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Abstract

When the first group of DNA puffs is active in the salivary glantey words

regions S1 and S3 8fradysia hygiddarvae, there is a large increase Gene amplification

in the production and secretion of new salivary proteins demonstrabfeecretory polypeptide

by [PH]-Leu incorporation. The present study shows that proteinWnthESiS

separation by SDS-PAGE and detection by fluorography demo'rp'\!A puffs o
strated that these polypeptides range in molecular mass from abouit %'Vary glands of Sciaridae
to 100 kDa. Furthermore, these proteins were synthesized mainlyin°”"~~ "~~~
the S1 and S3 salivary gland regions where the DNA puffs C7, C5, C4

and B10 are conspicuous, while in the S2 region protein synthesis was

very low. Others have shown that the extent of amplification for DNA

sequences that code for mRNA in the DNA puffs C4 and B10 was

about 22 and 10 times, respectively. The present data for this group of

DNA puffs are consistent with the proposition that gene amplification

is necessary to provide some cells with additional gene copies for the

production of massive amounts of proteins within a short period of

time (Spradling AC and Mahowald AP (198BYyoceedings of the

National Academy of Sciences, USA: 1096-1100).

Introduction protein products accumulate at lower levels
in the egg chamber. These results led
Gene amplification for protein-coding Spradling and Mahowald (2) to propose that
genes during development has been demogene amplification is necessary to provide
strated in only two biological systems: thesome cells with additional gene copies for
DNA puffs of Sciaridae (1) and the chorionthe production of massive amounts of pro-
genes in ovarian follicle cells @frosophila tein within a short period of time.
(2). In Drosophilathe amplification of the In the DNA puffs of Sciaridae, gene am-
chorion genes is followed by 5 h of intenseplification was first quantified irRhyncho-
protein production during which the sciara americanawith the DNA being am-
endochorion and exochorion are synthesizeglified 16 times for puffs C3 and C8 (3,4). A
In the female-sterileDrosophila mutant similar level of amplification was found in
ocelliless in which two of these genes arethe puff 11/9 of Sciara coprophila(5). The
amplified less, the corresponding mMRNA andextent of amplification of the DNA puffs C4
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and B10 oBradysia hygidavas established noted: S1 (anterior), S2 (granulosa) and S3
to be about 22 and 10 times, respectively, fdiposterior). About 190 cells form each gland
DNA sequences that code for mRNA (6-9)(20,21), and about 45 of them are in the S1
There is evidence indicating that DNA puffregion.
activity is involved in the production of spe-  The eyespot pattern E3 (8th day of 4th
cific proteins in the salivary glandsRhyn- instar) coincides with the beginning of the
chosciara american&10-13),Bradysia hy- DNA puff anlage formation. Eighteen hours
gida(14) andrichosia pubescer{45), some later (eyespot pattern E5), the first group of
of them being secretory proteins (9,11,12DNA puffs starts its expansion (DNA puffs
16,17). C7, C5 and C4). After 2 h the E7 pattern is
However, an association between DNAattained and the 3 puffs are at least partially
puff activity and short periods of very largeopen, and about 8 h later all puffs have
production of proteins, as shown for theeceded. The expansion of the 2nd group of
chorion genes irosophila, has not been DNA puffs starts about 12 h after eyespot
demonstrated for Sciaridae. pattern E7, and before the pupal molt (about
In the present study we showed a strong6 h after E7) these puffs are already closed,
temporal correlation between the activity ofwith the exception of puff B3d. The DNA
the first four DNA puffs oBradysia hygida puff B10 is the only one active between the
and a short period of about 10 h of intensperiods of expansion of the 1st and 2nd
secretory protein synthesis. We also showegroups of DNA puffs. Its maximum size is
that some of the major polypeptides preserttained at E7+8h. The DNA puffs are pres-
in the saliva produced during this periodent in the S1 and S3 regions, with the DNA
were synthesized mainly in the salivary glanguff C7 being exclusive for S1. The first
regions S1 and S3 where the first group ajroup of DNA puffs does not form in the S2
DNA puffs develops but were missing orregion, and the puffs of the second group are
only present as very faint bands in the S2ery inconspicuous in this gland region.
region where these DNA puffs do not de-

velop. Protein labelling

Material and Methods In all experiments 1 pl of a solution of
tritiated leucine @H]-Leu) from Amersham

Animals (159 Ci/mmol) was injected into the larval

hemolymph as described by Sauaia et al.
Bradysia hygid&18) is maintained in the (22).

laboratory at 2, and under these condi-
tions its life cycle lasts about 36 days. Fronsaliva collection for radioactivity
hatching to the pupal molt the larvae gameasurements or electrophoretic analysis
through four instars. The last instar begins
on the 12th day after hatching, and at the 6th Since during part of the period studied
day of the 4th instar the eyespots arise arttie larvae were still defecating, the last seg-
serve as useful age landmarks (19). Thment of the larvae was tied with a very small
present experiments were carried out on fgiece of hair under the stereomicroscope to
male 4th instar larvae. A pair of salivaryavoid contamination of saliva with feces.
glands, about 10 mm long, is characteristic For radioactivity measurements (Figure
of larvae at the end of the 4th instar. Thd), saliva was collected as follows: groups of
glands consist of two rows of cells and threéwo larvae were injected with 1 pl JH]-
morphologically distinct regions can belLeu solution, and 5 min later they were
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Figure 1 - Secretion of radioactive protein as a function of larval age. The radioactive protein was collected over a period of 1 h after the injection of 1 pl
of [3H]-Leu solution into larvae at different ages (E1 to E7+10h). The radioactive material was collected on fiberglass filters at 5 to 15 min, 15 to 20 min,
20 to 30 min and 30 to 60 min after injection of the radioactive precursor. The horizontal bars in Figure 1A (top) show the times during larval
development when DNA puffs are expanded. The cumulative radioactive secretion obtained during a period of 1 h is reported at the bottom as a
function of larval age. The ages of larvae are expressed on the abscissa as hours from the first age studied and as eyespot patterns. Figure 1B shows

the kinetics of secretion for the same experiments. Each result, in cpm, is the mean of 3 independent experiments.

placed on a moist circular fiberglass filterthe same experiments (Figure 1A).

inside a scintillation vial. The larvae were For electrophoretic analysis, saliva was
maintained on the filter for 10 min and trans<ollected as follows: afteHl]-Leu injec-
ferred to a second filter for 5 min, to a thirdtion, 4 larvae were placed at the bottom of an
filter for 10 min and finally to a 4th filter for Eppendorf tube, the tube was closed and the
30 min. The larvae were then discarded anidrvae discarded 2 h later. The moist secre-
the filters were washed with 10% TCA (3 xtion was dissolved in 40 ul of sample buffer
3 ml) and with 10 ml ethanol. The filters(23). Since part of the secretion remains on
were dried for 2 h at 8Q, 3 ml of scintilla- the larval body, this method was used only
tion solution (0.6% PPO in toluene) wador qualitative analysis by SDS-PAGE.
added to each vial and radioactivity was

measured with a Beckmann LS1801 Liquicalivary gland samples for electrophoretic
Scintillation System. Three independent eXanalysis

periments were carried out and the results

are reported as the means (Figure 1B). The Fifteen minutes afteflH]-Leu injection
cumulative amount of radioactivity duringthe larvae were dissected and the salivary
60 min corresponds to the total radioactivglands fixed in 70% ethanol for 30 min at
material collected on filters 1 + 2 + 3 + 4 inroom temperature. The glands were sepa-
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rated into their different regions S1, S2 and A (top) shows the time during larval devel-
S3 by dissection (22) and at least 6 regiongpment when DNA puffs C7, C5, C4 and
were dissolved in sample buffer (5 pl/reB10 are active. Note that the initiation of
gion) and kept at -2C until the time for puff expansion started 65 h after age E1

application to a gel. and that the initiation and duration of each
puff were different during the 15-h period
SDS-PAGE of puff activity. Most of the cumulative

secretion of tritium-labelled protein occurred
The polypeptides were separated on SDSluring the period of puff activity with the

polyacrylamide (10%) slab gels, 220 x 120 »exception of the 60-h point (age E4) which
1 mm, according to Laemmli (23). The gelgpreceded puff activity (Figure 1A, bottom).
were fixed and stained in methanol:waterThus, at age E3 when the larvae are “walking
acetic acid (5:5:2) + 0.1% Coomassie brilaround”, before starting to build the indi-
liant blue for 2 h and destained overnight irvidual cocoon, the amount of secreted
7% acetic acid. Alternatively, a fast destainmaterial was only 2.2 times the amount se-
ing method was used, consisting of 3 washeseted by larvae at the end of the feeding
(15 min each) in ethanol:water:acetic acigeriod E1. The eyespot pattern E3 was at-

(3:7:2). tained about 48 h after E1. About 12 h
(E1+60h) later the E4 pattern was estab-
Fluorography lished, after 5 to 6 h the larvae were at E5

(E1+65-66h), and the E7 pattern was reached
The Coomassie-stained gels were treategbout 2 h (E1+68h) later. At E4, E5 and E7,
for 20 min with glacial acetic acid, for 20 when the larvae were actively spinning their
min with 20% PPO in glacial acetic acid andcocoon the amount secreted was 12.8, 13.8
for 30 min with several changes of wateland 9.9 times higher, respectively, than at
(24). The gels were dried and exposed to 1. At E7+3h (E1+71h), the collected radio-
preflashed X-Omat AR-5 Kodak film at active material was 17.9 times at E1 and at

-70°C. E7+6h (E1+74h) a maximum activity of 28.5
times the amount of protein secreted during
Results the end of the feeding period was attained.

AtE7+8hand E7+10h (E1+76h and E1+78h)
Protein secretion as a function of larval age the amount secreted decreased to 6.2 and 2.1
times, respectively. At this time all DNA
The protein nature of the labelled matepuffs but one (B10) in the 1st group had
rial was demonstrated by the fact that morelready receded.
than 99% of the radioactivity secreted by the The kinetics of the secretion at different
larvae onto fiberglass filters was released bperiods of development is shown in Figure
overnight treatment with 0.1% proteinase KLB. The top part of Figure 1B shows that
(data not shown). ages E4, E5 and E7 had the highest rates of
In order to compare the production ofsecretion compared to E1 and E3. The lower
secretory proteins before, during and aftegpanel shows an increase in the amount of
the onset of the first group of DNA puff labelled protein secreted between E7 and
activity, larvae of 9 different ages were seE7+6h and adecrease from E7+6hto E7+10h
lected: E1, E3, E4, E5, E7, E7+3h, E7+6hyith a peak in secretion at E7+6h. Note that
E7+8h and E7+10h. The saliva was colthe period from E5 to E7+6h corresponds to
lected and radioactivity was measured a6 to 74 h in Figure 1A when the first set of
described in Material and Methods. FigurdONA puffs was active.
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SDS-PAGE characterization of secretory A BB BB E7 420 +dn 460 480 410N

proteins

Figure 2A shows a fluorogram from an
SDS-PAGE of labelled secretory polypep-
tides (SP) as a function of age, with their 93 — —y —
apparent molecular mass reported as units of
kDa. A schematic diagram of this fluorogram
is presented in Figure 2B in which the rela-
tive quantities of the labelled polypeptides %5 — -“_.
are indicated by the height of the bar. It is e - -
clear that specific proteins were secreted at

m—

different stages of development. Some 47 — — —
polypeptides, such as the 93-kDa polypep- *+ — =& —

tide (SP93), were secreted for short periods 43 — -‘
of time, i.e., the 4-h period between E7+2h 4! — - —

and E7+6h, whereas others such as SP21 and

SP41 were secreted during the entire 74-h

period from E1 to E7+6h. Although less

radioactive protein was secreted during E1 rop o

and E3 compared to the later times (Figure .~ | - - "".-
1A, bottom) at least 3 polypeptides were

demonstrable by SDS-PAGE at 21, 41 and ,, _ s s -— -

44 kDa. Although no quantitative conclu-

sion can be drawn from the data in Figure
2A, and although not all polypeptides were

completely resolved, it is clear that the pat- — TE——
tern of labelled secreted polypeptides
changed with developmental age and th Salva
many of the polypeptides demonstrable du oo
. . .. . MM E1 E3 E4 E5 E7 E7+2h E7+4h E7+6h E7+8h | E7+10h
ing maximum puff activity, i.e., E5to E7+6h, po
were not secreted before or after this periogt—_ e i B
It is important to note that from E7+8h tof—; R I R e
E7+10h only DNA puff B10 was still ex- [ — - : - : —
panded. a1 - -l
43 ' e | sm | EN
Site of synthesis of new secretory 41 _-_T-__-__-__-___ — —
polypeptides 262 —y i B A B |
23 — [ .
Ammsll B 0 H I3 - —

In Figure 3 we compare the patternsof

vivo polypeptide synthesis in the differentFigure 2 - Patterns of newly synthesized polypeptides present in the saliva of larvae through

salivary gland regions with those of radioaclhe end of the fourth instar. Larvae at different ages at the end of the fourth instar were
injected with 1 pl of [BH]-Leu solution. The secreted radioactive material was collected over

tive p0|ypeptides present in the material Sec]'period of 2 h from 4 larvae and processed for SDS-PAGE and fluorography (Figure 2A). The
creted for a period of 2 h by larvae of theges of the larvae are indicated at the top of each lane. At age E5, the first DNA puffs begin

same age In these experiments we Select@dapen and by E7+6h all are already closed, except DNA puff B10. The apparent molecular
) mass, in kDa, is assigned on the left side. Figure 2B presents a schematic diagram of the

the.El age as representatlve _Of the \(ery Ior}gorogram in 2A. The relative quantities of the labelled polypeptides are indicated by the
period of about 8 days during which theneight of the bars. MM = Apparent molecular mass in kDa.
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Figure 3 - Fluorographic pattern from the electrophoretic profile of extracts of salivary gland regions (S1, S3 and S2)
and saliva (Sal) from larvae of different ages at the end of the fourth instar (E1, E5 and E7+6h). One pl of [3H]-Leu
solution was injected into the larvae and the salivary gland regions were processed 15 min later for SDS-PAGE and
fluorography. Figure 3A shows the same samples compared with samples of saliva collected for 2 h from larvae of
the same ages. The apparent molecular mass, in kDa, of the main SP is indicated on the left side of each set of
samples. Figure 3B is a schematic representation of the fluorogram in Figure 3A. The height of the bars represents
the relative quantities of the labelled polypeptides. MM = Apparent molecular mass in kDa.
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same set of polypeptides is synthesized. EBmount detected was very low for both
and E7+6h were chosen because they mapblypeptides. SP93 was present in saliva,
the beginning and the end, respectively, aind S1 and S3 at E7+6h. SP103 was initially
DNA puffs C7, C5 and C4 expansion (DNAdetected in saliva at E5 and in larger a-
puff B10 attains its maximum size at E7+8h)mounts at E7+6h, and was present only in
Previous experiments (25-27) have demorthe S3 region at the same ages. Since the
strated that the profile of polypeptides synglands have a common duct, although the
thesized by the salivary gland 8fradysia time of incorporation was short, itis possible
hygidais essentially the same whether théhat polypeptides detected in the S2 regions
incorporation of a radioactive precursor isnay represent material in transit from S3 to
carried outin vivoor in vitro, with incuba- be secreted in the exterior. Some faint bands
tion times up to 1 h. Using a shorter time obnly present in the salivary gland regions
[3H]-Leu in vivo incorporation (15 min) we and probably representing non-secretory pro-
assumed that a polypeptide detected in t@ins were not indicated in the figure. The
salivary gland region was synthesized thergresent results show that SP synthesis can be
Figure 3 summarizes the results obtained itime and gland region specific.
one of several experiments.

In the fluorogram (Figure 3A) the pres-Discussion
ence of an SP in a sample of saliva is indi-
cated by its approximate molecular mass in In the present study we demonstrated an
kDa, and the presence of polypeptides dhcrease in the production and secretion of
similar mobility in salivary gland regions S1, proteins by the salivary glands Bfadysia
S3 and S2 can be easily observed. In Figute/gidaduring a short period of time, when
3B we show an interpretation of the resultshe first group of DNA puffs is active in the
presented in Figure 3A. The height of theS1 and S3 regions. In the S2 region, where
bars represents a visual measure of labellingp DNA puffs develop, the level of protein
intensity. SP21 was present in the saliva afynthesis was very low.
E1l and E5 larvae, since it was detected in the From age E5 to E7+6h, a period of about
S1 region at the same ages. SP23 was ordyh, a set of 3 very large DNA puffs started
present in the saliva at E7+6h, when it waand terminated its morphological expansion.
observed in the three regions, but as a vemwo of these puffs, C4 and C5, were present
faint band in S2. in the polytene chromosomes of salivary

SP26.2 appeared in the saliva of E5 andland regions S1 and S3, and the third puff,
E7+6h larvae, and at the same ages w&y, was present exclusively in S1. At about
found exclusively in the S1 region. SP41E7+4h a new DNA puff, B10, started its
was present in all saliva samples and wasxpansion in regions S1 and S3, and at
produced by S1. SP43 was present in sali&7+12h it had already receded. None of
and in the S1 and S3 regions at the agbese puffs were detected in the S2 region
E7+6h. In this experiment SP44 was presefil4,20). It is important to emphasize these
only in saliva at E5, whereas in others it wasbservations, because the large increase in
detected also at E1. At E1 and E5 it wathe amount of protein material secreted by
present in S3. SP47 and SP23 were presehe larvae and the synthesis of new polypep-
in saliva only at E7+6h and were producedides present in this material were accompa-
by the three regions at the same age. SP53ed by the synthesis of polypeptides of simi-
and SP55 were present in increasing amourits molecular weight mainly in salivary gland
in saliva at ages E5 to E7+6h, and the samregions S1 and S3 during the period from age
occurred in regions S1 and S3. In S2 th&5 to E7+6h. Here, we assume that the pres-

Braz J Med Biol Res 30(5) 1997
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ence of a polypeptide of a molecular weighbromodeoxyuridine (30) and dihydro-
similar to that of the SP in a salivary glandmidazopyrazole (31), when they are applied
region indicates its site of synthesis becaude the larvae at the appropriate time. The
the incorporation time was short (15 min). ltinhibition of DNA puff development is ac-
has been shown that the pattern of polypegompanied by a strong decrease in the syn-
tide synthesis in the salivary gland is esserihesis of some of the polypeptides whose
tially the samen vivoandin vitro with incu-  production is characteristic of the period of
bationtimes up to 1 h (25-27). activity of DNA puffs C7, C5, C4 and B10
Our findings are in agreement with the(14,32). These treatments produce results on
proposition about the role of gene amplificathe synthesis of specific polypeptides that
tion in gene expression (2), i.e., somenimic those characteristic of tloeelliless
polypeptides may be necessary in large anutant ofDrosophila melanogastda).
mounts during a short period of time fol-  All these results indicate a role of the first
lowed by changes in the program of proteigroup of DNA puffs in the production by the
synthesis. S1 and S3 regions of massive amounts of
This result can only be attained by theproteins that are secreted and used to spin
increase in the copy number of genes inthe larval cocoon, but it cannot be excluded
volved in that event and the use of shortthat minor products, destined to stay in the
lived mRNAs. This is exactly what we havecells, may have regulatory functions.
here: at least for DNA puffs C4 and B10 the It is important to note that the contribu-
extent of amplification was established fottion of the S2 region, where the first group of
DNA sequences that code for mRNA to bdDNA puffs is missing, is negligible in the
about 22 and 10 times, respectively (6-9). Aroduction of the salivary components de-
large increase in protein production and sescribed here. However, it was shown that S2
cretion was detected at the time the DNAroduces and secretes special acid phos-
puffs were active, with a peak of about 2&hatases that may play an important role in
times at age E7+6h (Figure 1). The pattern dhe polymerization of the cocoon protein
polypeptide synthesis changed drastically aheshwork (33).
that time and after about 10 h the synthesis of Our results permit additional discussion
most of the polypeptides characteristic oind speculations: the large number of new
this period stopped completely (Figure 2). polypeptides, whose synthesis is strongly
Other results support a very strict tempodecreased when DNA puff development is
ral correlation between DNA puffs andinhibited by treatment that apparently does
polypeptide synthesis: Bradysia hygidéahe not change RNA puff activity (14,32 and
eyespot pattern E7 is reached about 68 data not shown), compared to the number of
after E1 (14). If larvae at E1 are injected wittDNA puffs suggests that DNA puffs can
a solution of ecdysone, the E7 pattern isccommodate more than one gene. This has
attained about 24 h later and brings about tredready been shown for genes 11/9-1 and 11/9-
development of the first group of DNA puffs2 in DNA puff [I/9A of Sciara coprophila
typical of E7 (28). The induction of DNA (17) and for DNA puff C4 oBradysia hy-
puffs by ecdysone is accompanied by thgida, which contain at least two genes that
onset of a pattern of polypeptide synthesiare amplified unequally and differentially
similar to that characteristic of E7 (29). An-expressed (8).
other type of indirect evidence can be ob- Itis also important to point out the pres-
tained by an inverse procedure: it is possiblence of two polypeptides of low molecular
to inhibit DNA puff development by the useweight (SP26.2 and SP23) which were not
of different drugs such as hydroxyurea (20)esolved in previous studies. Their synthesis
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follows very closely the activity of DNA phobic, has a presumptive signal peptide and
puffs C7 and B10, respectively. Puff C7 ighe only two methionine residues in its se-
the first to open and is present exclusively iquence are eliminated when the signal pep-
the S1 region, as is also the case for SP261i#le is cleared. Except for the differences in
Synthesis of SP26.2 continues for about 5 imolecular weight, these features are com-
after puff C7 has receded. The SP23 polypepatible with PB10 and SP23 being the same
tide is first detected at about E7+4h, duringolypeptide. Post-translational modifications
the expansion of puff B10. At this time a 1.3-ssuch as phosphorylation, for example, may
kb mRNA is being produced by geBeB10 be responsible for the fact that SP23 mi-
(7,34). Maximum puff expansion occurs congrates at a higher molecular weight position
currently with the higher production of 1.3-on SDS-PAGE.

kb mRNA (35) and SP23. SP23 synthesis is

very low at about E7+14h, some 4 h afteAcknowledgments
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