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Abstract. Larvae homozygous or hemizygous for the l(1) t435 mutation located 
within the early ecdysteroid puff 2B5, or carrying a deletion of the 2B5 band, die 
at the end of the third larval instar. In the salivary gland chromosomes of these 
larvae only intermoult puffs are detected. If  these salivary glands are incubated 
in vitro with 20-OH ecdysone for 6 h the intermoult puff 68 C remains large, 
some early puffs (74EF and 75B) are induced to 30-40 % of  their normal size, 
other early (63 F) and all late puffs (62E, 78 D, 82F and 63 E) are not induced at 
all. Puff 2B5 reaches its normal size but does not regress after 6 h incubation 
with 20-OH ecdysone, as it does in normal stocks. The data obtained in this 
study show the existence of a locus (or loci) in the band (puff) 2B5 which is 
necessary for the normal response of  the salivary gland chromosomes to the 
hormone 20-OH ecdysone. 

Introduction 

We have previously described the cytogenetic analysis of the X chromosomal region 
2 B in D. melanogaster that allowed us to locate a series of mutations at the site of  the 
early ecdysteroid puff 2B5. The complex overlapping complementation map of 
these mutations (Belyaeva et al., 1980) as well as preliminary data on the 
considerable recombinant distances between them (Aizenzon and Belyaeva, 1981) 
indicate the complex informational organisation of this puff. We have called this 
locus o.c.c. (overlapping complementation complex). It consists of the com- 
plementation groups rbp, br, l(1)ppl and l(1)pp2 partially or completely over- 
lapped by a series of non-complementing mutations. 

By morphological and autoradiographical criteria the puff 2B5 is already 
active at PS 1. However its size and activity dramatically increase by PS 2 in vivo as 
well as within the first minutes of  salivary gland incubation with 20-OH ecdysone in 
vitro (Ashburner, 1972). On these latter criteria this puff is considered an early 
ecdysteroid puff. The puff completely regresses by PS9-10 and again occurs at 
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PS 18-20. The morphology of the puff has been described in detail in our previous 
paper (Belyaeva et al., 1980). 

There are reasons for believing that the activity of late ecdysteroid puffs 
depends not only on 20-OH ecdysone, but also on the functioning of early puffs 
(Ashburner et al., 1974). In connection with this suggestion, we decided to 
investigate the effect both of mutations at this locus, and of the complete removal of 
this puff by deletion, on the ecdysteroid dependant puffing activity in other 
chromosome regions. Our data indicate that normal puffing activity at 2B 5 is one 
of the first events necessary for the development of a normal ecdysteroid induced 
programme in salivary gland cells. 

Materials and Methods 

Stocks and Culture Conditions. All the mutant stocks have been described in detail (Belyaeva et al. 
1980, 1981). Here we give only essential additional information. 

Larvae homozygous (9 9) or hemizygous (d'~) for l(1) t435, EMS-induced in a yellow (y) stock were 
used. This mutation is a "long" allele overlapping all mutation in the locus o. c.c. (Table 5 in Belyaeva et 
al., 1980). It is one of the developmentally earliest mutations of  this complex: the mutants cease 
development and subsequently die at the end of the third larval instar. Males deficient for the 2 B 5 puff 
were produced according to the scheme presented in Figure 1. Males, carrying Df(1)S39 which removes 
1 E 3 4 - - 2 B  5 and the locus o. c. c., and also carrying the duplication Dp (1)y 2 Y67g covering bands 1 A - -  
2 B 18, were mated to females carrying Dp (1) YSz280 and an attached X chromosome. Dp (1) YSz280 is a 
translocation of  1 A-2C1-2  with an internal deletion which includes bands 2B 5, 2 B 6 and perhaps the 
margins of  2 B 3 4  and 2B 7-8. Genetically this duplication covers all the loci to the left of  o. c. e. and loci 
I(1)HM40, l(1) HM38 and l(1)HM32 to the right ofswi. This duplication was synthesised by Kiss and 
Koczka (see Belyaeva et al., 1981). Male progeny of the cross carry an X chromosome with Df(1)S39 
and a Y chromosome with Dp (1) YSz280, i.e. a deletion of band 2B 5 and perhaps a small part of  the 
right hand margin of  band 2B3M, and duplications of  1AI-1 E2 and 2B6-2CI.2.  These we term 
"puffless" males. 

Homozygotes or hemizygotes for y l(1)t435, "puffiess" males and control y larvae were reared on 
standard medium at 25 ~ about 50-60 animals in a 2.5 cm diameter tube. Larvae were synchronised by 
taking those which hatched within 1 h. Such larvae pupate within a twelve hour period (Zhimulev and 
Kolesnikov 1975a). 

Organ Culture and Cytology. Salivary glands were incubated in vitro using Ashburner's technique 
(Ashburner, 1972) at 25~ 1 ~ C. Drosophila tissue culture medium (Poluektova et al., 1980) and 20-OH 
ecdysone (Serva) were used. 
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2B6 Df(1)$39 

2B3-4 Dp(1)YSz280 

Fig. 1. Mating scheme for obtaining 
male larvae with a deficiency of 
the 2B5 band 
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Aceto-orcein slides were prepared as previously described (Zhimulev and Belyaeva, 1975). 
Autoradiographs were prepared from salivary glands incubated for 5 min with 3H-uridine (200 gCi/ml, 
43 Ci/mm, Amersham). The number of silver grains above puff 2 B 5 in both the asynapsed homologues 
of one nucleus was counted (21 nuclei from 5 animals at PS2-7). 

The chromosome response to 20-OH ecdysone was estimated by the determination, with a filar 
optical micrometer, ofpuffratios (Ashburner, 1972) in twenty nuclei (four from each of five animals) for 
each experimental point. The mean puff ratio and the standard error of the mean were calculated for 
each puff. The diameter of puff 2 B 5 was referred to the diameter of the reference band 4A 1.2. The same 
puffs and reference bands studied by Ashburner (1972) were analysed so that the results would be 
comparable. Where measurements were impractical (see Results) puff size was evaluated visually in 20- 
30 nuclei from 5-10 animals. 

Results 

Development of the Mutants 

Males lacking the puff 2B5 and homozygotes (or hemizygotes) for y l(1)t435 are 
very similar in development. Their growth and development are delayed by one to 
two days compared with control larvae, even under optimal growth conditions. In 
unfavourable conditions (overcrowding, dense medium etc.) "puffless" males die 
when they reach sizes normal for the end of  the third larval instar. Homozygotes (or 
hemizygotes) for y l(1) t435 and "puffless" males at 120 h have a smaller body size, 
salivary glands and chromosomes than larvae of  normal ~stocks. These mutants 
reach normal size only by 130 140 h. Their salivary glands are full of secretion by 
this time and the secretion is also found in the lumen. The larvae live two-three days 
longer and die as larvae. 

Puffing in Mutants in vivo 

The salivary gland chromosomes in the mutants have a distinct banding pattern 
except for the X chromosome in y l(1) t435 males and "puffless" males, which has a 
diffused appearance. Larvae at the age of 120-130h and younger have intermoult 
puffs of normal sizes (Fig. 4 a). Thereafter puffs 3 C and 25 B (=  25AC) regress and 
at the same time the chromosomes shorten. However 68C does not regress and 
remains large at the time of  death. The chromosomes most suitable for analysis are 
those of 120-130h yl(1)t435 females, 130-140h yl(1)t435 males and those of  
"puffless" males, 

We could not detect any sign of  ecdysteroid induced puffs in mutant larvae 
throughout the delayed third instar. Perhaps the only exception is 2B5 in 
y l(1) t435. However, it is very difficult to estimate its size as the male X cannot be 
analysed, as mentioned above, and the female X also has a diffused appearance in 
the 2B region which obscures the banding pattern of this region. This diffuse 
structure of 2B has been observed only in homozygous females. In heterozygous 
females, y l(1)t435/FM6, both homologues have a normal morphology and the 
puff 2B5 develops normally in the yl(1)t435 homologue as well as showing 
3H-uridine incorporation (Table 1). 
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Table 1. Incorporation of aH-uridine in the 2B5 puff ofy l(1) t435 and FM 6 asynapsed chromosomes of 
the same nucleus 

Number of larva and Number of silver grains under puff: 2B5 
Puff Stage (PS) in y l(1)t435/FM6 homologue for each nucleus scored in the larva 

1, PS7 6/7 

2. PS7 8/9 

3. PS5 14/12 

4. PS5 12/11 

5. PS2 15/12 

14/13 12/10 10/11 12/13 11/9 
8/7 15/16 

13/14 20/22 17/14 

24/27 39/35 32/24 19/25 34/30 

Puff Induction in the y l(1) t435 Mutant and "puffless" Males in vitro 

To estimate induced puffing quantitatively we used salivary glands from 96 h larvae 
of the control stock y, 120-130 h females homozygous for y l(1)t435, 130-140 h 
males y l(1)t435 and from "puffless" males. 

An optimal 20-OH ecdysone concentration was determined in trial experiments. 
Glands from homozygotes y l(1) t435 and from the y stock were incubated for 2 h in 
medium with various 20-OH ecdysone concentrations. As can be seen in Figure 2, 
the puffs 2B5, 74EF and 75B are maximally induced in the y stock at the 
concentration 10-6M. As for chromosomes in yl(1)t435 homozygotes, the 
maximal response of puffs 74EF and 75 B (2B 5 was not measured) is observed at 
the same concentration, but the induction is weaker than in the control stock, since 
the puff sizes do not reach even half that of the controls. A further increase of 
concentration does not produce any effect and at the highest concentration tested 
(10 -2 M), the puffs are somewhat smaller. Similar data have been reported by 
Ashburner (1973). To study the time course of puff induction, the salivary glands 
were incubated for 0-6 h with or without 20-OH ecdysone (10- s M). In glands from 
the y stock the sequence of 20-OH ecdysone induced puffing progresses to PS 11 
during the 6 h incubation (Fig. 3), as is observed in wild-type stocks (Ashburner, 
I972) cultured in other incubation media. At the same time intermoult puffs regress, 
The addition of hormone in vitro induces responses in chromosomes of 
homozygous (or hemizygous) y l(1) t435 and "puffless" males, but in both cases it 
cannot induce the normal puffing process observed in the controls. By the end of 
the 6h incubation with 20-OH ecdysone the intermoult puffs 25B and 3C 
completely disappear, but the 68C puff remains active (Figs. 3a and 4). Its 
behaviour does not depend on the presence of 20-OH ecdysone in the medium. The 
unusual behaviour of this puff stimulated us to repeat the experiments taking sister 
salivary glands. 10 pairs of salivary glands from 120-130 h female y l(1) t435 larvae 
were divided into two lobes. One lobe was fixed immediately, while the sister lobe 
was incubated for 3 to 6 h with 20-OH ecdysone. In this experiment the size of the 
68 C puff did not change during a 6 h incubation. 

Early 20-OH ecdysone puffs are only partly induced in mutant larvae. The 
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Fig.3a-h. Activity of a 68C, b 74EF, e 75B, d 63F, e 2B5, f 62E, h 78D, d 63E during culture in 
vitro with 20-OH ecdysone (I0 -5 M). Ordinate: Puff size. Abscissa: Time of incubation in hours. 
[ S t ~ r ~  = y;  o ~ o  = y l ( 1 ) t 4 3 5  males; �9 �9 = y l ( 1 ) t 4 3 5  females; e - - e  = males, deficient 
for 2B5, incubation with 20-OH ecdysone; & - - &  = males deficient for 2B5, incubation without 
20-OH ecdysone 

clearest  induct ion  is observed in puffs 7 4 E F  and  75 B -  they develop to 30-40 ~o o f  
the cont ro l  size (Fig. 3 b, c). The  m a x i m u m  is reached after  2 to 3 h, as in the control ,  
then the puffs regress and  af ter  6 h these regions in the mu tan t s  do no t  appea r  
different  f rom the controls .  Puff  75 B, however ,  regresses slower than  7 4 E F  (Fig. 5). 

In  some ch romosomes  one can observe the init ial  stages of  pu f f  deve lopment  at  



Fig. 4a~l.  1 Intermoult puff  68 C in y l ( I )  t435 (a, b) and y (c, d) larvae, before (a, c) and after (b, d) 6 h 
incubation in vitro with 20-OH ecdysone 

Fig. 5 a-f. Early 20-OH ecdysone puffs 74EF and 75 B in y l(1) t435 (a, c, d, e) and y (b) larvae, before (a) 
and after (b--e) 2h incubation with 20-OH ecdysone, f P u f f  75CD i n / O h  prepupa, Canton-S. a, b, c, 
f = females, d, e = males 

I Figures 4-7: bar = 5 rtm 



Fig. 6a-g. 2B 5 puffin y I(1) t435 (a-d) and y (e-g) larvae, before (a, e) and after 2 h (b, f) and 5 h (c, d, g) 
incubation with 20-OH ecdysone 

Fig. 7. Tip of 3L chromosome in yl(1)t435 (a,c) and y (b) larvae, before (a) and after 5h (b,e) 
incubation with 20-OH ecdysone 
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the loci 23 E and 63 F, but this slight activity is not detectable on the criteria of 
measuring chromosome puff ratios (Fig. 3d). 

The interesting exception in the reaction of the early puffs to 20-OH ecdysone is 
the behaviour of 2B 5 (Figs. 3 e and 6). In the controls the puff rapidly increases in 
size, reaches a maximum after 3 h and regresses by 6 h, but in the chromosomes of 
y l(1) t435 females this puff is also induced after 3 h but does not regress sharply on 
further incubation (Figs. 3e and 6). In this case also, we have carried out the 
additional analysis of puff behaviour in sister glands, to exclude the effect of 
variability of the initial puffing state in this region in different larvae. It should be 
noted that the estimation of activity in this region by puffratio is difficult since it is 
not known how the diffuse structure of the region in the mutant affects the puff 
ratio at decondensation. Nevertheless the active 3H-uridine incorporation in the 
puff area with pulse label after 5 h incubation of y l(1)t435 glands with 20-OH 
ecdysone demonstrates its transcriptional activity (Fig. 6d). 

None of the late puffs, including early-late (62E and 78 D) and late-late (63 E) 
ones show any sign of induction in vitro in the mutants (Figs. 3f-h, 7). On 
incubation of mutant salivary glands with 20-OH ecdysone, a puff is induced in the 
region 75 CD (Fig. 5 c-e). There is a puff active in this region in normal development 
only in 6-10h prepupae (Fig. 5f), whose activity is inhibited even low con- 
centrations of 20-OH ecdysone (Richards, 1976a). 

We considered whether or not the absence of normal ecdysteroid puffinduction 
in mutants was the result of developmental changes in the old (130-140 h) larvae. 
For this reason we incubated glands from younger larvae (110-115 h, males and 
females) with hormone. As mentioned above, the chromosomes from these larvae 
have a lower polyteny, and are difficult to analyse quantitatively, but by inspection 
we did not find any differences in the chromosome response to 20-OH ecdysone in 
the larvae of different ages. Puff induction per se is not affected as we were able to 
induce the complete set of "heat shock" puffs (Ashburner and Bonner 1979 for 
review) in both "young" and "old" larvae. 

Discussion 

The similarity of the mutant phenotype of the l(1) t435 mutation, located within the 
2 B 5 puff interval, and a deficiency of this puff is most interesting. The larvae having 
either this mutation, or a deficiency, stop their development at the end of the third 
larval instar at PS 1 without any sign of the 20-OH ecdysone puffs in the salivary 
gland chromosomes. At the same time the processes of synthesis and secretion of the 
salivary gland glue appear to proceed normally. 

Culture of mutant salivary glands with 20-OH ecdysone in vitro results in the 
partial development of some early 20-OH ecdysone puffs. Late 20-OH ecdysone 
puffs do not appear, and one of the intermoult puffs, 68 C, does not regress even 
after a 6 h incubation. Moreover 68 C remains active during the prolonged larval 
life of the mutant in vivo. Finally a puffis induced by 20-OH ecdysone in the region 
75CD. 

It is perhaps worth repeating the limits of such cytological analyses in the 
absence of extensive genetic data as are available in the case of 2B5. We cannot 
exclude the possibility that the puff we see at 68 C is the transcriptional activity of a 
locus other than that for a glue component. Similarly the unexpected activity at 
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75 CD, although morphologically similar to that seen later in normal development, 
may represent an entirely different gene activity. What is perhaps striking is that 
this "new" 20-OH ecdysone induced puff appears in a region known to be 20-OH 
ecdysone sensitive. 

In this discussion we will consider results obtained both with 1(1) t435, and also 
l(1)npr-1 and l(1)npr-2 two other "long" o. c. c. alleles that overlap all four o. c. c. 
complementation subgroups (Belyaeva et al., 1980). The mutation l(1)t435 itself 
affects neither the developmental puff 2B5, nor 3H-uridine incorporation in this 
region. Together with the result that heterozygotes of l(1)t435 [or l(1)npr-1] with 
other alleles of o. c. c. show partial complementation (i. e., die later in development, 
Kiss et al., 1980; Aizenon et al., 1981), this suggests that it is not a microdeletion and 
that the mutant effect seems to be realised at the post-transcriptional level. 

"Puffless" males lack the region between the left margin of the deletion in 
Dp (1) YSz280 and the right one of Df(1)S39. According to cytogenetic data the left 
margin of this region is situated between the loci sta and o. c.c. The recombination 
distance between these loci is 0.021 m.u. The right margin of this region is between 
o. c. c. and dor where the recombination distance is 0.03 m.u. So "puffless" males 
may lack a region up to 0.05 m.u. On the cytological map this region is occupied by 
the band 2 B 5 and perhaps by the right margin of the band 2 B 3-4. In this interval 
are situated o. c. c. and the puff 2B 5. We suggest that it is the o. c. c. activity that is 
responsible for the development of this puff. 

This conclusion derives from the following facts: 
1. The phenotypical effect of either removing the puff by deletion (and thus also 

o. c. c.) or the mutation in o. c. c. is the same, hence in this region there are no other 
essential genes expressed before the end of the third larval instar. 

2. The time of death of defective o. c. c. carriers coincides that of the increase in 
puff activity (Aizenzon et al., 1981). 

3. According to preliminary data the size of the o. c. c. locus is of the same order 
of magnitude as the region removed in "puffless" males - three of the four 
complementation groups of o. c. c. occupy about 0.02-0.03 m.u. Together with dor 
and swi, the genetic length of the six complementation groups of the 2B 5.6 region 
(Table 5, Belyaeva et al., 1980) can be much greater. 

Thus, the presence of the defective product in mutants l(1) t435, or the complete 
absence of this product in "puffless" males, have the same consequences. These 
consequences are very different from those described for other mutations affecting 
development and 20-OH ecdysone dependant puffing. So far four mutations with 
effects on 20-OH ecdysone puffing have been studied, l(2)gl, DTS3, l(3)tl and 
dot lt187 (Richards, 1976b; Holden and Ashburner, 1978, Zhimulev et al. 1976, 
Biyasheva et al., 1981). All these mutations disrupt development at the 
larval/prepupal transition when the processes of 20-OH ecdysone induction occur. 
Homozygous mutant larvae of these stocks, just as the larvae examined in our 
experiments, have chromosomes which do not develop normal 20-OH ecdysone 
puffs in vivo. Intermoult puffs are observed in "young" larvae and in a number of 
cases the salivary gland secretion is clearly produced. In these mutants an 
apparently normal induction of 20-OH ecdysone puffs can be produced by 
exogenous hormone. Hence, these mutations would act at the level of synthesis and 
release of ecdysone by the ring gland, or its transport to the target cells, without 
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altering the cellular mechanism responsible for the hormone entering into the 
salivary gland cells and binding with specific chromosomal loci. Our in vitro 
experiments have shown that the distortions caused by defects in the puff 2 B 5 occur 
at another level compared with these mutants. The genetical defects in the puff 2 B 5 
change the cellular response to 20-OH ecdysone in such a way that neither the late, 
nor some of the early 20-OH ecdysone puffs are inducible. In addition an inter- 
moult puff, 68 C, does not regress either in vivo or in vitro. 

There are some other facts that support the conclusion that the defect lies in the 
cellular response. For example it has been demonstrated that when ring glands from 
l(])npr-1 or l(1)npr-2 are transplanted into larvae from another mutant stock 
which have a low ecdysteroid level, puparium formation is induced in the latter 
(Kiss et al. 1980). It is perhaps surprising that during the whole delayed third instar 
in vivo we have never detected 20-OH ecdysone puffs as such mutant ring glands 
can apparently produce ecdysteroids, and in vitro, several puffs (74EF, 75B and 
2B5) are induced. It can not be excluded that a 20-OH ecdysone excess in vitro is 
capable of compensating partly the defects of mutant cells. 

The exact consequences of o. c. c. mutations and puff removal are still unknown. 
If we accept that 20-OH ecdysone is not rapidly metabolised in the salivary gland 
(Ashburner et al., 1974), it is possible to suggest that defects occur between the 
hormone entering the cell and its binding with specific chromosome sites. In the 
l(1) t435 mutants and "puffless" males, "glue" is secreted from cells into the gland 
lumen. This process in normal conditions is an ecdysteroid induced function (Poels, 
1972; Zhimulev and Kolesnikov, 1975; Boyd and Ashburner, 1977), and this is 
apparently not disturbed in animals having puff 2 B 5 defects. Hence the regulatory 
system of induction of certain gene loci by 20-OH ecdysone appears to be damaged. 
Furthermore, in genetic mosaics, portions of tissues homozygous for l(1)npr-1 or 
l(1)npr-2 are not able to pupariate although exposed to hemolymph with normal 
amounts of 20-OH ecdysone (Kiss et al., 1976). Similarly many tissues in l(1)npr-1 
fail to develop normally during prolonged culture (up to three weeks) in culture 
medium containing 20-OH ecdysone (Kiss and Molnar, 1980). 

It is to be kept in mind that the critical developmental period in the animals with 
genetic defects of the puff 2 B 5 is at the beginning of puparium formation when the 
ecdysteroid concentration is high (Richards, 1981 for review). These mutants have 
successfully undergone the preceding larval moults. So in these mutants only the 
mechanism responsible for the third instar 20-OH ecdysone puff induction is 
damaged. 

Thus, the data presented in this paper demonstrate the importance of the puff 
2B5, which is apparently active both in salivary glands and other tissues 
(unpublished observations), in the regulation of 20-OH ecdysone gene activation. 
They demonstrate also the remarkable properties of this puff whose behaviour 
distinguishes it from the other early 20-OH ecdysone puffs: unlike other puffs it 
may be present in mutant cells, its activity is increased in vitro by exogenous 20-OH 
ecdysone, but it does not dramatically decrease during subsequent incubation with 
hormone. In vivo this could be evidence that the locus has a higher sensitivity to low 
ecdysteroid concentrations, but the dose response curve (Fig. 2a) does not support 
this suggestion. One explanation for its behaviour is that normally the cell 
sensitivity to 20-OH ecdysone is ensured by a very"early" low activity of 2 B 5 at PS 1 
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tha t  is sufficient for  the  subsequent  20-OH ecdysone induct ion  o f  the ear ly puf f  
series. W h y  exogenous  h o r m o n e  is so effective in increasing 2 B 5 act ivi ty  in m u t a n t  
cells remains  a puzzle. 

In  conclusion,  by s tudying  defects o f  the pu f f  2 B 5, we have observed  effects on 
the specific react ions  o f  o ther  ecdys te ro id  responsive  loci which in n o r m a l  
deve lopment  show group  behav iour  in such general  classes as in te rmoul t ,  ear ly and  
late puffs. These effects m a y  be classified as (i) reduced  response (74EF,  75 B), (ii) 
to ta l  loss o f  response (68C, 62E, 78D,  63E) and  (iii) de novo  appea rance  of  
response (75 CD).  
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