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Changes in the lactate dehydrogenase (LD) spec t rum were studied by u l t ramicroe lec t rophores i s  
during development of mice:  r ipe ovum-zygo te -b l a s tocys t - embryo-oocy te - r ipe  ovum. In the 
cells  of the embryo  until the fifth day of development only H subunits of LD were found. The 
appearance of M subunits indicates de repress ion  of the LD-A locus. On the eighth day of em-  
bryonic development the LD-B locus was derepressed .  In the course  of oogenesis the content 
of M subunits was reduced in the spec t rum of the oocytes, a resul t  of p rogress ive  r ep ress ion  
of the LD-A locus. The dictyotene stage of the prophase of meiosis  was charac te r ized  by ac-  
tive synthesis of H subunits and a gradual decrease  in the synthesis of M subunits. The LD 
spec t rum of the foll icular cells throughout the stages of dictyotene was of the M type. 
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The study of r ep re s s ion  and derepress ion  of the mammalian genome is not only of great  theoret ical  in- 
t e res t  for the understanding of normal  development, but also of pract ical  importance for the solution of prob- 
lems in the t rea tment  and prevention of heredi ta ry  d iseases  and congenital deformit ies  and the elucidation of 
the mechanisms of regenera t ion  of organs,  of cellular  immunity, and of t issue incompatibility. 

The enzyme lactate dehydrogenase (LD; L- lac ta te :  NAD-oxyreductase,  EC 1.1.1.27) is a convenient 
model with which to study the function of the loci during differentiation. It is present  in the organs as five iso-  
zymes,  each of which is a t e t r a m e r  consist ing of two types of polypeptide chains (H and M), coded by two non- 
allelic autosomal genes (LD-B and LD-A) [8].  

The object of this investigation was to study alternation of the phases of activity of the LD loci in the cy-  
cle: ripe ovum-zygo te s - embryo -oocy t e - r i pe  ovum. 

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

Exper iments  were ca r r i ed  out on CBA mice (Stolbovaya nursery).  Females  with accurate ly  dated preg-  
nancy were obtained [2].  Before implantation the embryos  were removed by flushing out the cavit ies of the 
oviducs and uterus with 0.15 M NaC1 solution in 0.05 M phosphate buffer, pH 7.3. The embryos  at the stage of 
implantation and ea r ly  organogenesis  were removed as follows: The wail of the uterus was cut longitudinally, 
the embryonic  sacs  were t r ans fe r r ed  to physiological saline, the decidua was careful ly incised, the embryo 
was extracted,  and it was separated f rom the cells  of the embryonic  sac by means of a microneedte.  

To obtain follicles the ovar ies  were t reated with a 0.25% solution of warm t rypsin  (5-10 rain), washed 
with physiological saline, then t r ans fe r r ed  to warm Tyrode-Mascona  solution (without Ca and Mg ions) for 
10-15 min [3] .  To obtain oocytes, the follicles were t r ans fe r r ed  into a 0.10% solution of hyaluronidase,  made 
up in Tyrode -Mascona  solution, and then punctured. Oocytes f rom which all fol l icular  cells had been removed 
were washed severa l  t imes with a 20% sucrose  solution in the isolation medium [ 9]. 
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Fig. I. Activity of LD loci in developmental cycle of mouse: ovum- 
zygote-blastocyst-embryo-oocyte--ovum (schematic). Abscissa, age 
(in days); ordinate, content of subunits (in ~). 

The supernatants were subjected to u l t ramicroe lec t rophores i s  in polyacrylamide gel [ 1]. The gels after  
e lec t rophores is  were incubated to detect LD isozymes [4].  The gels were scanned on a microdensi tometer  
with automatic wri ter  and the content of isozyme in the spec t rum was determined f rom the area  of the peaks. 
The relative quantities of H and M subunits were calculated, assuming a t e t r amer  s t ructure  of the enzyme. 
The theoret ical ly expected distribution of i sozymes in the spect rum was obtained on the basis of binomial com-  
bination of polypeptide chains into t e t r amer s  [ 7]. 

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

Analysis of the ear ly  stages of mouse embryonic  development showed that the ferti l ized ovum (zygote) 
contains only the LD-I isozyme (H subunits). This isozyme persists in the cells of the embryo Until the im- 
plantation stage (fifth day) (Fig. 1). The M subunits of LD were found for the first time in the cells of the embryo 
during the period of implantation, a fact which evidently reflects derepression of the LD-A locus in the genome 
of the embryo. The gene responsible for synthesis of H subunits was derepressed a little later (8th-10th day). 

The genome in the fertilized mammalian ovum is considered to be inactive and derepression of the em- 
bryonic genes is considered to begin at the stage of two blastomeres [5, 6]. The information necessary in the 
initial stages of development of the embryo is evidently contained in the cytoplasm of the ovum (mRNA, pro- 
tein) and is the result of gene activity in oogenesis. Development of female germinative cells is an example of 
cell differentiation which occupies a large part of ontogeny. These experiments showed that the LD spectrum 
in the oocytes of newborn mice (the dictyotene stage of prophase of meiosis) is characterized by predominance 
of anodal fractions of the enzyme, which distinguishes it sharply from the LD spectra in the other tissues 
studied at that stage (Table I). The fraction of H subunits in the spectrum of the newborn mice is 0.576. This 
proportion of H subunits is found in the heart and kidney cells of adult animals only (0.578 and 0.577, respec- 
tively). The fraction of H subunits in the LD spectra of the testes of newborn mice is lower, namely 0.486. 
The predominance of H subunits in the LD spectra of the ovaries evidently reflects the more active work of the 
locus controlling the synthesis of subunits of this type. 

The study of the LD spectra in the riper oocsCes at the dictyotene stage showed predominance of homo- 
tetramers (LD-I and LD-5); the distribution of the isozymes differed in the largest follicles of the ovaries of 
mice aged 1 and 2 months and differed significantly from the expected distribution (Table i). These deviations 
can be attributed to the fact that the LD spectrum of the follicles at a certain stage of development is the com- 
bined spectrum of ooeytes and follicular cells. Only the isozyme LD-1 was found in the LD spectrum of the 
ripe unfertilized ovum. Presumably the anodal part of the LD spectrum of whole follicles of mice aged 1 and 
2 months contains the set of LD isozymes in the oocyte and the cathodal part of the spectrum contains the set 
of isozymes of the follicular cells. 

The dynamics of the LD spectra during the course of oogenesis suggests that initially both LD loci are 
derepressed  in the oocytes. As the oocytes ripen, a p rogress ive  decrease  in the synthesis of M subunits is 
observed. This leads to their complete absence in the ripe oocyte (complete repress ion  of the LD-A locus) 
(Fig. 1). 

In the course of oogenesis information for the synthesis of H subunits (mRNA) which is used in ear ly  
embryogenes is  thus accumulates.  After the fifth day of embryonic  development derepress ion  of the LD-A locus 
coding the synthesis of M subunits is established. Derepress lon  of the second LD-B locus is observed on the 
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T A B L E  I .  Changes  in LD S p e c t r u m  dur ing  D e v e l o p m e n t a l  C y c l e  of M i c e :  R ipe  O v u m -  

Z y g o t e - B l a s t o c y s t - E  m b r y o - O o c y t e - R i p e  O v u m  

Age, days Material E or T LD spectrum, qo 
H~ HM, M 6 

Ovum E 100,0 0 0 

--20 Zygote E 100,0 0 0 

--16.8 Embryo E 4,5 11,1 84.5 
T 0 23,2 74,5 

--15,4 Embryo E 4,9 12,3 79,0 
T 0, I 29,2 65,7 

--14 Embryo E 1,3 5,2 93,6 
T 0 9,6 90,5 

--! 3 Embryo E 0 24, ! 74,5 
T 0 22,0 75,9 

0 Whole ovary E 23,7 19,6 IO, I 
T I 1,0 17,5 3,2 

+30 Large follicles E 14,8 25,9 39,5 
T 1,19 39,6 20,2 

+60 

+60 

Large follicles 

Ovum 

7,7 

100,0 

H~M H~M. 

o o 

o o 

o o 
0,4 3,1 

0,9 3,1 
0,4 5,4 

0 0 
0 0,6 

0 1.5 
0,4 3,0 

22,8 23,8 
32,4 35,9 

7,t 12,9 
9,6 29,4 

27,6 37,4 

0 0 

22,3 5,0 

L e g e n d .  E) E x p e r i m e n t a l  v a l u e s  o f  r e l a t i v e  con ten t  of  LD i s o z y m e s ;  T) t h e o r e t i c a l l y  
c a l c u l a t e d  v a l u e s  of  r e l a t i v e  c o n t e n t  of  LD i s o z y m e s .  0) B i r t h s ;  - )  d a y s  b e f o r e  b i r t h ;  
+) d a y s  a f t e r  b i r t h .  

8 th -10 th  day  of e m b r y o n i c  l i fe .  In the  c o u r s e  of m o r p h o g e n e s i s  the  a c t i v i t y  of e a c h  locus  b e c o m e s  e s t a b l i s h e d  
in the  v a r i o u s  o r g a n s .  In the  p o s t n a t a l  l i fe  of the  a n i m a l  one l o c u s  i s  g r a d u a l l y  r e p r e s s e d :  the  L D - B  locus  in 
the  h e p a t o c y t e s  and the  L D - A  locus  in the  ova,  for  e x a m p l e .  

The  a u t h o r s  a r e  g r a t e f u l  to D o c t o r  of M e d i c a l  S c i e n c e s  G. A. Annenkov for  d i s c u s s i n g  the r e s u l t s  of the  
i n v e s t i g a t i o n .  
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