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distinct band-interband organization of
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~.th the au..ber of genetically de‘ r nined comple-
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" dit associated inte-® .nd constitutes a
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o - v art of a g netic unit in the band or
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zation of cytoplasmic or nuclear RNA to po :tene
chromosomes have shown a specific . bn< 'in of
RNA to certain bands't. More . zently. /- niev
and Barsky'® have shown a high degree of -1 dine
incorporation over a significant n imber f o 1den-
sed bands of D. mclancgaster polytene chrom  ~mes.
The present paper provides additional <. "nce for
RNA synthesis by condensed chromatin 1zgions
in polytene nuclei of Drosophila. For this pt _ose,
ultrasiructural and autoradiographic (I' *. as well
as electron microscopic) studies have been done.

Materials and ! Is

Salivary glands from late 3rd instar la- = of wild
type strains of D. melanogaster and D. . _uti . 2
used for these studies. For ultrastructura - —a-
tions, saliary glands from D. meic oy T . ae

were fixed " h g'utard dehyde and os .0 r ter. .. de
and embedded in Epon- Araldite m ¢ e . ~cri-
bed earlier’s. Ultrathin  (~100 nm) ions of
glands, double <i.ined with uranyl acet: - an~ ' -d
citrate, -re e - -uned under tra nission e .c ron
mi~ scope. Forlocalizing I . sites « "7 “is,
light (LM) and eiectron microscope _ EM) e~ 0-
grapblc studies have been done. For L' autor. . o-
graphic observations, salivary glands fror * :* rd
instar larvae of D. nasura were pulse lab =1 vitro
with 3H-uridine (ImCi/ml; sp. act. 26_.'mM,
BARC, Trombay) for 5 min following ch the
glands were fixed in aceto-methanol (1 :2 and

squashed "a 509, acetic acid. After removal of

-_ orships, © : preparations were stained + th ol
ichsin d coated with Ilford LA dooLlor
. l..ao . phy.  Autoradiographic o8 €T 18
be zen 4-7 days at 4°—6°C.
For EM autoradiography, the glands t late
th -7 instar larvae of D. melanogaster .« T .t la-
« :d with H-uridine (1 mCi/ml; sp. .c.31 . M,

)
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perichromatin granules (pcg) and, in genei. !, «
distribution is a good indication of acti.. oe,
sites!>17. Peg of \‘arfous size ranges are =~ r '
distributed in puffs and a fewir...” nd.. Lhec 'n-
bution of pcg in relatlon to cond:nsed chror...tin
has besn ©_ecifically examined in this study and the
observations, on this aspect are presented below and
in Figs -3,

Figure I shows electron micrograp -~ of 2ad, ..

i

segment (0 show that typico! perichrom ti.
or cmlme small regions of low dectre ¢t
the siructure of . ..4in bands varies. T ba-

E
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sections th.ough the same unidentified chromosome
se_ ~=nt. " nere is no major puff in this segment.
Lo cheles ali., .vomber of peg is seenin many of
the regions and th-ir fistribution is . ..at ally similar
in the two ~ections. It may be nc ¢ the* a number

of L ads ho.. . pirregulor “Lucture and the organiza-
tion of ¢~ 1~ ds is not ifentical in two adjacent
$ o0, r oue section, the band may i spear as a
hor =, wously ¢~ ¢ -d mass of fibril .. hile the
2 Laasu 1 ance or section could rave lateral
or a ) S -pciated  vith perichrom
' 1 0 ot ¢ *in granul -, =D

¢ SITES DF TR&4TLCRIPTION IN POLYTENE CHROMOSOMES

disruptions or may contain regions of low electron
density within its thickness. It is significant that speci-
fically associated with most such bands are a large
number of typical pcg. As seen in Fig. 1, the inter-
bands ac .. ntto bands marked with arrows are free
of pcg while in close proximity to these bands are
clusters of pcg. These granules are particularly abun-
dant in reg ons where the bands appear laterally
broken or .~ areas which appear as vacuolations
within the band structure,

"1 granules are indicated by arrows. Very few interband rzgions

r membrane, sg = secretary granule. The bar represents 0.5 um
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1

F' . 2 shows ..t of tw. large puffs. I- both until the granules are contained by an urbroken b
: - alarg number of g\ +25 nm’ 1. seen above and below the puff”. However, in the presen’
¢ - wvindet 1oarm s In . le s o0 in study, no evidence for migration of pcg to b .ob

“r 0 L. “u .l blocks 0 con = sed r -~matin outside the puff area through the lateral disco.i -

¢ 7 % vt ocopear to o rer .t of band/s nuities tn the bordering bands could be obtair !
wl '~ adm lceoncor dtan . h - .7 'op- As can be seen in Fig. 2, the two interbands {dc ible

< .. -nv,; ©n.7y ianter~ heres that these small arrows) immediately next to the two puffs are sep
ccC > . Oma. . masses are ‘... ...’z by a tedfrom there ;-:tive pu region by laterally broken
2z 2 of p 7 hroatin vi: v “h o of bands and yet both these inter bands are near
- ey ar: clo i associated. This free of pcg. A similar distribution of pcg was jeen

S g dooott o chyol atin L Lo o oare involved 1o a few other puff regions al .
ot ..ot _ea it peg. It is note- The presence of two typ.. of pez (20-25 nm ;and
Lo .oomrin L.ds Bl oa U otwo 40445 nm) and RNA synthesis in the beta hef.
L tae U D lie- of peg. &V 2 agested  chrometin of polytene nuclei of Dros<ophila has been
et e o ttogrank ;osp alo 1 the repor..l earlier'™'®. The beta heteruch-u ~atin -
A v a athoso bk <72 thesis  am irr-ziular organization with clumps ef cond... .d
and no el o tortads '/] ~ - they are dnuted, chromatin masses and large intervening el -on
i
|
- i

M 2—7h o' ogruph 7T wvo 1d|3ccnt » ge puf ; with an abundance of rerichromatin granules arranged in  defi-
ni.. .. ; all ... the puffs. Not th " et eron dens regiors (arrows) in the fower puff; rows of " yromatio gre-

nul .. ia.2 out from these chror. "1 b e Af o note th thiee i~tes oands (double arrows) between tho .o puffs: 1 -

interband. .. levoid of any - chromatin gra~ s, The bar represent 0,5 um
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' snt . ~ns. A narrow zone of perichromatin
surrounds each of (.2 condensed chro....lin masses.
:.. can be seen in Fig. 3a. the smaller pcg (present

all over the B =1 oterochromatin region'®) are ajways

clovwanodin .o vorjoop. o p oclro. Ltin of the
-n' ¢~ Th-lr:. intervening sp-c : are
A gevoid of thewe WP ogranalcs. Figure 3b

e, the ... - e~ helarger sized peg which  autoradiographs of 2R of D. nasuta are shown in
gy o d e oot Too ochrowatin at the base Fig. 4 : in one set (a, ¢ and e) one complete 2R is
" e o hon . mm. As disat .ed earhier’®, shown in moderately stretched condition and in the
- « ~ r:ly oninlarze clusters in one or  other set (b, d and f), some parts of 2R are shown
o a1 ecae < i0s; ] owever, In addition  1n a relatively more stretched condition. As expccted,
ot - Sluterss b - omber of these  the pufl sites usually incorporate 2 much higher level
g ; O pre ont in rows or singly, atteched  of *H-uridine. In pufls in sections 47C, 48A (Fig.
crro Lo cowdeal sl e 2sinthe 4a, b)and 60B (Fig. 4e, f), the *H-uridine incorpora-
Tt (i) e por O thac'n v s oz'on of  tion during the pulse of 5 min 1s limited to a narrow
- T ‘noJhesorger o oroare synthesieed  zone of the enlarged puff and most of the label in
ST St L 7tele ot moooci ion with the peri- __ch puffs appear to be directly overlying the small
chie i o f o W r . d g eec -d subiequent to 7 rkly stained chromatin blocks. Very few inter-
L, outosis oo bl e stored or cecu alated  boands appear to be labelled J tinctly with *H-uridine.
in st Ir 1 to the nucle-r sap. As seen in Fig. 4, only abou. 12 interband regions
S o ——Light micro- can be considered to be labe led v h *H-uridine along
a Lo LM cutor Uog ohs of  the entire length of 2R of D. . .suta. However, it
v T sew e of Donasuta o ywene - hyumo-  may also be noted that in some ¢ “the latelled inter-
oo fel Ll a5 UL puolse of TLlwidle have band regions (e.g., the interbands preceding bands
o 1. 1 the 1t study, the =0 * arm of  50C1, 50C2, 52B5 in Fig. 4d) the silver grains appear
; M -
i
H
1
!
L
Es v
: , E
, R 2
~.3ab-—" . of tw_ 7Tt " ns of betr ' - -ochm —itin she =~ 3 the =« onshipofp ~hrom-tin
v I B a) ™t " mps - densed - -5ses are seen to be associated with a v ~
oy oo Ty nut oy aen af L L s an agedin -or - s (arrows). ™ :l_mcrvenmgelectron
. L T e B v oot of “cochre w0 Yobaseof ¢ - particular chromosome
- Gl e = ich.. a . d nt m t.: ¢ 1 . lcent region (do. '’ artow). 'In addition,
A L AR T ' Iy li. .outed and «. 2 v . placed very “__ 7. . electron '.a7.  1sses
v e - 1 «s aV u, P w1 .otha ndb, a .. % o0.: of perichromatin (pc} may be seen  ou 1 all
1ag &C I Ao T - ts 0.5 um

(JES OF 7 7L NSCRIPTION IN POLYTENE CHROMOSOMES

the chromosome 2 (2R) has been examined in some
detail. In-order to obtain a greater degree of resolu-
tion of labelled sites, some preparations were made
with more than- the usual degree of chromosome
stretching. In such stretched chromosomes, the
interband regions get extended so that the bands
appear more widely spaced'®'®. Two sets of LM
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inac. v and at the moment, the possibility
of thep w1 - of athin band under the label can not
be rule * wt. . ar hermore, some regions which appear
as lor ds in stretched chromosomes, are
seen - 7 D innormall - spread chromosomes
fro.. ' _.a @ or different larva (compare section
4, _1irv .- ¢ « « ection33Bin Fig. 4e and f).
In.. . .1 . .pc.of any interband was seen
t- ! . -2 uiddine; the silver grains over
RO O . hich v.cre considered to be
leb ! - : .7 restricted to a narrow zone
clo En .

4.0 Tt Ut au U.s oof bands on ¢' . mosome
2 S st chrom: me arr ) of D.
;ota n ¢ ~od o incorpe = %y ,-uridine.
S TR R YUt b s oeiin examples
in v obeoo. 210t 47020 48C2, 49C4-3, 50CH,
5?00 00 220 07, 727 Coand 56B4-5. Examples of
lab e ~-0 0 43B2-3, 45A3, 48C1L, 49
4972, 0 T L 5777, dico Examiouaoa of strewe, i
chre - 2, dandf establishes beyo .:
e . tt .7 i rofbandsinthe . cases is not
duot 0Lt r Uoodivy in the adjacent
in - . " _ ~ _ z compa: 2 the labelling in
becudu v ' Eag 42 and 4b). In a few regions of
2R, tl. I - si-s . v Tther on th. b.md as well
as on ¢ re 1 1" region of interband (e.g.,
497, 5 Z0. . cnlv at the interface of band and
in ~r St £05). In either cases, a major

of oL 7 . howe,or, remains unlabelled.

E ST acpe autoradiography — More than
50 L » cradic > ~phs  of unsqu--hed salivary
gland  .r . .l .. have heen examined to
poemmt 0 sit 0 3H-urid ~ incorporation in
polv.. 0 T..5 analysis confirms the results

obl:iw e T 1
In _ v{ T
not g ...l

o liog. _h. described above.
_ rts of unsquashed glands, it is
32 to identify a given chromo-

some - . cnd, therefore, the present observa-
tion ¢ .. without reference to a particular
put’ ~- - )

T v o' i oextar velylat led and very often
the .il. " ie.. the nuc‘r'.\ us are arranged in
def~* - »n ‘3. 5a), reflec't 7 so - order of the
S CUNRIEEN & of inti, wud Lolar f VA. The interband
ooy _“ued in most cases (Fig. 5a,b),
alth vz~ |  low labi "1, In each of the
O TR Jal bands are always labelled.
F'tar 5 - ot~ autoradio -_ohs of some
Udlaer ol U0 e segme: . Thelab ey of a
our >0 lojathe. segm. s is very sign’ oo
In t ct _ 1 of s’ r grajus in these an¢ other

-

Fig. 4— ' - . s of chromeosome arm 2R of
D.1 .~ o~ *5 or 3H-uridine incorpe.a’on. On
welo T o I Lplete 2R is shown in 3 pars (g, ¢,
i) .. s coats of 2R in more o.ched chromo-
oo Tl L 9, and . The numbuiing of different
regior s+ 12 ..« oy railed photomap (unpublished)
of /. via 200 Wsunt The 2R is divided into

N o o oytre to - tip, divisions 41 to 60);
each o codthvtdinto 3 sections (A, B, C);
each . » | © v an i tarband and ends with a band.
The S ¢ @ serially nun’ red in some regions
to fac ' ic' * of the ban or interhands which

are " " Hed (see text), 1 1600

SITES OF TRANSCRIPTION IN POLYTENE CHROMOSOMES

EM autoradiographs are directly overlying the
condensed chromatin of bands. Among the less
electron dense regions, only the puffed regions are
labelled to any significant level. As in the LM auto-
radiographs of D. nasuta chromosor in the EM
autoradiographs of D. melanog ..er chr r osomes
also, the silver grains in some cases are at th: inter-
face of band and interband, rather than within the
limits of an interband.

The beta heterochromatin in the chromor - -
region has beea shown to be very activein 3H-ur,ii
incorporation*® and as discussed above, the pcg ‘n
this region apyear to be specificaily associot 1w’ |
the condensed chirom .tin masses. In parallel to th™
the EM autoradioz~ >hs show that the silver gr * ;
in *H-uridine labelled prepafaflrma arL spemﬁcally
on the condensed chromatin mas-~5 I ;. 5¢); there
ts almost no labelling of the mtern 5 electron
luceat regions of beta heterochro .-

Dise - .

In several recort studies, it has boom sugges. 2w th
the transcription-'ly active sites im pcly'. 2 nucl..
of Drosophila are the puffs and mos or all in* -
bands™!2%. A common conclu lon ¢ all liese stud'us
has been that for transcription of a ge .z unit
localized in a band region, the band must first d--
condense to become a puff or an interband'®. In the
present study, however, both uitrastructural a—-
autoradiogr ohic evidenc. s are obiair..! for asig -
ficant traascripticral activity of condensed regioi ..
(certain bands and chromoc...tre beta heterochrom -
tin): Ananiev and Barsl 'F have Iso obs. ._1 a
significant level of *H-uridine upte' onb -7 regi--
in D. melanogaster. Thus, a complet. decerdinsa-
tion may not be a prerequisite for transcription to
occur on a condensed rc ‘un, like bhe~ds or the
chromatin masses of beta heterochron. tin

Examination of serial sgctions of ui 7+ b~ . chro-
mosomes reveals that the orgarization of chromatin
fibrils constituting a barnd may not be omogenous
over the entire 3-dimensional structs of a band.
Normally, ina v d rejioa the in. .0 co! .sion of
differeat lateral strands making up a polyt - ¢* -o-
mosomnie is believed to give a defini.. morphology to
a given band, either as a contir cus 1i : of ev.
thickness or as ar ow ofeq'..f" tantdots® Tr jr --
ce of irregular electron [t _ * areas at various plac.,
within the structe of a given band would su_- -
that in these bands, some segmiats of the I .r .
componsnts ae not as condente? as otk The
presence of trypical pcg in the ' cuolated or ¢ ur
areas wi*t" _or arounlsomedark L. Isissi, To oot
in this context. In some cases, S~ -'* also obsc v &
groups of pcg opposite breaksinb nds, but sugges.. 1
this to be due to passage of pcg fi- - one acti.:
interband to another through breaks ira cor o1 -~ !
band. It was considered' unliksly ' thatthc b .. °
has decondensed at the gap contai-*-z - ~“chro 1
granules, and that these granules have sp.. 1 into
the neighbouring interband”. In the pre .. * stuly,
no evide .o for a regular spreading of pc~ from the ¢
site of synthesis to other chromosomal regicns
has been found. [t seems likely that with the excep-
tion of a few sites, the distribation of peg refl -+
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¢onte-t - : is suggested that there 1a; ind :d be pcg in beta heterochromatin also suppor.s the lew
s . 12 o of local decondensat'>~ ' “t -~ bands that tran... otion products can arise in close =7
- A ... 5 proceeds ir.  ch b .Jd regions. tion with co-densed chromatin.
Tus v v is o+ orted by o~ > adc o In The brief duration of 3H-uridine pulse (5 min) ...
yme - .. ., sle o0 s containing or ociate I with  the ‘ncrease 1 resolution offur .o by autoradiogic | 1y
R ST ~‘ther sic b ici..l.nds which ofstreiched chromosm - ndt ZTMauw adl o apb,
$ul ne ¢ oid of pecg—this r - st YI-ly that  en ure that the location of silver grain in the aut--
t iotaese’ "o are the result of tr - scriptio radi [ -ams represent the criginal sites of transcrip-
- - 1
! I
d
]
. - B ]
-
- . 0
%
_ . .
4 1
. a4
{
¢ i
i, _
Fi~. 5—"7 "7 labelled F1.0 autorudl. .7 of salivary « »nd auclei of D v 7 = - to show labelling of con o«

- (i, . par. o nuclecios (o) and a com~aog o seg™ ttare o the nuc' ol 05 hes v faboliol woie tue sa
o : . oochs some Leement die fen uiectly ov c many  ands {arre ). Al .fonene of the inwerbenos are
Iat * " i) I . of twochrom sw= “2gmerts are seen— ir both, neasly all the sil »r grains are over the cond v 1 chro-
m: I T oo o) A part of wie ) ta het ochrematin is The sily .- v_ins are locared on the cords ~ * chrou “‘in
ma. o of WU Tumatin (closer to the perichro _ne) . tior O . oon the electton I nt n_ 1s. The
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-~ act o ‘ e+ 7~ ofconden-
s S IR | S U hetero-
.- R Lb}’LVXaS -“lasr_M auto-
\F ot + 1k S:. lari . weo t o distribu-
Co1 )y o d idir .abe[h‘ng sites, clearly
-1 Lot oe e e sreg’” .car t . -ibe
Jout ¢ iete . ond...ation. Furt' nore,
L v ¢ o0 's® et . jon that all inter-
o~ ! L}'t;\_l“l])’ ey dGeS not 4nd
TLIt sewoe nt «o.dys ..r few | :band
- TS ~0~ > ~*~  -vridine. On the
.o A un, dieg wpne et dy of stretched
v ¢ oo, . T wvandl * ky!' ha._ also con-
_— th n the tip zon of polytene X-
o~ . v Doon 7w, ster, no ind ... lently
S jaint TG T 91 exists,
Lo e v . d the I¢~ T=~%on
R} Ay, T 0., ".ne 1 . .__.omes by
ice and th~y - ve con-
A e o el v ity is localt 4 omly in
AT ' sl ' oon, - the Figs. 2 and
of ~ coal® jtis oo Lu o oPile most of
o no¢ s lack any .. ol.il’e RNA
AP i avty, oy of e o cller and
Lovt low e . as
SRR i 8 -4 S _cult to
- 1 B £ of sor " ck bands
T no T 0 as L pouled by
vioons, Jtie eten ot ife —ouhiatin the
T T Seeuf Uoads (o .e'ved to
oy ovo- 0 3 Trsror LN poly-
. P ‘eban'f® ~ e ce - later!?
R S - dion ¢ T ct, T l...nore,
Moo Lfgqee e by = meee e ipion to be
e R URRRY SRS | S ”)/dDd hav. ascribed
w0 (moal gmretty o De L ocentre
T~ LT eever ¢ jor ottt ~f the o ire-
ei. i tone . uof Do) ais known
veog o D NAL pth s oo 0721 T4 = parTs,
W Taailckof Ty ool aste g h
CoTl T TA ball SR S .rily
- v etaree v ovoof o o ke the
R R Jnoc.d 0 e oaloc U Jon of
vt T, - poom 7t w5 ot rily
LT L TS e e T 3 L AL T s,
R b '=c1' T to be _
" he o dev o 0 "< > been
T AU SR AL
oo it - S G -Yo) 111
; s T . ¢ T ome i 1. The
" ic ‘.3t~ L.t the . that
- . A~ on g oA t- > ~a-
Ll l. TUAD T, L T finde enroopt
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An essentially similar model of pol. e ' i€
organization has been suggested by ¥ - . R
However, the constancy of bandingpatt .1 | | e
chromosomes appears 1o be fairly well © . .3z
Furthermore, the present data and thc~-. '~ "7

and Barsky!® show that almost nomne . =~ : -
bands may be active in transcription .- ~ ", 2.’ nt
level, while certain unpuffed and _~ : > ns-
cribe. It is, therefore, suggee” d the: ~ . :' W ds
represent permanent structura feat - L T.. ne
¢l .. nosome orgamzatlon and they *3y ~nin

- ~ with which RNA pc! jerase: .. 5. ...0 1
thhout necessarily tre » “ri ng. 7 s v~ d
explain the immunofluoresc.. t loca™ =~ of TTIA

po'. erase IP’® on almost ali i -tcrbands. ™ or-
mal ¢ 2al DNA of a given cy1 ~_. setic vnit < k-
zed o be located mainly in bands, =z ... lly 7 ose
to the junction of band and ir~-banu®, Y -“7ag

upon the rezulatory events, a part or all v, LESIRI
ple strands of = —iational DNA in . ".on _ .y-
{enc band becomes tr nscriptionally active. 1'j a
few of the strands are activated, thereis . lya pe ral
decondensation of a band and e der -1~ ~d
strands may give rise to “vacuol. "yns” or 4l
disrupticns within a band structure, as _2_ in the

electron micrographs of presumably 4(:*" c T ds,
Such parf ily decondensed bands .2 .7 ) .ow

sH-uridine « ~take. If most orall of the. s - of

a polytene band are activated, a small or g puff
may esult, depending upon the si_: of ' 1 _ -
cript’ - unit, the rate of synthesis ¢ :«d .. ~er« ‘the
transcription product. -

) i g 1e1if

The cial »=i-tance from UGC, . hi
{Project no. 062/Bio. Scs. 75), is Tk owe
ledged. T also t* -k Dr Rajiva ™ ian for . pul

discussions,
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