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heads of the  na tura l  f i lament  were ra ther  more dis t inct  
t han  has previous ly  been described 6, bu t  there  was in- 
sufficient order to de termine  molecular  organization.  In  
contrast ,  t ryp t i c  t r e a t m e n t  removed  the  heads to reveal  
considerable under lying detail.  The most  common  com- 
ponents  were the  coiled s t ructures  (diameter  ~ 13 nm) 
seen in the  micrographs of t rea ted  na tura l  and synthet ic  
f i laments  (c-e). Top  and b o t t o m  surface pa t te rns  are 
superimposed ill the  negat ive ly-s ta ined filaments.  How-  
ever  their  general  appearance and seeming three-s t randed 
na ture  is s t rong evidence for thei r  consist ing of 3 fibres 
(diameter  6-7 nm) wound wi th  wha t  appears as a r ight-  
handed  screw, hel ix angle ~ 8 0  ~  repea t  ~-d30 rim. 

Another  s t ruc tura l  species observed in bo th  na tura l  (f) 
and synthet ic  (g) f i lament  prepara t ions  were loose bundles 
of 8-10 fine s trands held toge ther  by  a high degree of 
inter twining.  We consider these to be loosened forms of 
the  t igh t  coils seen in c-e.  The d iameter  of these fine 
s t rands is 2-3 nm. 

Al though a lef t -handed coi!ing is ev iden t  amongs t  
t h e m  nei ther  this nor  ti le helical  repea t  was able to be 
determined wi th  cer ta in ty .  The  coiled s t ructures  are no t  
ar tefacts  formed from tile digested mater ia l  since the  same 
forms are produced by  digestion of th ick  f i laments  a l ready 
a t t ached  to the  grids. 

The  present  informat ion,  by  giving insight  into the  
molecular  organizat ion of the  backbone,  restr icts  further ,  
possibilities for head arrangements .  I t  seems most  probable  
the  backbone is a t r iple  coil, wi th  a helical repea t  of 
130 nm. This s t rongly  favours  SQOIRE'S 5 three-s t randed 
9/1 model  over  the  2- and 4-stranded arrangements .  
Fu r the r  weight  is given to this design, since seemingly 
9 of the  finer f i laments  make  up the  s t ructure,  p resumably  
combined in 3 sets of 3 coils. 

The  informat ion  on coiling and f i lament  numbers  can 
be used in model  building. Considering only the  s tudded 
regions of the  f i lament ,  the  model  shown in Figure  h) 
brings together  the  present  in format ion  and the  X- ray  
data:. In  the  model,  the  rope-like backbone is a r ight-  
handed  t e r t i a ry  coil of three secondary ones. Each  of 
these in tu rn  is a le f t -handed t r ip le  coil of 3 p r imary  
strands. The  beads on the  model  surface are included to 
highl ight  the  ordered relat ionship be tween strands.  They  

are the  l ikely points  of emergence of H-meromyos in  
tangent ia l ly  to the  secondary f i laments,  and, depending  
on the  coiling in the fine t e r t i a ry  strands,  closely in line 
wi th  the  model  backbone.  Al te rna t ive  coilings are possible. 
For  instance, if the  secondary  and t e r t i a ry  s t rands in the  
model  are wound in the  same sense, the  H-meromyos ins  
would  emerge app rox ima te ly  at  r ight  angles to the  fila- 
m e n t  axis. 

W i t h o u t  resort ing to rigid proof, i t  is ev iden t  f rom the  
model  t h a t  a s t r ic t  re lat ionship exists be tween  the  helical  
repea t  ( ~ 1 3 0  nm) in the  t e r t i a ry  coil and the  repea t  in 
the  tr iple coil of the  secondary.  In  this respect,  on winding 
toge ther  t he  3 secondary  f i laments  in the  model,  the  9/1 
a r rangement  is achieved a t  the  po in t  a t  which resistance 
to fur ther  winding is first  felt. This  is because, w i th  
addi t ional  winding in the  t e r t i a ry  coil, t i le secondary coils 
are being forced to unwind.  

On the  basis of the  model,  the  p r imary  s t rands in the  
th ick  f i laments  are presumed to be formed from myosin  
molecules over lapping in the  L-meromyosin region. Their  
ra ther  regular  wid th  also favours  coiling as this would 
h inder  fur ther  side by  side aggregat ion expected  wi th  
s t r ic t ly  paral lel  a l ignment  1~ Assuming the  var ious  
f i laments  to be circular in cross section, the  13 nm dia- 
mete r  of t i le backbone would reduce, by  calculat ion to a 
d iameter  of the  myosin  ta i l  of ~ 1 . 3  nm, ra ther  less t han  
the  2 n m  t h a t  has  been repor ted  ~. 

The proposed coiled s t ructure  gives equivalence  to all 
the  myosin  molecules in the s tudded regions, w i thou t  the  
need to propose a centra l  suppor t ing  core of another  
protein 5. The fact  t h a t  synthe t ic  . f i laments  f rom the  
purif ied myosin  form the  same basic structures,  as the  
na tura l  f i laments,  supports  the  non-exis tence of a core 
substance.  A comprehensive  repor t  on the  coi led 'na ture  of 
the  th ick  f i laments  will  appear  later. 
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Summary. The e x t r a - D N A  body  was found, for the  f i rs t  t ime,  in oocytes of an insect wi th  te lo t rophic  ovary .  Dispersion 
of this body  is accompanied  by  an enormous increase of nuclear  vo lume  and produc t ion  of mul t ip le  nucleoli.  I t  is 
suggested t h a t  the  e x t r a - D N A  contains  a huge mass of nucleolus organizers. 

I t  is known from exper imenta l  and descr ipt ive  studies 
that ,  a t  a given degree of ploidy, there  is a close relat ion-  
ship be tween  the  size of an in terphase  nucleus on the  
one hand,  and decondensat ion  of chromat in  and in tens i ty  
of IRNA-synthesis on the  o ther  2,~. This  re la t ionship 
seems to occur also in the  prophase nuclei of growing 
oocytes. Thus, in insects wi th  poly t rophic  or te lo t rophie  
ovaries,  i.e. in the  case when the  growing ooctye is 
suppl ied wi th  R N A  produced by  nurse cells, the  oocyte  
chromosomes form more or less compac t  karyosphere,  

the  nucleus is most  often re la t ive ly  small  and R N A -  
synthesis  in i t  is decreased in the  same measure  as its 
chromosomes are condensed~-18. 

The  behaviour  of oocyte  nuclei  dev ia t ing  f rom ti le 
rule of res t r ic ted IRNA-synthesis in the  po ly t rophic  ova ry  
is condi t ioned by  the  presence of a considerable q u a n t i t y  
of ex t raehromosomal  D N A  ~,14. In  such cases, inspite of 
the  fact  t h a t  the  oocyte  chromosomes form a karyosphere ,  
t he  vo lume  of the  nucleus increases considerably and the  
nucleus is ve ry  ac t ive  in the  process of RNA-synthes i s .  
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I t  is the  e x t r a c h r o m o s o m a l  D N A  which  occurs in t he  
s ta te  of an ex t r eme  decondensa t ion  dur ing  the  per iod of 
oocyte  g rowth  t h a t  is responsib le  for RNA-syn the s i s  in 
t he  oocyte  nucleus a t  t h a t  s tage 6,1~. F r o m  morphologica l  
and cy tochemica l  s tudies  6,1~,l~, as well as f rom R N A -  
D N A  hybr id iza t ion  expe r imen t s  is, i t  is concluded t h a t  
t he  e x t r a c h r o m o s o m a l  D N A  in the  oocyte  nuclei  of 
insects  wi th  po ly t roph ic  ovaries  conta ins  copies of the  
nucleolar  organizer  and  hence  codes for r ibosomal  RNA.  

Fig. 5. Section through a growing oocyte, showing enlarged and 
irregularly shaped germinal vesicle which contains many multiple 
nucleoli. The extrachromosomal DNA, owing to the high degree of 
its dispersion, is not detectable with staining reactions at this stage. 
Methyl green pyronin. • 1300. 

Fig. 1. Longitudinal section through the distal region of the ger- 
marium. Each nucleus in young oocytes, which are grouped in this 
part of ovarioles, contains a compact heterochromatic body of 
extrachromosomal DNA. Feulgen. • 240. 

Figs. 2 and 3. Pachytene oocytes from the distal region of germarium, 
stained with Heidenhain's hematoxylin (left) and azure B (right). 
In Figure 2, in the nucleus, in addition to the conspicuous cap and 
two smaller bodies of extrachromosomal DNA, faintly stained 
chromosomes are also clearly visible. Figure 2, • 1600; Fig. 3, • 1800. 

Fig. 4. Early previtellogenic oocyte. The nuclear extrachromosomal 
DNA begins to fragment, giving off from its surface numerous 
spherical bodies. Feulgen. • 2000. 

I t  has  recen t ly  beeI1 d e m o n s t r a t e d  t h a t  t he  syn the t i c  
ac t iv i ty  of ex t r ach ro mo s o ma l  D N A  occurr ing in whirl igig 
beet les  is accompan ied  by  an immense  increase in the  
size of oocyte  nuclei.  Thus,  dur ing  the  previ te l logenet ic  
per iod of oocyte  growth ,  the  nucleus undergoes  a par t ic -  
u lar ly  s t rong  e longat ion  and  a t t a in s  t he  l eng th  of a b o u t  
500 ~m. In  addi t ion,  t he  surface of t h e  oocyte  nucleus 
increases as a resul t  of wrinkl ing of the  nuclear  m e m b r a n e  
and  fo rma t ion  of n u mero u s  nuclear  processes,  which  
pene t r a t e  t he  ad j acen t  ooplasm a t  a d i s tance  of a b o u t  
10 ~m 17. 

In  t he  l ight  of w h a t  has  been  said above,  it  seems t h a t  
the  size and  morpho logy  of the  oocyte  nucleus can serve 
as an indica t ion  of gene ampl i f ica t ion  in var ious  insect  
groups.  In  par t i cu la r  i t  would  be in te res t ing  to  check the  
va l id i ty  of th is  suppos i t ion  wi th  regard  to  insects  w i th  
te lo t rophic  ovaries,  in which  the  process  of gene amplif i -  
ca t ion  has no t  so far  been  recorded.  

A c o m m o n  rep resen ta t ive  of rove beetles,  Creophilus 
maxillosus, was chosen as t he  ob jec t  of our  s tudy .  In  th is  
choice the  au thors  were guided by  a shor t  r epo r t  Is, 
s t a t ing  t h a t  t he  oocyte  nuclei  of an undef ined  species of 
S taphy l in id  beet les  are of a par t i cu la r  i r regular  shape.  

1 This research was supported in part by funds from the Cytobiology 
Committee of the Polish Academy of Science. 
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In  connec t ion  w i t h  t h e  cons ide ra t ions  j u s t  p resen ted ,  
i t  was  m o s t  exc i t ing  to  obse rve  t h a t ,  in  t he  female  ge rm 
ceils of Creophilus, t h e  microscopica l  effect  of t he  process  
of gene ampl i f i ca t ion  is v e r y  d is t inc t .  I t  was  found  t h a t  
t he  nuclei  of all  y o u n g  oocytes,  wh ich  in t he  ovarioles  of 
a d u l t  females  are g rouped  in t he  d i s ta l  p a r t  of t h e  
ge rmar ium,  con ta ined ,  in  add i t i on  to  t he  chromosomes ,  
e x t r a c h r o m o s o m a l  D N A  (Figure  1) in  v e r y  large a m o u n t .  
I n  t he  p a e h y t e n e  nuclei ,  t h e  e x t r a c h r o m o s o m a l  D N A  
occurs  as a more  or less spher ical ,  compac t ,  he t e rochro -  
m a t i c  body ,  a b o u t  10 ~zm in d i a m e t e r  (Figures  2 and  3). 
Morphologica l  a n d  a u t o r a d i o g r a p h i c  e x a m i n a t i o n  w i t h  
t h e  use of a H - t h y m i d i n e  e m p h a s i z e d  t h a t  t he  process  cff 
gene ampl i f i ca t ion  was conc luded  in t h i s  species before  
t h e  a d u l t  insec t  emerged  or a t  t he  ear l ier  s tages  of germ 
cell deve lopmen t .  

A t  t he  b e g i n n i n g  of oocyte  g rowth ,  smal l  nucleol i  
a p p e a r  on t he  surface  of t h e  e x t r a c h r o m o s o m a l  D N A  
b o d y  and  also inside it, in t he  spaces  wh ich  look like 
vacuoles  in p r e p a r a t i o n s  s t a ined  w i t h  t h e  Feu lgen  me tho d .  

Fig. 6. Greatly elongated oocyte nucleus with numerous lateral 
processes; the whole nucleus is occupied by a finely granulated 
nucleolar material. Azure B. • 160. 

T h e  e x t r a c h r o m o s o m a l  D N A  b o d y  soon beg ins  to  f rag-  
m e n t  (Figure  4), a n d  w i t h i n  a s h o r t  t ime  i t  resolves  in to  a 
n e t w o r k  of v e r y  fine, Feu lgen  pos i t i ve  f ibri ls  w h i c h  are  
even ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  nucleus.  Th i s  d ispers ion  
of h igh ly  condensed  e x t r a c h r o m o s o m a l  D N A  is accom-  
p a n i e d  b y  a r ap id  increase  in vo lume,  a n d  d ras t i c  changes  
in t h e  form of t h e  oocyte  nucleus.  Thus ,  t h e  nucleus ,  
or ig ina l ly  spher ical ,  beg ins  to  fo rm n u m e r o u s  a m e b o i d  
processes wh ich  e n o r m o u s l y  increase  i t s  surface.  A t  t h e  
l a t e r  s tages  of oocy te  g rowth ,  no  d o u b t  as a r e su l t  of 
dec reas ing  c o n c e n t r a t i o n  of t h e  e x t r a c h r o m o s o m a l  DNA,  
i t  is no longer  possible  to  d e t e c t  i t  w i t h  t h e  Feu lgen  
lne thod .  

The  b e g i n n i n g  of d ispers ion  process  of e x t r a c h r o m o s o -  
ma l  D N A  coincides  w i t h  t h e  a p p e a r a n c e  of m a n y  t r u e  
nucleol i  (Figure 5). As t h i s  process  proceeds,  t h e  n u m b e r  
of nueleol i  increases,  while  t he i r  d imens ions  decrease  
(Figure 6). A t  the  f u r t h e r  s tages  of oocy te  g rowth ,  a l m o s t  
the  whole  nuc leus  becomes  e v e n l y  filled w i t h  a basophi l ic ,  
R N A - c o n t a i n i n g  s u b s t a n c e  which,  on  close e x a m i n a t i o n ,  
appea r s  to  be composed  of v e r y  smal l  g r a n u l a r  nucleoli ,  
as in t h e  case of oocyte  nucle i  of Dy t i sc idae  ~, Chryso-  
p idae  14, an d  Gyr in idae  17. 

This  u n u s u a l l y  g rea t  increase  of t h e  nuc lea r  v o l u m e  a n d  
t h e  mass  p r o d u c t i o n  of m u l t i p l e  nucleol i  suggests  t h a t  
ac t ive  R N A  syn thes i s  t akes  place in t h e  oocy te  nuc leus  of 
Creophilus d u r i n g  previ te l logenes is .  Th i s  is t h e  case 
r ecen t l y  d e m o n s t r a t e d  b y  a u t o r a d i o g r a p h i c  e x p e r i m e n t s  19 
w i th  t h e  use of SH-uridine;  Since, du r ing  t h e  whole  pe-  
riod of previ te l logenesis ,  t h e  oocyte  ch ro mo s o mes  fo rm a 
more  or less c o m p a c t  k a ry o s p h e re  loca ted  inside a sma l l  
a rea  of t h e  nuc leus  (Figure 7), i t  appea r s  e v i d e n t  t h a t  i t  
is t h e  decondensed  e x t r a c h r o m o s o m a l  D N A  t h a t  is 
ac t ive  in t h e  R N A  synthes is .  Moreover ,  on t h e  bas is  of 
cytological  d a t a  p r e sen t ed  in t h i s  paper ,  one can  also 
sugges t  t h a t  a t  l eas t  t h e  b u l k  of e x t r a c h r o m o s o m a l  D N A  
in oocytes  of Creophilus con ta ins  genes for  r i b o s o m a l  
RNA.  

A t  la te  previ te l logenesis ,  t h e  oocyte  nuc leus  of Creo- 
philus a t t a i n s  i m m e n s e  d imens ions ,  a n d  a shape  n o t  
r eco rded  in  ~he oocytes  of o t h e r  insec t  g roups  (Figure  8). 
Fo r  ins tance ,  in oocyte  a b o u t  870 ~m long, t h e  l e n g t h  of 
t h e  nuc leus  is a b o u t  700 ~zm an d  i ts  w i d t h  160 ~m in t h e  
largest ,  c en t r a l  pa r t .  The re  is ev idence  f rom au to rad io -  
g raph ic  s tudies  19 t h a t  t h e  e x t r a c h r o m o s o m a l  D N A  in 
Creophilus is s t i l l  v e r y  ac t ive  in R N A  syn thes i s  d u r i n g  
t h a t  s tage  of oocyte  g rowth .  

T h e  d a t a  p re sen ted  are p r e l i m i n a r y  resul t s  of c u r r e n t  
inves t iga t ions .  

Fig. 7. The karyosphere situated within a particular region of the 
nucleus fibrtllar or lamellar in structure and free of the nucleolar 
material. Chromosomal nature of the karyosphere is clearly visible. 
Heidenhain's hematoxylin. • 1500. 

Fig. 8. Longitudinal section of late previtellogenie follicle. Note the 
greatly enlarged ooeyte nucleus with many processes and ramifica- 
tions, some of which almost reach the ooeyte surface. Methyl green 
pyronin. • 125. 19 M. K~oc, in preparation. 


