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10,000 •  The  D N P  so lu t ion  c o n t a i n e d  f ibrous  e lements ,  
p re fe r r ing  to use a t e r m  of D N P  f ibres  5, 6. 

I n  order  to  p r epa r e  hypox i c  D N P  solut ion,  a b o u t  3 
ml  of the  D N P  solu t ion  in a P y r e x  glass t u b e  (17 cm a) 
were k e p t  a t  0 ~ and  b u b b l e d  w i t h  n i t rogen  gas (99.95%) 
t h r o u g h  a f ine needle  a t  a f low ra te  of 100 mI  pe r  m i n  for 
15 min.  The  hypox ic  D N P  so lu t ion  t h u s  p r e p a r e d  revealed  
essent ia l ly  t he  same conf igura t ion  of t he  D N P  f ibres  as 
t h a t  of t he  D N P  fibres observed  in t he  aerobic  cond i t ion  
(Figures 1 and  2). The  D N P  fibres,  a b o u t  2,100 ~ in 
d iameter ,  were fo rmed  b y  a coil ing of subf ibres  w i t h  
a b o u t  850 A d i a m e t e r  (Figures 1 a n d  2, arrows),  as pre-  
v ious ly  r epo r t ed  b y  NAKANISHI e t  al. 6. 

The  D N P  so lu t ion  u n d e r  aerobic  condi t ion  was ir- 
r a d i a t e d  w i t h  10 k r a d  a n d  1 M r a d  a t  dose r a t e s  of 800 r a d  
and  15 k r a d  per  min,  respect ively .  R e m a r k a b l e  a l ter -  
a t ions  of t he  D N P  f ibres  in b o t h  t he  i r r ad ia t ed  samples  
were a r educ t i on  of t h e i r  d i amete r ,  a b o u t  800 ~ in d i am-  
e ter  (Figures 3 a n d  4). I n  some places,  2 t h i n  f ibres were 
closely con tac ted ,  a n d  r u n  paral lel ,  r ep re sen t ing  a t ape -  
like wide s t r u c t u r e  (Figtire 4, t h i c k  arrows).  The  ev idence  
suggests  t h a t  t h e  D N P  f ibres  are e x t e n d e d  b y  i r r ad i a t i on  
u n d e r  aerobic  condi t ion ,  r e su l t ing  in t he  f o r m a t i o n  of t he  
t h i n  fibres. F u r t h e r m o r e ,  i t  was  obse rved  t h a t  t h e  ag- 
g rega tes  and  r i ng - shaped  loops were  c o n s t r u c t e d  b y  t he  
t h i n  fibres, t he  fo rmer  be ing  ind ica ted  b y  b l a c k  ar rows 
a n d  t he  l a t t e r  b y  whi t e  ar rows in F igures  3 and  4, respec- 
t ively .  

On t h e  o t h e r  h a n d ,  w h e n  t he  hypox i c  D N P  so lu t ion  
was i r r a d i a t e d  a t  a dose r a t e  of 15 k r a d  pe r  ra in  g iv ing  a 
h igh  dose of 1 Mrad,  no  a p p a r e n t  change  of t h e  D N P  
fibres was  d e m o n s t r a t e d  in t h e i r  s t ruc tu re ,  excep t  t h a t  
the  surface  of t he  D N P  f ibres  e x h i b i t e d  rough  a p p e a r a n c e  
(Figure  5) a n d  t h a t  t h e  r i ng - shaped  loops were found  s be  
fo rmed  (Figure 6, arrows).  The  image  seems to  be  more  
s imi la r  to  t h a t  of t he  D N P  f ibres  obse rved  in t he  non-  
i r r ad ia t ed  aerobic  a n d  hypox ic  D N P  solu t ions  t h a n  to  
t h a t  of t h e  D N P  f ibres  i r r ad i a t ed  w i t h  10 k r a d  and  1 Mrad  
u n d e r  aerobic  condi t ion .  

A l t h o u g h  a f ina l  conclus ion m u s t  be  lef t  to  fu tu re  
studies,  i t  seems p r o b a b l e  t h a t  t h e  d i f fe ren t  appea rahces  
of t h e  D N P  f ibres  are a f fec ted  b y  t he  presence  or absence  
of oxygen  d u r i n g  i r rad ia t ion .  F u r t h e r  de ta i l ed  a n d  q u a n t i -  
t a t i v e  s tud ies  on t he  f ine s t r u c t u r e  of t he  D N P  fibres 
u n d e r  va r ious  cond i t ions  are now in progress  7. 
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Summary. T r y p t i c  t r e a t m e n t  of muscle  t h i c k  f i l amen t s  reveals  t he  u n d e r l y i n g  b a c k b o n e  of aggrega ted  L-meromyos in  
as a coil of 3 seconda ry  f i l amen t s  (helical r e p e a t  ~ 1 3 0  nm)  each  in t u r n  a coil of 3 f iner  ones. 

The  cyclical  i n t e r a c t i on  of t h e  myos in  heads  of t h i c k  
f i l amen t s  w i t h  t h e  g-ac t ins  of t h e  t h i n  f i l amen t s  is a t  t he  
basis  of muscu l a r  c o n t r a c t i o n  1. This  i n t e r ac t i on  appea r s  
to  invo lve  sub t le  s ter ic  o r i en t a t i ons  of t he  heads  a n d  as 
such,  the  precise o rgan iza t ion  of m y o s i n  in t he  t h i c k  
f i l amen t s  is a n  i m p o r t a n t  aspec t  of t he  Contrac t i le  me-  
c h a n i s m  1, 2. 

The  ref lect ions f rom low angle  X - r a y  d i f f rac t ion  of 
pre-r igor  v e r t e b r a t e  muscle  are i n t e r p r e t e d  as showing  
t h a t  t he  t h i c k  f i l amen t s  h a v e  t h e i r  m y o s i n - h e a d  projec-  
t ions  arranged at successive levels of about 14.5 nm along 
the filament backbone 3. The heads are in a helical array 
described severally as two-stranded 6/1 of pitch 86.4 nm a; 
four-stranded 6/1 of pitch 86.4 nm4; three-stranded 9/1 
of pitch 129.6 nm 5. The values 6 or 9 refer to the number 
of projections in each helical turn of each strand. 

Further advance in resolving the molecular organization 
is likely to come from electron-microscopic identification 
of key details not shown by X-rays. We report pertinent 
new structural features revealed by controlled tryptic 
digestion of thick filaments to remove the FI-meromyosin 
moiety, and to expose the underlying aggregated back- 
bone of L-meromyosin. 

Hen pectoral muscle was used to prepare natural thick 
filaments" and the myosin for forming synthetic fila- 
ments ~. Digestion was carried out in two ways. Trypsin, 
i0 mg/ml in 0.i M tris-l-ICl, pH 7.6 s was added in equal 
vo lume  to  d i lu te  suspens ions  of t h e  f i laments .  Af te r  

digest ion,  d rople t s  of the  suspens ions  were appl ied  to 
c a r b o n - c o a t e d  grids. A l t e r n a t i v e l y  t he  t r y p s i n  (5 mg/ml)  
in  t he  same  buf fe r  was  added  as d rop le t s  to  gr ids  on  
wh ich  t he  f i l amen t s  h a d  a l r eady  been  lodged. I n  b o t h  
cases d iges t ion  a t  20~ was c o n t i n u e d  for  40 rain.  H e a d  
r e m o v a l  was  incomple t e  a t  lower t r y p s i n  c o n c e n t r a t i o n s  or 
sho r t e r  d iges t ion  t imes .  Und iges t ed  a n d  diges ted fila- 
m e n t s  on t h e  grids Were t h e n  f ixed  for 5 ra in  in  1% glu t -  
a ra ldehyde ,  2 m M  imidazole-HC1, p H  7.0. Nega t i ve  
s t a in ing  was car r ied  ou t  w i t h  1% u r a n y l  ace t a t e  9. 

A l t h o u g h  b o t h  m e t h o d s  r evea led  t h e  s ame  s t ruc tu res ,  
t he  F igure  i l lus t ra tes  those  o b t a i n e d  b y  d iges t ion  in  t he  
suspensions.  The  u n t r e a t e d  n a t u r a l  (a) a n d  s y n t h e t i c  (b) 
f i laments ,  as expected ,  were covered  in p ro jec t ions  excep t  
for  r e l a t ive ly  s m o o t h  cen t r a l  regions.  The  rough ly  ob long  
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a) Na tu r a l  t h i ck  f i l aments  s tudded  wi th  heads  and  showing signs of a ba re  cen t ra l  zone. • 100,000. 

b) Syn the t i c  th ick  f i laments .  Al though of less t h a n  average  l eng th  they  are inc luded  for the i r  c lear ly  def ined bare  zones and  regions of pro- 
jections. I l l  some cases the project ions  are cleaved,  represent ing  e i the r  the  two pa r t s  of the myos in  head,  or head  pair ing.  • 100,000. 

c, d) The  coiled backbone  of f r agments  of na tu r a l  (c) and  syn the t i c  (d} th ick  f i laments  revea led  by  t ryp t i c  digest ion.  • 200,000. The helical 
repea t  of each s t r and  is ~--130 nm,  the  hel ix  angle  ~ 8 0  ~ 

e) One of the na tu r a l  backbone  f i l aments  shown in  (e) fu r ther  enlarged.  Very clear  coi l ing is seen by  v iewing i t  a long i t s  l eng th  at  eye level;  
Some coil ing in  the secondary  s t r ands  is apparen t .  The  super imposi t ion  of the  top and  b o t t o m  surface pa t t e rns  gives the f i l ament  a p la i ted  
appearance .  • 370,000. 

f, g) Por t ions  of i n t e r tw ined  bundles  of ~-~9 p r i m a r y  f i laments  produced  by  t ryp t i c  digest ion of na tn r a l  (f) and  syn the t i c  (g) f i laments .  These 
are p resumed  to be loosened examples  of the  coiled s t ruc tures  seen in  c and  d. The  pieces on the r igh t  are tasse la ted  ends of the  f i laments  
and  show some fine coiling. • 100,000. 

h) Proposed mode l  of the s tudded  regions of n a t u r a l  and  syn the t i c  th ick  f i laments .  The  beads  are the probable  points  of emergence  of the 
H-meromyos in  end of each molecule  which are al l  equ iva len t  in  the s t ructure .  The  beads  are also a reflection of head  a r ray  and take  up the 
precise helical,  th ree -s t randed  9/1 a r r angemen t  which is one of the l imi ted  possibi l i t ies  demanded  by  X- ray  diffract ion of s t r ia ted  muscle.  In  
the model  the hel ix  angle  is less t h a n  in  the f i laments .  They  would have  been the same if cord represen t ing  the  secondary  s t rands  had  had  
the correct  he l ix  angle. Super impos ing  the mir ror  image  of the model  on i tself  would give the same sort  of p la i t ed  appearance  seen in  (e). 
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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 .  


