48BC in D. hydei (see Fig. 1). 
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in the diploid nuclei of the wing disc and the embryonic cells in primary 
culture. 

In order to investigate whether or not other Drosophila species produce a 
similar product following incubation of tissues with vitamin B 6 , the salivary 
glands of D. virilis and D. melanogaster were submitted to a 4 hr vitamin B6 

treatment and a search was made for RNP complexes similar to those of puff 
2-48BC in D. hydei. 

RNP complexes similar to those of puff 2-48BC have been described for a 
terminal puff in chromosome 2 of D. virilis (Swift, 1959, 1962, 1965). The 
present study showed (Fig. 4) that the puff is induced by vitamin Βύ, where
as it is hardly active in the controls. These observations demonstrate that in 
D. virilis, as in D. hydei, a treatment with vitamin B6 induces the activity of 
a gene, the primary product of which, as far as its morphology is concerned, 
is comparable if not identical. 

A completely different situation exists for D. melanogaster. So far, no 
specific new puff has been observed in the polytene chromosomes of D. 
melanogaster following incubation of the salivary glands in medium with 
vitamin В,,. At the submicroscopic level no RNP complexes resembling those 
found in nuclei of D. hydei and D. virilis, were observed. 

DISCUSSION 

The present study demonstrates that it is feasible to assay the activity of a 
particular gene (or genes) in diploid tissues if the gene product can be dis
tinguished by its morphological features from the products of all other 
genes. The number of RNP complexes observed in the nuclei of different cell 
types appeared to be roughly proportional to the level of polyteny. The 
number of RNP complexes per puff in the caeca was estimated to be approx
imately 350 (level of polyteny: 128—256C) and in the salivary glands 
approximately 1500 (level of polyteny: 1024—1048C). It, thus, could be 
suggested that the number of RNP complexes within a nucleus is a reflection 
of the number of gene copies which are available for transcription in that 
nucleus. However, this correlation which can be relevant if the number of 
RNP complexes in puffs with different levels of polyteny are compared, 
seems questionable if it is applied to diploid nuclei. In these nuclei, the 
relationship between an RNP complex and the genome site from which it has 
originated cannot be established. Even for polytene nuclei, the correlation 
between the number of RNP complexes in the puff area and the level of 
polyteny of the chromosome region from which the puff originates, does not 
necessarily contribute to our insight in the productive capacity of the genes 
located in the puff. Several factors may influence this correlation. The ques
tion of whether or not the gene is present as a unique or repetitive sequence 
may be important. If a gene is repetitive, as is indicated to be the case in puff 
2-48BC (Berendes et al., 1974), it remains to be shown that the degree of 
repetition is the same in different cell types. Furthermore, no information 
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about the rate of initiation of transcription and the rate of processing of the 
transcription product until it is ultimately released from the puff area, is 
available for different polytenic cell types. Consequently, one has to be 
cautious in relating the quantity of gene products with the number of gene 
copies in a nucleus. 

The failure of D. melanogaster to respond to a vitamin B6 treatment in a 
similar manner as D. hydei and D. virilis, is difficult to interprete. The failure 
could be due to differences in the uptake of the vitamin B6 molecules, its 
effect on the cellular metabolism and/or its influence upon the transami-
nating enzymes in the different species. On the other hand, none of the puffs 
in D. melanogaster which are induced by treatments interfering with the 
respiratory metabolism produce RNA complexes similar to those of D. hydei 
(some of them have been analyzed by Sorsa, 1969). 

The present data clearly show that a particular gene-activating treatment 
which affects a basic metabolic process causes a response in all cell types 
irrespective of whether the genome is present at a diploid or polytenic level. 
On the basis of the finding that RNP complexes typical for puff 2-48BC are 
present in nuclei of diploid cells treated with vitamin B6 an attempt will 
made to study the biochemical characteristics of this specific gene product 
after its isolation from treated diploid cells in culture. 
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The present study describes structural features of inner nuclear membrane 
invaginations in polytene nuclei of salivary glands of Drosophila hydei occurring 
as a result of vitamin Bé treatment. The invaginations arc extensions of the 
perinuclear space, which displays sack-like structures containing RNP. The possi
ble significance of the increase in inner nuclear membrane surface area with 
respect to the transport of gene products from the nucleus to the cytoplasm is 
discussed. 

The nuclear envelope of polytene salivary gland cells of Drosophila shows, at 
certain developmental stages, 'blebbing', an evagination of the nuclear envelope into 
the cytoplasm (Gay, 1954, 1956a, b; Berendes et al., 1964; Harrod et al., 1971). 
Some cells also have inclusions within their nuclei which, at the time they were 
observed (Berendes et al., 1964; Harrod et al., 1971, 1972), were not identified as 
invaginations of the nuclear envelope. Recently, such invaginations have been ob
served with high frequency in salivary gland nuclei of Drosophila hydei following an 
in vivo or in vitro treatment with vitamin B6 (Leenders et al., 1973). 

Since control glands only rarely show the invaginations, it may be suggested that 
these structures are related to the vitamin B6 treatment, which induces a dramatic 
increase in transcriptional activity at certain chromosome loci (Derksen et al., 1973; 
Leenders et al., 1973). The changes in the nuclear envelope may reflect an en
hanced nuclear—cytoplasmic exchange. 

The present study describes the structural features of the invaginations as well as 
some cytochemical characteristics of their contents. 

MATERIALS AND METHODS 

Mid third instar larvae of a laboratory stock of Drosophila hydei were injected 
with 0.5 μΐ of a 0.1 M vitamin B6 solution and the salivary glands were dissected 
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4 hr later. In vitro vitamin B6 treatments were performed by incubating isolated 
salivary glands for 4 hr in a complex medium (Poels, 1972) containing 5 X IGT2 M 
vitamin B6. 

Following an in vivo or in vitro vitamin Be treatment, the salivary glands were 
fixed immediately either in icecold 3% glutaraldehyde followed by postfixation in 
1% OSO4 as described previously (Derksen et al., 1973), or in 2% OsCU buffered 
with veronal acetate (pH 7.2). The glands were embedded in Epon according to 
Luft (1961). 

Random and serial sections were made on an LKB 4802A microtome, stained 
with uranyl acetate and lead citrate (Venable et al., 1965) and examined in a Philips 
EM 300 microscope. 

In order to characterize certain inclusions in the membranes, RNA was extracted 
by alkaline hydrolysis (Derksen et al., 1973), or uranyl—EDTA—lead staining for 
RNA (Bernhard, 1969) was applied to identify RNA containing structures. 

The question of whether or not the modifications of the nuclear membrane 
involve de novo synthesis of membrane material, including protein, was tested by 
carrying out in vitro vitamin B6 treatments in the presence of 10μg/ml cyclo-
heximide. 

Incubation of the glands in media containing vitamin B6 and actinomycín D 
(20 μg/ml), or vitamin Вб and З'-dcoxyadenosine (cordycepin; 10—100 Mg/ml) was 
performed in order to test whether or not inhibition of RNA synthesis and/or 
polyadenylation have an effect upon the relative frequency of ribonucleoprotein 
particles in the perinuclear space. 

RESULTS 

In random sections of mid and late third instar polytene salivary gland cells of 
Drosophila the nuclei are circular or ellipsoid in cross sections. Occasionally, struc
tures described as nuclear 'inclusions' or 'intrusions' have been observed in such 
sections (Harrod et al., 1971, 1972). 

In vitamin B6 treated salivary glands, intra-nuclear structures, similar to those 
rarely seen in control material, have been observed with a frequency high enough to 
establish their relation to the nuclear envelope (figs, la—с and 2). 

The most frequently observed structure is a long filamentous invagination of the 
inner nuclear membrane covered with a lamina densa with the same cytochemical 
characteristics as described by Stelly et al. (1970) (see fig. la-d). Occasionally, 
both the inner and outer nuclear membrane are involved in an invagination (figs, la 
and 3a). In these cases the invagination contains cytoplasmic organelles and secreto
ry granules typical of salivary gland cells of mid and late third instar larvae. In most 
instances a wide area between inner and outer nuclear membranes continuous with 
the perinuclear space can be observed (figs. 2b and За—c). The occurrence of in
vaginations of the inner nuclear membrane has frequently been observed in associa
tion with blebs (figs, la and 3a). 
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Fig. 1. Nuclear envelope invaginations in poly tene nuclei oí Drosophila hydei salivary glands. 
Bai = 0.2 дт. a) Invagination of the nuclear envelope associated with beginning 'bleb' (b) 
(N = nucleus; С = cytoplasm). Glutaraldehyde fixed-Os04-postfixed material. (X 23,000.) b) 
Branching of nuclear envelope invagination. Fixation as in a). (X 36,500.) c) Section through 
numerous separated invaginations showing sac-like structures containing electron dense mate
rial. Fixation as in a). (X 36,500.) d) As с (X 36,500.) 

The formation of the numerous invaginations during a vitamin B6 treatment was 
not inhibited by either actinomycin D, cycloheximide or cordycepin. 

Within the perinuclear space of the nuclear envelope and the invaginations, 
sac-like structures can be observed. The perinuclear space regularly displays a rela
tively homogenous electron dense matrix structure (figs. 3a—e). The unit mem
brane of the sac-like structures is sometimes connected with the inner nuclear 
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Fig. 2. Thread-like invaginations of the nuclear envelope, a) Beginning of invagination showing 
infolding of the inner nuclear membrane. Fixed with OSO4. b and c) Serial sections showing on 
top of the envelope invagination an area surrounded by one unit membrane (inner nuclear 
membrane) only. Note lamina densa. Fixation as in a), d) Invagination of inner nuclear mem
brane displaying nuclear pores. Fixations as in a). All magnifications X 46,000. Bar = 0.2 дгп. 

membrane (fig. 3b). Although the inner nuclear membrane displays nuclear pores 
(fig. 3a), a direct relationship between the sac-like structures and the nuclear pores 
has not been established. The sac-like structures may contain particulate material of 
high electron density (figs. 3b, c) but many of the sac-like structures are devoid of 
internal structure. 

The sac-like structures are not restricted in their occurrence to the invaginations 
of the nuclear envelope. They have also been observed in association with non-
invaginated areas of the nuclear envelope (fig. 3e) and with the nuclear envelope 
surrounding detached blebs in the cytoplasm (fig. 3d). 

In order to investigate whether or not the contents of the sac-like structures are 
composed of RNA containing material, alkaline hydrolysis and uranyl—EDTA—lead 
staining were performed. The contents did show a loss of electron density following 
alkaline hydrolysis although the particulate structure remained visible. The uranyl— 
EDTA—lead staining procedure revealed only a slightly reduced staining of the 
particulate material (fig. 4). The lamina densa stained in all instances with lead 
citrate. 
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Fig. 3. Presence of sac-like structures in the perinuclear space, a) Low power micrograph show
ing invagination containing cytoplasm in the center. The wide perinuclear space with sac-like 
structures (sis), is evident at both sides of the invagination. The presence of nuclear pores is 
clearly demonstrated (onm = outer nuclear membrane). Hxcd with OsOa. (X 32,800.) b) Detail 
of a) showing the electron dense matrix (m) of the perinuclear space as well as the highly 
electron dense materia! present in one of the sac-like structures. Fixation as in a). (X 135.000.) 
c) Section through an area surrounded by inner nuclear membrane (inm) only. Fixation as in a). 
(X 135,000.) d) Sac-like structure in nuclear envelope surrounding a detached bleb. Fixation as 
in a). (X 66,500.) e) Sac-like structure at the nuclear envelope. Fixation as in a). (X 90.000.) 
Bats: 0.2 д т . 
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Fig. 4. Section through nuclear envelope invagination following uranyl acetate-EDTA-lead 
citrate staining. Whereas the chromatin (chr) is bleached by the EDTA treatment, the contents 
of the sac-like structures retained their electron dense appearance, indicating a ribonucleo-
protein nature of the material. The lamina densa did stain witli lead citrate. (X 44,000.) 
Bar = 0.2 д т . 

Fig. 5. Sections through nuclear envelope invaginations of glands treated with vitamin B 6 in the 
presence of 100Mg/ml cordycepin (a) and 20 Mg/mi actinomycin D (b). Most of the sac-like 
structures are devoid of electron dense material. (X 44,000.) Bar = 0.2 д т . 
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When the vitamin B6 treatment was carried out in the presence of either actino-
mycin D or cordycepin, only relatively few of the sac-like structures displayed 
electron dense material (figs. 5a, b). Neither actinomycin D nor cordycepin had an 
obvious effect on the occurrence of invaginations of the nuclear envelope. 

DISCUSSION 

The present investigation suggests that extensive surface enlargement of the 
nuclear envelope occurs in polytene gland cells of Drosophila as a consequence of a 
vitamin B6 treatment. The invaginations always display an increase in the volume of 
the perinuclear space. Since non-invaginated areas do not show a similar increase, 
the invaginations may represent special adaptations to support an increased nu
clear—cytoplasmic exchange (sec also: Hinsch, 1970). The occurrence of the typical 
sac-like structures, associated with the inner nuclear membrane, many of which 
contain electron dense material displaying cytochemical characteristics of ribo-
nucleoprotein, supports this suggestion. Identical sac-like structures have been ob
served in pollen mother cells of Triticum durum (La Cour et al., 1972). The require
ment for an increased nuclear—cytoplasmic exchange in vitamin B6 treated cells 
may be related to an increased production of certain ribonucleoprotein particles. As 
has recently been reported (Derksen et al., 1973), vitamin B6 induces the activity 
of certain genome loci, which produce and release large quantities of ribonucleo
protein particles. 

The suggestion that the invaginations of the nuclear envelope are involved in the 
transport of genome products from the nucleus to the cytoplasm is also supported 
by the finding that in actinomycin D and cordycepin treated glands most of the 
sac-like structures are empty. 

It cannot be excluded with certainty that the contents of the sac-like structures 
represent dc novo synthesized virus particles, as has been suggested by Harrod et al. 
(1971). However, since inhibition of protein synthesis with cycloheximide did not 
impair the occurrence of electron dense material in the sac-like structures and virus 
reproduction should be dependent upon de novo protein synthesis, this suggestion 
appears unlikely. 

Since the invaginations of the nuclear envelope develop within a 4 hour period 
of vitamin Be treatment, the question could be raised whether or not the increase 
in membrane surface is dependent upon de novo synthesis of membrane material. 
The actinomycin D experiments indicate that no RNA synthesis is required for the 
formation of the invaginations. A requirement for protein synthesis is ruled out by 
the observation that the invaginations do occur in the presence of cycloheximide. 
These findings indicate that the invaginations result cither from modifications of 
the nuclear envelope or by de novo assembly of membrane from pre-existing mate
rial. 
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In eukaryotic cells the transcription of ribo-
somal DNA (rDNA), i.e. of the cistrons of 
pre-ribosomal RNA (pre-rRNA), has been 
directly visualized in the extrachromosomal 

(amplified) nucleoli of amphibian oocytes by 
electron microscopic techniques. The tran
scribing rDNA appears in spread preparations 
as deoxyribonucleoprotein (DNP) axes which 
are associated, in regular periods, with 
cascades of lateral, growing rRNP fibrils 
separated by free ('spacer') sections [4-6, 13]. 
The morphological data obtained are in 
agreement with the corresponding biochemi
cal and physicochemical determinations. 
Ribosomal RNA cistrons integrated into 
chromosomes have not yet been clearly iden
tified. Although recently micrographs of 
spread preparations from total HeLa cell 
lysates have been presented from Miller's 
laboratory which show similar, though not 
highly repeated, matrix units of laterally 
attached RNP fibrils on DNP axes [3]; this 
cannot be considered as a clear demonstra
tion of intrachromosomal rRNA cistrons in 
transcription. 

We have chosen for our preparations 
nuclei of Chironomus salivary glands because 
(i) of the chromosomal polyteny, (ii) the 
large size of the nuclei and nucleoli which 
make them suitable for preparative manipula
tions, and (iii) the good background of knowl
edge concerning the nucleolar cytology and 
biochemistry of these cells (see, e.g., [9, 10]). 

Materials and Methods 

Salivary glands of Chironomus thummi were prepared 
and transferred into a medium modified from Robert 
[11] containing 0.087 N NaCI, 0.032 N KCl, 0.01 M 
EDTA and 0.01 M Tris-maleate, pH 6.3. The dissected 
glands were disrupted by syringing and the liberated, 
crude nuclei were transferred into a drop of bidistilled 
water, adjusted to pH 9.0 with 0.01 M borate buffer 
and allowed to swell for 15 min. After swelling the 
cytoplasmic remnants were removed from the nuclei 
by syringing and the nuclei were transferred into a 
fresh drop of 'pH 9-water'. The nuclei were disrupted 
by hand using watchmakers forceps, and were pro
cessed essentially according to the method described 
by Miller & Beatty [4] and Miller & Bakken [3] as 
modified by Scheer et al. [13]. Electron micrographs 
were made either in a Zeiss EM9 or a Siemens 101, 
and the magnification indicators were controlled 
using grating replicas. 

Fxptl Cell Res 80 (1973) 
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F/^. /. Survey electron micrograph of putative transcribing rDNA\,in spread preparations of nuclei manually 
isolated from Chironomus thummi salivary glands. The inset shows, at higher magnification, the lateral fibrils 
inserting at the DNP-axis with their terminal dense nodules. > 11 700; inset 56 000. 

Results and Discussion 

Good nucleolar spreads are much harder to 

obtain from the salivary gland nuclear 

contents than with the amphibian oocytes 

(especially from urodela). This may be largely 

due to the greater amount of non-nucleolar 

material present. Fig. 1 shows a survey 

micrograph of what we interpret as a nucleolar 

spread. One recognizes DNP axes (magnified 

in fig. 2) which are for the most part associ

ated with lateral fibrils. These fibrils exhibit 

at many sites the typical length gradients and 

reveal the separation of matrix units and 'free' 

segments, i.e. stretches not covered with 

fibrils. The matrix units (some startpoints are 

indicated in fig. 2 by arrows, termini are 

denoted by bars) were of an average length 

of 2.2 μιη with a relatively wide range (1.9 to 

2.6 ^m). The free ('spacer') segments (for the 

divergent terminology of 'spacer' see [4, 8, 13, 

14]) appear to be very short (mean: 0.45 ^m; 

range 0.15 to 0.68 μιη). Some situations (e.g. 

fig. 2) suggest that lateral fibrils can also 

occur within the 'spacer' regions, similar to 

what has been observed in the extrachromo

somal oocyte nucleoli of various amphibia 

[13]. The lateral fibrils are, when strongly 

expanded, approx. 150 Λ thick and, like 

Exptl Cell Re.s 80 (1973) 
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W'^^ÄÄ' 
Д?. 2. Partial magnification from fig. 1 demonstrating matrix units separated by free axial segments. The short 
arrows indicate startpoints of matrix units, the bars denote termini. The two long arrows point to long, stretched 
lateral RNP-fibrils. The double arrow points to a situation which might represent formation of rRNP fibrils 
within a 'spacer' region, у 19 000. 

those described for the amphibian extra-
chromosomal nucleoli by Miller & Beatty [5] 
frequently show terminal knobs. The maximal 
length of such fibrils (in particular those 
inserting in the terminal parts of matrix 
units) was measured as 1 /¿m. 

The identification of the lateral and axial 
structures as RNP and DNP, respectively, is 
still presumptive and based on morphological 
homology only; The structures observed have 
essentially the same characteristics as the 
spread transcription units of rDNA in the ex
trachromosomal amphibian oocyte nucleoli. 

They show only two components, namely the 
axial and the lateral fibrils, a repeat pattern of 
matrixcovered and non-covered regions, and a 
length gradient of the lateral fibrils within 
one matrix unit. The lengths of the matrix 
units, taken as double-stranded B-form DNA, 
could code for 1.8 to 2.5 million D RNA, i.e. 
values which approach the mol wts deter
mined for the pre-rRNA of Chironomus 
tentans (2.6 x 106 D, [12]; 3.3 x 106 D, [9]) and 
other diptera [2, 7]. From the structural 
homology and from the agreement of the 
morphological and biochemical data we con-

Exptl Cell Rei 80 (¡973) 
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elude that our micrographs present the 

transcribing rDNA of the nucleoli contained 

in the polytene chromosomes of the Chirono-

mus salivary glands. We have to emphasize, 

however, that the relative length of free 

('spacer') axis is much below the correspond

ing values found in amphibian oocytes [4, 5, 

13] and in the HeLa cells [1, 3]. 
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Summary 

A method for mass isolation of nucleoli from 

polytene (salivary gland) cells of Drosophila hydei 

is described. The isolation procedure was tested with 

respect to the purity of the final nucleolar preparation 

and the stability of the nucleolar RNA products during 

the isolation procedure. 

The nucleolar structure was studied by electron 

microscopy of sections of nucleolar pellets and of 

nucleoli spread according to the technique of Miller et 

al. The putative nucleolar cistrons observed in spread 

polytene nucleoli are tandemly arranged with a spacing 

of approximately 0.5 pm and a cistron length of 

approximately 1.8 ym. The number of side fibrils varied 

between 40 and 60. In some instances, spacer transcripts 

were observed. Many structural features observed in 

spread nucleoli of other species have been found in the 

preparations of nucleoli of polytene cells. 

Introduction 

The large, single nucleolus in polytene nuclei of 

Drosophila, which is generally found associated with 

the chromocenter, contains the combined nucleolus 

organizer regions of the two X (females) or the X and 

Y chromosomes (males). The nucleolus organizer regions, 

accomodating the genes coding for ribosomal RNA as 

shown by in situ hybridization (ί, 2) are embedded in 

the nucleolar body. However, ribosomal genes may be 

present in the DNA fibrils connecting the nucleolus with 
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the euchromatic arm of the X chromosome(s) (2). The 

connecting fibrils may represent a part of the hetero-

chromatic arm of the X chromosome which is essentially 

excluded from the polytenization process (3-6) and, 

thus, should contain one or only a few DNA double strands 

(4, 7). In contrast, the nucleolus organizer regions, 

containing each approximately 200 ribosomal cistrons 

(8, 9) undergo polytenization, although the level which 

can be attained is lower than that of the euchromatic 

chromosome elements in the same nucleus (10, 11). On the 

basis of this pecular situation in polytene nuclei (fig. 

1), it was expected that mass isolation of essentially 

intact nucleoli from these nuclei should be feasible. 

Autoradiographic studies showed that nucleoli in 

the polytene salivary gland nuclei of Drosophila hydei 

are, up to the late third instar, very active in RNA 

synthesis. However, little is known of the SNA metabolism 

at the nucleolar level, even though the ribosomal RNA 

metabolism in larval tissues of Drosophila, including 

the salivary glands, has been analyzed in some detail with 

respect to the size, molecular weight and base composi

tion of the precursor molecule, the intermediates of the 

processing and the final ribosomal RNA subunits (12-15). 

In addition to an opportunity for a study of the nucleolar 

RNA metabolism, mass isolated nucleoli would offer a sys

tem for an analysis of the proper conditions for optimal 

spreading of active ribosomal cistrons as has been per

formed successfully with hand-isolated material from 

other sources (15-25). 
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Material and Methods 

Salivary glands of mid-, and late third instar 

larvae of a laboratory stock of D. hydei, raised under 

standardized conditions in mass cultures (26) have been 

used. Salivary glands were isolated as described pre

viously (26) from 80 g of larvae (J6. - 18.000 indivi

duals) . 
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For the isolation of nucleoli the following buffer 

solutions were used: A. 80 mM NaCl, 5 mM NaCl, 10 шМ 

MgCl
2
, 5 mM Pipes, J% NPT

J 2
 (pH 6.8); "Mg-buffer". 

B. 110 mM NaCl, 5 mM NaCl, 5 mM 

Pipes, 1 mM EDTA, 1% NPT
1 2
 (pH 6.8); "EDTA-buffer". 

In some instances, dithiothreitol (DTT) was added to the 

isolation medium when the nucleoli were to be used for 

spreading. 

Isolated glands were homogenized in 5 ml of either 

Mg- or EDTA buffer in an all-glass homogenizer and the 

homogenate was filtered through a 100 μιη mesh nylon 

gauze. Following filtration, the gauze was washed with 

5 ml of the same buffer used for homogenization, but 

without NPT.-. The pooled filtrates were centrifuged for 

5 min at 750 g in polyallomere tubes to prevent sticking 

of the nuclei to the wall of the centrifuge tube, washed 

and repelleteci. The pellet was then suspended in 2 ml of 

buffer without NPT,- and sonicated (3x1 sec; Branson 

Sonifier, step 2). The sonicate was filtered through a 

31 ym mesh gauze which was washed afterwards with 8 ml 

of the buffer without NPT j· The filtrate was centrifuged 
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for 10 min at 900 g and the resulting pellet was resus-

pended in 1 ml buffer without NPT.„, filtered again and 

centrifuged. The final procedure was performed at 0-4 C. 

From the beginning of the gland isolation until the final 

pellet is obtained, the procedure takes approximately 

60 min· 

Labeling_conditions_ and ¿el electrоріюгe£is 

200 hand-isolated salivary glands were incubated for 

] hr in Poels' medium (27) containing 25 pCi/I00 Wl 
3 
Η-uridine (spec. act. 50 Ci/mMole, Radiochemical Center, 

Amersham). Following incubation, the hand-isolated glands 

were mixed with mass isolated glands and nuclei were 

isolated in EDTA-buffer without NPT.» to which 20 Ug/ml 

polyvinyl sulphate or 1 mM cytidine-3'-monophosphate was 

added. The nucleolar pellet was suspended in 250 yl 1SSC 

containing 250 Ug pronase (Calbiochem) and 0.5% sodium 

dodecyl-sulphate and kept for ] hr at 37
0
C. The RNA was 

precipitated with 70% ethanol and submitted to electro

phoresis on 1% agarose gels as described by Daneholt and 

Hosick (28). 

]аІ£СІГ£п microscopy 

Pellets of nucleoli isolated in either the Mg-buffer 

of the EDTA-buffer were fixed in 3% glutaraldehyde in 

0.1 M Na-cacodylate buffer (pH 7.2) for 1 hr at 0-4
O
C. 

After fixation, the material was extensively washed with 

Na-cacodylate buffer and postfixed with 2% 0s04 in 0.1 M 

veronal acetate (pH 7.2) for 30 min. Subsequently, the 

pellet was washed with veronal acetate, dehydrated in an 

ethanol series and via propylene oxide steps embedded in 
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Epon (29). Sections out with a LKB Ultratome II were 

stained with 3% uranyl acetate in water. 

As controls, whole salivary glands and imaginai 

discs incubated for 4 hrs in Poels' medium were fixed, 

dehydrated and embedded as described previously (30). 

Spreading of nucleoli isolated with either Mg-buffer 

or EDTÀ buffer was performed according to the method of 

Miller and Hamkalo (18) which was slightly modified (21). 

Nucleolar pellets were washed twice with distilled water 

and then suspended in distilled water adjusted to pH 9.0 

with 5 mM borate buffer and kept in this solution for 

20 min. A drop of this solution was centrifuged for 20 

min at 2.200 g on a grid with a carbon coated formvar 

film, which was glow-discharged as described by Scheer 

et al. (21). The microcentrifugation chamber was filled 

with a solution of 1% freshly prepared paraformaldehyde 

in 0.1 M sucrose. All preparations were examined and 

photographed with a Philips EM 201 at 60 kV. 

Chemicals_ 

All chemicals used were of analytical grade and 

purchased from Merck. NFT.^ was obtained from Melle-

Bezons, France. Polyvinyl sulphate was obtained from 

Serva and cytLdine-3'-monophosphate from Boehringer. 

Results 

The isolation procedure described was tested with 

regard to possible contamination of the nucleolar pre

paration with subcellular components, the structure of 

the isolated nucleoli, the ratio nucleic acids/protein 
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of the nucleolar pellet and the RNA species present. 

The presence of contaminating subcellular components 

was tested light microscopically by examination of the 

contents of a drop of a suspended nucleolar pellet after 

staining with toluidine blue and electron microscopically 

in sections of nucleolar pellets. All preparations con

tained some contaminating material which, in thin sections 

appeared to be predominantly membranous material, pro

bably remnants of the nuclear membranes. In none of the 

preparations tested the contamination was more than an 

estimated 5% of the stained material on the slide (fig. 2a). 

The morphology of the isolated nucleoli was, after 

isolation with "Mg-buffer", essentially the same as that 

observed in sections of paraffin embedded salivary glands. 

The nucleoli showed a clear differentiation between the 

lightly stained core and darker stained shell zone in 

which many lighter stained "vacuoles" are present (fig. 

2b). The nucleoli generally showed a compact structure. 

Following isolation with "EDTA-buffer" the compact struc

ture was lost to some extent and many nucleoli showed a 

more dispersed structure. 

In ultrathin sections of whole glands incubated for 

4 hrs in Poels' medium, the nucleoli also display a 

clear zonal differentiation in structure (fig. 3b). The 

electron translucent core region composed of 220-270 A 

particles associated with 30-40 A fibrils is surrounded by 

a dense granule-fibrillar shell which contains small 

"vacuoles" with an internal structure similar to that of 

the core region. In the shell zone (pars fibrosa) very 

dense areas similar in structure to a relatively thin 

cortex layer (pars granulosa) can be seen (fig. 3b). 
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Isolated nucleoli observed in thin sections of pellets 

of nucleoli isolated in "Mg-buffer" showed essentially 

similar structural features as nucleoli "in situ". The 

core region, however, contained less particulate and 

fibrillar elements. The pars fibrosa appeared to be 

slightly denser than that of nucleoli in situ and a 

clear differentiation between pars fibrosa and pars 

granulosa (cortex zone) was not always observed (fig. 

3c). 

On the basis of three independent determinations of 

absorbancy values at 280 and 260 nm of freshly isolated 

nucleoli dissolved in "Mg-buffer" without NPT but with 

J% SDS the ratio 280/260 was determined to be 0.618 + 

0.017 indicating that the nucleolar pellet consists of 

about 20% nucleic acids and 80% protein. These values 

are very similar to those found for isolated nucleoli of 

various other sources (3J). 

Electrophoresis of nucleolar material obtained 
3 

partly from glands labeled with Η-uridine for A5 min 

revealed the presence of three distinct radioactivity 

peaks with approximate mol. weight values of 2.8 χ 10 , 

1.8 χ 10 and 0.5 χ 10 d, representing the large "38S" 

ribosomal precursor the "328" and the "23S" intermedi

ates. Electropherograms of nucleoli which were labeled 

for 90 min showed essentially two peaks, a "38S" and a 

"28S" fraction. After heating the RNA extract obtained 

from nucleoli labeled in vitro for 45 min (5 min at 

90 С) and subsequent electrophoresis, a broad peak from 

30-16S was obtained. 

Spreading of the isolated nucleoli produced, in 

most instances, the typical pattern of polarized tandemly 
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repeated transcription units. Well-spread transcription 

units (or arrays of them) were mainly found however, at 

the edges of large areas of agregated nucleolar material 

in which in favourable cases, the axes of the putative 

ribosomal matrix units could be distinguished (fig. 5). 

The success of the spreading procedure appeared to 

be, at least partly, dependent upon the media used for 

isolation of the nucleoli. Nucleoli isolated in "Mg-

buffer" and spread, resulted in dense agregates of materi

al. Also individual cistrons showed the lateral elements 

clumped together (fig. 6a). 

Nucleoli isolated with "EDTA-buffer" gave better 

spreading results. However, the material had to be 

strongly agitated during the incubation in "pH 9 water" 

in order to release part of the cistrons from the dense 

nucleolar clusters. This procedure, however, produced some 

damage and always resulted in cistrons from which side 

fibrils were lost (fig. 6b). When nucleoli isolated in 

"EDTA—uffer" containing 0.5 mM DTT were spread agitation 

of the nucleolar suspension could be avoided. The concen

tration of DTT in the isolation buffer should not exceed 

0.5 mM. When DTT is present in the spreading medium 

("pH 9.0" water) the side fibrils of the cistrons become 

fluffy in appearance and some side fibrils may get lost 

from the matrix axis. 

The typical features observed in preparations of 

spread nucleoli were very similar to those described for 

nucleoli of a variety of Other organisms (15
-
25). Long 

axial fibrils (diameter: ъ 30 nm) are covered at regular 

intervals with sets of side fibrils (diameters 90-130 nm). 

Each set of lateral fibrils displays a gradual increase 
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in fibril length from the beginning of the set (shortest 

fibrils) until about /.. of the set. At the free ends of 

the fibrils in some sets, densely stained knobs can be 

seen (fig. 7). The packing of lateral fibrils varies 

considerably between the various matrix units observed. 

Matrix units of essentially the same length may show 

between 40 and 60 lateral fibrils (fig. 8). Measurements 

of the matrix unit length revealed an average length of 

1.8 ym and an average length of the spacer intercepts of 

0.5 pm. In some spacer regions small transcripts were ob

served (see also: 2J). The average length of the matrix 

unit is in good agreement with the expected value based 

on the M.W. calculation for the putative (38S) precursor 

rRNA molecule observed in the agarose gels. 

Discussion 

The present method for mass isolation of polytene 

nucleoli offers opportunities for the isolation of 

nucleolar RNP- and RNA products which are precursors of 

the ribosomes. It, thus, can be used to study the 

nucleolar metabolism in some detail. 

In addition, the isolated nucleoli, which can 

easily be obtained in relative large quantities as 

compared to micromanipulation, can be used to develop a 

model system for the study of the individual transcription 

units. Spreading of the nucleoli according to a modified 

technique, first described by Miller and Hamkalo (18; 

see also 21) gave results identical with those obtained 

with hand-isolated (micromanipulated) nucleoli from 

other sources (15-25). The present results obtained with 

100 



nucleoli isolated from salivary glands of D. hydei are 

slightly in variance with the data presented recently 

by Meyer and Hennig (J 5) who studied spread nucleoli 

from spermatocytes of the same species. The predominant 

differences between the observations on nucleolar trans

cription units of the two cell types are: (1) since the 

polytene nucleoli contain approximately three orders of 

magnitude more DNA and the mass of ribonucleoprotein is 

at least two orders of magnitude larger than that of 

spermatocyte nucleoli, the spreading of large series of 

tandemly repeated transcription units seems to occur 

less frequently in the polytene nucleolar spreads than 

in the spreads of the spermatocytes. (2) The number of 

side fibrils (RNP-fibrils) on cistrons of polytene 

nucleoli is slightly less (40-60 vs 120) than on cistrons 

of spermatocyte nucleoli. Moreover, the average length 

of the cistrons of polytene nucleoli appeared to be 

slightly shorter (about 10%) than those of spermatocyte 

nucleoli (3). In polytene nucleoli the spacer regions 

between successive cistrons display regularly transcripts 

of small size. The transcribed region is located approxi

mately in the center of the spacer region. 

The discrepancies between the results obtained with 

nucleoli from polytene cells and those of spermatocytes 

could result from differences in the spreading procedure. 

The spermatocytes were spread on the water surface, which 

may cause stronger stretching of the matrix units than 

spreading in solution. On the other hand, the isolation 

procedure preceding the spreading of polytene nucleoli 

may cause deterioration of the nascent structure of the 

transcription units, i.e. the loss of side fibrils. Since 
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the length of the matrix units in polytene nucleoli is 

only 10% shorter than that in spermatocyte nucleoli 

(which may be due to the different methods of spreading as 

discussed above), the presence of only half the number of 

side fibrils/matrix unit in polytene nucleoli as com

pared to spermatocyte nucleoli, cannot simply be ex

plained by a loss (which should be a preferential loss 

of the longest transcripts) of side fibrils from the 

matrix units in polytene nucleoli. It may be suggested 

that the lower number of side fibrils per matrix unit in 

polytene nucleoli actually reflects a lower rate of trans

cription of the nucleolar genes in this type of cell. 

This suggestion seems more probable than that in which 

a higher rate of transcription in the spermatocyte 

nucleoli would be proposed. The number of side fibrils 

on spermatocyte cistrons is similar to that found in 

nucleoli of other animal species. 

The present procedure has been developed in order 

to test various spreading conditions.The ultimate goal, 

spreading of experimentally activated genes present as 

puffs in the polytene chromosomes, cannot be attained 

because isolation of these active regions in mass quan

tities from living nuclei is not well possible; the iso

lated nucleoli can serve as a model system. Various 

fixation procedures will be tested, in order to determine 

whether it is possible to develop a fixation procedure 

which enables the selective isolation of defined puffs 

and the spreading of the isolated material. 
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Nucleolus of Drosophila hydei attached to the base of the 

X-chromosome in a squash preparation of the salivary 

glands. Note the intra-nucleolar DNA structures and the 

DNP strand (arrow) connecting the nucleolus with the base 

of the X-chromosome. magn. x5000 

Fig. J 
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Isolated nucleoli present in a drop of a nucleolar pellet, 

after staining with toluidine blue (J% in water). 

a. low power micrograph giving indication of the contami

nation of the nucleolar preparation, magn. x2000 

b. light microscopic features of isolated nucleoli; light 

staining core region and vacuoles, surrounded by a 

darker staining shell. magn. хбООО 

Fig. 2 
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Fig. 3 

Electron micrographs of sections of: 

a. a diploid nucleus of an imaginai wing disc, showing 

the small nucleolus 

b. the nucleolus in a polytene (salivary gland) cell 

c. isolated polytene nucleolus 

all magnifications хЗООО 
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Electrophorctic profiles οΓ RNA obtained from isolated nucleoli 

a. nucleoli isolated from cells incubated for 45 min in ^H-undine containing medium 

b. same as in a., after heating the RNA for 5 mm at 90^C before electrophoresis 
c. nucleoli from cells incubated for 90 min in 3 H uridine containing medium 
The 23s and 16s ribosomal RNA from E. coli was used asa standard 
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Fig. 5 

Aggregates of nucleolar transcription units. 

all magnifications x35000 
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Fig. 6 

Individual ribosomal transcription units. 

a. clumped side fibrils which are found after isolation 

of the nucleoli with "Mg-buffer". 

b. putative cistron after isolation of the nucleoli in 

"EDTA-buffer" and strong agitation in the spreading 

medium. Many of the side fibrils have been lost. 

c. putative cistron after isolation of the nucleoli in 

"EDTA-buffer" + J mM DTT. Side fibrils showing fluffy 

appearance. 

all magnifications x45000 
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Putative ribosomal cistrons showing end-knobs (arrows) 

of the side fibrils probably reflecting the formation 

of the final nucleolar RNP particles. magn. x25500 

Fig. 7 

III 



Characteristic matrix units in preparations obtained 

from spread, mass isolated nucleoli . 

Note the high number of side f i b r i l s in b as compared 

to a. magn. x45000 

Fig. 8 
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The Submicroscopic Structure 
of Synthetically Active Units in a Puff' 

of Drosophila hydei Giant Chromosomes 

J . D e r k s e n 

Department of Genetics, University of Xijmegen 

Abstract. Thin sections of nuclei of salivary glands of Drosophila hydei, treated 
in vitro with vitamin B e in the presence of either actmomycin D or 3' deoxy-
adenosine revealed the morphology of transcription units in puff 2-48 ВС. The 
transcription units observed display a definite polarity with respect to the size of 
the RNI'-particlcs attached to the deoxymicleoprotein matrix. The length of the 
longest unit observed was approximately 1.5 μηι, which corresponds well with 
the size of the RNA extracted from isolated puffs and with preliminary measure
ments of transcription units observed after speeading of the puffs according to 
the method of Miller and Beatty (19Ö9). 

Introduction 

E l e c t r o n m i c r o g r a p h s of t h i n sect ions of p o l y t e n e s a l i va ry g l a n d 

cells of D i p t e r a n l a r v a e h a v e revea led some submic roscop ic f ea tu res of 

c h r o m o s o m e regions i.e. puffs a n d Ba lb ian i r ings wh ich a re a c t i v e i n 

t r a n s c r i p t i o n ( B e e r m a n n a n d Bahr, 1954; Swift , 1962, 1965 ; S t e v e n s 

a n d Swift , 1966; Y a m a m o t o , 1970; V a z q u e z - N i n a n d B e r n h a r d , 1971; 

D e r k s e n et al., 1973a) . I n mos t ac t i ve puffs, however , t h e s t r u c t u r e 

of i nd iv idua l t r a n s c r i p t i o n un i t s is obscu red b y t h e a b u n d a n t occur rence 

of r i bonuc leopro te in par t ic les wi th in t h e puff a r e a . T h e p r e s e n t r e p o r t 

descr ibes obse rva t ions of t r a n s c r i p t i o n u n i t s in a n e x p e r i m e n t a l l y i n d u c e d 

puff in w h i c h R N A syn thes i s was inh ib i t ed b y e i t he r a c t i n o m y c i n D 

or 3 ' d e o x y a d e n o s i n c . 

Material and Methods 
Salivary glands of late third instar larvae of a labotatory stock of Drosophila 

hydei were incubated in a complex medium (1'oels, 1972) containing 5 Χ Ι Ο - 2 M 
vitamin B e . Incubation of the glands in medium with vitamin B e results in the 
appearance of a t least 4 large puffs (Leenders et al., 1973). One of these puffs, 
2-48BC, synthesizes large quantities of a giant R N P complex (0.3-0.4 μηι in 
diameter) (Berendes, 1972; Derksen et al., 1973a) which is eomposed of a protein 
core surrounded by 180-220 Â particles. 

The submicroscopic structure of puff 2-48BC was compared at 4 hours after: 
a) incubation in medium containing vitamin B6 and actmomycin D, 
b) incubation in medium containing vitamin B e with the addition of actino

mycin D during the last two hours of the incubation period, 
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c) incubation in medium containing vitamin B e and 3' deoxyadenosine, 
d) incubation in medium containing only vitamin B e . 
In all experiments the concentration of vitamin B e was 5 x l O ~ 2 M , that of 

actinomycm D 20 μg ml, and that of 3' deoxyadenosine 25 μg ml. Following 
incubation, the glands were fixed in 2% OsU4 in 0.1 M veronal acetate (pH 7.2) 
for 2 hours in the cold, dehydrated, and embedded in Epon (Luft, 1901). 

Result« 

Light Microscopic Observations 

A comparison of the puff sizes of region 2-48BC after induction with 

vitamin B e revealed that the diameter of the puffs present after 30 minute 

pretreatment with actinomycin D followed by incubation in medium 

containing both actinomycin D and vitamin B 6 was approximately 1/3 

of the diamet cr of puffs induced by a regular 4 hour vitamin В, treatment ; 
the diameter ratios 2-48BC/2-47C were 0 9 - 1 3 as compared to 2.2-3 0 
for full sized puffs induced by vitamin B e (induction of a puff a t 2-48BC 
by a temperature t raetment in the presence of actinomycin D gave 
similar results. Berendes, 1968). Following 4 hours incubation in medium 
with actinomycin D and vitamin B 6 (no pretreatment) the puff sizes 
varied between 1 '3 and 3 '4 of that of a full-sized puff (diameter ratios : 
1.0-1.8). Glands incubated for 2 hours in medium with vitamin B 6 and 
another 2 hours with vitamin B e and actinomycin D displayed puffs 
with a diameter of 3/4 of t h a t of full-sized puffs The puff size of region 
2-48BC in glands treated with vitamin B e in the presence of 3'deoxy
adenosine was significantly smaller than in glands treated with vitamin 
B 6 alone 

Autoradiographic analysis of 3H-uridme incorporation during the 
various treatments (pulse labeling for 10 minutes at the end of the 
4 hour period of treatment) revealed essentially no uridine incorporation 
when actinomycin D or 3'deoxyadenosine were present in the medium. 
Control autoradiographs of glands, treated for 4 hours with vitamin B 6 

displayed heavy labeling of puff 2-48BC 

Electron Microscope Observations 

Puff region 2-48BC, located at the t ip of chromosome 2 can be 
easily identified in random sections of salivary gland nuclei because of 
the presence of the typical telomere structure of this chromosome 
(Berendes and Meyer, 1968). 

I n sections of glands which were treated with vitamin B e in the 
presence of actinomycin D (Fig. 1 a), the dense clusters of DNP, normally 
present in the non-active region 2-48BC, occurred with a very low 
frequency. The large R N P complexes which are abundantly present in 
this region after its activation with vitamin B 6 (Derksen et al, 1973 a), 



Fig. l a and b. Thin sections of puff 2-48BC. (a) 4 hours after incubation of salivary 
glands in medium with vitamin Be and actinomycin D; (b) 4 hours after incubation 
of salivary glands in medium with vitamin B6 and 3 ' deoxyadenosine. In both 
sections, the puff area contains numerous 180-220 Â RSP particles. Only in (b) 
some of the typical giant RNP complexes are present. In 4 hour vitamin B6 

treated glands, puff 2-47BC contains large numbers of these complexes. In the 
presence of actinomycin D in the medium no giant RXP complexes were found (a) 
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Fig. 2. Strings of RXP particles (double arrows) in puff 2-48BC ociurring after 
4 hours vitamin B6 treatment in the presence of actinomycin D. Arrows indicate 
fibrils connecting RNP particles to DNP matrix. The individual particles have a 
diameter varying between 250-340 A. The DXP matrix has a diameter of 120-100 A 

and the particle-matrix connection has a diameter of 60-70 A 

were absent from the puff region in glands treated with vitamin B e 

and actinomycin D. However, the puff frequently displayed small R N P 
particles (200-350 Â) associated with D N P fibrils in the form of a string 
(Fig. 2). Occasionally, the D N P fibrils to which small RNP particles 
are attached can be traced over longer distances. In those cases a polar 
sequence of structures associated with the D N P fibril can be observed. 
Par t of the fibril appears to have small branches. This fibrillar region 
is followed by one showing RNP particles which are slightly smaller 
than those in an area further on the fibril. The length of the stretches 
of DNP fibrils displaying this type of organization is in the order of 
1.4 to 1.6 μιη. 
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Similar observations were made on puffs formed after treatments 
of the glands with vitamin B e and 3'deoxyadenosine (Fig. 1 b). In these 
puffs some giant R N P complexes typical for this puff region (Derksen 
et al., 1973a) have been observed. 

Glands treated for two hours with vitamin B6 and subsequently for 
two hours with either actinomycin D or 3'deoxyadenosine in the presence 
of vitamin B 6 displayed similar arrays of small R N P particles in addition 
to some of the typical giant R N P complexes. After these treatments 
the large complexes were also found in the nucleoplasm of these cells. 

Strings of R N P particles associated with D N P fibrils have also been 
observed in puff 48BC induced by a 4 hour treatment with vitamin B e 

only. However, because of the large numbers of R N P particles, the 
strings can only be traced over short distances. 

The R N P nature of the DNP-associated particles has been inferred 
from the results of uranyl-EDTA-lead staining (Bernhard, 1969) and 
alkaline hydrolysis (see also: Derksen et al., 1973a). 

Discussion 

Actinomycin D at the concentration used in this study virtually 
inhibits de novo RNA synthesis in glands incubated for 4 hours in the 
presence of the puff-inducing agent vitamin B e . During the incubation 
period, small puffs are formed a t region 2-48BC which, at the sub-
microscopic level, display the presence of strings of R N P particles. No 
giant R N P complexes, regularly observed in region 2-48BC in its active 
form, have been observed. From these observations, it may be inferred 
that either RNA synthesis in puff 2-48BC, initiated by a vitamin B e 

treatment, is inhibited shortly after it has been initiated, or RNA 
synthesis continues under the conditions applied a t a very low rate. 

In the latter case formation of the giant R N P complexes should 
occasionally occur. However, no large complexes have been observed in 
these puffs. The induction of RNA synthesis caused by vitamin B 6 is 
probably faster then the inhibition of RNA synthesis by actinomycin D, 
since after preincubation with actinomycin D a significantly smaller 
puff is observed. Therefore, it may be suggested tha t the strings of 
R N P granules observed, result from a repeated initiation of RNA 
synthesis by vitamin B e and an unimpaired transcription during a 
certain period until transcription is blocked by actinomycin D. 

When 3'deoxyadenosine is used as an inhibitor of the transcription 
the submicroscopic structure is similar to that seen in the presence of 
actinomycin D, except for the presence of some giant RNA complexes. 
The presence of these giant RNP-complexes indicates an incomplete 
inhibition of the transcription, as was also found by Diez (1973). 

4 Chromosoma (Beri ), Bd. 50 
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Pig. 3. Matrix unit observed in preparations of puff 2-48BC, induced by a vitamin 
B e treatment and spread according to the procedure described by Miller and Beatty 
(1969). Puffs were isolated by micromanipulation from uranylacetat« fixed glands 

(Derksen and Hoeijmakers, in preparation) 

Tf this interpretation of the observations is correct, the question 
arises of whether or not the measured length of the R N P containing 
strings represents the full length of individual transcription units present 
in puff 2-48BC. The maximvim length measured in the preparations 
can code for a RNA molecule of approximately 9000 nucleotides. 

Gel electrophoresis of RNA extracted from microdissected puffs 
2-48BC induced by vitamin B 6 revealed the presence of one single 
fraction of 38S RNA (Bisseling, in preparation). Moreover, preliminary 
results of spreads of isolated puff 2-48BC, following the technique of 
Miller (Miller and Hamkalo, 1972), revealed the presence of transcrip
tion units similar in morphology to those observed in nucleoli (Miller 
and Beatty, 1969: Trendelenburg et al, 1973; Derksen et ai., 1973b; 
Meyer and Hennig, 1974). Measurements of the transcription units 
revealed a length of approximately 1.5-2.0 μm (Fig. 3; Derksen and 
Hoeijmakers, in preparation). These data indicate that the strings of 
R N P granules observed in the puff 2-48BC actually represent complete 
transcription units. 

The implication of this suggestion is t h a t the small 180-220 A R N P 
particles are the primary transcription products of the puff. The giant 
R N P complexes, composed of a core of protein surrounded by 180-220 Â 
R N P particles (Berendes, 1972; Derksen et al., 1973a) could be formed 
within the puff area as a secondary product following the completion 
of the small particles. Neither the orientation, nor the polarity of the 
transcription units observed, displayed a definite relation with respect 
to the chromosome axis. No indication for " looping" of the transcrip
tion units, as has been shown for Balbiani rings of Chironomus tentans 
(Beermann and Bahr, 1954; Beermann, 1956) and for RNA puffs in 
Sciara coprophiL· (Gabrusewycz-Garia and Garcia, 1974) has been 
observed. 
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SAMENVATTING EN CONCLUSIES 





Samenvatting en conclusies 

Het eerste hoofdstuk van dit proefschrift beschrijft op 

welke wijze één puff, gelegen op plaats 2-48BC, min of 

meer specifiek geïnduceerd kan worden met behulp van hoge 

concentraties pyridoxol-hydrochloride (vitamine B,) en een 

aantal derivaten van deze stof. 

De aktiviteit van deze puff bleek gecorreleerd te zijn 

met de aktiviteit van het mitochondriale enzym tyrosine-

amino-transferase (TAT). De relatie tussen de aktiviteit 

van de TAT en de met vitamine B, geïnduceerde puff lijkt 

echter minder sterk dan in gevallen waarin de aktiviteit 

van de puff werd geïnduceerd m.b.v. een temperatuur-shock. 

Dit zou te wijten kunnen zijn aan een remming van de 

eiwit-synthese door hoge concentraties vitamine B, 

(P.J. Helmsing, niet gepubliceerd). 

Een eerste elektronenmikroskopische analyse liet zien dat 

het produkt van deze puff ongeacht de wijze waarop de 

aktiviteit werd geïnduceerd, altijd een zelfde morfologie 

vertoonde. Het puffprodukt bleek te bestaan uit een tot 

300 A groot RNP-complex, opgebouwd uit een homogeen 

centrum met daaromheen en ermee verbonden een krans van 

kleinere, tot 300 X grote, partikels. Het locus 2-48BC 

kon met een hoge concentratie vitamine B, dermate sterk 

geaktiveerd worden dat voor het elektronenmikroskopisch 

onderzoek overgegaan kon worden van een tijdrovende kneus-

en selectie techniek naar "random-sectioning" van een 

weefsel. 

Door een aantal gunstige eigenschappen van de puff, zoals 

een situering dicht bij de typische telomeerstruktuur van 
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chromosoom 2 en de karakteristieke struktuur en grootte 

van het, voor dit locus specifieke, genprodukt, kon in 

hoofdstuk II de produktie van dit complex in de puff en 

het transport van dit produkt naar het nucleoplasma be

schreven worden. Er werden geen aanwijzingen gevonden voor 

een transport van het intakte RNP-complex naar het cyto-

plasma; het meest waarschijnlijk is dat dit partikel in 

het nucleoplasma uiteenvalt. In enkele gevallen werd dit 

inderdaad waargenomen (J. Derksen, niet gepubliceerd). 

Zoals beschreven in de hoofdstukken II en III kon met 

behulp van bepaalde cytochemische methoden worden aange

toond dat het centrum van het complex bestaat uit eiwit, 

terwijl de omringende partikels naast eiwit ook RNA bleken 

te bevatten. Verder kon worden aangetoond dat de eiwitten 

van het centrum van het complex en de eiwitten van de 

kleinere partikels verschilden in hun aminozuur samen

stelling; de eiwitten in de kleine RNP-partikels bleken 

duidelijk meer basische groepen te bevatten dan de eiwitten 

van het centrum van het grote RNP-complex. De kleine RNP-

partikels in puff 2-48BC blijken echter cytochemisch de

zelfde eigenschappen te bezitten als de RNP-partikels in 

de andere loei van D. hydei (J. Derksen, niet gepubliceerd). 

In hoofdstuk IV werd de reactie beschreven van verschillen

de weefsels van D. hydei en van de speekselklieren van 

vier verschillende soorten van het genus Drosophila op 

vitamine B,. Behalve D. hydei bleek ook D. virilis en 

D. lebanonensis op vitamine B, te reageren met een 

specifieke verandering van het puffpatroon in de chromo

somen van de speekselklieren en de vorming van een groot 

RNP-complex. In D. melanogaster werd een overeenkomstig 

groot RNP-complex nooit tevoren gevonden. Ook na be-
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handeling met vitamine B¿ bleek geen duidelijke ver

andering in het puffpatroon en werd de vorming van grote 

RNP-complexen niet waargenomen. De verschillende 

weefsels van D. hydei bleken alle te reageren op 

vitamine B, met de vorming van RNP-complexen met eenzelfde 

morfologie als die welke waargenomen konden worden in de 

speekselklier ce Hen. 

Dit is in overeenstemming met de veronderstelling dat 

deze puff aktief betrokken is bij het handhaven van een 

"steady-state" van het mitochondriale metabolisme in 

D. hydei; ook in embryonale cellen van D. hydei is in

middels een correlatie gevonden tussen de aktiviteit van 

de TAT en de genaktivatie door vitamine B, (H.J. Leenders 

en H. van der Putten, niet gepubliceerd). 

Het voorkomen van de grote RNP-complexen in niet-polytene 

weefsels maakt duidelijk dat de vorming van dit speci

fieke genprodukt niet afhankelijk is van de polytene 

chromosoomstruktuur. 

In hoofdstuk V werden, naast de eerder beschreven effekten 

van vitamine B, op chromosomaal niveau, tevens een aantal 

effekten van vitamine B¿ op de kernmembranen van de be

handelde cellen beschreven. Bij het begin van dit onder

zoek werd gehoopt een relatie te vinden tussen de akti

viteit van puff 2-A8BC en de veranderingen in de kern

membranen, maar er bleek, hoewel RNA-bevattende struk

turen een rol schijnen te spelen bij de veranderingen in 

de kernmembranen, geen relatie aanwezig te zijn tussen 

deze strukturen en het produkt van puff 2-48BC. 

Werd tot zover in dit proefschrift voornamelijk een 

cytologische beschrijving gegeven van het puffprodukt en 
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een aantal van zijn (cyto-) chemische eigenschappen, 

in hieropvolgende hoofdstukken werden de voorwaarden 

voor een kombinatie van de spreidingsmethode van Miller 

en medewerkers en de micromanipulatie techniek volgens 

Edstrom en medewerkers getest. 

Teneinde na te gaan of spreiding volgens de methode van 

Miller ook toegepast kan worden voor onderzoek van de 

struktuur van transcriptie eenheden in intrachromosomale 

loci in polytene chromosomen werd gebruik gemaakt van 

kernen welke werden geïsoleerd uit de speekselklieren 

van Chironomus. 

Het resultaat van de spreidingen van geïsoleerde hele 

kernen van deze soort bleken succesvol en zijn vermeld 

in hoofdstuk VI. De verkregen gegevens over transcriptie 

eenheden en nucleoli bleken in overeenstemming te zijn 

met de gegevens van spreidingen uitgevoerd met nucleoli 

van andere organismen. Een verdere stap werd gedaan met 

beter gedefinieerd materiaal: geïsoleerde nucleoli van de 

speekselkliercellen van D. hydei werden onderworpen aan 

de spreidingstechniek. Ook deze spreidingen waren succes

vol, hoewel een hoge repetitiviteit van de gespreide 

nucleolaire genen aan dit materiaal niet kon worden waar

genomen, waarschijnlijk als gevolg van de geweldige omvang 

en de kompaktheid van de nucleoli. 

Uit de resultaten vermeld in hoofdstuk VII blijkt echter 

dat spreiding van aktieve genen, ook na een langdurige 

isolatie procedure mogelijk blijft en dat de nucleoli als 

modelsysteem voor het spreiden van de puffs zouden kunnen 

dienen. 

In hoofdstuk VIII werd beschreven hoe aktieve genen in 
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puff 2-48BC zichtbaar kunnen zijn in materiaal dat op 

conventionele wijze voor elektronenmikroskopische be

studering geprepareerd was. Tevens laat dit hoofdstuk de 

eerste resultaten zien van een kombinatie van de sprei

dingsmethode van Miller en de micromanipulatie volgens 

Edström, waarbij de mikromanipulatie sterk moest worden 

aangepast (Derksen en Hoeymakers, niet gepubliceerd). 

Het resultaat van de spreidingen is in overeenstemming 

met gegevens verkregen uit een biochemische analyse van 

het ENA dat in deze puff gesynthetiseerd werd, dat met 

een S-waarde van ongeveer 40S een lengte van +_ 2 \im zou 

moeten bezitten. Een belangrijke consequentie van het 

onderzoek, zoals in hoofdstuk VIII staat beschreven, is 

dat het primaire genprodukt tijdens zijn vorming opgerold 

moet worden tot een RNP-partikel met een diameter van 

ongeveer 300 A dat op een andere plaats op het chromo

soom (vergelijk fig. 1 van hoofdstuk III) geassocieerd 

wordt tot een groot RNP-complex. 

Dit laatste is geheel in overeenstemming met de auto-

radiografische gegevens van de m.b.v. een temperatuur-

shock geïnduceerde puff (zie inleiding) en met de 

autoradiografische gegevens verkregen uit een studie van 

m.b.v. vitamine B, geïnduceerde puffs (Derksen en 

Van Seggelen, niet gepubliceerd). 

Cytochemisch gedragen de kleine RNP-partikels uit het 

grote RNP-complex zich als het primaire genprodukt, de 

kleine losse RNP-partikels in de puff. Het antwoord op 

de vraag naar de herkomst van de eiwitten die het centrum 

van het grote RNP-complex vormen, moest vooralsnog on

beantwoord blijven. 
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STELLINGEN 

I 

Het product van de puff 248BC van D. hydeï is opgebouwd uit ver
schillende onderdelen die in RNA en eiwitsamenstelling verschillen. 

Dit proefschrift. 

II 

Het primaire product van locus 248BC wordt gevormd door een onge
veer 300 Â groot RNP partikel. 

Dit proefschrift. 

III 

Het ontbreken van mitochondrien in de zogenaamde generatieve cel bij 
pollen van Angiospermen, is voldoende aanleiding om het betreffende 
deel van de pollenbuis niet als cel te beschouwen. 

M.M.A. Sassen: Acta Bot. Neerlandica, 13 (1964) 175-181. 
M.M.A. Sassen en M. Kroh: Acta Bot. Neerlandica, 23 (1974) 
354-355. 

IV 

De functionele/structurele verschillen in homologe weefsels van nauw 
verwante organismen, bijvoorbeeld de speekselklieren van de verschil
lende Drosophila species, zijn vaak van een dusdanige aard dat onderlin
ge vergelijkingen en aanvullingen bij het onderzoek naar structuur en 
functie van deze weefsels eerder tot misverstanden dan tot een beter 
begrip van structuur en functie leiden. 

CD. Laird: Annual Reviews of Genetics, 7 (1973) 177-204. 
H.D. Berendes and M. Ashburner, in The Biology and Genetics 
of Drosophila vol. II. Manuscript tei inzage. 



ν 

De aanname van Miller en Beatty dat PTA, zoals door dezen gebruikt, 

aminogroepen specifiek zou kleuren, is incorrect. 

PL Miller and BR Beatty Genetics, Suppl 61,(1969)134-
143 

VI 

De gegevens die tot dusverre verkregen zijn uit het onderzoek aan uit 

hele kernen geïsoleerde RNP partikels laten niet toe hieruit conclusies 
te trekken t a v locale gen-activiteiten in het genoom en zijn soms zelfs 
strijdig met de submicroscopische waarnemingen, aan specifieke actieve 
loei in het genoom 

С E Sekens and J Niessing Hoppe-Seyler's Zeitschrift fur 
Physiologische Chemie, 356 (1975) 278 

VII 

De grootte van het primaire transcriptie product van een gen, zal, in het 
algemeen, nauw gecorreleerd dienen te zijn met de grootte, d w ζ de 

partikel diameter, van het RNP product van het zelfde gen 

VIII 

De term "outer annular component" gebruikt door Hoeymakers, Schel 

en Wanka moet gezien worden als een misnominatie 
J Η J Hoeymakers, J Η N Schel en F Wanka Experimental Cell 
Rescaich, 87 (1974) 195-206 
WW Franke International Review of cytology, supplement 4 
(1974)71-236 

IX 

De veronderstelling dat er voor de effecten van ioniserende straling op 

levende organismen een "nullijn" zou bestaan moet alleen al op biolo

gisch theoretische gronden van de hand worden gewezen 

R Η Chadwick and Η Ρ Leenhouts Gray memorial conference, 
London 1974 (manuscript ter inzage) 



χ 

De val van M.M.I. Robespierre als dominerend figuur in de conventie en 
in het "Comité de salut public" met als gevolg de physieke liquidatie 
van dezelfde op de 10e thermidor (28 juli) 1794, werd niet zozeer ver
oorzaakt door een samenzwering binnen de conventie tegen zijn per
soon of politiek, alswel door de hoge broodprijzen in het Parijs van die 
dagen. 

Robespieire. ed. G. Rude; Prentince-Hall, Inc., Englewood Cliffs, 
N.J. 

XI 

De kritiek van zowel orthodox-marxistische als van rooms-katholieke 
zijde op het existentialisme wordt ingegeven door de vrees voor een per
soonlijke vrijheid van het individu. 

J.P. Sartre: L'existentialisme est un humanisme, Les Editions, 
Parijs, 1965. 

XII 

Het dient bestuurderen zwaar aangerekend te worden indien zij ver
wachten of zelfs eisen dat, bij een gelijk lange inzagetermijn in de bouw
plannen voor bijvoorbeeld een kerncentrale en een molen, omwonen
den en andere belanghebbenden kritisch en op wetenschappelijk verant
woorde wijze zullen reageren. 

XIII 

De achterstelling van het oosten van Nederland bij het westen van Ne
derland blijkt wellicht het beste uit de ontwikkeling van het spoorwe
gennet en het ingezette materieel in de bewuste regio. 

Nijmegen 1975 J.W.M. DERKSEN 








