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co n t ac t  w i th  microelec t rode  in suff ic ient  n u mb er s  is the  
glial cell. The  slow signals have  a def ini te  resemblance  to 
those  p roduced  by  glial cells in response  to  associa ted 
neurona l  a c t i on  4, 5. 

Resumdn. La exploraci6n con microelectrodos,  de ex- 
p lan tes  telencefAlicos de embr i6n  de pollo, regis t ra  es- 
pon tAneamente  sefiales de dos t ipos :  lentas  y r~pidas,  
conf i rmando  hallazgos similares p r ev i amen te  r epor t ados  
con macroelect rodos .  Observandose  un  pa t r6n  en la distr i-  
buci6n de las sefiales lentas,  las cuales son or iginadas  po t  
la m i s m a  fuen te  en cada  exp lan te  pud iendo  ser 6sta, las 
c61ulas de glia o el p roduc to  de potensia les  dendri t icos .  

A. X/V. ]3. CUNNINGHAM, A. E. HAMILTON, 
M. F. KING, R. R. ROJAS-CORONA 
and G. F. SONGSTER 

Fig. 3. Reversal of polarity of slow signals from microelectrode tip 
touching explant in 4 successive positions 100-200 ~t apart in a 
straight line. The 1st, 3rd, 5th and 7th traces are DC records from 
microelectrodes at these positions and for each there is a simultaneous 
AC record from gross electrodes (2nd, 4th, 6th and 8th traces). The 
distortion at the end of record C is an artefact. The similarity be- 
tween all gross records shows no change in the basic activity of the 
focus while a change in polarity of some of the signals in each sequence 
was recorded by the microelectrode. 
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F l u c t u a t i o n s  in S a r c o m e r e  Length  in the  Chick  
D u r i n g  I s o m e t r i c  C o n t r a c t i o n  

Recent ly ,  LARSON et al. 1 repor ted  the  de tec t ion  and  
m e a s u r e m e n t  of sarcomere  f luc tua t ion  dur ing  isometr ic  
con t rac t ion  of the  frog sar tor ius  using the  opt ical  diffrac- 
t ion p a t t e r n s  ob ta ined  b y  t r a n s m i t t i n g  a laser beam 
th rough  the  muscle.  In  order  to  ascer ta in  whe t h e r  
sarcomere  f luc tua t ion  is a p r o p e r t y  peculiar  to  the  frog 
sar tor ius  i t  was  decided t h a t  the  laser b e a m  dif f ract ion 
m e t h o d  should be appl ied  to  some o the r  muscles.  In  
prac t ice  ve ry  few muscles  are sui table for th is  k ind  of 
s t u d y  as i t  is necessary  to  use a muscle t h a t  is ve ry  th in  
and  which  possesses sarcomeres  of more  or less uni form 
length.  Af te r  a n u m b e r  of muscles had  been  t r ied  i t  was 
found  t l la t  t he  chick pos ter ior  la t iss imus dorsi  muscle 
gave a good workable  d i f f rac t ion  pa t t e rn .  This muscle  is 
a fas t  or phas ic  muscle  whereas  the  ad j acen t  an te r ior  
la t iss imus dorsi  musc le  is a slow or tonic  muscle.  I t  was 
possible to  ob ta in  a reasonable  d i f f rac t ion  p a t t e r n  f rom 
the  anter ior  la t iss imus dorsi  and,  therefore ,  the  e x t e n t  of 
sarcomere  f luc tua t ion  in the  phasic  muscle  could be 
compared  wi th  t h a t  in t he  tonic  muscle.  

Materials and method. The  pos ter ior  la t iss imus dorsi  and 
an te r ior  la t i ss imus dorsi  were  dissected out  f rom 20-day- 
old W h i t e  Mounta in  Cross chicks. They  were suspended  in 
t he  muscle c h a m b e r  as shown in Figure  1. The muscle  
chambe r  was filled wi th  Krebs  b ica rbona te  r inger  solut ion 
a t  38 ~ equi l ibra ted  wi th  a 95% O2/5%CO~ mixture .  The 
opt ical  a r r a n g e m e n t  for recording sarcomere  f luc tua t ions  
dur ing  con t rac t ion  was as follows: The laser beam 
(Optics Technology,  Inc. ,  Model 170, He l ium-Neon  gas 
Laser  = 6328 ~,  power  0.3 mw) was  t r a n s m i t t e d  th rough  
the  muscle  in the  muscle  c h a m b e r  and the  d i f f rac ted  b e a m  
was t h e n  focused into t he  lens of a 16 m m  movie  camera  

A n t e r i o r  and P o s t e r i o r  L a t i s s i m u s  dors i  M u s c l e s  

(Bolex 16 m m  H reflex). Also the  screen of an oscilloscope 
showing the  s t imula t ion  pulses was  ref lected and  focused 
in to  t he  top  le f t -hand  corner  of t he  camera  lens using 
several  mir rors  and  lens. The l eng th  of the  muscle  was 
ad jus ted  to  its m a x i m u m  rest ing l eng th  by  lowering the  
b o t t o m  hook using t h e  rack  and  pinion. I t  was  t h e n  
gen t ly  f l a t t ened  be tween  the  glass p la te  and the  muscle  
c h a m b e r  wall using the  o ther  rack  and  pinion which 
m o v e d  the  muscle  c h a m b e r  backwards  and forwards  in 
t he  hor izonta l  plane.  The  laser b e a m  was t h e n  swi tched  
on and  m o v e d  up and down  the  muscle  unti l  a region was 
found  which  gave a good di f f rac t ion  p a t t e r n .  Care was 
t a k e n  no t  to  expose a n y  region of t he  muscle to  t he  b e a m  
for more  t h a n  a few seconds.  The  muscle c h a m b e r  was 
t h e n  dra ined  and  the  camera  set  in mot ion  (60 f rames  per  
sec) and  af ter  a second or so the  muscle  was s t imula ted  
via  t he  hooks  f rom w h i c h  the  muscle  was suspended,  
wi th  a burs t  of 30 vol t  DC square wave  pulses of 10 msec 
dura t ion  del ivered at  a f r equency  of 50 pulses per  sec. 
The tens ion  developed dur ing  the  con t rac t ion  was  re- 
corded  using the  m y o g r a p h  (Grass s traingauge) w i th  the  
o u t p u t  connec ted  to  a pen  recorder  (Dynograph  Offner 
Type  RS).  Af te r  processing,  the  f i lm was analyzed f rame 
by  f rame on an i sodens i tomete r  (Joyce and Loebl  Ltd . ,  
E n g l an d  ) and  the  d i s tance  be tween  the  diff ract ion lines 
was measured  and  p lo t t ed  for each {ndividual f r ame  of the  
film. 

R. E. LARSON, M. J. KUSHMERICH, D. H. HAYNES and R. E. 
Davies, Biophys. J. Soe. Abstr. 12th Ann. Mtg. 8, February 19-21 
(1968), p. A8. 
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Results. T h e  m e a s u r e m e n t s  o f  s a r c o m e r e  l e n g t h  f l u c t u a -  
t i o n  b e f o r e  a n d  d u r i n g  c o n t r a c t i o n  of  t h e  c h i c k  p o s t e r i o r  
l a t i s s i m u s  d o r s i  a r e  s h o w n  in  F i g u r e  2. F r o m  t h i s  f i g u r e  
i t  wi l l  be  s e e n  t h a t  t h e  f l u c t u a t i o n  in  t h e  d i s t a n c e  b e t w e e n  
t h e  d i f f r a c t i o n  l i ne s  w a s  v e r y  s m a l l  w h i l s t  t h e  m u s c l e  w a s  
a t  r e s t .  W h e n  s t i m u l a t i o n  c o m m e n c e d  t h e  d i s t a n c e  be -  
t w e e n  t h e  d i f f r a c t i o n  l i nes  i n c r e a s e d  i n d i c a t i n g  t h a t  t h e  
m e a n  s a r c o m e r e  l e n g t h  in  t h e  a r e a  0I t h e  l a s e r  b e a m  de-  
c r e a s e d  s l i g h t l y  e v e n  t h o u g h  t h e r e  w a s  n o  a p p r e c i a b l e  
c h a n g e  in  t h e  o v e r a l l  l e n g t h  of  t h e  m u s c l e .  D u r i n g  t h e  
d e v e l o p m e n t  a n d  m a i n t e n a n c e  of  i s o m e t r i c  t e n s i o n  t h e  
f l u c t u a t i o n s  i n c r e a s e d .  F o r  i n s t a n c e ,  t h e  m e a n  f l u c t u a t i o n  
b e t w e e n  f r a m e s  40 a n d  75 w a s  2.22 m m  p e r  f r a m e  w h e r e a s  
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Fig. 1. The apparatus used for suspending and measuring the iso- 
metric contraction of the muscle whilst simultaneously recording 
sareomere fluctttations. 

t h e  m e a n  f l u c t u a t i o n  in  t h e  r e s t i n g  m u s c l e ,  20 t o  0 
f r a m e s ,  w a s  0.58 m m  p e r  f r a m e .  I n  o t h e r  w o r d s ,  t h e  
f l u c t u a t i o n  h a d  i n c r e a s e d  in  m a g n i t u d e  b y  a p p r o x i m a t e l y  
4 t i m e s .  T h e  m a x i m u m  a m p l i t u d e  of  t h e  f l u c t u a t i o n  w a s  
a b o u t  6 m m  w h i c h  in  t e r m s  of  a c t u a l  m o v e m e n t  a t  t h e  
l eve l  of  t h e  i n d i v i d u a l  s a r c o m e r e  a p p r o x i m a t e s  t o  900 I t  
( c a l c u l a t e d  u s i n g  t h e  B r a g g  e q u a t i o n ) .  T h u s  in  t h e  c h i c k  
p o s t e r i o r  l a t i s s i m u s  d o r s i  w h i l s t  t h e  m u s c l e  is m a i n t a i n i n g  
i s o m e t r i c  t e n s i o n  t h e r e  is a c o n s i d e r a b l e  a m o u n t  o f  
i n t e r n a l  w o r k  t a k i n g  p l a c e  i n  t h e  i n d i v i d u a l  s a r c o m e r e s  
e v e n  t h o u g h  t h e r e  is  n o  e x t e r n a l  w o r k  b e i n g  p e r f o r m e d .  

T h e  s low c h i c k  m u s c l e ,  n a m e l y  t h e  a n t e r i o r  l a t t i s s i m u s  
dors i ,  w a s  less  s u i t a b l e  for  t h i s  t y p e  of  i n v e s t i g a t i o n  as  t h e  
d i f f r a c t i o n  l i n e s  we re  less  d i s t i n c t  a n d  t h e  ' b a c k g r o u n d  
n o i s e '  o f  t h e  m e a s u r e m e n t s  w h i l s t  t h e  m u s c l e  w a s  r e s t i n g  
w a s  g r e a t e r .  H o w e v e r ,  if t h e  m e a n  r e s t i n g  f l u c t u a t i o n  is 
s u b t r a c t e d  f r o m  t h e  m e a n  f l u c t u a t i o n  d u r i n g  c o n t r a c t i o n ,  
t h e n  v a l u e s  fo r  t h e  f a s t  a n d  s l ow  m u s c l e s  m a y  be  c o m -  
p a r e d .  F o r  t h e  f a s t  m u s c l e  ( p o s t e r i o r  I a t i s s i m u s  dors i )  t h e  
v a l u e  w a s  1.7 m m  a n d  for  t h e  s l ow  m u s c l e  ( a n t e r i o r  
l a t i s s i m u s  dors i )  t h e  v a l u e  w a s  0.7 m m  p e r  f r a m e .  T h e  
e x t e n t  of  t h e  s a r c o m e r e  d i t h e r  in  t h e  f a s t  m u s c l e  w a s ,  
t h e r e f o r e ,  a b o u t  2.5 t i m e s  g r e a t e r  t h a n  in  t h e  s l ow  m u s c l e .  
T h e  f l u c t u a t i o n s  in  t h e  s l ow  m u s c l e  w e r e  in  f a c t  d u e  
m a i n l y  to  p e r i o d i c  d i t h e r  of  a b o u t  t h e  s a m e  s ize  o f  t h o s e  
in  t h e  p o s t e r i o r  l a t i s s i m u s  d o r s i  b u t  t h e y  o c c u r r e d  a t  
a b o u t  t/a of  t h e  f r e q u e n c y .  

Discussion. T h e  f a c t  t h a t  t h e  s l ow  m u s c l e  e x h i b i t e d  f a r  
t ess  s a r c o m e r e  f l u c t u a t i o n  is  o f  c o n s i d e r a b l e  i n t e r e s t  a s  t h e  
t e n s i o n  d e v e l o p e d  b y  b o t h  t h e  f a s t  a n d  t h e  s l ow  m u s c l e s  
w a s  a p p r o x i m a t e l y  t h e  s a m e .  T h i s  m e a n s  k h a t  t h e  s low 
m u s c l e  w a s  p e r f o r m i n g  f a r  less  i n t e r n a l  w o r k  in  o r d e r  to  
m a i n t a i n  a b o u t  t h e  s a m e  t e n s i o n .  R e c e n t  w o r k  o n  h a m s t e r  
m u s c l e s  2 h a s  s h o w n  t h a t  t h e  s low s o l e u s  m u s c l e  is a b l e  to  
m a i n t a i n  t e n s i o n  a t  a m u c h  l ower  cos t ,  in  t e r m s  of  A T P  
u s e d  t h a n  is t h e  f a s t  e x t e n s o r  d i g i t o r u m  l o n g u s  or  t h e  
b i c e p s  b r a c h i i  m u s c l e .  I t  s e e m s  feas ib le ,  t h e r e f o r e ,  t h a t  t h e  

2 (~. GOLDSPINI{, !{. ];,. I,AI~SON and lk E. DavI>:s, in preparation for 
public~ttiott. 
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Fig. 2. Sarcomere fluctuations before and during isometric contraction of the chick posterior latissimus dorsi muscle. These fhc tua t ions  
are seen as a result of plotting the zero and 1st order peak distance measured from t h e  isodensitometer traces of each individual frame. 
The film speed was 60 frames per sec and the combined magnification of the optical system and isodensitometer was approximately • 65. 
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ex t en t  of sarcomere  f luc tua t ion  m a y  be one of the  ma in  
fac tors  which  de te rmines  the  energy  r equ i remen t s  of t he  
muscle  for ma in ta in ing  isometr ic  tens ion  and also poss ibly  
the  rage at  which  the  muscle fatigues.  P r e s u m a b l y  sarco- 
mere  f luc tua t ion  is re la ted  to the  leng th  of t ime  t h a t  each 
cross l ink on the  myos in  f i l amen t  is engaged wi th  t he  
ac t in  f i lament .  The f luc tua t ions  p robab ly  only  occur w i th  
t he  r a n d o m  release or engagemen t  of m a n y  cross links. In  
the  fas t  muscle  the re  is p r e sumab ly  a grea ter  p robab i l i ty  
of sarcomere  m o v e m e n t  as t he  l e n g t h  of t ime  t h a t  each 
cross l ink is engaged is p robab ly  far less t h a n  in the  slow 
muscle  a. 

die F r eq u en z  in den h in te ren  phas i schen  Muskeln dre imal  
h6her  als in den vorderen  ton i schen  Muskeln. 

G. GOLDSPINK 4, R. E. LARSON 
and  1R. E. DAVIES 

Department of Animal Biology, 
School of Veterinary Medicine and Graduate Group on 
Molecular Biology, University o/ Pennsylvania, 
Philadelphia (Pennsylvania, USA), 30 April 1969. 

Zusammenfassung. Es wird gezeigt,  dass  die Schwan-  
kung der  Sarkomerenl/~nge bei  Beni i t zung  der <daser 
b e a m  ~) - Methode  w~Lhrend der  i somet r i schen  K o n t r a k t i o n  
der  M. lat iss imi dorsi  be im Hi ihnchen  versch ieden  war.  
Der  S c h w a n k u n g s u m f a n g  war  in dell vo rde ren  und  
h in te ren  Muskeln ungef~hr  gleich (900 ~),  h ingegen war  

a This  work  was suppor ted  by  gran t s  from the  Muscular D y s t r o p h y  
Associations of America and the U.S.P.H.S. No. HE02520-12 and 
GM00694-7. Dr. GOLDSPINK also received a Welcome Trust 
Travel Grant for travel to the United States. The authors wish to 
acknowledge the valuable technical assistance rendered by Mr. 
S. E. WATERSON. 
Present  address:  The Univers i ty  of Hull ,  Depa r tmen t  of Zoology, 
Kings ton  upon Hul l  (Yorkshire,  England) .  

Effect  of  L i g h t  a n d  p H  o n  D i a z o t i z e d  B i l i r u b i n  

While  s tudy ing  the  enzyme,  b i l i rubin  glucuronyl  
t ransferase ,  var iable  results  had  been  ob ta ined  on the  
de t e rmina t i on  of diazot ized non-con juga ted  bil irubin.  
Previous  workers  have  shown t h a t  undiazo t ized  bi l i rubin 
is ve ry  sensi t ive to  l ight  and p H  1-1~ and  t h a t  ex t inc t ion  
and absorp t ion  m a x i m u m  values  of azo dyes depend  on 
such factors  as pH,  alcohol, and  albumin11. I t  was there-  
fore desirable to  note  whe the r  l ight  and  p H  had  s ignif icant  
effects  on the  spec t ropho tome t r i c  assay of d iazot ized 
non-con juga ted  bi l i rubin under  the  condi t ions  of t he  
a fo rement ioned  exper iments .  As no ted  below, no rma l  
room l ight  did no t  s ignif icant ly  affect  the  spec t rophoto-  
met r ic  de t e rmina t i on  of diazot ized bi l i rubin  whereas  p H  
had  a marked  influence on the  opt ical  dens i ty  readings.  
These observa t ions  will u n d o u b t e d l y  be of in te res t  to  
o the r  laborator ies  doing bi l i rubin de te rmina t ions .  

Effect o/pH. To s t u d y  the  effect  of p H  on spec t rophoto-  
met r ic  proper t ies  of bil irubin,  a bi l i rubin solut ion was 
made  as follows: 4.5 ml  e thanol ,  95%;  0.6 ml of 0 .25M 
Tris buffer,  p H  8.0 a t  25~ 0.5 ml  bi l i rubin  solut ion 
(19 mg bi l i rubin (Sigma) rap id ly  dissolved in 10 ml  of 
0 .2N N a O H  and  28.5 ml dist i l led water)  ; and  1.95 ml  of 
dist i l led water .  3 ml  of concen t ra t ed  diazo reagent  le was  
t h e n  added.  Af ter  shaking for 30 min,  the  solut ion was  
di luted to  100 ml wi th  methanol .  Series of samples  were  
set  up, using N a O H  and  HC1 solutions,  to give var ious  
hydrogen- ion  concent ra t ions .  Equa l  vo lumes  of diazot ized 
bi l i rubin solut ion were then  added.  Opt ical  dens i ty  was  
read at  535 n m  (Spectronic 20) and the  p H  was  deter-  
mined  (Beckman E x p a n d e d  Scale Model 76). "Water was  
used in each series as a control  replacing the  acid or base. 
Condi t ions  were reversed  by  adding  HC1 solut ion to t he  
more  alkaline samples  (compared to  the  control  a t  p H  
2.3). Each  sample  was b rough t  to  t he  same vo lume so t h a t  
t he  concen t ra t ion  of bi l i rubin was the  same in each 
cuvet te .  Optical  dens i ty  and  p H  were de t e rmined  again. 

The effects of acid and base  on diazot ized bi l i rubin 
co lor imet ry  are shown in t he  Figure.  U p o n  add i t ion  of 
NaOH,  opt ical  dens i ty  readings  decreased as the  p H  was  
increased f rom the  control  sample  p H  value. Acid 
lowered the  p H  bu t  did not  p roduce  changes  in the  opt ical  
dens i ty  readings compared  to  the  control .  To de te rmine  

w h e t h e r  the  diazot ized b i l i rubin  was act ing as an indi-  
ca tor  1~, HC1 was added  to  t he  samples  whose p H  values  
had  been increased.  I t  was p re sumed  t h a t  chang ing  the  
p H  back  to  the  control  level migh t  give optical  dens i ty  
readings  s imilar  to t h a t  of the  control  samples.  This was 
no t  t he  case. The addi t ion  of HC1 resul ted  in changing the  
p H  to  a value around 2 b u t  p roduced  only  a min imal  
increase in t he  opt ical  dens i ty  readings.  

Diazot ized bi l i rubin was therefore  marked ly  af fec ted  
by  the  hydrogen- ion  concen t ra t ion  of the  solution.  
Dif ferent  opt idal  dens i ty  readings  were ob ta ined  wi th  t he  
same concen t ra t ion  of b i l i rubin  jus t  by  changing the  p H  
t h ro u g h  the  addi t ion  of NaOH.  I t  is therefore  i m p o r t a n t  
to keep a p H  of 2 or less t h r o u g h o u t  t he  procedure  a f te r  
the  add i t ion  of concen t r a t ed  diazo reagen t  to ob ta in  
cons i s t an t  results.  

Effect o/ light. For  the  s t u d y  on light,  diazot ized con- 
juga ted  and  non-con juga ted  bi l i rubin  samples  were 
ob ta ined  by  the  ex t rac t ion  and  ch romatograph ic  tech-  

1 R. J.  CREMER, P. W. PERRYMAN, D. H. RICHARDS and B. HOL- 
BROOK, Bioehem. J. 66, 60P (1957). 
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