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I M M U N O I S O T A C H O P H O R E S I S  ON C E L L U L O S E  A C E T A T E  F I L M S  
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Cellogel  cel lu lose  ace ta te  f i lms  a r e  shown to be a sui table support ing medium for  isotachopho-  
r e s i s .  Antigen in a volume of 0.5 to 20 p l  is  applied for  this  purpose  to a s t r ip  of ce l lu lose  
ace ta te  f i lm.  In f ront  of the antigen zone 1-2 ~1 of Ampholine is placed.  All components  onthe 
f i lm a r e  made  up in Tr[s-HC1 buffer ,  pH 6.7, and the e lec t rode  buffer  cons is t s  of T r i s - g l y c i n e  buffer ,  
pH 8.3. A moving Kohlrausch boundary is f o r m e d  during e l ec t rophores i s ,  at  which concen t ra -  
t ion of the antigen t akes  place init ial ly in the na r row s t a r t  zone, and this  is followed by s e p a r a -  
t ion of the ant igens by m e a n s  of ampholy tes .  Antigens s epa ra t ed  on the Cellogel s t r ip  a r e  sub-  
jected to c r o s s - e l e c t r o p h o r e s i s  on f i lm sa tu ra ted  with the cor responding  an t i se rum,  with the 
fo rma t ion  of prec ip i ta t ion  peaks  for  each individual antigen.  With this  method it is poss ib le  
to work  with low concent ra t ions  of antigens,  for  they undergo p r e l i m i n a r y  concentra t ion during 
e l e c t r o p h o r e s i s  and the width of the zones is independent of the durat ion of f ract ionat ion.  
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I so t achophores i s  [2] and i soe l ec t r i c  focusing [4] a r e  me thods  of e lec t rophore t i c  f rac t ionat ion of p ro te ins  
which have the h ighes t  r e so lv ing  power .  In i so tachophores i s  f rac t ionat ion  of p ro te ins  is  c a r r i ed  out in a non-  
homogeneous  buffer  sys t em,  in the zone of ampholy tes  migra t ing  in the e l ec t rophore t i c  field between the 
boundar ies  of the leading and closing ions.  

P ro t e in s  with di f ferent  e l ec t rophore t i c  mobi l i ty  a r e  separa ted  f r o m  each other  by " inser t ions"  of a m -  
pho te r ic  ions (ampholytes) ,  which have  in t e rmed ia te  mobi l i ty .  Separa t ion  of p ro te ins  under these  c i r c u m -  
s tances  is de te rmined  en t i r e ly  by the concentra t ion of the ampholytes  and by the i r  e l ec t rophore t i c  mobi l i ty  
and is independent of the durat ion of e l e e t roph o re s i s  a f te r  final dis t r ibut ion of the pro te in  and ampholyte  
mo lecu le s  [2]. In i so tachophores i s ,  by con t ra s t  with o rd ina ry  e l ec t rophores i s ,  the migra t ing  zones a re  not 
widened in the cour se  of t he i r  separa t ion .  

Since i so t achophores i s  is c a r r i e d  out in a nonhomogeneous buffer  medium,  it can only take place in s y s -  
t e m s  in which the ef fec t  of  e l e c t r o e n d o - o s m o s i s  is absent ,  for  example ,  in a f r ee  solution s tabi l ized by a su-  
c r o s e  densi ty gradient  or  in po lyac ry lamide  gel, in which e l e c t r o e n d o - o s m o s i s  in genera l  is  absent .  The  
w r i t e r  showed p rev ious ly  that  ce l lu lose  ace ta te  f i lms  a r e  an excel lent  support ing med ium for  e l ec t ropho re s i s  
in a continuous s y s t e m  of buf fe r s  and for  concentra t ing var ious  p ro te ins  on a moving Kohlrausch boundary [1]. 
Hence  it  was  shown that  i so tachophores i s  is  poss ib le ,  in pr inciple ,  on cel lulose ace ta te  f i lms .  

In th is  pape r  a method of i so tachophore t ic  f rac t ionat ion  of m i c r o  quant i t ies  of  pro te in  on cel lu lose  a c e -  
t a t e  f i lms ,  followed by the i r  detect ion by c r o s s - i m m u n o e l e c t r o p h o r e s i s ,  as  desc r ibed  by Laure l /  [3], i s  de-  
s c r ibed .  

In the f i r s t  s tage of e l e c t r o p h o r e s i s  the p ro te ins  a r e  concent ra ted  in the na r row s t a r t  zone on the Kohl-  
r a u s c h  boundary,  a f t e r  which they a r e  f rac t iona ted  i so tachophore t ica l ly  in a s y s t e m  of ampholy tes  (Ampholines).  
E l e c t r o p h o r e s i s  is  then c a r r i e d  out in a d i rec t ion  perpendicu la r  t~ the f i r s t ,  on f i lm sa tura ted  with an t i s e rum 
agains t  the t e s t  antigen.  Each  antigen f o r m s  a peak  of p rec ip i t a t e ,  the a r e a  of which is  propor t ional  to the 
quantity of antigen in the sample (Fig. I). 

Gelatinized cellulose acetate films (Cellogel from Serva, West Germany) were used. Fractionation was 
carried out with the aid of Ampholines with pH ranges of 3.5-10, 4-6, and 5-7 (from LI(B, Sweden). 

Electrophoresis was carried out under a layer of mineral oil in the apparatus described earlier [I]. Two 
instruments are necessary for the analysis: one for electrophoresis in a nonhomogeneous buffer system, the 
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Fig. 1. Principle of the method. A) Charge, concen- 
tration, and separation of antigens: Ag) mixture of 
antigens AGI,2,a, Am) mixtttre of arapholytes; B-I) 
Tris-glycine buffer, pH 8.3; B-H) Tris-HCl buffer, 
pH 6.7; K)concentration of antigens on Kohlrausch 
boundary. B) Cross-electrophoresis of separated 
antigens; B-Ill) Tris-HCl buffer, pH 8.3; AS) anti- 
serum against AGI,2,3; C) arrangement of components 
of isotachophoresis in the presence of large volumes 
of antigen. 

Fig.  2. Immunoisotachophores is  of blood se rum proteins:  
a} normal  mouse se rum (1: 10, 2/~1), Ampholine 3.5-10 
(10% solution, 2/~1), an t i se rum I :  5; b) normal  mouse 
se rum (1 : 10, 2 ~1), Ampholine 5-7 (8% solution, 2/~1), 
an t i se rum 1: 5. 

o ther  fo r  a homogeneous sys tem.  The cathodal par t  of the f i r s t  ins t rument  - the e lec t rode vessel  and agarose  
s u p p o r t s -  contain 0.012M Tr i s -g lyc ine  buffer,  pH 8.3 (buffer I), the anodsl par t  contains 0,06 M Tris-HC1 
buffer,  pH 6,7 (buffer II); the second ins t rument  contains 0.06M Tris-HC1 buffer,  pH 8.3, in both compar tments  
(buffer HI). 

Human donors '  serum,  normal  mouse serum, and rabbi t  immune se ra  against human (Institute of Fo rens i c  
Medicine) and mouse se rum prote ins  (N. F.  Gamaleya Insti tute of Epidemiology and Microbiology,  Academy of 
Medical  Sciences of the USSR) were  used.  
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In tens i f ica t ion  of the p rec ip i ta t ion  bands was  obtained by t r ea t i ng  the f i lms  with donkey immune  s e r u m  
agains t  r abb i t  IgG (N. F .  Gama leya  Ins t i tu te  of  Epidemiology and Microbiology,  Academy of Medical  Sciences 
of  the USSR) o r  with complemen t  obtained f r o m  f re sh ly  f rozen  guinea pig s e r u m .  

All dilutions of ant igens and Amphol ines  were  made  up in buffer  lI, and of a n t i s e r a  in buffer  HI.  

I so tachophore t i c  f rac t ionat ion  was c a r r i e d  out on a Cellogel  f i lm 2 m m  wide and 90 m m  long. The  f i lm,  
sa tu ra ted  with buffer  II ,  was  placed between s t r i p s  of f i l t e r  pape r  sa tu ra ted  with the s a m e  buffer ,  so that  the 
cathodal edge, about 25 m m  long, r e m a i n e d  f r ee .  Th is  edge was carefu l ly  dr ied  with d ry  f i l t e r  pape r  and 2 # 1 
of antigen in a dilution of 1 : 10, s tained with bromphenol  blue (BPB) was  applied to it. The antigen was allowed 
to soak into the f i lm,  and 2 #1 of a 10% solution of Ampholine 3.5-10 or  2 ~1 of an 8% solution of Ampholine 
5-7, diluted in buffer  II ,  was  in t roduced between the zones of antigen and buffer  (Fig. 1A). The  d rops  of antigen 
and Ampholine were  s p r ead  over  the f i lm with a g lass  rod  to ensu re  the i r  even absorpt ion  and dis t r ibut ion in 
the f i lm.  The  f i lm was p laced  in an appara tus  for  e l e e t r o p h o r e s i s  in a continuous buffer  s y s t e m  beneath a 
l a y e r  of mine ra l  oil .  The  aga ros e  f eede r s  w e r e  f i r s t  cove red  with s~rips of f i l te r  pape r  sa tu ra ted  with the 
cor responding  buffer  solut ions.  S imi la r  s t r ips  w e r e  used  to cover  the edges  of the f i lm above in o rde r  to fix 
it and ensu re  r e l i ab le  contact  with the f eede r .  The  cathodal bo rde r  of the f i lm,  where  the boundary was 
c rea ted  between buf fe r s  I I  and I ,  was  p laced on the  feeder  with as  na r row a zone as  poss ib le .  

H a l a r g e  volume of antigen, name ly  20 ~1 o r  more ,  had to be applied to the f i lm,  should i ts  concentra t ion 
be low (for example ,  s e r u m  in dilutions of 1 : 100 or  1: 500), the f i lm was cut out so that  it was  wider  at the 
cathodal end (Fig.  1C), thus inc reas ing  i ts  capaci ty .  An additional quanti ty of  antigen could also be  introduced 
into a dry  s t r ip  of  ce l lu lose  ace ta te  f i lm placed on the  cathodal edge of the Cellogel s t r ip .  E l e c t r o p h o r e s i s  
was c a r r i e d  out with an init ial  vol tage of 50 V, which was  inc reased  dur ing migra t ion  of the separa t ing  pro te ins  
to 100 and 150 V. 

Dur ing work  with a r e c t i f i e r  s tabi l ized for  the s t rength of the cur ren t ,  the i n c r e a s e  in voltage in the 
cour se  of the exper imen t  took p lace  automatical lyo 

At the beginning of the expe r imen t  rap id  concentra t ion  of the pro te ins  took place  in the zone of the ant i -  
gen in the na r row  s t a r t  zone, as  shown c lea r ly  by the concentra t ion of BPB on the moving Kohlrausch boundary.  
When the s t a r t  zone en te red  the Ampholine zone, separa t ion  of the  pro te in  zones became  c l ea r  with r e s p e c t  
to the s tained albumin and hemoglobin,  which sepa ra ted  f r o m  the BPB band, which lagged behind the m o r e  
rap id ly  mig ra t ing  p ro te ins  on the Cellogel .  When the BPB zone was app rox ima te ly  in the middle  of the f i lm 
e l e c t r o p h o r e s i s  was stopped and the pa r t  of  the s t r ip  (4 cm) containing the sepa ra t ed  pro te in  f rac t ions  was 

�9 t r a n s f e r r e d  to the f i lm with a n t i s e r u m .  

The  f i lm m e a s u r i n g  40 • 85 m m  was f i r s t  sa tu ra ted  with a n t i s e r u m  diluted in buffer  HI. The wet f i lm 
was  i m m e r s e d  ve r t i ca l ly  in a h is to logical  j a r  with m i n e r a l  oil to allow e x c e s s  of liquid to dra in  f r o m  it.  

The  s t r ip  of Cellogel  was p laced on the f i lm with a n t i s e r u m  up to 20 m m  away f r o m  i ts  cathodal b o r d e r  
(Fig. 1B). The  s t r i p  was squeezed f r o m  below and above r e s p e c t i v e l y  by means  of p las t i c  and g lass  s labs ,  
f i rm ly  p r e s s e d  toge ther  by two p las t i c  c l am ps .  Under these  c i r c u m s t a n c e s  the two f i lms  were  covered  with a 
l a y e r  of mine ra l  oil to p revent  them f r o m  drying during opera t ions  with them.  The  f i lm was t r a n s f e r r e d  to 
the second ins t rumen t  for  e l e c t r o p h o r e s i s  in a homogeneous  buffer  sys t em.  E l e c t r o p h o r e s i s  was c a r r i e d  out 
overnight  (15-18 h) with a vol tage gradient  of about 2 V / c m .  The f i lm was  r in sed  to r e m o v e  unbound pro te ins  
and m i n e r a l  oil  in physiological  sal ine,  with s t i r r i ng  as  desc r ibed  e a r l i e r  [1], and then stained with Amido 
black  o r  C o o m a s s i e  R-250 by the usual  methods  (Fig. 2). 

To  intensify- the prec ip i ta t ion  bands the f i lms  were  t r ea t ed  with a n t i s e r u m  against  rabb i t  T-globulin [1]. 

Very  good r e s u l t s  w e r e  given by t r e a t m e n t  with complement ,  namely  guinea pig s e r u m  diluted 1: 7 in 
solution containing Ca ++, for  1 h at 37~C, followed by r ins ing  of the f i lm.  The combinat ion of antiglobulin s e r u m  
and complement  intensif ied the s t r ips  by 4-6 t i m e s  and made it poss ib le  to work  in the " invis ib le"  zone of the 
r eac t ion .  Autoradiographic  detect ion of invisible  p rec ip i t a t e s  on the f i lm also is  poss ib le  [1]. 

Depending on the concre te  conditions,  the method desc r ibed  above admi ts  of va r ious  modif icat ions .  F o r  
ins tance ,  the Ampholine can be mixed with the antigen, and in that  case  f rae t ionat ion will take place s imul -  
taneous ly  with concentra t ion  of the pro te in  zones.  Ampholine in low concentra t ion  (0.2-0.5%) can be dis t r ibuted 
along the whole length of the f i lm,  in which ca se  f rac t ionat ion is i nc rea sed  during e l ec t rophores i s ,  but without 
widening of the sepa ra t ed  zones.  By changing the Ampholine concentra t ion  opt imal  r e g i m e s  fo r  f ract ionat ion 
of the t e s t  antigens can be se lec ted .  
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Proteins were demonstrated also by simple staining after isotachophoresis on the strip of f i lm.  For 
this purpose the films were f irst  fixed and rinsed to remove ampholytes in a 10% solution of TCA and stained 
with Amido black or with Coomassie R-250. In this way the optimal regime for fractionation of a test  mixture 
of antigens can be quickly selected. 

The variant of immunoisotachophoresis described above has special advantages for the analysis of micro 
quantities of antigens on account of their preliminary concentration and the absence of "smudging" of the zones 
during fractionation. It is also useful for the study of electrophoretic microheterogeneity of individual proteins. 

The author is grateful to Laboratory Assistant O. A. Muratov for help with the experiments. The work 
was partly subsidized by the Immunologic Division of the World Health Organization. 
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CHEMICAL MYELOTOMY IN GUINEA PIG FETUSES 

G. A. Maikibaeva and S. A. Nadirashvili UDC 612.647:612.83.014.46:547. 
262 ] : 57.085.1 

A method of immobilizing the fetuses of laboratory animals by chemical myelotomy is suggested: 
96% ethanol is injected into the spinal canal. 

KEY WORDS: chemical myelotomy; spinal cord. 

Investigations on fetuses of animals, when removed by caesarian section into a thermostatically controlled 
bath, retaining their placental connection with the mother, are often complicated by the considerable mobility 
of the fetuses. Difficulties also arise during catheterization of the umbilical vessels (separation of the layers 
of the umbilical vessels, their detachment from the arnnion), in the recording of brain electrical activity, in 
the maintenance of an artificial placental circulation, and during other procedures. Work with young fetuses 
of animals whose motor activity is continuous is particularly difficult in this respect. Immobilization of the 
fetuses, on the other hand, by means of curare-like drugs completely prevents observation on their behavior. 

To limit the movements of fetuses the writers have used a method of chemical myelotomy (complete 
blocking of the spinal cord by means of chemical substances injected into the spinal canal). Chemical myelot- 
omy (by the injection of 96% ethanol into the spinal canal) was first used with the aim of immobilization and 
anesthesia instead of division of the spinal cord in pregnant rabbits, as a more sparing operation [1]. Further- 
more, classical anesthesia in very young experimental animals is a difficult procedure because of the limited 
volume of their subarachnoid space. Schwartze et al. [2], when using this method on pregnant guinea pigs, 
inject 96% ethanol in a dose of 0.1-0.2 ml intradurally at the level of the 1st and 2nd lumbar vertebrae. The 
only complication of the method of chemical myelotomy in adult animals, according to these workers, is the 
possibility of respiratory arrest. However, this complication, associated with the interruption of respiratory 
movements, is no threat to the fetus, whose gas exchange is maintained by the placental circulation. 

EXPERIMENTAL METHOD 

Chemical myelotomy was performed on 25 guinea pig fetuses at the 6th-10th weeks of ~trauterine life. 
The pregnant guinea pig likewise underwent chemical myeletomy before the caesarian section operation. For 
the operation of chemical myelotomy an insulin syringe was used; this is convenient because it enables the 
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