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T'he three principal atteibates of Drosepliila
polytene N-chiromosome i nude, namely,
increased  widtly,  highh rate off RNA
syuthesis and Lister DN replication, are
probably  causally  titerdependent and
related o genetie dosiige conpensation
(see Lakhotia and Mukherjee 1970). A
direct demonstration ol thos relationshap is
uot possible from studies on the normal
clands, Towever, an approach in s
direction  may  be nunde uneder
certain civeumstances like Netrradintion
ol larvae, the width of the male N s
reduced to approximate that of the asy-
napsed Ns of fermale nuclet (Lakhota
1970a; Mukherjee e ol 1968). Tu the
present paper some aspects ol the altera-
tons  mduced In the taseriptive and
replicative organization of the wale N
following Ne-trradiation ol e thivd instar
Lavvae ol Doomelanogaster will e presented,
a preliminary acconut having heen pre-
sented carlier (Lakhotia 19715,

S

Material and Methods

KA Synthesis

Oregon B wale and fernade Larvae, approximaiely
48-40h alter hatching, were N-uradiated wide |
KR as described carlicr (Nuklierjee of af 1968)
and saerificed 3-1h Later (or in vitro Labelling of a
salivary gland with "H-undine CH-URG for 10 min
Gpoact 57 Cjmd; oactivity 100 . Chaly, The
Lebielled salivary wlands were dwn peocessesdt for
rudivautography witle Rodak AR 10 and exposed
i dio ko for 20 dass (see Lukhota aud Mukheree
19649y, The nunher of silver gradns on spedtic arcas

*Present address: Department of Zoolagy, Schoul
of Sciences. Gujuria University, Nhmedabad Y,
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of X the 31 of o suchews inomade and femnde
wits scored and the 31X gradn ratios were used s
the pavamcter for evabtion of e traaseriplve
aciivity ol the made N following Xeivra diaion,
The cnbire X owias constdered e thiree paris: fvom
section LA o Z0F (X section LA o T0L o N e
section LA o 3B OX5 0 The reyions o the 3L were
ot section 62\ 1o 6B (31) cod G o G
(A0 The dilferent gram ratos dhos ohinaned
weres LNV GEANS dind JENY The adviantges

and significance of compartag grdn radios for

tong el shovy domosonal regions fove whready
beew potnted out by Muokbicrjee (Foou) AL he
Lerval cultures were nor fully synchronised, the
picparatons revealed some dilferences in dheir
prlfionge patterus, As suchy the labelled nncket ave
heen clisathicd into two groups based on the putling
activity: group b onuclet correspond o the pulling
staces 12 and the group 1 nuclei w0 the putling
stages b ol Ashiburner (1967),

DN Siuthesis

Orepon RO male fareviae were Neirradinted  with
IR oy above and sacrtbiced tor *T-hyvaidine
SHETAR G Bdbelling at 1= Dot and O-TIe adter
N-irvadinton, Uhe Larvad age au the e ol N-
rradiation wis so adjusted thae we the une of
sicrilice, the larvae o cach series were about 92h
ater honching, Phe excised salivary glinds were
incubated o SHETAR (1000 oCond, spoacy 67
Co N Tor 20 o and provessed o autoradio-
wraphy gt evabuated s deseribied carbier (Bakboua
o Atuklierjee 19703, At the
procured from BARC, Trombay,

radiobotopes were

Okservations

A. RNA Synthesis after X-lIrradiation
The data on the 317N grain vaiins for
ditfrvent chromosomal regions in the
two groups of SI-UR Jabellod niade and
teinate tacled stow that the antosome-to X
prain - ratios  ave  signilicandy  higher
(P/.0-01) in N-ivradiated male nuelei when
compared o the corresponding vanos in
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female nuelei {table 1), In irradiaced
female nucler the 3LIN grain ratios are
more or less (he same as in normal female
nueclel, the dat for which have been
published carlier (Lakhotia and Mukherjeo
1969; Mukherjee 1906), This close siini-
Lavity between control and NXe-nrradued
female naclel sugpests that there ds oo
alteration i the relative vare of RNA
synthesis (H-UR incorporation) by the
30 or the N i femade polyiene nuaeled
alter N-vadiaton. After X-ieradiation, the
wichth s owell s the nptake of *1-UR Dby
the made Niflig Lay s velatively less as
comparcd o the autosomes or the fenale

Ns (fig 16).

and fenale (47 nacler alier | KR

uade {4)
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Table 1. Comperison of relative 31-wridine
wncorforalion by X-clromosome n male  and
Jemale polytene nuclel 5=l after N-irradiation

Croup 1 Nuclei

Mean 30X grain ratio @ SUE,

IR 31X JLINS
Vonsde 080 01 063 003 0BG 0Dt
(AU 21 (21)
Made VOO L 005 072 0003 078 0006
(2 (1) {22}
Giraupr 1 Nl
Feuude 0-90 G060 06h- 002 01 003
(20, (20) (10)
Male 1214005 088 003 0340002
(48 (35 (31

For Turther detadls, see text; numbers in parenihieses
indicate the nuntber of nuclei observed

B. DNA Synthesis by Male X After
X-Irradigtion

The detailed-replication paterns of the
N-chromosome m D, wmelanogasicr under
normal conditons in wale and femnale have
beeno deseribed  carlier (Lakhotia and
Mukherjee 19703, The regions of the XN-
chromosome from LA o 121 and of 2R
from 6 1o GOF were divided respectively
o 1D and 20 independently replicating
sites. Uhe various Libelling putterns were
arranged in ordercd arrays representing
the thne schiedvde of DNA synhesis in the
mdividual “replicon” sites; aesuming that
there s an uninterrupted DNA synthesis
(in the tme vectsr) al any site,

It has been proposed  that replication
hegius siultancowly i ali of dienn It
finislies at dilevene tinwes o dod, conti-
nuoas Labelling paterns after a pubse of
UETAR e seen o the indial S-peried
(tables 20 3,4, et side) and disconunuous
patterns inothe Jater pants of the 8 {right
stde in tables 2,3, Under vormal condi-
tions, the polytene N niade shows specific
differences Inits replicauve organization
with respeet to that i fende, being faster
replicating (see Lakhotin and Muokhergee
1970).



Tuble 2. Ordored sequence of Tabelling patterns in 1 IKR (1-20) male nueldd
Observed patterns in different nucled

Labelling sites Fach vertical column represents one pattern
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Dellineg sites Ohserved patterns in different puclel
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Table 4. Ordered sequerce of libelling patterns in I KR (6-7h) male nuclei (synmibols same as table 2)
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The obscrved labelling patterns in T KR

male nucler ar 1-2h,  2-th  and 6-7h
(sce tables 2, 3. 4), as in normal nuelei,

are located o the ordered arvays on the
basis of 2R-patterns: thus o paitern with
nwre sites Inbelled one the 2R is placed
to the lelt of o pattern withe fewer sites
labelled  on the 2R Several different
Iabhelling patterns onthe X for wsimnlar
2R iahelling ave serradly arranged with the
patterns having greater munber of Tabellod
sttes on the N being placed to the Tefu
With these paramceters; very few eneep-
tional’ patterns wre generated e the nornal

male  and femade (see Lakhiotia and
Mukherjee 197050 The patierns ofserved
i I KR oade nucled revead soviking

differences from the normal ones,
cularly with veference to the Nooa all die
thine  mntervals  alier Netrradiaaion,  the
labclling patterns for the 2R-segment can
be arranged i sequential arravs with only
few ‘exveptional” putterns Vhe Jabelling
patterns on the 2R in 1 KR opude nucle
are similar to those observed o the nornuild
nuale: die order of completion of replica-

patrti-

ton by the dillerent ‘replicon’ sites s
identical 1o that v the norwmal, In the
nule N, however, in bR nuclet, the

‘exceeptional” patterns (due o unexpected
presence of labelling at a site) ave much
more requent than i the normal, eape-
cially i 6-7h post-rradiation sinple, An
analysis of these fexceptional’ patierns on
the  NX-chromosome  of T KR male
nuclel reveals that: (0) 1-2h sertes, sucehs
exceptional patterns are more frequent in
the heavy discotinuous type nucler {ie.
with I()—l() sites
mend),  while  the

Lahelled o the
lote
pactierns ave more similar to tose observed
i the normal male; (@) in 2-1h series, te
‘exceplional’ patterns are seen in leavy
discoutimuouns as well as in some of the lawe
discontinnous parterus, .mtl (e} in 6-7h
series, e frequencey of the “exceptional®
patterns ts very hieh and these ave present
i adl types ol te patterns, AeG-7hiinterval,
several Necloomosomal siwes (viz,, 1,
DG, SR, OSB, 8D, 10DEE

and 121
which i norimad nade wee observed o he

5 o
) _,l\ .\(,:L;
disconcinons

i

5. G LARKITIOTIA AND AL S MURKHER]JER

2R-
now
labelled 1 nuclet in which the
2R-segment shows discontunuous labelling.
Stmitarly, sites like A EE, 7ZABC, 8ABC ew.,
are seen o he fabelled alter N-irradiation
6-7h series) o puelel with very fae
patterns on the 2R-segent; n nornal

labelled only i nuclei where the
segment iy continuously labelled, are
scen o be

male ouelen, withe stoilar 2R-labelling,
these Nechromosomal  sites appear une
labelled, Whereas in nornmmal nude, the

uucler with 5 sites labelted on the 2R and
three onthe are most frequent, this is
not so o the brvadiated male nacled,
especially  In dhe Laer post-brradiation
samples {table 5 The frequency of such
54 preterns g ululll) decrcases in Laer
post-irradiation mmpl\\ A comparison of
the fiequeney ol nuclet s Oostees labelled
on e 2R thav this  particular
pattern remains nearly cquadly frequent in
the normal and  Neirradiated  sanples;
however, the fregqueney of nuetel with only
three sites labelled on the X shows a
marked decrcase mothe T KR sanuples
taken 21 and 6-7h after beadiadon. Thus
the decrease e the frequency off 5:3
patterns in I KR nudlel is not due o any
change 1 the 2R tabelling pattern, buat is
v lthu die o a progressive abisence of N-
chromosomes with only three sites Labelled
in 1 KR samples at different rime inter-
vals. Bvidently e replicative organiza-
tion ol (he 210 15 not much altered by
N-nradiation, the male XN

shows

o
withike

In fg 2 the mnnber of Tabelled snes on
Ui region ol N1 ploted agaimst thac on
the 2R septnent of aonucleus for the normd
and bR (G-7h dutervady made, Inomany
ol the Netrradiated nucdet the velative
number of labetled sites on the N is more
than the range cicountered on the normal
nalde N of coiresponding 2R Tabelling
paktern. A\l nucicus in 6-7h
series, 4 paitern was sceo with the 5 sites
labelled on the 2R and 21 on the X —u
patterin ypical tor che normad ionmade
mu'li'i i)ul wever observed e nonual e,
Figare dahows nuexaonpde where there e
u.Lm\(l) more sites lubdled on the Xoin

leant 1 one
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0- o A comparison of the l:\l)(:l]in‘u'; fiequency f)l“
] sied® '!h(- (lliH'«‘w-nl sites on the X ;.md 2R in
. Je irradiated (1-7h: the daty being paoled
2 oo o fogethery and normal male shows that

o0 ) ;0 . .
: 00, e miny of the sites on the X are relatively
o o move ofien fabeled in the freadiated males,
4 Giline into consideration only those fnhelled
> (5 o 0 nuclen with 1o 16 sites on e 230 belled,
c 4 8 s As pointed out by Arcos="Teran and Beer-
& mann (1968), this restriction to discontinn-
_\‘_ﬁ; 20 0 " ous ]).\tl( rns inereases the sensitivity of the
O 1 05" comparison . The labelling h(qut‘n(v ol
£ 25 ] - 1(1(- HO sites om ihe 2R and only somge of the
- sites on the X hase been compared (g 4).
2 3 ] o The Tabelling Tequency of the 16 sites on
= G070 e . the 215 seen to be n(.uly (h(,' saane in the
s 1o : T:’: O_.(6 hes) normal and | KR male n}u“l«:n. wlile th;—}t:
Q35 RO b of several stes on the Noin I KR O male i
2 1% redatively haghy “The most striking inerease
_'U; an-e ’ I'Y'I the l,\lu'lling;I(i'upuj’lftg: after X- irr'n(lia-
= s ton is far the sites ADEE, 6A, TARG, 9A
- asﬁﬁwrrﬂ,ﬂw”*hﬁ and IH;\{: A and }L\U(} also ;xlmw ";1
20 (s 0 5 o slightly  erensed fregueney  afler N-

irradiation,
Tolal ne ol sites lebeledon 2R

Fio. 20 Graphical yepresentation of the number of
TH-TUR [abellnl sites on the X-and 2Raserments A weealth of Derature s available on the
by diTeren o et in nermal and TSR (6708 mate. clleet of Neneadintion on nucleie aeid

) metabelisim, Undortunmately,  the conclu-
rradiated mate (g 3 compared (o the sions reached  throngh such studies have

1

nermal male (e 300, not heen uncquivoeal, Inopenceral, in oies

Discussion

o)

Fioo 30 Represenitive TR Tabelling patierns cheavy diseontinuons) in I KR (@) and normal (b) male
nuclel, The arroses point to the nnlabetled sites on the 2Resegment. T botle the nacted the 2Rsemment has
16 sites tabelled. bt the Xoin T KR nuelens has many more sites Inbelled.
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Table 5. Compurison of the ,/u/m wy o a
Late M -thymidens Labelling peditein (o nopnd
and {radealed nade nocled

S nuelel of the
Lebheled vt

fa) with (b with 5 (e) with 3

RS sites o1 Sites on

pacttern 2R Labelled N Libellel
Neoral male 200 a0 BREN
I NI -2h ale Ul gl SR
PR 21 made 07 a0 15
G A0 [

VISIRG-7h nde

RNA synthesis is less sensitive o N-irra-
diatien, while i /e systenin, RINA
synthests s nurkedly fnhibited by Nerays
(Tarrington 1964, Henalg 1967 Zimmer-
nann ef el 196 1. Bacchettn and Sinclair
(1971) have provided evidence for o radia-
ton-stimulated RNA synthesis in Clanese

/
Ul.

XY

total nanher of

Tavnaster eolls o enltare. Possibly, diflerent
st and different experiimental
conditions hove an efleor on the vesulis, Ta
the present study, oo dreasiie reduction or
inhibition of 3TLUR aprake by salivay
glinds of D0 welanopaster was Lol apparet
S-bh o after Nelrradiation. Towevery) the
divta obtioned  sugeest thar there s a
ditTerentad reducerion in the rate of RNA
syndiends by the nule Noas aresult of he
vennent The work on the KNA \>lllll( S5
by N-clhromosonie i gynandric sidivary
plinds i 0, HI(H(:'.H!l.‘I’i.'JJ{I (L hotia and
Mukherjee  1969) has demonstrated that
as the vehitive rate of RN syathesis in NY

sysienn

male and NN fenide {Clanerjee and
Muklherjee 1971 Raplan and Plaa
1968 Lakhota and  Mokherjee 197
A\l‘ukllcx'_iw and Becrmann 1665,

Mukhieryee 19606), the wbselute rate of RNA
synthesis by the X in nale and female
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s also the
experiments, after

e e

same, I the present
N-irvadiation the 31,0\

crain ratios inomale are seen fo be Jugher

than those in
rahins e | KIQ

fenades The hipher grain
mile ey be die cither
o an mereased rate of RNA svnthesis by
the auwosomal segment, or depressed
transcription by the male N, The
alternative is more Likely since the S1L/N
rrain ratios in 1 KR female nueler vemain
nearly the same as in novmal  [emale,
csting that the relative rate of PT-TU R
imeorporation by the fomale 31, or the Ns
remains unaltered due to Naavs, This (o
be expected since there s no change in the
functional morphology of cither the 31,
or the X's in rradiated foynade nuelet.
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Works of [ess and
167 Tless 19605 Tess and
meweate that in Dresopleio

Neirradiation ey reversihily

dirccted N svnthesss T (e
sy the Yeclormosone faops e highly
active in RNA svinthesis and are domaged
v Nerays and actmomeein 1 (] Tess and

co-warlers (Tlennig
Meyer 1063]
nermatocyles,

Sinhibit DINA-

sperinito-

[

MMever 1968Y, Possibly while e general,
imoeiro RNA svnthesis is less sensitive to
Nerays, the loci whiclo are very active in

(ranseription may he more \11\((‘plll>lc and
rhis may apply to the present observations
asowell,
male Droseplala s very
wwrithesic and the
ixoalvo o some way
widthy Dy Neravs;
the male " is 2lva reversible (Mukherjee
et af 1OG8). This pavallel responsc of the Y-
ciromosome loops and the polytene N in
male D melanogaster to NX-rradiation makes
it very likely that after N-ivradintion there
v reversible and selective repression ol
DNAdirected RNA synthesis by the
male X,

RNA
of the male X
“dannaged” (reduced

active 1n
structure

SNetreadmtion s known (o mhibit or slow
down the rate of DN A synthesisin prolifera-
ting eells (Pacg and Alensander 1961
Dendy TOG1 Gontier 1901 Boazan 19615,
Bacelietti and Selaiv (19713 Tinve shown
that i synchronized Climese lnster cells

latter

The single Xoin polvtene nucled of

this reduced widih of
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tmcdtnre, the Sis the mostsensitive period
in ”I(‘ cell eyele with respeet (o the effect
of Neirvdiation on DNA synthesis, Wong
N!(, bohas reported  that f\’-nmdmlmn
covses considerable inhibition of DNA
syithesis in the salivary plands ol D,
hyder. A preliminary analysis of  grain
conmts from the labelled nuelei mad luu‘
mdicates that there is some (l('gr(‘(: of
reduction in the general uptake ol *H-TdR,
The significance of the present data on the
cffect of N-irradiation on replication be-
comes apparent when considered in the
light of the replicative organization of
polvtene chromosomes in nortal coandi-
tions. Replication of chromasomes in a
nucleus  1s precisely  co-ordinated  and
(emporally ordered and follows a specilic
cecpnence of Tabelling patterns {Howard and
Pl 1968 Tokhotia and Mukherjee 1970,
Nutder of af 1968Y; under narmad condi-
tions  the replicative hebaviour of the
polvtene N-chromowone in Diowphila male
shows very specific diflerences from the
fermale (Berendes 19665 Lakhotia  and
Mukherjee 1970). The similarity in the
observed patterns on the 2R-segment in
I KR and the normal male suggests that
the replicntive organization ol the 2R
(and presumably of other autosomes as
\\LH) i 1ot much affected by the treat-
ment: this treatment also fails to induce
any change in the mor l)h()logy (\fukllu_]c«,
et al l‘)(m) or transeriptive aclivity (prtﬁ(nt
(\l)\(]\/dlml].\) ol (he autosormes. But the
N-chromosome in the sanic: male nuclet
shows altered fabelling pattervs in the 1
KR series and these are significant in the
context of the hyperactive organization of
the male X (Lakhotia and  Mukherjee
1970), indicating the disturbed functional
ovgamization ol the male X. The devia-
tiong in the replicative hehaviour of the
male N following 1 KR may he explained
Dy asstming thad (1) Xeirradiation delays
or slows down the rote of DNA syuthesis
on the different sites oncthe male Xy (i) the

rate of DNA synthesis on the 2R oy
cither he unadlected, or il the 2R a5 also

Aleceted, that on the male Xoisslowed down
to apreater extents and (7)) that the effect
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of Nerays on the dilerent “replican’™ sites
ol male N is not unilormy, thus generating
a high frequency ol “exceptional” puatterns.
This independent response of the diflerents
ites on the male NXois v agreoment with
the idea of “piecemeal” vegulation of the
Liyperactivity (Lakliotual9704).

Another possible factor responsible Tor (he
high frequency of the exceptivnal” patterns

iy be o presumapove Crepair’ syothiesis
following N-nradiation danage  (Plaug
1969). Tlowever, the srepunr” synthesis iy

not explain all llu ahserved -
patterns on the male N,
patterns wouldd e expected widhe cqual
probability dillerent Libelling pattems
at various post-itradiation tie hieervals,
They are random with respeet o labelbing
site, but when considered withe respecet to
JTabelling  padtterns (carly or late), their
distribution at the difterent dme ttervals
15 non-randorm, bhut tncaccordance with the
vxpm‘L'lliun that contimuous tabelling s
the heginning aud that N-rays ditfere nlmll\,
slow down the rate o DNA syuthesis by
diflevent sites on the nuade X Qu this basis,
in o carbicr post-nradiations sanples,  the
coutinuous and/or leivy discorinons
patterns would  shiow the distaehed”
potterie, hecadne the e poaenes oo
expected o ave complered noa of theiy
DNA syothesis poior o iveadioien white
Litter satnples (ke 0-71) would show nore
widely distibated Cexceptional” patierns,
Ie scenw, therclore,  that the olserved
disturbances in dhe Tahelling with 3HU IR
of the male X after T KA are mainly due
to changes in s nornmal rephcative
arganization itsell

creeptional’

since sueh

laken together, the present data indicate
that alter Neivadiavion, there is a reladive
decrease in the transeriptive and n;,..\l:
tive activities in the .xmglc, X in polytenc
nuclet of male D welwweaster : the auto-
sonnes are not afleced o this extent, N
Drradiation: also selectively  reduces 1he
witlthe of thie nevoidly wider polytene Noin
male D, melanogaster (Mukhiérjee ef al TOGHL.
1'his sug

guesty that the enlurged widdh

SooUs DARHOTEY AND A S, MURLTEREL

the hypoeactive  organization e infer-
dependent. Comparable eflects on the
male N D, wmelanosasior are  observed
with certain other inhibitors ol chromo-
somal activity  (Lakboua 197043, A\
present it s not possible o dissociate the
primary target ol these weatments whicls
leads to the observed elleets, There arc two
possible factors that may be responsible
for the colivgement and hyperacuvity of
the made X etvher an accunbation of the
Daseription product, or a diflerence in
the organization of the chromaun material
in the neade N The seeond possibality seenms
likely, The vole of cliremosomal - non-
acid proteins renudns o be
cxanuned othe present context, i view
af the vecent concepts regarding the rela-
tonship o genetic activity and the chro-
wosonind - acid proteins {Berendes and
Becrtann 1969 these chromosomal pro-
likely o be very impm'l;uu in the
Ivperactivity of the nade No Ta e pufls
on Diperan polyiene, \lumnu,\nlm . theve
is a1l accumulation of actd protwins prior
o swelling aud RNA svathesis (Berendes
FOE3) s diis possible thar on Uie polytene
N-chromosome of made also, o nl;m»d)
greater necnnndaton of d(l(l proteins has
Lilien place (o h\,’[)('x';uwi\ily.
Toudhioin s TGy duaae T this respoct on i
prootein content ol pade and fenade

lustone

LeTns are

anginenl

N o
youe Hmied 1o very
sovdlsegiment of e X onna highly inbred
stradte of 10 melanogaster Move detatled
obiervations are necesary about te pro-
tein content ol the N-clinomosome to o=
tabslislu thein qualitadive jd jor quantitative
dilicrences between the Nechiroimosomes
ol made and Eeonale,

|
Vst e, e

in 2 melanosaer the greater sensitivity ol
metabolic activivies of the male polytene
Nechwomaosone suguests thar the single X
in male has been mduced by the dosage
compensators o do “extea” work which
iy e orepressed by extrancous agents.
Al ihe available evidences thus indicate
that in Drssephile dosage compensauon is
achicved by an hyperactivity of the single
Nojcnale and not by repesssiou of the two
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