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The Effect of Ti l t ing Ultrathin Sect ions  on the I m a g e  of the Z-Disc  of Skeletal  Muscle  

The fine s t ruc ture  of the  Z-disc of skeletal  muscle 
p resen t s  a va r i e ty  of images in the  e lectron microscope.  
Several  i n t e rp re t a t ions  have  been  advanced  to account  
for th is  p h e n o m e n o n  and some t e n t a t i v e  models  have  been  
proposed  to expla in  the  3 d imens ional  s t ruc ture  of the  
disc x ~. However ,  these  in t e rp re t a t ions  and models  der ive 
f rom examina t ion  of e lectron micrographs  ob ta ined  wi th-  
out  the  aid of e lec t ronmicroscopes  equipped  wi th  a 
goniometer  spec imen stage. In  the  p resen t  r epor t  we 
describe for the  f i rs t  t ime  the  effect  Of t i l t ing the  Z-disc 
in an electron microscope f i t t ed  wi th  a goniometer  s tage 

capable  of giving :L 60 ~ of t i l t .  The resul ts  thus  ob ta ined  
are t hen  compared  wi th  p ro jec ted  images  of a th ree  
d imens iona l  model  of the  Z-disc. 

Materials  and methods. F r a g m e n t s  of the  s terno-  
mas to id  muscle,  f reshly  t aken  f rom a rat ,  were f ixed in 
4% g lu ta ra ldehyde  at  p H  7.4 and pos t - f ixed  in 1% 
osmium te t roxide .  Af ter  dehydra t ion  in graded alcohols 
t hey  were t r ea t ed  wi th  p ropy lene  oxide and  e m b e d d e d  in 
Epon.  U l t r a th in  sect ions (silver to grey) cut  bo th  longi- 
tud ina l ly  and t r ansverse ly  to the  Z-disc, were s ta ined  
wi th  lead c i t ra te  and u rany l  ace ta te  and examined  wi th  
a Siemens E lmiskop  1, a Phi l ips  EM 300 and  a JeoI J E M  
10013 electron microscope,  the  la t t e r  two  being f i t t ed  
wi th  a goniometer  s tage and a t i l t ing  specimen holder.  A 
model  of t he  Z-disc ,  based on the  work  of KNAPPEIS and  
CARLSEN I and our own observat ions ,  was cons t ruc ted  
f rom per spex  rod (Figure 1) and its shadow was p ro jec ted  
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Fig. 1.3-dimensional model of the Z-disc used to interpret the images 
seen in the electron microscope. 

Fig. 2. Different images of the Z-disc of skeletal muscle observed 
in conventional electron micrographs (see text), a), c), d), e) • 98.000 ; 
b) • 240.000. 
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Fig. 3. a) to e) show the result of tilting (rotating a lon- 
gitudinal section of a Z-disc about the long axis of the myo- 
fibrils, a), b), e), d) and e) represent 0 ~ 15 ~ 30 ~ 45 ~ and 60 ~ 
of tilt respectively. • 90.000. 

on to  a screen. B y  c h a n g i n g  t he  o r i e n t a t i o n  of t he  mode l  
we were able  to  obse rve  t h e  changes  in p a t t e r n  of t h e  
p ro jec ted  s h a d o w  a n d  to  c o m p a r e  t h e m  w i t h  t he  c h a n g i n g  
images  obse rved  w h e n  t i l t i ng  t}le u l t r a t h i n  sect ions  in  t h e  
e lec t ron  microscope.  

Resul ts  and  discussion.  F o u r  m a j o r  p a t t e r n s  of t h e  
Z-disc were obse rved  in c o n v e n t i o n a l  e lec t ron  micro-  
g r a p h s  o b t a i n e d  w i t h o u t  t he  a id  of t h e  gon iomete r -  

t i l t i n g  device.  Those  we h a v e  cal led c h u r c h  steeple,  
s t r a i g h t  line, i n t e rd ig i t a t i ng ,  a n d  fuzz. T h e  c h u r c h  s teeple  
p a t t e r n  is cha rac t e r i zed  b y  a single or a doub le  zig-zag 
l ine  w i t h  ac t in  f i l a m e n t s  a t t a c h e d  to  t h e  apices (Figure 2a 
a n d  b). I n  t h e  s t r a i g h t  l ine  p a t t e r n  t h e  ac t i n  f i l a m e n t s  
seem to  be  c o n t i n u o u s  a n d  to r u n  in a s t r a i g h t  l ine  be-  
t w e e n  a d j a c e n t  Z-bands an d  in t h e  region of the  Z-disc t he  
f i l amen t s  a p p e a r  t h i c k e r  (Figure 2c). I n  t h e  in te r -  
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d i g i t a t i n g  p a t t e r n  s t r a igh t  ac t in  f i l amen t s  f rom a d j a c e n t  
I - b a n d s  appea r  to  be  d i scon t inuous  and  to  a l t e r n a t e  in 
t he  region of t h e  Z-disc (Figure 2d). The  fuzz image  is  t h e  
mos t  c o m m o n  a n d  t he  Z-disc does no t  e x h i b i t  a n y  clear ly 
def inab le  p a t t e r n  and  appear s  diffuse (Figure 2e). T i l t ing  
long i tud ina l ly  o r ien ted  spec imens  ( ro ta t ion  of t he  speci- 
m e n  a b o u t  t he  l ong i t ud ina l  axis  of myofibr i ls )  t h r o u g h  
t he  ~ 6 0  ~ o b t a i n a b l e  w i t h  t h e  e lec t ron  microscope  
equ ipped  w i t h  a gon iomete r  s tage  revealed  t h a t  consider-  
able  changes  occur  in  t he  a p p e a r a n c e  of t he  Z-disc. W i t h  a 
s t a r t i n g  image  of a c h u r c h  s teeple  p a t t e r n  (Figure 3 a ) ' a  
t i l t  of 15 ~ p roduced  l i t t l e  change  a p a r t  f rom a less clear 
image  (Figure 3b).  W i t h  a t i l t  of 30 ~ a n d  45 ~ t he  disc was 
conve r t ed  in to  a fuzz image  (Figure 3c and  d) wh ich  in 
t u r n  emerged  as a s t r a igh t  l ine  a t  t h e  m a x i m u m  t i l t  of 60 ~ 
(Figure  3e). T i l t ing  t he  sect ion t h r o u g h  t he  60 ~ in t h e  
m a n n e r  descr ibed  above  also p roduced  a decrease  in t h e  
w i d t h  of t he  myof ibr i l s ,  a p p r o x i m a t i o n  of ac t in  f i laments ,  
and  a n  e n h a n c e d  c o n t r a s t  of t he  spec imen  (Figure 3). 
T i l t ing  t he  same  Z-disc a t  r i g h t  angles to  t he  p rev ious  
series showed t h a t  t he  in i t i a l  image  of a c h u r c h  s teeple  
p a t t e r n  g radua l ly  changed  to t he  i n t e r d i g i t a t i n g  p a t t e r n  
w i t h o u t  any  obv ious  i n t e r m e d i a t e  fuzz s tage (Figure 4). 
T i l t i ng  t r an sve r se ly  cu t  sect ions  of t he  myof ibr i l s  a t  t h e  
level of t he  Z-disc fai led to  show any  s ign i f ican t  a l t e r a t i on  
of t he  image  no  m a t t e r  in  w h a t  d i rec t ion  t h e y  were t i l ted .  

B y  p ro jec t ing  t he  pe r spex  mode l  (Figure 1) r ep r e sen t i n g  
2, 3 or 4 rows of ac t in  f i l amen t s  we h a v e  found  a h igh  

degree of co r re l a t ion  b e t w een  the  p a t t e r n s  p roduced  b y  
a l t e r ing  t h e  o r i e n t a t i o n  of t h e  mode l  a n d  b y  t i l t i ng  t h e  
specimens.  However ,  t h e  degree of t i l t i ng  r equ i red  to  
p roduce  changes  in p a t t e r n  did  n o t  cor respond  precise ly  
in  t h e  2 sys tems.  

The  above  resul t s  p rov ide  ev idence  for t h e  f i r s t  t i m e  
t h a t  some of the  v a r y i n g  images  of t h e  Z-disc t h a t  are 
seen w i t h  t h e  e lec t ron  microscope  are accoun ted  for b y  
t h e  o r i e n t a t i o n  of t h e  specimens,  T h e y  also suggest  t h a t  
t h e  t h r ee  d i men s i o n a l  s t r u c t u r e  of t h e  Z-disc is essen t ia l ly  
s imi la r  to  t h a t  p roposed  b y  KNAPPtglS an d  CARLSEN 1 
b u t  p r o b a b l y  w i t h  a conf igu ra t ion  less r ig id ly  ordered  
t h a n  has  been  p rev ious ly  ind ica ted .  T h e  resul t s  c lear ly  
show t h a t  t h e  fuzzy  a p p e a r a n c e  of t h e  Z-disc, o f ten  
i n t e r p r e t e d  as an  i nd i ca t i on  of t h e  presence  of a diffuse 
m a t r i x  p e r m e a t i n g  t h e  Z-disc f i l amen t s  10, 2 m a y  be  due to 
t h e  o r i e n t a t i o n  of t h e  spec imen  w h i c h  resul t s  in t h e  non-  
M i g n m e n t  of t h e  f i l aments .  Our  f ind ings  t o g e t h e r  w i t h  
those  of p rev ious  au thors ,  however ,  offer no  e x p l a n a t i o n  
for t h e  u n u s u a l l y  b r o a d  Z-line found  in the  ca t  myo-  
c a r d i u m  a or in  the  cases of n e m a l i n e  m y o p a t h y  ~. 

Rdsumd. A l 'a ide  du microscope 61ectronique m u n i  d ' u n  
goniom6tre ,  la  s t r u c t u r e  t r i -d imens ionne l l e  du d isque  Z 
de la f ibre  muscu la i r e  str i6e a 4t4 analys6e.  Les r6su l t a t s  
o b t e n u s  son t  compar6s  avec  u n  mod61e c o n s t r u i t  en pers-  
pex  e t  avec  les images  conven t ionne l l e s  du  d isque  Z. 
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Fig. 4. The same Z-disc as in Figure 3, this time tilted (rotated) about 
its long axis, which is at right angles to the previous figure. Inter- 
digitating filaments are seen particularly where arrowed. • 90.000. 

s D. W. FAWCETT, J. Ceil Biol. 36, 266 (1967). 
9 N. K. GOtCATAS, G. M. SHY and E. H. GODFREY, New Engl. J. Med. 

274, 535 (1966). 
10 H. HUXLEY, J. molec. Biol. 7, 281 (1963). 
~l Acknowledgment. We wish to thank Pye Unlearn (Philips) an 

Jeol (U. K.) Ltd. for kindly allowing us to use their electron 
microscopes. Technical assistance from Messrs. H. FISHER, J. 
MANSION and R. BIRCHE~OUGH is gratefully acknowledged. 

Changes in the Differentiation of the Sea Urchin Larva by Action of a Detergent upon the 
Unsegmented Egg 

The  n o r m a l  d e v e l o p m e n t  of sea u r c h i n  eggs depends  on  
t he  ba l ance  b e t w e e n  two d i f fe ren t  t r e n d s  gove rn ing  
respec t ive ly  t he  d i f f e r en t i a t i on  of ec tode rma l  a n d  en to -  
m e s o d e r m a l  p a r t s  of t he  larvae.  This  ba l ance  can  be  
d isp laced  b y  t r e a t i n g  t he  eggs w i t h  ce r t a in  chemicals .  I n  
t he  an ima l i za t ion ,  for example ,  t he  d i f f e r en t i a t i on  of 
e c tode rm is f avoured  a t  t he  expense  of t he  en tomesode rm.  
The  mode  of ac t ion  of an ima l i z ing  agen ts  is no t  known.  An  
ac t ion  on  t he  cell surface ha s  been  sugges ted  l-a. 

D e t e r g e n t s  r ep re sen t  an  in t e re s t ing  class of chemica ls  
able  to  r eac t  w i t h  t h e  cell m e m b r a n e ,  d i s t u r b i n g  i ts  
s t r u c t u r e  a n d  r e m o v i n g  p ro te ins  f ixed on t he  surface  of 
m e m b r a n e .  Ea r l i e r  obse rva t ions  w i t h  sea u r c h i n  eggs h a v e  
shown  in t e re s t ing  effects  of de t e rgen t s  on  t he  d i f fe ren t ia -  
t i on  of larvae.  An  an ionic  de te rgen t ,  l au ry l  sulfate,  was  
shown to  be  able  to  p roduce  r a d i a l i z a t i o n  of l a rvae  4. 
R a d i a l i z a t i o n  cor responds  to  a weak  an imal i za t ion .  

Accord ing  to RU~NSTI~OMs, t h i s  d e t e r g e n t  increased  t h e  
f r equency  of a n i m a l i z a t i o n  in eggs p r e t r e a t e d  before  
fe r t i l i za t ion  w i t h  t h i o c y a n a t e .  RUNNSTROM m a d e  t h e  
i n t e r e s t i ng  o b s e r v a t i o n  t h a t  t h e  d e t e r g e n t  was  m o s t  
ef fec t ive  if t h e  eggs were exposed  to  i ts  ac t ion  v e r y  ear ly  
a f te r  fer t i l iza t ion .  Chemica ls  w i t h  a h i g h  surface a c t i v i t y  
l ike sa l ts  of bi le  acids were shown  to  be  effect ive an imal iz -  
ing agents% 

I n  th i s  p a p e r  we shal l  t r y  to  e luc ida te  t h e  m o d e  of 
ac t ion  of a d e t e r g e n t  a n d  to  o b t a i n  i n f o r m a t i o n  a b o u t  t h e  
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