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1. In~odu~tion 

The pattern of puffing in dipteran salivary gland 
chromosomes undergoes stage-specific alterations 
during larval development which are interpreted as 
the morphological manifestation of differential gene 
expression [ 1,2]. In addition, a discrete set of puffs 
can be experimentally induced by heat shock of whole 
larvae [3] or explanted salivary glands [4]. 

During heat shock in Drosophila melanogaster, 
9 new puffs are induced which are regions of intense 
~3H]urid~e ~corporation [5]. A dramatic change in 
the translational pattern of salivary glands accompanies 
the appearance of the temperature-induced puffs, 
resulting in the predominant synthesis of -7 poly- 
peptides [5,6]. In heat shocked D. melanoguster cells 
in culture, changes in polyribosome metabolism [7] 
and the induction of a novel class of polyadenylated 
polysomal RNA which hybridizes in situ to heat 
shock loci have been observed [7-g]. 

The heat shock response of polytene salivary 
glands of ~rosop~~~, therefore, provides an excellent 
system for cytological, autoradio~ap~c, and bio- 
chemical studies of gene expression. We reported [lo] 
that 5’-me~ylthioadenosine (MTA), a product of 
polyamine biosynthesis, inhibits the synthesis of 
cuamanitin-sensitive RNA in explanted salivary glands 
of D. melanogaster. We report here on the effect of 
MTA, a naturally occurring nucleoside, on both the 
specific transcriptional changes accompanying heat 
shock as visualized by autoradiography and the 
kinetics of puff induction at several heat shock loci. 
A study of the effect of MTA on the heat shock 
response in Drosophila may provide insight concerning 

the physiolo~c~ significance of this nucleoside , and 
in addition may contribute to the elucidation of its 
action at the molecular level. 

2. Materials and methods 

Stocks of Oregon R wild-type Drosophila melano- 
gaster were maintained at 25°C on agar-cornmeal 
medium supplemented with yeast. 5’-Methylthio- 
adenosine was prepared by the method in [ 1 l] . 
[5,6-‘H]Uridine was purchased from Schwarz-Man. 

The incorporation of 13H]uridine into RNA in 
explanted salivary glands of synchronized late third- 
instar larvae was determined as in [lo] except that 
glands were incubated in Schneider’s Drosophila 
medium (GIBCO) instead of 0.6% NaCl. 

For autoradiography, salivary glands were pre- 
incubated in Schneider’s medium in the presence or 
absence of 1 mM MTA for 20 min at 37°C at which 
time [3H]uridine was added to 50 &i/ml final cont. 
Incubation was continued for an additional 20 min at 
37OC, glands were removed from the labeling medium 
and immersed in 3: 1 ethanol-acetic acid for 5 min. 
Glands were then rinsed in 100% and 95% ethanol 
before transferring them to a drop of 45% acetic acid 
on a microscope slide, and allowed to soften for 
lo- 15 min before squashing with a siliconized 
coverslip. After freezing the slides on dry ice, 
coverslips were removed with a razor blade. Slides 
were fvted in 3: 1 ethanol-acetic acid for 2-5 rnin, 
rinsed in lOO%, 95% ethanol, air dried, and coated 
with Ilford L-4 emulsion diluted 1: 1 with distilled 
water. Slides were exposed for 3-5 days at 4”C, and 
developed with Kodak D-19. 
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Quantitation of puff size was by the method in 
]Z] , and expressed as the ratio of the maximum puff 
diameter to the diameter of an unpuffed reference 
band as measured with a filar ocular micrometer. 

3. Results and discussion 

In order to determine the effect of MTA on RNA 
synthesis during heat shock, the incorporation of 
[3H]uridine into RNA was monitored in explanted 
salivary gland incubated at 37°C in the presence of 
1 mM MTA (fig.1). In control glands, incorporation 
increased ~ou~out the 60 min ~cubation period. 
Salivary glands labeled in the presence of 1 mM MTA, 
however, incorporated markedly less [3H]uridine 
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Fig.1. Effect of MTA on the incorporation of [ ‘H]uridine 
into RNA in heat-shocked explanted salivary glands. For each 
point, 5 pairs of salivary glands were incubated in the absence 

(o- o) or presence (e-o) of 1 mM MTA. Incubation 
conditions were as in section 2. 

into RNA than glands incubated in the absence of the 
nucleoside, In agreement with our observation [IO] 
on the effect of MTA on salivary gland RNA synthesis 
at 23’C, the nucleoside was found to be inhibitory 
at 0.1-2.5 mM (data not shown). For a consistent 
inhibition of RNA synthesis > 50%, incubation in the 
presence of 1 mM MTA was required and this con- 
centration was employed in all subsequent experi- 
ments. In addition, studies with human lymphocytes 
(Vandenbark, A. J. F., submitted) and Drosophilir 
cells in culture (Rizzo, R. E. L., unpublished observa- 
tions) indicate that 1 mM MTA is not cytotoxic. 

The effect of MTA on heat shock-speci8c RNA 
synthesis was dete~ed by comp~ng autoradio- 
graphs of salivary glands labeled at 37’C in the presence 
or absence of the nucleoside. Of the 9 heat-inducible 
puffs in D. meianogaster we surveyed the heat shock 
loci designated 63BC, 87A, and 87Cl. Examination of 
the autoradiographs of MTA-treated glands reveals a 
reduction of silver grains over heat shock loci when 
compared to control glands (fig.2-5). 

The kinetics of puff induction at 63BC and 87Cl 
in the presence or absence of MTA is shown in fig.6. 
In control glands, puffs appear very quickly after the 
transfer of glands from 23°C to 37”C, reach their 
rn~~urn size in 20 min, then regress. Salivary glands 
incubated in the presence of MTA exhibit a 40-50% 
reduction in the maximum size attained after 20 mm 
at 37*C, although the temporal pattern of puff induc- 
tion followed by regression compares favorably to 
control glands. 

Polytene chromosomes have proven useful for the 
analysis of compounds that interfere with RNA metab- 
olism [12--l 61. The interest in describing the effects 
of MTA in this system stems from the fact that the 
nucleoside is naturally occurring and is of probable 
l~biquitous ~t~bution in eukaryotic cells since it is a 
product of polyamine biosynthesis. In addition, it has 
been observed [ 171 that the polyamine spermidine is 
taken up by isolatedl). melanogaster salivary glands, enters 
the cell nuclei, and results in a considerable enhancement 
in their incorporation of [3H]uridine. This imparts 

Fig.2-5. Effect of MTA on the incorporation of [ %]uridine at heat shock loci 63BC and 87AC. Salivary glands were Pre- 

incubated in Schneider’s medium in the presence or absence of 1 mM MTA for 20 mm at 37’C at which time [ ‘Hluridine was 
added to 50 &i/ml final corm. Glands were incubated for an additional 20 min at 37’C, squashed and prepared for auto- 

radiography. Fig.2,63BC, no MTA; fii.3,87AC!, no MTA; fg4,63BC, with MTA; fig.5,87AC, with MTA. 
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Fig.6. Effect of MTA on the kinetics of puff induction in 
heat-shocked salivary glands. Incubations were at 37°C in the 
absence (o-o) or presence (e-e) of 1 mM MTA. 
(A) 63BC; (B) 87Cl. Each point represents the mean i SEM 
of 3 nuclei from each of 4 glands. 

additional significance to the observation that MTA, 
the by-product of spe~id~e biosynthesis, inhibits 
salivary gland RNA synthesis. 

Salivary glands and heat shock, in particular, can 
be employed to yield additional information on the 
inhibitory action of MTA. Further experiments will 
be required to ascertain whether MTA functions 
in vivo as a component in the cell’s regulatory 
apparatus for the control of gene expression. 
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