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a t r a n s p a r e n t  square  mi l l imete r  scale (divided to 0.5 m m  1) 
on  b o t h  sides of t he  s t r ip  us ing  a m a g n i f y i n g  glass. The  
ave rage  va lue  in  m m  ~ was t h e n  p l o t t ed  aga ins t  t he  
abso lu te  a m o u n t  of t he  appl ied  pro te in .  The  exac t  con-  
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Fig. 3. Calibration curves of proteins. R, ribonuclease; M, myo- 
globin; O, ovalbumin; A, serumalbumin; G, gammaglobulin; F, 
fibrinogen. PVC membrane filters Sartorius SM 12801 and 0.1M 
phosphate buffer with 0.9% NaC1 were used. 

c e n t r a t i o n  of t he  pu re  p ro t e in  s t a n d a r d s  was d e t e r m i n e d  
sepa ra t e ly  b y  d ry  we igh t  and  spec t ropho tome t r i ca l l y .  

Results. The  ca l i b r a t i on  curves  (Figure 3) were dif-  
f e ren t  for i n d i v i d u a l  p ro te ins  and  all  were l inear  in  t he  
g iven  region w i t h  a d e v i a t i o n  of t he  m e a n  no t  exceeding  
3%. Th i s  fac t  wh ich  conf i rmed  all  our  p rev ious  experi-  
ences in  th i s  fieldl,~, ~, makes  i t  poss ible  and  reasonab le  
to  c o n s t r u c t  t he  ca l i b r a t i on  cu rve  for a g iven  p ro t e in  
(or a s t a n d a r d  p ro t e in  mix tu re ,  e.g. serum) b y  m e a s u r i n g  
exac t ly  on ly  one do t ,  i.e. t h e  a rea  co r re spond ing  to  a 
g iven  a m o u n t  of p ro t e in  and  t h e n  d r awing  a s t r a i g h t  
l ine t h r o u g h  t h a t  do t  a n d  t he  zero p o i n t  of t he  scale. To 
ensure  regular  resul t s  i t  is necessa ry  to avo id  t he  presence  
of de te rgen ts ,  e.g. t he  Tweens,  of h igh -molecu la r  poly-  
e thy leneglyco ls  ~ and  of n o n s t a n d a r d  pro te ins .  

I t  is possible  to  conc lude  t h a t  th i s  new m i c r o t e c h n i q u e  
is ve ry  accura te ,  easy  to  per form,  i nexpens ive  a n d  rapid ,  
each  e s t i m a t i o n  t a k i n g  only  a few minu tes .  I t  is su i t ab le  
b o t h  for r ou t i ne  or for special  u l t r a -mic ro  e s t i m a t i o n  of 
soluble  p ro te ins  in  a b r o a d  r ange  of molecu la r  we igh ts  
and  a t  physiological  p H  values.  

Zusammen/assung. C h r o m a t o g r a p h i s c h e  E n t w i c k l u n g  
von  P r o t e i n e n  auf  P V C - M e m b r a n f i l t e r n  u n d  Fl~ichen- 
b e s t i m m u n g  des ad so rb i e r t en  F i lms  zur  r a s chen  P ro t e in -  
ana lyse  w u r d e n  beschr ieben .  
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A Capacitance Indicator for Inf ini tes imal  Muscular  M o v e m e n t s  

This  r e p o r t  concerns  a new w ay  of reg i s te r ing  ve ry  
smal l  muscu l a r  m o v e m e n t s  in  severa l  places  a t  t h e  same  
t ime,  w i t h o u t  a n y  m e c h a n i c a l  connec t ions  b e t w e e n  t he  
ob jec t  a n d  ti le r ecord ing  device,  b y  m e a n s  of a capaci-  
t ance  m o v e m e n t  indica tor .  T he  s i m u l t a n e o u s  use of 4 
ind ica to rs  on  a Langendor f f  h e a r t  p r e p a r a t i o n  gives a 
more  comple te  p ic tu re  of muscu l a r  d i sp l acemen t s  a t  a 
h igher  s ens i t i v i ty  a n d  a h igher  f r equency  t h a n  is ordi-  
na r i ly  ach ieved  w i t h  classical  m e t h o d s  of reg i s t ra t ion .  

An  ex is t ing  capac i t ance  b r idge  m e t h o d  was modif ied,  
us ing  t he  h e a r t  as one of t he  two  p la t e s  in  a condense r  1. 

The  device  is ve ry  smal l  (20 • 15 • 5 cm), cons t ruc t ed  
of i nexpens ive  d iscre te  c o m p o n e n t s  and  ope ra t ed  b y  a 
9 V b a t t e r y .  The  sens i t ive  device  of t he  capac i t ance  
m o v e m e n t  ind ica to r  is a b r idge  w i t h  a t r a n s f o r m e r  fed 
b y  a 12 kc/s  oscil lator.  2 a rn l s  in the  br idge  are fo rmed  
b y  t h e  t r a n s f o r m e r  a n d  t h e  o the r  2 b y  t he  condensers  
C 1 and  C a, whose  c o m m o n  p o i n t  is connec ted  to t h e  e a r t h  
(Figure  1). The  br idge  is b a l a n c e d  w h e n  t he  2 condensers  
are equal.  The  c a p a c i t y  of one of t h e m  can  be  changed ,  
b y  h e a r t  m o v e m e n t s  w h e n  t he  h e a r t ,  wh ich  cons t i t u t e s  
one of t he  condense r  C 2 plates ,  p roduces  a change  in t he  
d i s t ance  be tween  these  plates .  This  will also be  t he  case 
w h e n  t he  e a r t h  poin t ,  which  is t he  same  as t he  h e a r t  
a n d  one of t h e  condenser  C a plates ,  moves.  The  br idge  is 
t h e n  u n b a l a n c e d  and  b y  m e a s u r i n g  t h i s  u n b a l a n c e  one 
m a y  o b t a i n  a re la t ive  m e a s u r e m e n t  of the  m o v e m e n t s .  
Signals  due  to  t he  u n b a l a n c e  in t he  b r idge  are t a p p e d  
f rom the  cen te r  of t he  t r a n s f o r m e r  a n d  a f t e r  ampl i f i ca t ion  
t h e y  are fed to  a phase  sens i t ive  de tec tor .  Changes  in t h e  
c a p a c i t y  of C 1 or C 2 cause t he  s ignals  f rom t he  de t ec to r  
to  change  level,  in one d i rec t ion  b y  a n  increase  and  in 

t he  oppos i te  b y  a decrease.  The  u p p e r  r eg i s t r a t ion  l imi t  
of t he  device  is d e t e r m i n e d  b y  t h e  f i l ter  condensers  in  
t he  de tec tor ,  wh ich  in t he  p r e sen t  a p p a r a t u s  p e r m i t  fre- 
quencies  as h igh  as 1500 Hz. Af te r  t he  de t ec to r  t he  
s ignals  pass  a n o t h e r  set  of f i l ters  wh ich  are chosen  to  su i t  
t i le  f requencies  in  t he  p a t t e r n  to be  reg is te red  a n d  here  
a n  uppe r  l imi t  of a b o u t  350 Hz  is chosen.  I n  these  experi-  
m e n t s  a n  I n k - J e t  osci l lograph w i t h  a n  uppe r  l im i t  of 
a b o u t  700 Hz  was used. The  a m p l i t u d e  of the  def lect ions  
on  t he  recorder  depends  on  the  s ens i t i v i t y  of t h e  capaci-  
t a n c e  m o v e m e n t  ind ica to r  a n d  t he  d i s t ance  to t he  object .  
The  sens i t ive  p la t e  w i t h  i ts  device  has  to  be  b a l a n c e d  
w i t h  a n  oscilloscope each t i m e  i ts  d i s t ance  to t he  ob jec t  
is var ied .  The  sens i t ive  e n d p o i n t  T a can  be  a r r anged  in 
d i f fe ren t  ways  depend ing  on t he  size of t he  ob jec t  and  
i ts  m o v e m e n t s .  A closer a p p r o a c h  of t he  ea r t hed  h e a r t  
t owards  t he  sens i t ive  p la t e  can  be  reg is te red  as a pos i t ive  
or nega t ive  def lec t ion  on  t he  recorder .  Geomet r i ca l ly  t h e  
p la t e  can  be  of a n y  shape  a n d  of a n y  meta l .  I t  can  be  
fo rmed  as a plate ,  or a ball ,  b u t  t he  cu t  off wire  of t he  
c o n d u c t o r  a lone  will  suffice. The  c o n d u c t o r  to  t he  sen- 
s i t ive  p la te  has  to  be  ea r t hed  in order  to  avo id  d i s tu rb -  
ances.  As t he  device measures  i ts  re la t ions  t owards  ea r th ,  
the  cable  should  p re fe rab ly  be of low capac i t ance  t y p e  
(about  30 pf /m).  

Three  types  of model  e x p e r i m e n t s  were made,  1 w i t h  
an  eccentr ic  plate ,  i w i t h  a m i c r o m e t e r  screw a n d  1 w i t h  

1 The author wishes to acknowledge the advice and assistance of 
Prof. H. HERTZ, Prof. L. STIGMARK and Mr. I. JoNssoN of the 
Lurid Institute of Technology. 
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Fig. 1. Block diagram showing one capacitance movement indicator 
connected. The figures (1)-(4) show the positions for the 4 devices. 
The heart is earthed through the perfusion fluid. T 1 and T 2 are tile 
arms of the transformer. C 1 and C~, are the condensers in the capaci- 
tance bridge. 

These exper iments  show t h a t  one is well below cell 
size and  t h a t  i t  should be possible to measure  single cell 
m o v e m e n t s  in a t issue culture,  or o ther  very  smal l  
biological movemen t s ,  w i t h o u t  mechanica l  connect ions  
and ill several  places a t  the  same t ime.  W i t h  a h igh speed 
recorder  i t  is possible to  follow a m o v e m e n t  sequence,  
for example,  the  f i rs t  m o v e m e n t s  of t he  embryological  
hea r t  in situ, regis tered s imul taneous ly  wi th  the  ECG. 
W i t h  the  sensi t ive p la te  a t  some dis tance  f rom the  objec t  
large m o v e m e n t s  can be regis tered wi th  the  same accuracy 
as smaller  ones. 

The guinea-pig hear t s  were per fused  ad m o d u m  Lan-  
gendorff  wittl  Krebs  solut ion at  38.5 ~ and  30-40 m m  Hg. 2 
Figure  2 to the  left shows 6 curves f rom one of these  
exper iments .  The first  comprises  one second t ime  marks.  
The second reflects the  excursions of the  r igh t  auricle 
and the  th i rd  the  r igh t  ventricle.  The four th  curve shows 
the  excursions of the  left auricle and  the  f i f th  the  left  
ventricle.  For  conven t ion  an upward  def lect ion of the  

7f 

~ A ~  ~ A ~  ~d'%smm 

P O, RS T 

Fig. 2. Left: One selected experiment with a guinea- 
pig heart perfused in vitro. The first curve compriees 
1 see time marks, the following 4 the excursions of 
the chambers of the heart and the sixth is the 
ECG. Right: Calibration of "the movements. The 
distance to the plate is given in mm and the adjust- 
ments of the micrometer in Ix. 

an ea rphone  membrane .  The f irs t  tes ts  were carr ied out  
by  fas ten ing  an 1.75 m m  eccentr ic  p la te  to a mo to r  a t  
a speed of 670 • g. The resul t  is a t rue  sine funct ion.  The 
tes t s  w i th  the  mic rome te r  were carr ied out  to  ascer ta in  
absolute  m o v e m e n t s  in mm.  The closer the  p la te  is 
towards  the  object ,  the  greater  becomes the  ampl i tude  
of the  def lect ions  on the  recorder,  The capac i tance  move-  
m e n t  ind ica tor ' s  l inear i ty  can be e s t ima ted  f rom the  
in tervals  be tween  the  d i f ferent  ad jus tmen t s .  A t  smal le r  
d is tances  t h a n  0.5 m m  be tween  the  objec t  and  the  sen- 
si t ive plate,  t he  mic rome te r  screw was no t  useful because 
the  capac i tance  m o v e m e n t  ind ica tor  became  too sensi t ive 
for th is  t y p e  of exper iments .  If t he  sens i t ive  p la te  is  
a t  a d is tance  of 0.5 m m  from the  object ,  and a d j u s t m e n t  
on the  mic rome te r  screw of 1/2 scaleline, i.e. 5 a, is recorded 
as a p ronounced  def lect ion when  the  capaci tance  to the  
m o v e m e n t  indica tor  is ad jus ted  to  m a x i m u m  sens i t iv i ty  
(Figure 2, right) .  The tes ts  wi th  the  ea rphone  m e m b r a n e  
were carr ied out  to ascer ta in  the  f requency  response.  
The m o v e m e n t s  of t he  m e m b r a n e  were control led under  
the  microscope and found  to have  an ampl i tude  of ab lu t  
1 a t h rough  f requencies  f rom 15 Hz up to  700 Hz. I t  is 
possible to ampl i fy  the  signals a fu r ther  100 t imes  by  a 
p reampl i f ie r  to the  recorder.  

curve indica tes  a systol ic  con t rac t ion  of the  muscle.  The 
s ix th  curve shows the  ECG 3 and, of course, all the  curves 
are ill synch rony  wi th  each other.  

F u r t h e r  evalua t ion  of the  curves will be made  in a 
separa te  publ ica t ion.  

Zusammen/assung. Regi s t r i e rme thode  iiir kleine Mus- 
ke lbewegungen ohne D i r e k t k o n t a k t  synchron  an mehre ren  
Stellen bei s imul tanen  e lektr ischen Messungen.  
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