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A micromodi f iea t ion  of the method of disc e l e c t r o p h o r e s i s  in g lass  cap i l l a ry  tubes is de -  
scr ibed .  It can be used to study the protein composi t ion  and act ivi ty of lacta te  dehydrogenase  
i soenzymes  in single ra t  and mouse  oocytes  during cleavage.  
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The development  of the techniques of u l t r amic rob iochemica l  invest igat ions has made possible  the s y s -  
temat ic  study of the me tabo l i sm of m a m m a l i a n  e m b r y o s  at the pre implanta t ion  s tages  of development.  Var -  
ious mic rome thods  for  invest igat ing the synthes is  of nucleic acids [6, 7, 9, 11] and prote ins  [8] and for  de-  
t e rmin ing  the act ivi ty  of enzymes  [3, 6] and i soenzymes  [2, 10] have been descr ibed,  Considerable  attention 
is being paid to the study of ce r t a in  enzymes  of r e s p i r a t o r y  and glycolytic phosphorylat ion,  for  it has been 
found that ce r t a in  metabol i t es  of the t r i ca rboxyl ic  cycle a re  fac to r s  control l ing no rma l  c leavage  of the 
fer t i l ized oocyte [3, 4, 6]. 

Methods of manipulat ion of very  smal l  s amples  that have been developed,  together  with the high sens i -  
t ivity of the methods  of de te rmina t ion  used, have made it poss ib le  to c a r r y  out such invest igat ions on the 
scale  of hundreds or ,  in some cases ,  even of tens of zygotes.  The production of so many  fer t i l ized oocytes  
s imul taneous ly  is achieved by inducing superovulat ton in females  by p r e l i m i n a r y  admin is t ra t ion  of hormones  
[3, 6]. To study the initial cytodifferent ia t ion of the e m b r y o s  in the pre implanta t ion  per iod,  it is absolutely  
n e c e s s a r y  to develop mic rome thods  enabling tes ts  to be c a r r i e d  out on the s ingle-cel l  scale .  

This pape r  de sc r ibe s  a modif icat ion of the method of disc m i c r o e l e c t r o p h o r e s i s  in po lyacry lamide  
gel in cap i l l a ry  tubes, capable  of detect ing the prote in  composi t ion,  act ivi ty,  and i soenzyme spec t rum of 
lacta te  dehydrogenase  (LDH) in single r a t  and mouse ooeytes  during c leavage.  

E X P E R I M E N T A L  M E T H O D  

Noninbred albino r a t s  and CBA and C57BL mice were  used. The day on which s p e r m a t o z a  were  d i s -  
covered  in the vaginal s m e a r s  of the r a t s  was taken as the f i r s t  day of pregnancy.  The f i r s t  day of p r e g -  
nancy in mice was de te rmined  by the d i scovery  of a vaginal plug. 

Cleaving oocytes  at the given period of development  were  obtained by washing out the isolated uter ine 
eornua (fifth day of pregnancy  in r a t s ,  fourth day of p regnancy  in mice) o r  the oviduct (2nd-3rd day of p r eg -  
nancy) with w a r m  medium No. 199 made up f rom Hanks '  solution with the aid of a micropipet ,  This p r o c e -  
dure and the subsequent  manipulat ion with the oocytes  were  c a r r i e d  out under  the control  of the MBS-2 
s t e reoscop ic  loupe under  a magnif icat ion of 60 • Fo r  the morphologica l  study and photography of the e m -  
b r y o s  a type MBI-6 mic roscope  with p h a s e - c o n t r a s t  a t t achment  was used, To remove  the zona pellucida 
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the ooeytes  were  placed in a 0.5% solution of p ronase  (Sigma, West Germany) ,  made up in 0.06 M Tris-HC1,  
pH 7.3 [5]. After  enzymic des t ruct ion of the zona pellucida the oocytes  were  quickly t r a n s f e r r e d  into 1 ml 
of wa rm medium No. 199 and again into f resh  medium No. 199 to r emove  all the pronase .  Next, by means  
of a mic rosy r inge ,  one embryo  was drawn into a specia l ly  shaped mic rop ipe t  with an internal  d i ame te r  of 
150~ and a volume of 0.05-0.1/A and t r a n s f e r r e d  into 2 o r  3 volumes of medium to produce lys i s  of the 
oocyte (2% Tri ton X-100, 0.2% bromphenol  blue, 0.015 M Tris-HC1,  pH 7.3). The comple teness  of d e s t r u c -  
tion of the oocytes  in the de tergent  solution was ver if ied under the loupe. The lysate  of the oocyte was 
then quickly t r a n f e r r e d  to a cap i l l a ry  tube in which e l ec t ropho re s i s  was c a r r i e d  out. 

The prote ins  of the lysed ooeytes  were  f ract ionated by the technique of ve r t i ca l  m i e r o e l e c t r o p h o r e s i s  
in cap i l l a ry  tubes as developed by Sandakhehiev et  al. [1]. Cal ibra ted  glass  cap i l l a ry  tubes 460-470 ~ in 
d i a m e t e r  and 30 m m  long were  used. The inner sur face  of the cap i l l a ry  tubes was r insed with chromate  
mixture ,  water ,  and absolute ethanol and then t rea ted  with the water  repel lant  0;3 % dimethyldichloros i lane  
made up in f resh ly  dist i l led benzene.  E lec t rophores i s  was ca r r i ed  out in 7 % polyacry lamide  gel, p rev ious ly  
equi l ibrated with 0.38 M Tris-HC1,  pH 9.2. The gel was po lymer ized  actually in the cap i l l a ry  tubes. The 
cap i l l a ry  tube with gel was placed in a specia l  cell  and a l ayer  of buffer was drawn above the meniscus  of 
the gel by means  of a micropipe t .  The micropipe t  was fixed to a mic roman ipu la to r  and connected to the 
mic rosy r inge .  The surface  of the gel was covered  with 0,1 g / concen t r a t ingbuf fe r  (0.06 M Tris-HC1,  pH 6.7, 
20% sucrose) ,  above which the lysate  of the oocyte was applied in a volume of 0.1-0.3 g l ,  and above this the 
e lec t rode  buffer  (0.005 M Tr i s ,  0.038 M glycine, pH 8.3). During concentrat ion of the sample  e l ec t rop h o re -  
s is  was c a r r i e d  out with a voltage of 150 V. When the anionic front reached the beginning of the gel (b rom-  
phenol blue was used as the indicator) the voltage was inc reased  to 300 V and the anionic front  was passed  
to within 3-5 m m  (measured  with the ocular  mic romete r}  of the meniscus .  Af ter  disconnection of the c u r -  
ren t  the gel was expelled f rom the g lass  cap i l l a ry  tube by means  of a s teel  needle into a 0.1% solution of 
Amido Black in 7 % acet ic  acid in o r d e r  to stain it for  protein.  To de te rmine  LDH act ivi ty  the gel was 
placed in 7 ml  of  incubation medium of the following composi t ion:  2 ml  0.5 M K-phosphate  buffer ,  pH 7.4; 
1 ml 0.05 M MgC12; 1 ml  0.01 M lactate ,  neutra l ized with Na2CO 3 to pH 7.4; 4 mg NAD; 4 mg ni t ro-blue  
te t razol ium;  0.4 mg phenazine metasul fa te  in 3 ml H20. The gel was incubated in the med ium for  30 /n in  at  
37~ This  was followed by fixation in 7 % acet ic  acid. To r emove  the bromphenol  blue the gel was kept for  
a shor t  t ime in a solution of glacial  acet ic  acid. The stained gel was then drawn f rom the fixing fluid into 
the cap i l l a ry  tube, the ends of the capi l la ry  tube were  sea led  with plast ic ine,  and dens i tomet ry  was c a r r i e d  
out with a two-co lor  mic ropho tomete r .  

E X P E R I M E N T A L  R E S U L T S  

A typical  p ic ture  of f ract ionat ion of the solubil ized pro te ins  of a ra t  embryo  at  the two~blastomere and 
b las tocys t  s tage is shown in Fig. 1. Control  expe r imen t s  with pure  s e r u m  albumin showed that the method 
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Fig. 1 
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Fig. 1. Dens i togram of solubilized prote ins  of a ra t  b las tocys t  
f ract ionated by disc m i c r o e l e c t r o p h o r e s i s  (13 e m b r y o s  used). 

Fig. 2. Detection of LDH activi ty in a single r a t  embryo  at the 
two-b la s tomere  stage. 
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used is capable  of re l iab ly  de te rmin ing  10 -~ g protein.  According to B r in s t e r  [6], a single cleaving mouse 
oocyte may  contain about 26 ng protein.  Consequently the method can be used to study the protein spec t r a  
of single ra t  and mouse  oocytes .  

The method of cap i l l a ry  disc m i c r o e l e c t r o p h o r e s i s  descr ibed  above was used to study LDH isoen-  
zymes  in c leaving oocytes  of noninbred albino ra t s  and of CBA and C57BL mice f rom the two-b la s tomere  to 
the b la s toeys t  stage. The r e su l t s  showed that in this per iod of development  ra t  and mouse embryos  contain 
only one i soenzyme with re la t ive ly  low mobil i ty  (Fig. 2). All the embryos  evidently contain the identical 
i soenzyme,  for  when many oocytes  were  invest igated no additional bands could be found. It is not c l ea r  
whether  the LDH of the oocytes  c o r r e s p o n d s  to one of the LDH i soenzymes  of the different ia ted cel ls ,  as  
some worke r s  have postulated [2, 10]. 
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