I S “
it t . et ’ s aan ~
C el e O T '
s " ) Sy e . N , -
AR Yiu Lot te e PR L B -
_’ ; B f ) 1 L
¢ ! " i t LI v,

e ‘ | i : S
11 S
[§ C e € T !
T , [ —
- ’ N A '
P B
L ;
- i 1 T 1 A ] A % - .
, . TO‘, ) - - - - , 3
. NS Tenw R !
1 y - - - - . 0]
. . ‘ v IR | R SO
o IR S A ore )
. | a[ , _ ~ i r R B
f ¥
R " ' von el Lot - .
l . . ‘ " a 1 .
y . . |- . -\ N . [ rer ])
::““ : ,';‘, ) . N t‘“ -l ~ A e ¢
1 1 Fos N M 4
- e e e 27 ) < ymin.
v 1 A . R E N 4 - - ‘ .
K . ) L:. o A OV i
W D o N ) N In 2 o . . P -
v ae fevereaas 2t N N 1 ) ' T
. ) N wiolo. L R
L e . - . . ', ; ‘
i A re o -
\ 13 1 ‘ Ay 1 4 + -~
= - - \ ) 7 4
.. . . , .
i L C.e rof B : ' 2t in 2 1
or. i o . - <L A . -
. LY e ;VV' 5 1) N * .\. : v
. > Iy » a0 "0 - |
1 .. N o s By 1
. , 1 L
1 P -
, .
1 I - ~ .
i) i 4 ’
1
v ~ “ .
1 1



1 z Ay
' '
. .
i ' - o
L
. . -,
-
N (I
L
- .
' .
'
o
. .
i 1
. .
\ -
i
.
\
v
..
ey,
v
i
i}
i ih

(i
- \
{ y v . ‘D.
i . +
P ) -
1 1
N i e -
1 i
A o
) T
ol
;( T RN .\‘\.

I
1
1 't o
f Y
[ S - 7‘ 1]
. 1 3,
%3 ~~
o .
1
' .

nooen { TN !
- i »
t
a -
. 1 .
e Lo
e s s
P N ¢ PP - oo
—
o o
1 1 an
P 1 [§
Ty ! v !
N i s A Y - —— - -
i , , ,
. ) B
Tt of N PR
. A . .
. “ ..
LT L s s G
o B 1 « [ I
e %2 s 1
M R
. e e e R
, S N
L . .
- .- [ [
LN} 1 L}
.- .
.

o
" - 7’
.
: ! Y L
]
A
, R “ ,
) )
.
.. ,
"
i I : " N
. . A
NooL ’ )
. N
1 ) ~
] 1 4 9 AN (%Y A > v
wr " noo y 400 . v Lo s
- - ' . ‘ e t ¢ . '
- 1 Clle i b i .
- - - - - A
VU B S r{re. v - A
. .o A - o o
e e e Lot
e A . . . -.
[ o R »in R - ..
P [ N AN ) I O L,

1 (’.II - "-—
N B
‘. 1
B .- d
IR '
- - N
Coas orat

R
e R |
S
oo e o P
L. t s
y or o Il T
Lo v
. N o
{
i T
1ot . .
T
e
i 1



JL.¢Hd & LAKHOTIA:LACK OF L™ .. 2T OF M .70 .OTUBULE POISONS ON HEAT SHOCK PUFFS

A synthesis (Figs 6b, ¢) although the ethanol
soluble podophyllotoxin (50 pg/ml) inhibits chromo-
somal RNA synthesis, more so at the higher
(100 jig/ml) concentration (Fig. 8a). As indicated in
Table 1, some of the MT poisons have been used at
higher concentration and for longer treatment times
also. It is seen that chloral hydrate at 2 mg/ml inhibits
.. 'A synthesis totally but does not induce the 93D

iff even morphologically (data not presented).

o« dlarly nocodazole treatment for 45 or 90 min at
100 pg/ml also does not induce the 93D puff (data not
pr- < nted). It may be noted that the level of

autc - iographic labelling varies even in control
glav -~ of dii ~ _t sets (Fig. 6). Therefore, for each
Y
i
— . |
}

-1 1 Phase contrast photomicrographs of polytene chromo-
somes of Domelunogasier showing eftect of eold shock (8 C) or
recovery from cold shock: control(a), cold shock (8 C)tor 60 min(h).

and recovery for 30 min at 24 C from cold shock (¢)

A= CONTROL

Bx (OLD SMOCK (4°C) tr
C= COLD SHOCK (4°C) 2hr
D= COLD SHOCK (8°C)

28 E= RECOVERY FROM COLD SHOCK

1 I

26 1

20

930 PUFF ACTIVITY

A B C D E
Fig. 2—Mean (£ SE) 93D puff activity in salivary glands incubated

at different temperatures. For each data point, 30-35 nuclei were
observed {rom salivary glands of 5-6 larvae
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Fig. 3 Autoradiographs of salivary gland chromosomes of D.

melanogaster showing effect of cold shock (8'C) on ..+ A synthesis:

Control (a), cold shocked at 8°C for 60 min (b). _'ote the dr: _tic

inhibition of general RNA synthesis except at 93D in (b). Other heat
shock loci (indicated by--) arc nearly unlabelled
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treated set, the sister glands have been used as control
so that inter-gland variability is minimized.

Effect of some of the MT poisons like colchicine,
chloral hydrate and diamide have been examined in
other species of Drosophila also to see inducibility of
93D-like heat shock puffs (Table 1). It is seen that
colchicine (100 pg/ml) specifically induces 2-48C puff
in D. hydei but chloral hydrate (1 mg/ml) and diamide
(5 pg/ml) are unable to induce this putf. Similarly in D.
na ~tta, chloral hydrate and diamide do not have any
efl :ct on the 2R-48A puff (data not presented).

ffect of podophyllotoxin treatment on induction of
93 by colchicine—As noted earlier, colchicine causes
a ¢« _ecific induction of 93D puff in D. melanogaster®.
Pc jophyllotoxin is reported to compete with
colchicine in its effect on MTs'?. Therefore, the glands
have been exposed to podophyllotoxin prior to
colchicine treatment (see Materials and Methods) to
see if colchicine effect on 93D is modified. The data

a 1 CORTROL

Y COLD SHOCK (8°C)
g 60

2
| lw
&
o 407
u \
2
2]
'8 Vi
© 20+ v |
@) | t i
z 3 ‘
z E.
w i Ty ;
Zo0

63BC 678 87A &C 93D 95D 3i:seg 758 CC NO

&
T 14

3 CONTRaL (24°C) !
n 12 . COLD SHOCK (8°C) ;
r
10
W,
(@] ;
o 06 ( a
i
Y. 1

:oc, i "ﬂJJ]a

638C 678 874 87C 93D 95D

... ¢ ffect of cold shock on transcriptional activity in salivary
gla ' polytene nuclei of D. melanogaster (a): 3H-uridine
inc: rporation (Mean no. of silver grains +SE) on major HS puff
sit developmentally active puff (75B), a chromosome segment of
3" ({1 Hm 60A to 63A). chromocentre (CC) and on nucleojus (NO);
(b):  * tive rate of *H-uridine incorporation on major HS puff sites
in cor'. t or cold-shocked polytene nuclei. Relative rate =
I v.of A" r - -ains on a HS puff
o ‘silver _rains on the 3L segment (60A-63A)
poi t..-35nuclei were observed. For nucleolar grain density, grains
scored on three separate regions (each 25 um?) of nucleolus in a
nucleus

For each data
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presented in Fig. 8b show that podophyllotoxin
pretreatment has no effect on the induction of 93D by
subsequent colchicine treatment (Fig. 7¢): the level of
the 93D activity in control (no podophyllotoxin
treatment before colchicine) and podophyllotoxin
followed by colchicine treated glands is similar; the
chromosomal RNA synthesis is slightly more inhibited
in latter glands (Fig. 8b).

Effect on MT poisons on cytoplasm—Preparations
of MT poison treated glands show unusually abundant
particles of various sizes in the cytoplasm (Fig. 9).
These particles are most marked after chloral hydrate

3 904 oo |
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Wl GRESIOFULVIN (50 ug)m() "
60‘ 1 CONTROL { 1pifrl CHLORGF ORM )
VINBLASTW [1pgjmi) ]
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MEAN NO.OF SILVER GRAINS ¢SE, © MEAN NO.OF SILVER GRAINS ¢SE)
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Fig. 6— Histogram showing effects of different microtubule poisons

on JH-uridine incorporation on different HS puff sites, a

developmentally active puff (90B) and on a segment of 3L (from 60A

to 63A). Diamide and chloral hydrate treatment (a), griseofulvin and

vinblastin treatment (b) and nocodazole treatment (c). In each case

sister salivary glands incubated in medium having the solvent (when
other than aqueous). as indicated, served as control
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and aiamide treatment (higher concentration) but are
present with varying abundance in all glands treated
with any of thc MT poisons. The size and morphology
of these particles are species specific but phylo-
genctically closer species appear to have more similar
types thus the particles induced in cytoplasm of
treated glands of D. nasuta and D. hydei are more
similar to each other than to those seen in D.
melanogaster and D. ananassae (Fig. 9).

Discussion
Earlier observation® that colchicine treatment
caust - specific induction of the 93D puff in salivary

gla. s of D. melanogaster, has stimulated the present
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study with different agents that disrupt the
microtubular organization in cell so that the possible
role of microtubles in modulating 93D puff activity
could be understood.

In the present study, we have used a physical agent
(cold shock) and several chemical ones in view of their
known effects on depolymerization of MTs in different
cell types'®. Although the detailed mechanisms of
action of all these MT poisons are not known, several
of them are known to interact with tubulins or with the
microtubule associated proteins (MAPs) in different
ways and thereby prevent polymerization of MTs!°
Colchicine binds to specific sites on tubulin dimers and
thus blocks their polymerization in the dynamic
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Fig. 5- “H-uridine labelling of palytene chromosomes of D. melanogaster in control (a), nocodazole (b) or chloral hydrate treated (c) salivary
glands. HS puff sites other than 93D are indicated by—; NO = nucleolus
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renewal process'”'* '° Podophyllotoxin’s cytologi-
cal effect as a spindle poison are similar to those of
colchicine'®, and since podophyilotoxin inhibits
colchicine binding to tubulin'*, it is presumed to act on

. in a manner similar to that of colchicine'®.
Nc :edazole’s action upon MTs is also believed to be
sin ar to colchicine action!”. On the other hand,
vinblastin and related derivatives interact in a different
me nner with tubulin protofilament and MAPs to
aft .1 ..nal polymerization of MTs'?,

 .ut 1..'1ts show that except the cold shock,
r > the~ .. rl.% poisonsused in this study induce
the 9 orany other heat shock puffs. The possibility
that polytene cells are impermeable to MT poisons as
1 11n this study is unlikely, since in all cases, the
¢ ‘oplasm of treated cells gets filled with chracteristic
« .dcles(Fig. 9). Although the nature of these particles
is not clear, they arc presumably related to the

b

TN22.NOT T LR 1984

common action of these chemicals on 1~ 's: these
particles may perhaps reflect some kind of
crystallization of MTs analogous to effects known in
other cell types'® 2!, An alternative explanation {c .
the observed lack of induction of 93D in the ..t
poison treated glands may be that the chemicals w

at a sub-threshold level since colchicine induced 9.

puff activity® becomes apparent only at higher
(5 pg/m! or higher) than the normal concentration
(1 pg/ml or lesser) used for metaphase arrest'?,
Although this possibility cannot be ruled out, the
present observations make it unlikely since lowest
concentration of any chemical tried in this study (see
Table 1) 1s on the higher side of the optimal
concentration typically effective in disrupting MTs in
other cell types!'?. Moreover, some of the MT poisons
like chloral hydrate, podophyliotoxin, nocodazole,
etc., were also tested at much higher concentration

AT

Fig. 7  Autoradiographs of chromosome arm 3R of D. melanogaster showring effect of podophyllotoxin (a), colchicine (b) or
podophyllotoxin followed by colchicine treatment (c)
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(Table 1), but in all cases the 93D puff of D.
melane: aster or 92 5-"ike puff in.other species failed to
respona. In view of these it is presumed that the 93D
heat shock locus in D. mielanogasier or 93D-like locus
in other species of Dorosophila is insensitive to MT
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[0 60 | 1 PODOPHYLLOTOXIN (100ugml)
2 80
n i
E ; | I
. 101 E i
[
'
i
) ‘
| .
) 20+ rLr
) ‘ | i
T ‘ I i |
o -- e [ ! |
L.
Sy | L ™ | r
Ji. ..~ BA 8C 93D 950 3lseg.
a
U
)
.. 60y
w : T e e e
- EE IR wedHe
o
) L
(\u ’ i 1
Sk [ i |
5 ;
[T 1 1
o x |
= i i 1
z [
N . i
[ ]
PR TR A s
) vevw v o OA L7C 93U LU L3 SLseg
~. & Jd-unidine incorporation on major HS puff sites, a

developmentally active puft (90B) and on a 3L chromosome segment
(from 60A to 63A) after treatment with podophyllotoxin (a) or
sodophyllotoxin (PT) followed by colchicine (b)

. S B

disruption, presumably caused by the var <= |
poisons used in this study. The present results also
show that podophyllotoxin fails to inhibit colchicine
action in inducing 93D when the two MT poisons are
given together. If the 93D induction following
colchicine treatment were due to the alkaloid’s binding
to MTs'?, podophyllotoxin could be expected to
inhibit 93D induction by colchicine since pedophyllo-
toxin competes for colchicine binding sites on MTs'?,
These results thus suggest that the MTs as such are not
directly involved in modulating the ¢ 1 puff activity
although the role of the other tubulin-like colchicine
binding proteins remains distinctly possible as
suggested by Lakhotia and Mukherjee®.

In view of the above, it appears un' - ly that the cold
shock induced 93D-activity is due to depolymerization
of I Tsatlow temperature. Instead, this is more likely
to be a direct consequence of change in temperature
itself since a “‘warm shock™ (24°C) to salivary glands
from 10°C-reared larvae also specifically activates the
93D locus (unpublished observation). Thus the 93D
locus may act as a temperature monitor in the cell.
However, it is not known whether its increased activity
as a result of change in cellular temperature is its direct
response or is modulated via other components of the
cell. In any case, the inducibility of 93D by cold shock
adds one more distinctive feature to this unique HS
locus.

Petri e al.?? reported that warming (22" C) of chilled
(approximately 4'C) ovarian follicle cells of D.
melanogaster causes induction of heat shock mRNAs
as evidenced by their hybridization to major HS loci at
87A, 87C and 93D. However, in the present study,
incubation of salivary glands at low temperature (4°C
or 8°C) for 2 hr or recovery from the cold treatment
was not found to induce the HS puffs except the 93D

Fig. 9- Phasc-contrast photomicrographs of cytoplasmic particles induced after chloral hydrate treatment in salivary glands of D.
melanogaster (2). D, ananassae (b). D. hydei (¢) and D. nasuta (d)
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puff in the former case. In view of the present results
and in view of a recent report of accumulation of a
specific subset of D. melanogaster heat shock mRNAs
during normal ovarian development without heat
shock?3, it appears that the earlier observations of

Petri ¢t a

/.22 were not related to induction of heat

shock genes due to chilling or rewarming of the tissue.

Acknowledgement

This work has been supported by a grant from the
oartment of Atomic Energy, Govt of India,

_ombay, to SCL.

~) ON n

e

. S

“herjee T & Lakhotia S C, Chromosoma, 74 (1979) 75.
Mukherjee T & Lakhotia S C, Indian J Exp Biol, 19 (1981) 1.
Lakhotia S C & Mukherjee T, Chromosoma, 81 (1980) 125.
Lakhotia S C & Singh A K, Chromosoma, 86 (1982) 265.
Bonner J J & Pardue M L, Cell, 8 (1976) 43.
Ashburner M & Bonner J J, Cell, 17 (1979) 241.
Behnel H J, Exp Cell Res, 142 (1982) 223.
Lakhotia 8 C & Mukherjee T, Indian J Exp Biol, 22 (1984) 67.

576

O

1
12

13

14

15

16
17

18
19
2

=

2

—

22

23

Gubenko I S & Baricheva E M, Genetika, 15 (1979) 1399,

Dustin P, Microtubules (Springer-Verlag, Berlin, Heidelberg,
New York), 1978.

Tanguay R M, Can £ Biochem, 61 (1983) 387.

Wang C, Gomer R H & Lizardes E, Proc Nail Acad Sci. 78(1981)
3531

Schlesinger M J, Ashburner M & Tissieres A, (eds), Heat shock:
Srom bacteria to man (Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York) 1982.

Wilson L, Biochemistry, 9 (1970) 4999.

Wilson L. Bomburg S B, Mizel L M, Grishan'L. M & Greswell K
M, Fed Proc, 33 (1974) 158.

Wilson L. & Friedkin M, Biochemistry, 6 (1967) 3126.

Debrabander M J, Van de Veire R M L, Aerts F, Borgers M &
Janssen P A 1, J Cell Biol, 91 (1981) 438.

Morantz R & Shelanski M L, J Cell Biol, 44 (1970) 234.

Hotta Y & Shepard T, Mol Gen Genet, 122 (1973) 243.

Haskins K M, Donoso J A & Himes R H, J Cell Sci, 47 (1981)
237.

Domozych D S, Rogers C E. Mattox K R & Stewart K D, J Expt
Bot, 34 (1983) 1080.

Petri W M, Wyman A R & Henikoffs, Droso Inf Serv, 52 (1977)
80.

Zimmermann } L, Petri W & Meselson M, Cel/l, 32 (1983) 1161.



