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LOW NA+ CONCENTRATION: A FACTOR CONTRIBUTING TO DIMINISHED UPTAKE AND 

INCORPORATION OF AMINO ACIDS BY DIAPAUSING MOUSE BLASTOCYSTS? (1 ) 
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ABSTRACT Uptake and incorporat ion o f  I 4 C  amino acids by normal and 
diapausing b lastocysts  was found t o  be Na' dependent w i t h  one exception. 
Delayed embryos preincubated 25 h i n  medium containing 124 mM Na+ had 
labe l ing  charac ter is t i cs  independent o f  the Na+ concentrat ion present 
during label ing.  Since diapausing embryos preincubated 25 h i n  low 
Nat medium (55 mM) reta ined t h e i r  Na' dependent labe l ing  character is t ics ,  
delayed blastocysts may be i n  a low Na' environment i n  s i t u .  Low Na+ 
may expla in  why delayed blastocysts are unable t o  u t i l i z e  rad ioac t ive  
methionine i n  v ivo  (Weit lauf and Greenwald, '68). 

Delayed blastocysts c h a r a c t e r i s t i c a l l y  incorporat  

acids i n t o  p ro te in  more slowly than normal blastocysts 

and Greenwald, '68) and i n  v i t r o  (Weit lauf, '73; Van W 

Winkle, '75). One hypothesis i s  t h a t  an i n h i b i t o r ( s ) ,  

rad ioact ive amino 

both i n  v i v o  (Weit lauf 

nk le  e t  al., '72; Van 

present i n  the uterus 

during diapause, cont r ibutes t o  n ida t ion  delay by slowing metabolic processes 

(Weit lauf, '74; Psychoyos, '73). A substance which i n h i b i t s  incorporat ion o f  

rad ioac t ive  RNA precursors i n t o  these macromolecules i n  b lastocysts  i n  v i t r o  

has been detected i n  both r a t  (Psychoyos, '73) and mouse (Weitlauf, '76) u te r -  

i n e  f lush ings during diapause. 

i s  a lso found i n  u te r ine  f lush ings i n  s i tua t ions  associated i n  v ivo w i t h  a c t i v e  

embryos (Weit lauf, '76). 

n ida t ion  delay involves m u l t i p l e  parameters, on ly  one o f  which i s  an i n h i b i t o r y  

substance. Washings from r a t  u t e r i  during diapause contain on ly  about h a l f  as 

The paradox i s  t h a t  an i n h i b i t o r y  substance 

Par t  o f  the explanation f o r  t h i s  paradox may be t h a t  
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much Nat as washings from u t e r i  dur ing normal pregnancy (Se t t y  e t  a l . ,  '73). 

Furthermore, i t  has been demonstrated t h a t  amino a c i d  t ranspor t  i s  Na' dependent 

i n  mouse b lastocysts  grown i n  v i t r o  from the two c e l l  stage (Borland and Tasca, 

'74). Since amino a c i d  i nco rpo ra t i on  may depend, i n  pa r t ,  on amino a c i d  t rans-  

p o r t  (Van Winkle, '75; Van Winkle and Dabich, '77) i t  i s  poss ib le  t h a t  low Na+ 

i n  the  delayed uterus may have con t r i bu ted  t o  t h e  r e s u l t s  observed f o r  diapaus- 

i n g  embryos both i n  v i vo  and i n  v i t r o .  uptake 

and inco rpo ra t i on  increases i n  delayed b lastocysts  upon i n  v i t r o  incubat ion 

(Wei t lauf ,  '73; Van Winkle, '75; Van Winkle e t  a l . ,  '77) might  be explained j u s t  

as e f f e c t i v e l y  by Na' concentrat ions which are h igher  i n  v i t r o  than i n  v i v o  as 

by t h e  l o s s  o f  an i n h i b i t o r  produced by the  uterus.  

designed t o  t e s t  t he  hypotheses t h a t :  

by b lastocysts  from the  uterus depend on the  Na' concentrat ion i n  t h e  incubat ion 

medium and (b) t he  Na+ concentrat ion i n  the  diapausing uterus i s  lower than i n  

the  usual i n  v i t r o  incubat ion medium (B r ins te r ,  '71). 

The observat ion t h a t  amino a c i d  

The present s tud ies were 

(a) amino a c i d  uptake and inco rpo ra t i on  

MATERIALS AND METHODS Swiss Webster mice were induced t o  ovulate and 

mate as described by Fowler and Edwards ( ' 57 ) .  The day o f  vagina l  p lug detec- 

t i o n  was designated day 1 o f  pregnancy. 

tween 9:30 and 11:30 h on day 4 o f  pregnancy (Wei t lauf  and Greenwald, '68). 

Normal and diapausing b lastocysts  were obtained between 10:30 and 12:30 h on 

Delay was induced v i a  ovariectomy be- 

days 5 and 8 o f  pregnancy respec t i ve l y .  

High Na' medium contained almost as much Na' as B r i n s t e r ' s  medium (BMOC-3; 

B r ins te r ,  '71) bu t  had the  f o l l o w i n g  modi f icat ions:  68.9 mM NaC1, 29.9 mM 

sodium lac ta te ,  11.1 mM glucose and 1.00 mg/ml bovine serum albumin ( t o t a l  

osmolar i ty  280 mM, 124 mM Na'). Low Na' medium was prepared by s u b s t i t u t i n g  

cho l i ne  c h l o r i d e  (Borland and Tasca, '74) f o r  NaCl ( t o t a l  osmo la r i t y  280 mM, 

55 mM Na+). (Blastocysts a c c i d e n t a l l y  col lapsed dur ing manipulat ion were 
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TABLE 1 

E f f e c t  o f  Na' concentrat ion on t o t a l  uptake and inco rpo ra t i on  o f  I 4 C  
amino acids by b lastocysts  j u s t  obtained from u t e r i  

Type o f  Na' concentrat ion 
B1 as tocys t dur ing l a b e l i n g  Total  -*tein 

Normal 19 Low 820 t 89 305 t 40 

Normal 22 High 1501 rt 191 603 rt 67 
** ** 

Delayed 21 Low 320 t 37 160 t 15 

Del ayed 21 High 733 t 65 378 t 32 
** ** 

** p < 0.01 

TABLE 2 

Effect of Na' concentrat ion on t o t a l  uptake and inco rpo ra t i on  o f  I 4 C  
amino acids by b lastocysts  a f t e r  25 hours o f  i n  v i t r o  preincubat ion 

Na' concentrat ion 
Type o f  dur ing 25 h dur ing cpmlembryo 2 se 

Blastocyst  n preincubat ion l a b e l i n g  Total  14C 14C p r o t e i n  

Norma 1 17  

Normal 16 

Normal 1 8  

Normal 17  

Delayed 13 

Delayed 11 

Delayed 10 

Delayed 12 

Low 

High 
Low 

Low 

High 
High 

Low 

High 
Low 

Low 

High 
High 

960 2 78 

1425 rt 106 
** 

1181 t 74 

1841 t 111 
** 

445 rt 51 

739 t 77 
** 

1636 t 128 
n.s. 

1528 t 166 

296 t 15 

435 t 24 
** 

449 t 26 

529 t 27 
* 

146 t 19 

188 t 12 
* 

414 t 41 

404 t 23 
n.s. 

* p < 0.50 
** p < 0.01 
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observed t o  re-expand i n  both h igh and low Naf medium.) A l l  media were equi- 

l i b r a t e d  a t  37O C i n  an atmosphere o f  5% C02 i n  a i r  (100% humidi ty)  before 

being used i n  experiments. 

B lastocysts  were f lushed from excised u t e r i  i n t o  the depression o f  a 

Maximov s l i d e  w i t h  a stream o f  h igh o r  low Na' medium (B r ins te r ,  '70).  Embryos 

were c o l l e c t e d  and washed once i n  f r e s h  medium. 

time, were then e i t h e r  preincubated 25 h o r  labeled immediately i n  0.20 t o  

0.50 m l  of t he  same medium used f o r  f l ush ing .  A un i fo rm ly  labeled I 4 C  amino 

a c i d  m ix tu re  (4.4 p C i / m l  medium, 54 mCi/matom carbon, CFB 104, Amersham Searle) 

was used f o r  l abe l i ng .  

Blastocysts,  fewer than 30 a t  a 

Blastocysts  which had been preincubated i n  h igh  o r  

low Na' medium f o r  25 h were subsequently labeled i n  e i t h e r  h igh o r  low Na' 

medium. Moreover, some embryos which had been preincubated i n  h igh Na' medium 

were randomly selected and t rans fe r red  t o  low Na' medium f o r  15 t o  30 min ( t o  

s imulate t h e  t ime usua l l y  requi red t o  f l u s h  embryos from the  uterus and t o  

fu r the r  manipulate them) before l abe l i ng .  

incubated 25 h i n  low Na' medium were labeled i n  h igh Nat medium. 

S im i la r l y ,  some b lastocysts  pre- 

Fol lowing two hours o f  incubat ion w i t h  rad ioac t i ve  amino acids, embryos 

were washed twice i n  t h e  appropr ia te medium (>100:1 d i l u t i o n  per wash) then 

s o l u b i l i z e d  i n  2% sodium dodecylsu l fa te (I) .  
was q u a n t i t a t i v e l y  t rans fe r red  t o  a Whatman 3MM chromatography paper suspended 

on a s t r a i g h t  p in .  A f t e r  dry ing,  70 p1 o f  6% ($) t r i c h l o r o a c e t i c  a c i d  was 

added t o  t h e  paper. 

l a t i o n  f l u i d  and counted i n  a Beckman LS8100 S c i n t i l l a t i o n  Counter (maximum 

Each o f  t he  r e s u l t a n t  so lu t i ons  

The papers were dr ied,  then placed i n  v i a l s  w i t h  s c i n t i l -  

e f f i c i e n c y  96%). A f t e r  counting, rad ioac t i ve  p r o t e i n  was determined by the 

method o f  Mans and N o v e l l i  ( '61 ).  

Data i s  repor ted as the  mean cpm/embryo 

(se) ca lcu lated from m u l t i p l e  determinat ions 

p lus  o r  minus the  standard e r r o r  

made i n  a t  l e a s t  three separate 
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experiments. 

(Woolf, '68). 

each of the four categories in table 1 or the eight categories in table 2 

were obtained on the same day from one group of normal and one group of delayed 

mice. Moreover, in one experiment determinations were made for all 12 cat- 

egories in tables 1 and 2. Data from single experiments were consistent with 

the total data. Thus, trivial variables, such as different batches of media, 

mice, etc. , were probably unimportant. Finally, procedural controls (samples 

with no embryos) were subtracted from experimental determinations before the 

above calculations. 

Means were compared statistically by group comparison tests 

Each experiment was planned so that some determinations for 

RESULTS AND DISCUSSION Total uptake and incorporation of 14C amino 

acids into protein by blastocysts of the same origin were higher in high Na' 

medium than in low Na' medium (tables 1 and 2).  

that embryos had recently been flushed from the same kind of uteri (either 

delayed or normal) (table 1)  or had been preincubated together in the same 

medium for 25 h (table 2) .  

tion was that total uptake and incorporation by delayed blastocysts preincu- 

bated 25 h in high Na' medium were independent of the Na' concentration in 

the medium during labeling (table 2). 

on diapausing blastocysts was to establish a relatively high but Na' independent 

state of amino acid uptake and incorporation. 

be quite stable, once established. 

incubated 50 h in high Na' medium, then 20 h in low Na' medium had labeling 

characteristics similar to diapausing embryos incubated 25 h in high Na'. 

high Na' leads to Na' independent uptake and incorporation of amino acids by 

delayed blastocysts in vivo then these embryos may be in a low Na' environment 

in situ. 

The same origin means here 

The single exception to the preceding generaliza- 

Thus, another effect of high Na'medium 

This Na' independent state may 

In a preliminary experiment, delayed embryos 

If 

Low Na' could partially explain the inability of diapausing blasto- 
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cysts  t o  u t i l i z e  r a d i o a c t i v e  methionine f o r  p r o t e i n  synthesis i n  v i v o  

(Wei t lauf  and Greenwald, '68). 

I n  con t ras t  t o  diapausing embryos, normal b lastocysts  do n o t  a t t a i n  a 

Na' independent s t a t e  a f t e r  25 h o f  i n  v i t r o  incubat ion i n  h igh  Na' medium 

( t a b l e  2). Thus, al though delayed b lastocysts  come t o  resemble the more 

me tabo l i ca l l y  act ive,  normal b las tocys t  upon i n  v i t r o  incubat ion i n  h igh  Na' 

medium (Weit lauf ,  '74, '76; Van Winkle, '75), they a re  no t  t h e  same even a f t e r  

25 h. If diapausing embryos a re  me tabo l i ca l l y  dormant (McLaren, '73; Weit lauf ,  

'74, '76), t h e i r  metabol ic l e v e l  apparent ly can be brought t o  normal by i n -  

creasing the Na' concentrat ion o f  t h e  medium. 

o f  u t i l i z a t i o n  o f  amino acids and glucosamine i s  t he  same i n  normal and d ia-  

pausing b lastocysts  (Van Winkle e t  a l . ,  '77). Moreover, a lower Na' concen- 

t r a t i o n  i n  delayed u t e r i n e  f l u i d  could lead t o  diminished uptake and incor-  

po ra t i on  o f  14C amino ac ids by diapausing embryos, bu t  n e i t h e r  the r a t e  o f  

p r o t e i n  synthesis nor metabolism need be slower than i n  normal b lastocysts .  

Attempts are p resen t l y  being made t o  measure the  Na' concentrat ion i n  mouse 

u t e r i n e  f l u i d s .  

Under some condi t ions the r a t e  
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