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Abstract. In amphibian lampbrush chromosomes, many 
loops have a specific morphology; this is the case for globu- 
lar loops in the newt Pleurodeles. We have previously shown 
that the specific morphology of these loops is linked to 
an extreme compactness of the transcription products which 
make up their matrix. - We investigated RNA synthesis 
in this type of loop by carrying out autoradiographic and 
transcription inhibition studies. We also analysed the orga- 
nization of transcriptional complexes in these loops in the 
electron microscope using spread preparations. These stu- 
dies revealed the presence of several transcription units in 
the same loop and asynchronous variations in RNA synthe- 
sis in these transcription units. We propose and discuss 
several hypotheses in order to explain this asynchronous 
RNA synthesis. We also discuss these results in the context 
of loop morphology and transcription mode. 

Introduction 

Due to their large size and particular organization, amphib- 
ian lampbrush chromosomes constitute an excellent model 
for the study of transcription, both at the structural and 
molecular level (see review by Callan 1982). Lateral loops 
are the sites of transcriptional activity (Gall and Callan 
1962; Izawa etal. 1963; Mancino and Barsacchi 1966; 
Snow and Callan 1969; Miller and Hamkalo 1972; Angelier 
and Lacroix 1975; Scheer et al. 1976; Angelier and Lavaud 
1982); the newly synthesized RNA binds to proteins to 
form ribonucleoprotein (RNP) complexes (Sommerville 
1973; Malcolm and Sommerville 1977). 

The majority of loops, called normal loops, have a simi- 
lar morphology (Callan 1963). Others, such as granular or 
globular loops, have a specific morphology which is related 
to the size and type of organization of their matrix compo- 
nents. These distinctive loops are always observed at a pre- 
cise site along the chromosome axis and thus constitute 
real landmarks enabling the drawing of maps (Callan and 
Lloyd 1960; Mancino and Barsacchi 1965, 1966; Lacroix 
1968). Recently, N 'Da  et al. (1986) have shown that the 
basic structure of the RNP matrix of both normal and land- 
mark loops is a 30 nm RNP particle. Data obtained by 
scanning electron microscopy on chromosome spreads have 
shown that the specific morphology of the different kinds 
of loops is linked to a gradual packing of matrix compo- 
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nents (Angelier et al. 1984; Bonnanfant-Jais et al. 1985, 
1986). For Sommerville (1981), the existence of a morpho- 
logical variability in landmark loops might be caused, in 
part at least, by differences in the level and the pattern 
of the transcriptional activity. 

In order to ascertain whether special transcriptional ac- 
tivity can be observed in these landmark loops, we studied 
RNA synthesis in the globular loops of the newt Pleurodeles 
waltlii. These loops are most typical, due to the high degree 
of compaction of their matrix. Globular loops are always 
observed at the same place on 7 of the 12 bivalents in 
the Pleurodeles karyotype; they are characterized by the 
presence of several globules in their matrix (Lacroix 1968). 
We carried out autoradiographlc and transcription inhibi- 
tion studies in conjunction with analysis of transcription 
in the loops under the electron microscope, using a modified 
version of Miller's procedure (Angelier and Lavaud 1982). 
The results showed that globular loops exhibit a particular 
transcription mode. 

Materials and methods 

Incubation conditions for in vitro RNA synthesis. Large oo- 
cytes of the female newt Pleurodeles waltlii (stages V and 
VI described by Bonnanfant-Jais and Mentr6 1983) were 
incubated at 18 ~ C in Wolf and Quimby's medium (Gibco 
Biocult) which contained 250 laCi/ml of 5,6-3H-uridine 
(aqueous solution, sp. act., 42 Ci/mMol) and 250 gCi/ml 
of 5,6-3H-cytidine (aqueous solution, sp. act. 30 Ci/mMol, 
Amersham, UK). Incubation time ranged from 2 to 48 h. 

Lampbrush chromosome preparations. Chromosome prepa- 
rations were carried out as described by Gall (1954). Ger- 
minal vesicles of oocytes were isolated manually in a physio- 
logical medium containing 75 mM KC1, 25 mM NaCl, buf- 
fered to pH 7.2 with 10 mM Tris-HC1, 0.01 mM MgC12 
and 0.01 mM CaC12. Each clean nucleus was transferred 
to the centrifugation chamber containing the same buffer 
and consisting of a circular glass slide with a central hole 
sealed by a coverslip. In the chamber, the nuclear envelope 
was removed with needles and forceps and the nuclear con- 
tents were centrifuged (30 min, 1,500 g) onto the coverslip. 
After centrifugation, the chromosomes were observed in 
phase contrast with an inverted microscope (Carl Zeiss). 

Autoradiography for light microscopy. Coverslips were de- 
tached from the slides and chromosome preparations were 
fixed for 30 min in 2% paraformaldehyde in phosphate 
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buffer at pH 7.2 and then processed for autoradiography 
as described by Hartley and Callan (1978). To remove unin- 
corporated precursors, chromosome preparations were 
washed with distilled water, treated for 5 rain in freshly 
prepared ice-cold 5% trichloroacetic acid, washed in several 
changes of distilled water, dehydrated through an ethanol 
series, washed in xylene to remove paraffin wax and air- 
dried from acetone. Coverslips were dipped in NTB 2 emul- 
sion (Kodak) diluted 1 : 1 with distilled water, left to expose 
at 4 ~ C for 8 days and developed at 15 ~ C in Kodak D19 
developer. The chromosomes were stained as described by 
Gall (1981) with Coomassie blue (0.1% in 50% methanol, 
10% acetic acid) for 10 rain. 

Autoradiography for electron microscopy. Chromosome 
preparations were fixed for 30 rain in 2% paraformalde- 
hyde in phosphate buffer at pH 7.2, post-fixed in a solution 
of 1% OsO4, and dehydrated by passage through an etha- 
nol series. Preparations were flat-embedded in araldite 
(Gounon and Karsenti 1981 ; Spring and Franke 1981). U1- 
trathin sections were processed and then dipped into L4 
Ilford emulsion according to the technique of Larra and 
Droz (1970). After 10 weeks of exposure, autoradiograms 
were developed using a special procedure already described 
by Angelier et al. (1976). They were then stained with ura- 
nyl acetate and lead citrate and examined with a Philips 
201 electron microscope (EM) at 80 kV. 

Molecular chromatin spreads. Chromatin spread prepara- 
tions wer made according to the method of Angelier and 
Lavaud (1982). This method, a modified version of the Mill- 
er procedure (Miller and Bakken 1972), used a special mi- 
crocentrifugation chamber with two parts, a wide upper 
part containing a dispersal medium (either 0.1 M KC1, 
pH 9, or 0.05 M KC1, pH 9 or else 0.01 M borate buffer, 
pH 9.22) and a narrow lower part containing a sucrose for- 
malin cushion (0.1 M sucrose, 1% formalin, pH 8.5). Ger- 
minal vesicles of oocytes were isolated in 0.1 M KC1, pH 7, 
and directly transferred into the upper part of the microcen- 
trifugation chamber. Chromosomes were then isolated by 
opening the nucleus in the dispersal medium above the well 
of the chamber and immediately deposited onto a carbon- 
coated grid at the bottom of the chamber by centrifugation 
at 10~ through the sucrose formalin cushion (400g, 
5 rain; 2,200 g, 15 rain). Grids were then rinsed for several 
seconds in 0.4% Kodak photo-flo solution and air-dried; 
they were next stained with 1% phosphotungstic acid (PTA) 
or contrasted by tungsten tantalum (W.Ta) shadowing (roo- 
tative shadowing under an angle of 10~ thickness = 65 A). 
They were observed with a Philips 201 electron microscope 
at 60 kV. 

Transcription inhibition conditions. Oocytes were incubated 
at 18 ~ C in Wolf and Quimby's medium containing actino- 
mycin D (Calbiochem) at 50 gg/ml, or c~-amanitin (Boehr- 
inger) at 100 gg/ml. Incubation time ranged from 1 to 6 h. 

Results 

RNA synthesis: labelling with 3H-uridine and 3H-cytidine 
and autoradiography 

Autoradiographic study by light microscopy showed that 
all types of loops, including normal and landmark loops, 

were labelled. However, variations in the pattern of label- 
ling were observed between globular loops and others. 

After 2 h incubation of oocytes in medium containing 
tritiated cytidine and uridine, all types of loops were slightly 
labelled (Fig. 1 a'). After 6 h of incubation, normal, giant 
and granular loops became strongly and uniformly labelled. 
In contrast, globular loops remained slightly and partially 
labelled, with no obvious polarity in silver grain concentra- 
tion in their matrix, even after a long incubation time (24 h; 
Fig. 1 b'). After a longer period of incubation (48 h) ahnost 
all of the globular matrix had become strongly labelled 
(Fig. 1 c'). 

Ultrastructural autoradiographic observations con- 
firmed those previously described from light microscopy. 
Indeed, for a labelling period extending up to 24 h, only 
globular loops exhibited partial labelling; the others were 
uniformly labelled (Fig. 2 a). Furthermore, EM autoradio- 
graphs showed that globules within the same loop could 
be either unlabeUed, slightly labelled or strongly labelled 
(Fig. 2a, b). High magnifications clearly showed that, in 
labelled globules, silver grains were located in the dense 
central part as well as in the peripheral zone made up of 
more or less individualized fibrils (Fig. 2b). 

Ultrastructural organization of transcriptional complexes 
in the globular loop matrix: chromatin spreads 

Chromatin spreads of lampbrush chromosomes made ac- 
cording to the Miller procedure (Miller and Bakken 1972) 
did not permit us to analyse the overall organization of 
lampbrush chromosomes, nor to study the ultrastructural 
organization of transcriptional complexes in a precise type 
of loop. In contrast, after gradual disorganization of lamp- 
brush chromosomes using Angelier and Lavaud's method 
(1982), it remained possible to identify the different kinds 
of loops along the chromosome axis and therefore to analy- 
se their detailed organization at the molecular level. The 
degree of spreading of chromatin was dependent on the 
concentration of the dispersal medium (cf. Materials and 
methods and below). 

Under moderate disorganization conditions (0A M 
KC1, pH 9), globular loops always appeared far less disor- 
ganized than granular, and especially normal loops 
(Fig. 3 a); dense globules remained easily identifiable. More 
extensive disorganization (0.05 M KC1, pH 9) allowed us 
to observe both non-disorganized globules and globules in 
the process of disorganization. In the latter case, it was 
obvious that globules were due to a dense aggregation of 
lateral fibrils (Fig. 3b). When disorganization conditions 
(0.01 M borate buffer, pH 9.22) were acute, the globular 
matrix became more disorganized and displayed several 
more or less unfolded transcription units (TUs) (Fig. 4). 
These units exhibited a strong density of lateral fibrils ex- 
tending from the loop axis and were distributed according 
to an increasing gradient of length (Figs. 4, 5). The units 
ranged from 3 to 10 ~tm in length and sometimes alternated 
with untranscribed regions. Many interconnections between 
fibrils of adjacent units were observed (Fig. 5). 

Effects of actinomycin D or 7-amanitin 
on lampbrush chromosome transcription 

After a short time (1 h) of oocyte incubation with actinomy- 
cin D, lampbrush chromosomes showed modifications in 
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Fig. 1 a-c. RNA synthesis. Light microscope autoradiographs of lampbrush loops after oocyte incubation with tritiated cytidine and 
uridine, a, a' After 2 h of incubation, a Before autoradiography; a' after autoradiography. Slight labelling is observed both with normal 
loops and with globular loops, b, b' After 24 h of incubation, b Bivalent XI before autoradiograpby; b' after autoradiography. Globular 
loops ae partially and slightly labelled, in contrast to other loops which appear uniformly and strongly labelled. Note the high labelling 
of the free ribonucleoprotein particles in the nuclear sap (arrows). The sphere deprived of RNA and rich in proteins is devoid of 
any labelling, e, c' After 48 h of incubation, e Bivalent XI before autoradiography; e' after autoradiography. Globular loops appear 
strongly labelled. GI globular loop, Gr granular loop; N normal loop, S sphere. Bars represent 10 btm in a and a', 20 gm in b and 
c and 10 gm in b' and e' 

their features: they were devoid of  all normal loops, where- 
as landmark loops (granular and globular) remained devel- 
oped (Fig. 6 a). After 2 h of  incubation, chromosomal  axes 
were extremely condensed and foreshortened, and only 
globular loops remained visible, while the other landmark 
loops were retracted (Fig. 6b). However, the globular loops 
became far less developed as the time of  incubation with 
actinomycin D increased, so that after 6 h, retraction o f  
globular loops was complete (Fig. 6c). 

The same results were obtained with c~-amanitin. 

Discussion 

The initial conclusion which can be drawn from these stu- 
dies is that globular loops are the site of  R N A  synthesis, 
as previously demonstrated for other loops in other species 
(Gall and Callan 1962; Izawa et al. 1963; Mancino and 
Barsacchi 1966; Hartley and Callan 1978). Indeed, this 
transcriptional activity is proved by the incorporation of  
R N A  precursors into the globular matrix. Further proof  
is provided by the visualization of  transcription complexes 
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Fig. 2a, b. RNA synthesis. Electron microscope autoradiographs of lampbrush loops after 24 h of oocyte incubation with tritiated 
cytidine and uridine, a Thin section of one bivalent exhibiting normal and globular loops. Note the heterogeneous labelling of globular 
loops (thick arrows) compared to normal loops (thin arrows), b Thin section of one globular loop at high magnification showing 
that globules are strongly labelled (3 arrows), slightly labelled (2 arrows) or unlabelled (i arrow), e chiasmata. Bars represent 4 gm 
in a and 0.9 gm in b 
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Fig. 3a, b. Chromatin spread observed on an electron microscope grid mesh. a Region of one chromosome isolated in 0.1 M KC1 
at pH 9 and exhibiting globular, granular and normal loops. Note that  globular loops are far less disorganized than the others, b 
Region of one chromosome isolated in 0.05 M KC1 at pH 9 and exhibiting one globular loop. Globular  components are more or 
less disorganized and are due to a dense aggregation of ribonucleoprotein fibrils (arrows). Gl globular loop, Gr granular loop, N 
normal loop. Bars represent 5 pm in a and 4 gm in b 
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Fig. 4. a Chromatin spread of a globular loop isolated in 0.01 M borate buffer at pH 9.22: overview of the loop matrix showing 
several transcirptional units (TUs), more or less unfolded�9 In the unfolded TUs ( a r r o w s )  the ribonucleoprotein ( R N P )  fibrils are distributed 
along the deoxyribonucleoprotein ( D N P )  axis according to an increasing gradient from the thin to the thick extremity of the TU. 
Note that  the polarity of the RNP fibrils can be inverted from one T U  to another as indicated by a r r o w s ,  b Schematic representation 
of the globular loop shown in a. T h i c k  l ine  represents the DNP loop axis and d o t s  represent the border line of the TUs. A r r o w h e a d s  
indicate insertions of the loop on the chromosomal axis. Bar represents 1 gm in a 
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Fig. 5a, b. Chromatin spread of globular loops isolated in 0.01 M borate buffer at pH 9.22. a and b, high magnification of two of 
the transcriptional units (TUs) shown in the Fig. 4. Arrowheads indicate the thin extremity of these TUs. Note the high density of 
ribonucleoprotein fibrils (RNP). Between the TUs, the deoxyribonucleoprotein axis (DNP) has nucleosomal configuration. Arrows indicate 
interconnections observed between RNP fibrils of adjacent units. Bar represents 0.5 gm in a and b 
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Fig. 6a-c. Inhibition of RNA synthesis in lampbrush chromo- 
somes. Incubation of oocytes with actinomycin D at 50 #g/ml. a 
After 1 h of incubation. Bivalent VII observed in phase contrast. 
Normal loops are retracted, whereas granular and globular loops 
are still developed, b After 2 h of incubation. The same bivalent. 
Chromosomes are foreshortened and only globular loops are visi- 
ble. c After 6 h of incubation. All bivalents exhibit the same fea- 
tures as this one (thick arrow). They are extremely foreshortened 
and are devoid of any type of loops. Note the numerous ribonuc- 
leoprotein particles in the nuclear sap (small arrows). Gl globular 
loop, Gr granular loop. Bars represent 40 ktm in a and b, and 
20 ~tm in c 

in the matrix of these loops. This RNA synthesis is also 
indirectly confirmed by the retraction of globular loops in 
the presence of actinomycin D or c~-amanitin. These two 
drugs inhibit RNA synthesis through different mechanisms: 
actinomycin D interferes with RNA polymerase by binding 
to DNA (Reich et al. 1967), while c~-amanitin binds directly 
to RNA polymerase molecules (Cochet-Meilhac etal. 
1974). It has been shown that the extension of lampbrush 
loops is linked to their transcriptional activity, since block- 
ing transcription causes the retraction of loops into chromo- 
meres (Snow and Callan 1969; Sommerville 1973; Scheer 
et al. 1979). However, in our transcription inhibition study, 
the retraction of globular loops was slow and was always 
the last to occur. This point will be discussed later. Snow 
and Callan (1969) and Mancino et al. (1971) noticed the 
same behaviour in the lumpy loops, giant fusing and giant 
granular loops of Triturus cristatus. 

The second conclusion is that the globular loop matrices 
appear to be made up of several TUs, since several globules 
were observed in the same loop and these globules corre- 
spond to TUs as revealed by our macromolecular spread 
analysis. Indeed, the chromatin spreading displays several 
units of growing transcripts with their own initiation sites, 
alternating with untranscribed regions. The presence of sev- 
eral TUs within a single loop has previously been described 
in amphibian lampbrush chromosomes (Angelier and Lac- 
roix 1975; Scheer et al. 1976) but these observations were 
never related to a precise type of loop. If, under moderate 
conditions of spreading, the configuration of the TUs is 
highly characteristic of the globular matrix, the growing 
transcripts of these TUs do not seem to exhibit a specific 
secondary structure as was the case for transcripts of some 
Y chromosomal lampbrush loops ('~ nooses", ~ threads" or 
"pseudonucleolus") in Drosophila spermatocytes (Grond 
et al. 1983; De Loos et al. 1984; for a general review, see 
Hennig 1985). 

The final conclusion is that RNA synthesis occurs in 
the different TUs of the same loop with asynchronous vari- 
ations. This conclusion is provided essentially by two auto- 
radiographic data. First, globular loops displayed a particu- 
lar pattern of incorporation: they were slightly and partially 
labelled after a period (24 h) when the other kinds of loops 
appeared uniformly and strongly labelled. They became 
strongly labelled after a longer incubation period (48 h). 
Moreover, when globular matrices were partially labelled, 
with globules strongly labelled, slightly labelled or unla- 
belled, no obvious polarity was observed at the level of 
their labelling. Therefore, this pattern of labelling did not 
seem to be sequential, as was the case with the giant granu- 
lar loops of T. cristatus (Gall and Callan 1962) and the 
giant fusing loops of T. marmoratus (Nardi et al. 1972). 
These data, combined with those obtained by macromole- 
cular spread analysis, demonstrate that globules do not si- 
multaneously incorporate tritiated precursors, although 
they represent TUs. This would mean that all globules are 
indeed the site of RNA synthesis, but such synthesis occurs 
along these different TUs with variable speeds; it might 
be slowed down or even arrested. We can assume that this 
variation might be caused by: (1) a low rate of RNA poly- 
merase molecule attachment to the initiation site, leading 
to a low density of RNP fibrils along the TUs; (2) a slow 
rate of RNA polymerase movement along these units, or 
(3) arrest of RNA polymerase movement without release 
of RNP fibrils. The first two hypotheses have also been 
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formulated by Har t ley  and Callan (1978) in order  to explain 
the low rate of  R N A  synthesis in the giant  lampbrush  loops 
of  Notophthalrnus viridescens. Data  obtained by our macro-  
molecular  spread analysis allow us to rule out  the first hy- 
pothesis, since a s trong density of  R N P  fibrils was observed 
in all TUs of  globular  loops.  The third hypothesis,  i.e. the 
t ranscript ion activity phase and the t ranscript ion arrest  
phase occurring successively in the same unit, seems to be 
more plausible than the second hypothesis  for explaining 
the slow retract ion of  globular  loops observed in our  tran- 
scription inhibi t ion experiments using act inomycin D or 
c~-amanitin. Indeed, in these loops,  only TUs in the activity 
phase would be affected by inhibitors,  while units in the 
arrest phase would be affected once they were back in the 
activity phase. I f  this hypothesis  is correct,  then all units 
of  the same loop must  undergo these two phases during 
a maximal  time of  6 h (the per iod needed to obtain complete 
retraction of globular  loops after t reatment  by act inomycin 
D). This per iod appears  to be very short  compared  to that  
(48 h) required to obta in  total  labelling of  these loops, but  
it can be accommodated  by the fact that,  in the Pleurodeles 
oocyte, the pool  of  endogenous nucleotides is not  saturated 
by exogenous precursors,  even after 50 h of  incubat ion 
(Denoulet  et al. 1977). The existence of  asynchronous varia- 
tions in t ranscr ipt ional  activity has also been reported in 
the nucleolar TUs by Angelier  et al. (1979). 

In summary,  the study of  R N A  synthesis in the globular  
loops of  the newt Pleurodeles reveals a par t icular  transcrip- 
t ion mode. Therefore, it seems unlikely that  the specific 
morpho logy  of  these l andmark  loops corresponds to the 
storage of  t ranscr ipt ion products ,  as previously suggested 
by Angelier  et al. (1984). On the contrary,  our results cor- 
robora te  the interpreta t ion o f  Sommervil le (1981), who sug- 
gested that  the morphologica l  variabi l i ty  of  loop matrices 
might  be due, in part ,  to a par t icular  t ranscript ion pattern.  
However,  the question of  whether there is a direct relat ion- 
ship between matr ix morpho logy  and a par t icular  transcrip- 
tion mode  remains to be elucidated. 
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