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ch romosomes  as well  as for t he  de t ec t ion  of t r ans loca -  
t ions,  and  t h u s  can  fo rm a he lpfu l  tool  for t he  s tud ies  on  
genet ic  con t ro l  m e t h o d s  of spider  mi tes  is. 

The  resul t s  f u r t h e r  d e m o n s t r a t e  for  t h e  f i rs t  t i m e  t h a t  
b a n d s  can  be induced  in ho lok ine t i c  chromosomes .  Ac- 
cord ing  to  t he  p rocedures  employed  t he  b a n d s  are  G- 
bands .  C-band  pa t t e rn s ,  however ,  could  n o t  be seen. I n  
m o n o c e n t r i c  m a m m a l i a n  ch romosomes  C-bands  are 
t yp i ca l l y  f o u n d  a d j a c e n t  to  t he  cen t romeres  a n d  m a y  
r ep re sen t  c o n s t i t u t i v e  h e t e r o c h r o m a t i n  w i t h  h igh ly  
r epe t i t i ve  DNA4, 5. I n  ho lok ine t i e  ch romosomes  cen~ro- 
meres  do n o t  occur  a n d  t h e  sp indle  a t t a c h m e n t  s i tes  
(kinetochores)  e x t e n d  t h e  en t i r e  l e n g t h  or a l m o s t  t he  
en t i r e  l e n g t h  of t h e  ch r om os om es  19-2~. R e p e a t e d  D N A  
sequences,  as found  in cen t romer i c  c o n s t i t u t i v e  he te ro -  
c h r o m a t i n ,  were found  to  be  s c a t t e r e d  t h r o u g h o u t  t he  

ho lok ine t i c  ch romosomes  of t h e  mi lkweed  bug  Oncopeltus 
/asciatus 22. The  absence  of C-bands  in  t h e  c h r o m o s o m e s  
of T. urticae m a y  t h u s  be  r e l a t ed  to  t h e  ho lok ine t i c  con-  
d i t ion  of t h e  chromosomes .  The  cen t romer i c  t y p e  of con-  
s t i t u t i v e  h e t e r o c h r o m a t i n  m a y  t h e n  be  e i t he r  no t  p re sen t  
a t  all  or  s ca t t e r ed  t h r o u g h o u t  t h e  genome  in un i t s  too  
smal l  to  fo rm vis ible  bands .  
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Summary.  The  series C a ) S r ) B a ) M g  represen t s  t he  r e l a t i ve  ac t iv i t i es  of t he  a lkal i  e a r t h  ca t ions  caus ing  c o n t r a c t i o n  
of g lycero la ted  Carchesium stalks.  D u r i n g  con t r ac t ion ,  s p a s m o n e m a l  v o l u m e  is r educed  b y  37%.  

M a t u r e  colonies of Carchesium, a sessile colonial  pe r i t -  
r i ch  cil iate,  m a y  cons is t  of more  t h a n  100 zooids each  
w i t h  a n  i n d i v i d u a l  spasmoneme .  The re  is no  s t r u c t u r a l  
c o n t i n u i t y  be tween  s p a s m o n e m e s  of d i f fe rent  zooids a n d  
ind iv idua l  s ta lks  m a y  r e t r a c t  i ndependen t ly .  S ta lk  
coiling in t he  pe r i t r i ch  ci l ia tes  resul t s  f rom s p a s m o n e m a l  
shor ten ing .  S tudies  of t he  Zoothamnium s p a s m o n e m e  
h a v e  revea led  mechan ica l ,  s t ress-opt ical ,  chemica l  and  
u l t r a s t r u c t u r a l  cha rac te r i s t i c s  i n c o m p a t i b l e  w i t h  e i the r  
a c t o m y o s i n  or m i c r o t u b u l e - b a s e d  cell mot i le  sys tems  2. 
Specifically,  con t r ac t i on  O f t h e  g lycero la ted  s p a s m o n e m e s  
in Vorticella 3-5, Carchesium ~ a n d  Zoothamnium 2 can  be  
induced  s imp ly  b y  increas ing  t h e  a m b i e n t  free ca lc ium 
ion c o n c e n t r a t i o n  f rom 10 -s to  10 -~ g ion/1. N e i t he r  A T P  7 
no r  m a g n e s i u m  ion is required .  S p a s m o n e m e  re -ex tens ion  
follows t h e  r e m o v a l  of free ca lc ium ion. Th i s  is d i s t i nc t  
f rom p r i m i t i v e  a c t o m y o s i n  sys t ems  which  requi re  A T P  
a n d  b o t h  ca lc ium a n d  m a g n e s i u m  ions, a n d  f rom i n t e r -  
ac t ing  m i c r o t u b u i e  m e c h a n i s m s  in  wh ich  A T P  a n d  mag-  
n e s i u m  a re  essent ia l  a nd  ca lc ium i n h i b i t o r y  s, 3. 
Materials and methods. Carchesium sp. were cu l tu red  a t  
20~ in  C so lu t ion  (10 -8 M CaC1 v 10 -4 M MgCI 2, 10 -4 M 
KC1, 10 -3 M N a H C O  3, in dis t i l led  w a t e r ) t o  wh ich  was 
added  15% v / v  0 .03% le t tuce  infusion.  Glass microscope 
sl ides p rov ided  a c o n v e n i e n t  subs t ra t e .  Cul tures  of y o u n g  
carches ia  were  o b t a i n e d  b y  t r e a t i n g  m a t u r e  colonies w i t h  
0.6 M u rea  in C solut ion.  Th i s  t r e a t m e n t  induced  shedd ing  
f rom the  co lony  of m o s t  zooids w i t h i n  30 rain,  a n d  shed  
zooids, w h e n  r e t u r n e d  to  C solut ion,  deve loped  new 
con t rac t i l e  s ta lks  w i t h i n  24 h ~~ I n  th i s  repor t ,  y o u n g  
colonies are  t hose  w i t h  1-2 zooids, m a t u r e  colonies those  
w i t h  more  t h a n  20 zooids. T he  younges t  s t a lks  in  m a t u r e  
colonies o r ig ina te  f a r t h e s t  f rom t h e  peda l  end.  

The  s ame  g lycero la t ion  t e c h n i q u e  was used for  b o t h  
y o u n g  a n d  m a t u r e  colonies. Slides bea r i ng  su i t ab le  
colonies were w a s h e d  a n d  lef t  o v e r n i g h t  in  C so lu t ion  
p r io r  to  ex t r ac t ion .  T he  slides w i t h  a t t a c h e d  carches ia  
were i n c u b a t e d  for  24 h a t  0~ in  re lax ing  so lu t ion  
(10 -~ M KC1, 2 • 10 .3 M tris-maleate buffer  p H  6.8, 

4 • 10 -a M E G T A  7, in dis t i l led  water)  to  wh ich  was ad -  
ded  50% v / v  glycerol,  t h e n  passed  t h r o u g h  2 • 30 ra in  
washes  in r e l ax ing  so lu t ion  a t  0~ a n d  f ina l ly  al lowed 
to  w a r m  to  room t e m p e r a t u r e .  Cells r e m a i n e d  a n c h o r e d  
to  t h e  cu l tu re  slide t h r o u g h o u t  ex t rac t ion .  

The  t h r e s h o l d  d i v a l e n t  ca t ion  c o n c e n t r a t i o n  for spas-  
m o n e m a l  c o n t r a c t i o n  was d e t e r m i n e d  b y  t i t r a t i o n ,  us ing  
t h e  s p a s m o n e m e  i tself  as t he  i nd i ca to r  of e n d  poin t .  
I n d i v i d u a l  g lycero la ted  colonies or s ingle cells were 
dis lodged f rom t h e  s u b s t r a t e  a n d  t r a n s f e r r e d  to  a glass, 
f l a t -bo t t omed ,  50 m m  p e t r i  d i sh  c o n t a i n i n g  10.0 ml  of 
re lax ing  solut ion.  A coversl ip  s h a r d  r e s t i ng  on  t h e  m a i n  
s t a l k  p in ioned  t he  co lony  w i t h i n  t he  dish. S ta lk  coil ing 
was  p r e v e n t e d  as r equ i red  b y  s imi la r ly  r e s t r a in ing  b o t h  
ends  of t he  colony. Con t r ac t i on  was obse rved  w i t h  a 
Zeiss Un ive r sa l  microscope equ ipped  w i t h  phase  c o n t r a s t  
a n d  N o m a r s k i  d i f fe ren t ia l  in te r fe rence  c o n t r a s t  opt ics  
w i t h  t he  aid o f  a w a t e r - i m m e r s i o n  cap  11. Th re sho ld  was 
m e a s u r e d  b y  a d d i n g  f rom a b u r e t t e  d rop  b y  d rop  a solu- 
t i on  of d i v a l e n t  c a t i o n  (4 • 10 -s M MeC127, 10 -1 M KC1, 
2 • 10 -2 M tris-maleate buf fe r  p H  6.8, in  dis t i l led water)  
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Threshold concentrations of alkali earth cations necessary to induce contraction in the glycerolated spasmoneme, expressed as the mean and 
s tandard deviation of sample number  (n) 

Threshold Cation Concentrations (g ion/l) 

pH Calcium Strontium Barium Magnesium 

Carchesium sp. 
1. Young colony 
2. Mature colony 

Vortieella 

6.8 2.04 • 0.12 • 10 -7 (n = 17) 
6.0 1.77 • 0.21 • 10 -7 (n = 18) 
6.8 1.95 ~= 0.16 • 10 .7 (n = 24) 
7.5 1.61 • 0.27 • 10 .7 (n -- 24) 
6.86 4 . 2 1 •  • -7 ( n = 2 0 )  

3.16 • 0.18 • -5 (n = 18) 6.01 ~ 0.28 • 10 -5 (n = 15) Ineffective at 10 2 

Inelfeetive at 10  - 2  

Ineffective at 2.5 • 10 .3 

~The data  for VortieelIa are taken from A~os 5 and WEIS-FOGH and AMos ~. 

10 #m 

w h i l e  t h e  c o n t e n t s  of  t h e  d i s h  w e r e  c o n t i n u a l l y  s t i r r e d .  
N o  c h a n g e  in  p H  a c c o m p a n i e d  t i t r a t i o n .  T h e  t h r e s h o l d  
c a t i o n  c o n c e n t r a t i o n  w a s  c a l c u l a t e d  f r o m  

K '  = [MeEGTAI / [Me ~+] [EGTA z-] 

w h e r e  s q u a r e  b r a c k e t s  d e n o t e  c o n c e n t r a t i o n  a n d  K '  is  
t h e  a p p a r e n t  e q u i l i b r i u m  c o n s t a n t ,  r e l a t e d  t o  t h e  t r u e  
e q u i l i b r i u m  c o n s t a n t  K ( M e E G T A )  b y  

K(~eEGTA)/K" = 1 + [H+]K 1 + [H+]2K1K2 + [H+]aK1K2K~ + 
+ [H+]~K~K2K3K4 

w h e r e  K 1 = log  9.46,  K~ = log  8.85, K 8 ~ log  2.65, K l  = 
log  2.0, a n d  K ( C a E G T A )  = log  10.97, K ( S r E G T A )  = log  
8.38, K ( B a E G T A )  = log  8.34, K ( M g E G T A )  = log  5.212. 
Results  and discussion. W h e n  t h e  d i v a l e n t  c a t i o n  c o n c e n -  
t r a t i o n  a m b i e n t  t o  a g l y c e r o l a t e d  c o t o n y  w a s  r a i s e d  
b e y o n d  t h e  c o n t r a c t i o n  t h r e s h o l d ,  t h e  y o u n g e r  s t M k s  
s l o w l y  coi led,  r e m i n i s c e n t  of  b u t  m u c h  s l o w e r  t h a n  
co i l i ng  in  v i v o .  T h e  o l d e r  s t a l k s  h a v e  t y p i c a l l y  l o s t  t h e  
a b i l i t y  to  coil  a l t h o u g h  t h e  s p a s m o n e m e  m a y  s t i l l  c o n -  
t r a c t .  F o r  t h i s  r e a s o n  t h r e s h o l d  d e t e r m i n a t i o n s  we re  
m a d e  o n  s t a l k s  p r e v e n t e d  m e c h a n i c a l l y  f r o m  coi l ing ,  
t h e r e b y  e n s u r i n g  a m o r e  s t r i c t  c o m p a r i s o n  b e t w e e n  y o u n g  
a n d  m a t u r e  s p a s m o n e m e s .  T w o  s i m u l t a n e o u s  c h a n g e s  
w e r e  o b s e r v e d  in  t h e  i s o m e t r i c a l l y  c o n t r a c t e d  s p a s -  
m o n e m e ,  a d a r k e n i n g  w h e n  v i e w e d  b y  p o s i t i v e  p h a s e  
c o n t r a s t  a n d  a s i g n i f i c a n t  r e d u c t i o n  in  d i a m e t e r  (F igure ) .  
I t  is p l a u s i b l e  t o  c o n s i d e r  p h a s e  d a r k e n i n g  t o  be  a c o n -  
s e q u e n c e  of  t h a t  s p a s m o n e m a l  c o n d e n s a t i o n  w h i c h  n a r -  
r o w i n g  a t  c o n s t a n t  l e n g t h  imp l i e s .  

M e a s u r e m e n t s  f r o m  r e l a x e d  a n d  i s o m e t r i c a l l y  c o n -  
t r a c t e d  s t a l k s  a l l ow  a m o r e  a c c u r a t e  d e t e r m i n a t i o n  t h a n  
h i t h e r t o  of  a n y  c h a n g e  in  s p a s m o n e m a l  v o l u m e  a c c o m -  
p a n y i n g  c a t i o n  b i n d i n g l a ,  14. T h e  r e l a x e d  s p a s m o n e m e  
(a t  10 -8 g i on / l  c a l c i u m  ion)  is  e l t i p so ida l  i n  c r o s s - s e c t i o n  
w i t h  a n  a x i a l  r a t i o  c lose  t o  two ,  b e c o m i n g  a l m o s t  c i r c u l a r  
in  c r o s s - s e c t i o n  w h e n  c o n t r a c t e d  (a t  10 .6 g ion/ l ) .  V o l u m e  
c h a n g e s  c a n  t h e r e f o r e  be  c a l c u l a t e d  f r o m  t h e  m e a s u r e d  
c h a n g e  in  e i t h e r  ax i s .  M e a s u r e m e n t s  f r o m  14 s p a s m o n e m e s  
g a v e  a 4 4 %  m e a n  r e d u c t i o n  i n  m a j o r  a x i s  d u r i n g  i so-  
m e t r i c  c o n t r a c t i o n ,  w h i c h  c o r r e s p o n d s  t o  a 3 7 %  m e a n  
v o l u m e  r e d u c t i o n .  I t  is b y  n o  m e a n s  c l ea r  t h a t  a s i m i l a r  
v o l u m e  c h a n g e  a c c o m p a n i e s  c o n t r a c t i o n  in  v i v o :  SUGI la  

r e p o r t e d  a 2 4 - 3 8 %  v o l u m e  r e d u c t i o n  a f t e r  co i l ing ,  b u t  
Araos  I4 c o n s i d e r e d  t h e  m e a s u r e m e n t  e r r o r  f r o m  co i l ed  

Two parallel stalks from a glyeerolated mature colony of Carchesium 
sp., A showing the spasmonemes (sp) extended in 1 0  - s  g ion/1 
calcium ion, B the same stalks isometrically contracted (10 -~ g ion/1 
calcium ion). The spaslnonemes have narrowed during contraction 
but  stalk diameters (st) are unchanged. The calibration bar is 10 ~zm. 

12 Taken or calculated from data  quoted in L. G. SILLEN and A. E. 
MARTELL, Stability Constants o] Metal-Ion Complexes (Supplement 
No. 1, special publication No. 25 of the Chemical Society, London 
1971). 
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s ta lks  to  exceed 40% a n d  was the re fore  u n a b l e  to  con-  
f i rm th i s  f inding.  Th e  c o n t r a c t e d  s p a s m o n e m e  d isp lays  
t he  mechan ica l  p roper t i e s  of a swollen r u b b e r  2, t he re fo re  
i ts vo lume  m a y  v a r y  w i t h  s t re tch ing ,  increas ing  r o u g h l y  
as t he  square  roo t  of t he  ex tens ion  ra t io  15. B y  r e s t r a i n ing  
the  c o n t r a c t e d  s p a s m o n e m e  a t  t he  re laxed  s t a lk  length ,  
i t  is he ld  a t  a n  ex tens ion  r a t i o  close to  three ,  a n d  the re -  
fore t he  decrease  in s p a s m o n e m a l  v o l u m e  m a y  be  even 
g rea te r  d u r i n g  isotonic  con t r ac t ion .  

Th re sho ld  d i v a l e n t  ca t ion  concen t r a t i ons  for glycer-  
o la ted  Carehesium s p a s m o n e m a l  con t r ac t i on  are l is ted 
in t h e  Table.  The  t h r e sho ld  ca lc ium ion c o n c e n t r a t i o n  is 
s imi lar  to  t h a t  r epo r t ed  for Vorticella ~ ( included in t he  
Tab le  for compar ison) .  Th re sho ld  is i n d e p e n d e n t  of b o t h  
10 -" g ion/1 m a g n e s i u m  ion and  2 • 10 -8 M ATP,  a n d  is 
on ly  s l igh t ly  sens i t ive  to  p H  b e t w e e n  6.0 a n d  7.5. W i t h i n  
a m a t u r e  colony, no difference in t h r e s h o l d  was ever  ob-  
se rved  b e t w e e n  t he  s p a s m o n e m e s  of older  a n d  of younge r  
s talks,  no r  was a n y  difference in t h r e s h o l d  revea led  be-  
tween  y o u n g  and  m a t u r e  colonies. I n  m a t u r e  colonies, 
t he  f r a g m e n t s  of s p a s m o n e m e  in t he  m a i n  s t a lk  con- 
t r a c t e d  a t  t h e  same t h r e s h o l d  as for  t h e  i n t a c t  spas-  
moneme .  The  same  was  found  in  y o u n g  colonies in  wh ich  
t he  s p a s m o n e m e  h a d  been  d i s rup t ed  b y  pro longed  in- 
c u b a t i o n  in 10- s g ion/1 ca lc ium ion. T he  s p a s m o n e m e  was 
less sens i t ive  to  s t r o n t i u m  a n d  b a r i u m  ions t h a n  to  cal- 
c ium,  and  m u c h  h igher  free ion concen t r a t i ons  were re- 
qu i red  to induce  con t r ac t ion .  I n  o the r  respects ,  s t a lk  
coil ing and  isometr ic  s p a s m o n e m a l  c o n t r a c t i o n  induced  
b y  s t r o n t i u m  or b a r i u m  ions was ind i s t ingu i shab le  f rom 
those  induced  b y  calc ium.  Con t r ac t i on  was no t  induced  
b y  m a g n e s i u m  ion buffers  w i t h  a free ion c o n c e n t r a t i o n  

of 10 .3 g ion/l,  even  in t he  presence  of A T E  S p a s m o n e m e  
re -ex tens ion  fol lowed p r o m p t l y  on  ca t ion  che l a t i on  b y  
EGTA.  I n  al l  cases, c o n t r a c t i o n  r e -ex tens ion  cycles could  
be  r epea t ed  m a n y  t imes .  

The  effect iveness  re la t ive  to  ca lc ium of a lkal i  e a r t h  
me ta l s  in  i nduc ing  c o n t r a c t i o n  is 

Ca(1.0) > Sr(0.006) > Ba(0.003) > lVfg(0). 

S imi lar  sequences  are  typ ica l  of t he  equ i l i b r ium b i n d i n g  
c o n s t a n t s  to  ac id i c  si tes on  pro te ins ,  for  examp le  t h e  
ske le ta l  musc le  t r o p o n i n  C ca lc ium b i n d i n g  s i te  ~, a n d  
of b ind ing  to  organic  po lyac ids  such  as c~ poly-L-glu tamic  
acid ~7. I t  h a s  been  sugges ted  t h a t  s p a s m o n e m a l  e x t e n -  
sion resul t s  f rom repuls ion  b e t w e e n  f ixed n e g a t i v e  
charges,  c o n t r a c t i o n  fol lowing charge  neu t r a l i z a t i on  
t h r o u g h  ca lc ium b i n d i n g  2,4. I t  is i n t e r e s t i ng  t h a t  large  
d imens iona l  changes  in cross l inked polyacid  f ibres  m a y  
resu l t  f rom a s imple  change  in t he  degree of f ibre  ioniza-  
t ion.  The  h i g h  re la t ive  s ens i t i v i t y  to  calc ium,  t o g e t h e r  
w i t h  t he  p H  and  m a g n e s i u m  insens i t iv i ty ,  i nd ica te  some 
ion -b ind ing  specificity.  I t  m a y  be  t h a t  s p a s m o n e m a l  
m e c h a n o c h e m i s t r y  resembles  those  po lyac id  f ibre  con-  
t r a c t i ons  t h a t  a c c o m p a n y  ion exchange  be tween  sod ium 
and  calc ium,  where  s h o r t e n i n g  occurs  a b r u p t l y  a t  a 
cr i t ica l  m o n o v a l e n t / d i v a l e n t  ca t ion  ra t io  is. 
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Dense Particles in Subcutaneous Collagen Fibrils 
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Summary. Elec t ron  microscopy  of uns t a ined ,  f resh a i r -dr ied  spreads  of t he  s u b c u t a n e o u s  connec t ive  t issue disclosed 
dense  par t ic les  (6-20 n m  in d iameter )  a t  t h e  d a r k  b a n d s  of col lagen f ibri ls  w i t h  67 n m  per iodic i ty .  T h e  par t ic les  a p p e a r  
to  cons is t  of chlor ides  f rom t he  X - r a y  mic roana lys i s  of collagen fibres. 

E l ec t ron  mic roscopy  of f resh  frozen dr ied u l t r a t h i n  
sect ions  a n d  f resh a i r -dr ied  t i ssue  spreads  h a s  disclosed, 
w i t h o u t  a n y  t r e a t m e n t  (i.e. f ixa t ion,  e m b e d d i n g  or s t a in -  
ing), va r ious  f ine s t r u c t u r e s  e-~. Escape  f rom a n y  c o n t a c t  
w i t h  l iquid  t h r o u g h o u t  t h e  spec imen  p r e p a r a t i o n  is 
essent ia l  to  s t u d y  t h e  d i s t r i bu t i on  of diffusible subs t ances  
in  t i ssues  a t  t he  e lec t ron  microscopic  level.  T he  spec imens  
t h u s  p r e p a r e d  are appl icable  to  e lec t ron  p robe  X - r a y  
microana lys i s  a n d  d r y  m o u n t  a u t o r a d i o g r a p h y .  

E n e r g y  dispers ive  X - r a y  mic roana lys i s  affords a good 
q u a l i t a t i v e  s u r v e y  of e lements ,  t h o u g h  n o t  q u a n t i t a t i v e ,  
in  sma l l  ar6as of t h e  e lec t ron  microscopic  level.  I t  gives 
i n f o r m a t i o n  on  t h e  d i s t r i b u t i o n  of m i ne r a l  e lements ,  w i t h  
a n  a t o m i c  n u m b e r  of more  t h a n  11 (Na), wh ich  is n o t  
ava i l ab le  w i t h  t he  mie ro inc ine ra t ion  procedure .  I n  th i s  
t echn ique ,  i t  is v e r y  diff icul t  to  ove rcome  t h e  loss a n d  
d is loca t ion  of t he  e l ement s  d u r i n g  t h e  spec imen  p repa ra -  
t ion ,  and  to i den t i fy  t he  e l emen t s  of t h e  a s h  a f t e r  t he  
i nc ine ra t i on  5, 6 

Dense  s t r u c t u r e s  in fresh a i r -dr ied  t i ssue  spreads ,  
w h i c h  were revea led  b y  a c o n v e n t i o n a l  e lec t ron  micro-  
scope, were obse rved  f i rs t  w i t h  a s cann ing  t r a n s m i s s i o n  
a t t a c h m e n t  and  t h e n  ana lyzed  for t h e i r  e l emen ta l  c o n t e n  t 

w i t h  a n  ene rgy  d ispers ive  X - r a y  microana lyzer .  T h e  
p la t e l e t  dense  bodies  7, zymogen  granu les  of t he  p a n c r e a t i c  
ac ina r  cellS, neu rosec r e to ry  granules  of t h e  mouse  
p i t u i t a r y  ~, t h e  nuc leus  of a s u b c u t a n e o u s  c o n n e c t i v e  
t i ssue  cell 1~ a n d  m i t o c h o n d r i a l  g ranules  1~ were  e x a m i n e d  
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