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Table III. Isomerization and aromatization of limonene over CaO t a i n t y  in m e a s u r e m e n t  of small areas in the  v.p. chro- 
catalyst at 475 ~ m a t o g r a m s  L 

% Products �9 Run Run Run Average 
Products No. 1 No. 2 No. 3 and S.D. 

Limonene 45.0 44.5 44.5 44.7 ~ 0.2 
~-Terpinene 5.5 6.0 6.0 5.8 ~: 0.3 
Terpinolene 3.5 3.5 3.0 3.3 ~: 0.2 
2,4(8)-Menthadiene 5.0 5.0 5.0 5.0 ~: 0.0 
y-Terpinene 2.5 2.5 2.5 2.5 =k 0.0 
p-Cymene 23.0 23.5 23.0 23.2 -4- 0.2 
p-Isopropenyltohene 3.0 3.0 3.0 3.0 q- 0.0 
Benzene 2.0 2.0 2.0 2.0 -4- 0.0 
Toluene 1.0 1.0 1.0 1.0 -- 0.0 
m-Xylene 1.5 1.5 1.5 1.5 • 0.2 
Pyrolytic products 7.0 6.5 7.0 6.8 • 0.2 

See footnote Table I. 

Zusammen/assung.  Es wird  eine A p p a r a t u r  zum Stu- 
d ium he te rogener  und  pyro ly t i scher  Reak t ionen  in Fliess- 
Sys tenlen  beschr ieben,  die fiir fliissige und  gasf6rmige 
Ausgangsstoffe ,  Reak t i o n s p ro d u k t e  sowie fiir deren  Mi- 
schungen geeignet  ist. 
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Rapid Microestimation of Proteins by Membrane 

In  a previous  communica t i on  we descr ibed a s imple  
and rap id  m e t h o d  for t he  q u a n t i t a t i v e  e s t ima t ion  of 
pro te ins  by  radia l  c h r o m a t o g r a p h y  on nitrocellulose mem-  
b rane  fi l ters 1,2. However ,  t h a t  t echn ique  had  the  fol- 
lowing l imi ta t ions :  Low-molecular  p ro te ins  (mol wt.  
below abou t  100,000) could be adsorbed  to ni t rocel lulose 
only a t  acid p H  values,  e.g. 3.7, and for p ro te ins  hav ing  
tool wt.  below abou t  40,000 t h a t  e s t ima t ion  usual ly 
failed because of the i r  insuff ic ient  adsorp t ion  on the  
carrier  3. 

The l imi ta t ions  men t ioned  above seem to be su rmoun t -  
able in a s imple way  by  using polyvinylchlor ide  (PVC) 
m e m b r a n e  fil ters ins tead  of nitrocellulose,  since our  
p re l iminary  expe r imen t s  w i th  PVC m e m b r a n e s  4 revealed 
t h a t  t h e y  adsorb  pro te ins  qui te  feasibly in a range of 
tool wt .  abou t  12,000-400,000 and  p H  3.7-9.06. The 
p resen t  pape r  br ings  more  da t a  conf i rming  the  above 
findings,  repor t s  new detai ls  of m e m b r a n e  chromato-  
g raphy  on PVC and  presen ts  a series of ca l ibra t ion  curves 
of var ious  proteins .  

Material and methods. PVC m e m b r a n e s  Sar tor ius  (GSt- 
t ingen,  Germany)  SM 12801 were used in s t r ips  3 - 4 •  
10-20 mm,  we t t ed  in 40% aqueous  e thanol  and  washed  
tho rough ly  by  a 0 .1M p h o s p h a t e  buffer  p H  7.2 which  
had  been di lu ted  wi th  0.9% NaC1 1:1. The same buffer  
was used for one-d imens iona l  ascending  c h r o m a t o g r a p h y  
as descr ibed in reference 4. Bovine  serum albumin,  h u m a n  
y-globulin and  f ibrinogen,  ova lbumin ,  horse myoglobin  5 
and bovine  r ibonuclease  (Reanal) d i luted in the  developing 
buffer  to  0~2% concen t ra t ion  were appl ied by  means  of 
a t h in  capi l lary ca l ibra ted  by  1 ~zll, ~ s tepwise to  t he  
surface of a plexi  glass slide in successive por t ions  of 
abou t  0.3 ~1. One ca l ibra ted  capi l lary was used in all 
exper iments .  The drople ts  were quan t i t a t i ve ly  soaked 

Chromatography on PVC Ultrafilters 

in to  the  s t a r t ing  edge of the  wet  m e m b r a n e  which  s tuck  
spon taneous ly  to a suppor t ing  glass a t  the  o ther  end 
(Figure 1) and was then  gent ly  pressed wi th  the  f ingers 
be tween  t h a t  glass slide and a d ry  f i l ter  paper  wick 
W h a t m a n  No. 1. The s t r ips  were then  immed ia t e ly  
developed for abou t  1-3 rain unt i l  the  flow marker ,  e.g. 
10% po tas s ium b ichromate ,  reached the  upper  end. Af ter  
s ta in ing the  m e m b r a n e s  w i th  0.5% amidob lack  10B in 
5 % t r ichloroacet ic  acid and  des ta in ing  in wa te r  (Figure 2), 
the  area of t he  p ro te in  layer  was measured  by  means  of 

, Is ,pl 

Fig. 1. Application of the sample to the PVC strip, p, dry filter 
paper wick; g, supporting glass plate; m, PVC membrane filter; 
(p, g and m are gently pressed together by fingers); s, sample; 
pl, plexi glass. 

1 T. I. P~ISTOUPIL, Nature 212, 75 (1966). 
2 T. I. PI~ISTOUPIL, M. I~RAMLOVA and J. ST~RBiKOVs J. Chromat. 

3d, 370 (1968). 
3 T. I. P~ISTOUPIL, M. KRAMLOVs and J. SX~BiKOVA, J. Chromat. 

d2, 367 (1969). 
4 T. I. P~ISTOUPIL, J. Chromat., d9, 550 (1970). 
5 Prepared in our Institute. 

Fig. 2. Stained protein fihn developed chromatographically on a 
PVC membrane. 2 ~xl of 0.2% bovine serum albumin was developed 
in phosphate buffer pH 7.2 on PVC membrane SM 12801 for about 
2 min. Stained with amido black 10 B. The transparent scale is 
placed upon the strip. 
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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  
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