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In a previous study, a Na+-independent, cation-preferring amino acid transport system was detected in preimplantation 
mouse blastocysts. The system resisted Na÷-dependent inhibition by homoserine and so resembled the lysosomai system 
c more than it resembled the plasmalemmal system y +. We now report the presence of a cation-preferring system in 
unfertilized and fertilized eggs and cleavage-state conceptuses which also resists Na÷-dependent inhibition by homo- 
serine. The systems in 1-cell conceptuses and blastocysts are, however, insensitive to changes in pH in the interval of 
6.0 to 8.0 and, thus, different from the pH-sensitive system c. Moreover, the relative strengths of the interactions of a 
variety of basic amino acids with the systems in conceptuses do not correspond well with the relative strengths of their 
interactions with either system c or system y +. Similarly, the system in 1-cell conceptuses can be distinguished from the 
system in blastocysts because L-arginine interacts about equally well with each of these systems, whereas the system in 
1-cell conceptuses is inhibited more strongly than the system in blastocysts by most other basic amino acids. In addition, 
inhibition of the system in 1-cell conceptuses by some basic amino acids is Na+-stimulated, whereas Na ÷ does not 
affect inhibition of the system in blastocysts. Finally, L-tryptophan inhibits the system in blastocysts better than 
L-histidine or D-arginine do, but the reverse is true for the system in 1-cell conceptuses. Therefore, the relative activities 
of at least two forms of a novel, cation preferring amino acid transport process change during development of 
blastocysts from fertilized eggs. For convenience, the forms of the cation-preferring transport processes that seem to 
predominate at the 1-cell and blastocysts stages are provisionally designated systems b~ and b2 +, respectively, although 
these two systems need not represent entirely different gene products. 

Introduction 

System y+ is the on ly  ca t ion-pre fe r r ing  a m i n o  ac id  
t r anspor t  process  in m a m m a l i a n  cell m e m b r a n e s  tha t  
has  been  charac te r ized  well  *. The  reac t iv i ty  of  ca t ion ic  

* The amino acid transport systems discussed in this paper can be 
defined briefly as follows. Systems ASC and B °'+ are Na+-depen - 
dent and prefer as substrates zwitterionic amino acids with 3-5 
carbon atoms in a chain (ASC) or most cationic and zwitterionic 
amino acids (B °'+ ), respectively. Systems ase and b °'+ are Na+-in- 
dependent and prefer as substrates small zwitterionic amino acids 
(asc) or bulky cationic and zwitterionic amino acids that do not 
branch at the a or/~ positions (b °'+ ), respectively [1-6]. Systems 
y+, b + and c are Na+-independent systems each of which prefers 
cationic amino acids as substrates, although the details of their 
substrate selectivities differ significantly as discussed in the text. 
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a m i n o  acids  wi th  this  N a + - i n d e p e n d e n t  sys tem in- 
creases as the d i s tance  be tween  the a ca rbon  and  the 
posi t ive  charge  on  the side chain  increases.  F o r  exam- 
ple, the  K m (or K i )  values of  subs t ra tes  of  sys tem y÷ 
increase  in the series, L-homoarg in ine  < L-arginine < L- 
2 - amino -4 -guan id inobu ty r i c  acid,  and  these relat ive re- 
act ivi t ies  a p p a r e n t l y  canno t  be  accoun ted  for  solely by  
var ia t ions  in the  charac ter i s t ics  of  d issociable  groups  on 
the subs t ra tes  [7,8]. Moreover ,  a - N - m e t h y l a t i o n  of 
ca t ion ic  a m i n o  acids  great ly  reduces  or  e l iminates  their  
reac t iv i ty  wi th  sys tem y+ [7,8]. In teres t ingly ,  sys tem y+ 
accepts  some zwi t ter ionic  amino  acids,  such as L- 
g lu t amine  and  L-homoser ine ,  as weak  subs t ra tes  in the 
presence,  bu t  no t  in the absence,  of  N a  + [7]. The  la t te r  
charac te r i s t i c  was used to d r aw  a para l le l  be tween  the 
s u b s t r a t e  r e c e p t o r  si tes  of  sys tem y+ and  the 
zwi t te r ion-prefer r ing ,  N a + - d e p e n d e n t  sys tem ASC,  be- 
cause  sys tem A S C  also in terac ts  weakly  with ca t ionic  
a m i n o  acids  regardless  of  the N a  ÷ concen t ra t ion  [9]. 
W e  [10] and  o thers  [11] ex tended  the la t te r  para l le l  to 
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include system b °'+ in mouse blastocysts and system 
asc I in horse erythrocytes. 

In  sharp contrast,  a Na+-independent ,  cation-prefer-  
ring transport  process in mouse blastocysts does not  
appear  to interact with L-homoserine or mos t  other 
zwitterionic amino acids even when N a  ÷ is present [6]. 
Thus, the system in blastocysts resembles system c in 
lysosomes f rom h u m a n  fibroblasts more  than it resem- 
bles system y+ [12]. Little else is known about  the 
system in blastocysts, however, so it is difficult to 
conclude whether it is a variant of  system c or, perhaps,  
system y÷, or unlike either of  these distinct t ransport  
processes. Moreover,  it has not  been determined whether 
a cation-preferring system is also present in preimplan-  
tation mouse conceptuses prior to format ion  of  blasto- 
cysts. Therefore, we have further characterized the ca- 
t ion-preferring t ransport  activity in blastocysts,  and we 
have examined unfertilized and fertilized eggs and 
cleavage-stage conceptuses for the presence of  a cation- 
preferring amino acid t ransport  process. 

Materials and Methods 

Several descriptions of  the methods  for obta in ing 
eggs and conceptuses and measuring their abilities to 
take up amino acids have been published recently 
[5,6,13,14]. Sexually mature,  8-11-week-old  Swiss I C R  
mice (Harlan Sprague Dawley, Inc.) were treated with 
gonadotropins  to induce them to ovulate [15]. In  most  
experiments, unfertilized eggs were removed f rom 
oviducts in Brinster 's medium [16] or Spindle 's  flushing 
medium-I  [17] approx.  17 h after administrat ion of  
human  chorionic gonadot rop in  (HCG),  and they were 
freed from cumulus cells by  exposing them to 145 IU  of  
hyaluronidase (Sigma Chemical  Co.) in 1.0 ml of  Brin- 
ster's medium for less than five minutes. In  a few 
experiments unfertilized and fertilized eggs were iso- 
lated and used in experiments within less than 16 h 
after administrat ion of  H C G ,  but  the results of  these 
studies were indistinguishable f rom results obta ined with 
eggs obtained 17 h after injection of  H C G  (data not  
shown). Conceptuses were removed f rom oviducts about  
17 (1-cell stage), 41 (2-cell stage) and 66 (8-cell stage) h 
after H C G  administrat ion or f rom uteri about  94 h 
after administrat ion of  this ho rmone  (blastocysts). De- 
tection of  a copula tory  plug and observat ion of  sperm 
were the only criteria used to designate eggs as ferti- 
lized, so some eggs that  we assumed to be fertilized 
probably  were not. Nevertheless, since most  such eggs 
develop in situ (unpublished observation),  mos t  eggs 
were probably  fertilized after mice mated. Eggs and 
conceptuses were washed and stored for less than 6 h in 
Brinster's medium in a humidified a tmosphere  of  5% 
CO 2 in air at 37 ° C  (pH 7.4). Transpor t  was not  ob- 
served to change in eggs or conceptuses during incuba- 
tion for 6 h in vitro. 

Eggs or conceptuses were incubated with a 3 H-labeled 
form of t -arginine  or  L-lysine (18-60  C i / m m o l ;  ICN 
Pharmaceuticals  or Amersham)  and various concentra-  
tions of  nonradioact ive  amino acids in phosphate-  
buffered NaC1 or LiCI (pH 7.1; Refs. 5, 6, 14) or 
modif ied Spindle 's  flushing medium-I  ( N a 2 H P O  4 re- 
placed with K 2 H P O  4 and other  N a  ÷ salts replaced with 
LiC1; p H  7.1). Amino  acid uptake frequently was studied 
at substrate concentra t ions  near 1/~M, and the efficacy 
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Fig. 1. An L-leucine-sensitive portion and a component of saturable 
L-arginine transport that is relatively insensitive to inhibition by 
leucine in fertilized eggs. Eggs were incubated with 0.67 pM 
[3 H]arginine and the indicated concentrations of nonradioactive amino 
acids for 5 rain in phosphate-buffered LiC1. The mean uptake + S.E. 
was calculated from four replicate determinations (approx. nine con- 
ceptuses per determination) obtained in two independent experiments. 
When error bars are not shown they were within the symbols. Because 
the symbols are relatively large, the leucine-resistant component of 
arginine transport is easier to visualize in Fig. 2. Based on the K i 
value of leucine and the K m value of arginine, which are about 138 
and 1.6/~M, respectively, for system b °'+ (Ref. 20), the total leucine- 
resistant component of arginine uptake at infinite lencine concentra- 
tion was calculated to be 2.9+0.3% of the total arginine uptake in the 
absence of nonradioactive amino acids. Uptake in the presence of 20 
mM r-homoarginine was 0.9+0.2% of the total uptake and was 
statistically indistinguishable from the nonsaturable uptake which is 
reported in the legend of Fig. 6. Therefore, mediated, leucine-insensi- 
tive uptake is about 2% of the total uptake represented in the figure. 
(The proportion of mediated, leucine-insensitive uptake is higher at 
higher substrate concentrations; e.g., Fig. 6.) Similar results were 
obtained for blastocysts, and both mediated, Na+-independent com- 
ponents of arginine transport also have been detected in conceptuses 
throughout preimplantation development and in the presence as well 
as the absence of Na + (data not shown and Refs. 6, 20). Moreover, 
both mediated components were detected when the osmolarity was 
held constant by removing LiC1 to compensate for added amino acids 
(data not shown). MeAIB, 2-(methylamino)isobutyrate; HArg, homo- 

arginine; HSer, homoserine. 
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Fig. 2. Elect of L-homoserine on L-leucine-resistant L-arginine uptake by eggs and cleavage-stage conceptuses. Eggs or conceptuses were incubated 
with 1.7/~M [3H]arginine and the indicated concentrations of nonradioactive amino acids plus 20 mM leucine for 5 rain in phosphate-buffered 
NaC1. A higher concentration of [3H]arginine was used here than in the studies reported in Fig. 1 in order to increase the amount of uptake via the 
L-leucine-resistant component of transport. The mean uptake :1: S.E. was calculated from 4-7 determinations (approx. 10 eggs or conceptuses per 
determination) obtained in two or three independent experiments. When error bars are not shown they were within the symbols. (Uptake in 
phosphate-buffered LiC1 is indicated by the dashed lines.) Statistically significant inhibition beyond that provided by 20 mM leucine was detected 
for L-lysine (P  < 0.01) but not for the other amino acids at each stage of development. A mixture of compacted and uncompacted conceptuses were 

studied at the 8-cell stage. Similar results (not shown) were obtained for 2-cell conceptuses when Na + was replaced with Li +. 
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Fig. 3. Effect of various amino acids on t.-leucine-resistant L-[3H]arginine uptake by fertil ized eggs (A) and blastocysts (B). Conceptuses were 
incubated with 1.9 (blastocysts) or 3.8 (eggs)/*M [3H]arginine and the indicated concentrations of nonradioactive amino acids plus 20 mM leucine 
for 5 rain in phosphate-buffered NaC1. In most cases, the results were similar in phosphate-buffered LiC1 (data not shown), although inhibition by 
the amino acids numbered 7, 8 and 9 was Na+-dependent in 1-cell conceptuses (P  < 0.01). The mean uptake:l:S.E, was calculated from 6-12 
determinations (approx. ten eggs or six blastocysts per determination) obtained in 3-6 independent experiments. Error bars are not shown but the 
S.E. values averaged about 1/10 of the mean values. Statistically significant inhibition is indicated with P values next to groups of amino acids 
(inhibition by about 20% or less was not statistically significant). Values were converted to percentages to make comparisons between 1-ceU 
concelatuses and blastocysts easier. The 100% values correspond to uptake of [3 H]argirtine of about 0.0385 and 0.136 fmol.conceptuses-;, min-  1 in 
eggs and blastocysts, respectively. The numbers correspond to the following amino acids: 1, L-homoarginine; 2, L-arginine; 3, S,2-aminoethyl-L-cy- 
steine; 4, L-lysine; 5, D-arginine; 6, e-N-methyl-L-iysine; 7, a-N-methyl-L-arginine; 8, L-2-amino-3-guanidinopropionic acid; 9, 1-methylpiperidine- 

4-amino-4-carboxylic acid (MPA); 10, e-N-trimethyl-L-lysine; 11, t-alanine. 
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of this experimental approach is discussed more com- 
pletely elsewhere [10,18]. Briefly, this approach im- 
proves the chances of detecting low-Km, low-capacity 
transport systems, usually without decreasing the ability 
to detect higher-Kin, higher-capacity systems [19], and 
some systems in conceptuses have K m values for lysine 
and arginine transport near 1 /xM [10,20]. Incubations 
were short enough to estimate initial velocities of amino 
acid uptake (i.e., 5 min or less), and no binding of 
cationic or other amino acids to plasma membranes has 
been detected in preimplantation conceptuses (Refs. 10, 
18 and data not shown). In some cases, the pH was 
adjusted to a specific pH between 6.0 and 8.0 with 
concentrated HC1 or KOH [5]. The concentrations of 
amino acids in the solutions are unlikely to have changed 
significantly during these experiments as discussed pre- 
viously [6,14]. e-N-Methyl-L-lysine, D-arginine, L-2- 
amino-3-guanidinopropionic acid, L-lysine, L-leucine, 
L-homoarginine, S-2-aminoethyl-L-cysteine, L-trypto- 
phan, L-alanine, L-arginine, 2-(methylamino)iso- 
butyrate, L-histidine and L-homoserine were purchased 
from Sigma, e-N-trimethyl-L-lysine and 2-aminoen- 
dobicyclo[2.2.1]heptane-2-carboxylic acid (BCH) were 
purchased from Behring Diagnostics, and a-N-methyl- 
L-arginine was purchased from Vega Biotechnologies, 

Inc. 1-Methylpiperidine-4-amino-4-carboxylic acid 
(MPA) was a gift from Dr. Halvor N. Christensen [21]. 
After incubation with a labeled substrate, eggs or con- 
ceptuses were processed [5] to determine how much of 
the substrate they had taken up. Parametric (e.g., analy- 
sis of variance) and nonparametric (e.g., Kruskal-Wallis 
H test) statistical methods [22,23] were used to assess 
the data. 

Results 

Presence of a Na +-independent, cation-preferring amino 
acid transport process in eggs and cleavage-stage con- 
ceptuses 

An inconspicuous but consistently detected portion 
of mediated L-arginine uptake by unfertilized and ferti- 
lized eggs and cleavage-stage conceptuses resisted in- 
hibition by L-leucine (Fig. 1 and data not shown). 
(Because many of the error bars are well within the 
symbols in Fig. 1, the L-leucine-resistant component of 
L-arginine uptake is easier to visualize in Fig. 2.) Based 
on the K m and K i values for the competitive interac- 
tions of L-arginine and L-leucine with the more con- 
spicuous component of L-arginine transport in 1-cell 
conceptuses (i.e., system b °'+, Ref. 20), it was calculated 
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Fig. 4. Different relative levels of inhibition of total (mainly system b °'+, A) and L-leucine-resistant (mainly systems b~, B) L-arginine uptake by 
L-histidine, D-arginine, e-N-methyl-L-lysine and L-tryptophan in 1-cell conceptuses. Conceptuses were incubated with 1.1 #M [3H]atginine (A) or 
5.6 ~tM [3H]arginJne plus 40 mM L-leucine (B) and the indicated concentrations of other amino acids for 5 min in phosphate-buffered LiC1. When 
40 mM leucine was present, the LiC1 concentration was reduced by 20 raM. The mean uptake-l- S.E. was calculated from four or five replicate 
determinations (approx. 8 conceptuses per determination) obtained in two independent experiments. When error bars are no t  shown they were  
within the symbols. D-Arghun" e and L - t f y p ~  were better inhibitors of total Na+-independent ar~inine uptake (A) than L-histidine or 
e-N-methyl-L-lysine were (P  < 0.01; analyrfis of variance), whereas histidine was a better inhibitor of leucine-resistant ar~i'nine uptake (B) than each 
of the other amino acids were (P  < 0.05 for D-arginine and P < 0.01 for L-tryptophan and e-N-methyl-L-lysine). Moreover, D-arginine inhibited 

sys tem b~ (B) better than L-tryptophan or e-N-methyi-L-lysine did (P < 0.05). 



that about 2% of the mediated uptake in Fig. 1 resisted 
inhibition by L-leucine. At higher L-arginine concentra- 
tions, however, a greater proportion of its mediated 
transport occurred via the leucine-resistant component 
(see below). Similarly, a portion of mediated L-lysine 
uptake by 2-cell and 8-cell conceptuses resisted L-leucine 
inhibition (data now shown). This L-leucine-resistant, 
cation-preferring transport process also was not in- 
hibited by L-homoserine even in the presence of Na + 
(Fig. 2). By this criterion, the transport process resem- 
bled the cation-preferring transport system in blasto- 
cysts [6]. The transport system in 1-ceU conceptuses also 
resembled the system in blastocysts because both were 
insensitive to changes in pH in the interval of 6.0 to 8.0 
(data not shown). Nevertheless, the cation-preferring 
transport processes in 1-cell conceptuses and blastocysts 
had different abilities to interact with various basic 
amino acids. 

Lower or absent inhibition of the cation-preferring trans- 
port process in blastocysts by most basic amino acids that 
interact with the cation-preferring system in 1-cell con- 
ceptuses 

Inhibition of leucine-resistant L-[3H]arginine uptake 
by unlabeled L-arginine was at least as strong in blas- 
tocysts as in 1-cell conceptuses (amino acid No. 2 in 
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Fig. 3). In contrast, inhibition of arginine uptake by 
L-homoarginine (No. 1), L-lysine (No. 4) and S-2- 
aminoethyl-L-cysteine (No. 3) was considerably weaker 
in blastocysts than in 1-cell conceptuses (Fig. 3 and 
Table I). Moreover, L-2-amino-3-guanidinopropionic 
acid (No. 8), e-N-methyl-L-lysine (No. 6) and 1-methyl- 
piperidine-4-amino-4-carboxylic acid (MPA, No. 9) were 
weak inhibitors of the cation-preferring transport pro- 
cess in 1-cell conceptuses, but they did not inhibit the 
cation-preferring system in blastocysts (Fig. 3). Interest- 
ingly, inhibition of the cation-preferring process by 
MPA, a-N-methyl-L-arginine, L-2-amino-3-guanidino- 
propionic acid, and L-tryptophan was Na÷-stimulated 
in 1-cell conceptuses (P < 0.01), whereas Na + did not 
seem to affect interaction of these or other amino acids 
with the cation-preferring process in blastocysts (data 
not shown). 

Further evidence that the cation-preferring transport 
processes in preimplantation conceptuses are distinct from 
system b °'+ 

The K m value for L-arginine transport via system 
b °'÷ is much lower than the Km value for L-leucine 
transport by this system [6,20]. For this reason, we 
performed further studies to verify that the 'leucine-re- 
sistant', cation-preferring transport activities could not 
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Fig. 5. Different relative levels of inhibition of total (mainly system b °'+, A) and L-leucine-resistant (mainly system b f ,  B) L-arginine uptake by 
L-histidine, D-arginine, a-N-methyl-L-arginine and L-tryptophan in blastocysts. Conceptuses were incubated with 1.1/~M [aH]arginine (A) or 2.8 
/~M [3H]arginine plus 20 mM L-leucine (B) and the indicated concentrations of other amino acids for 5 rnin in phosphate-buffered LiC1. When 20 
mM leucine was present, the LiCI concentration was reduced by 10 mM. The mean uptake+ S.E. was calculated from six replicate determinations 
(five or six blastoeysts per determination) obtained in two or three independent experiments. When error bars are not shown they were within the 
symbols. L-Histidine, D-arginine and L-tryptophan were better inhibitors of total Na+-independent arginine uptake (A) than a-N-methyl-L-arginine 
was (P  < 0.01), whereas a-N-methyl-L-arginine and L-tryptophan were better irthibitors of leucine-resistant arginine uptake (B) than L-histidine 

(P  < 0.01) or a-arginine ( P  < 0.05) were (pairing design t-tests). 
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be attributed to residual system b °'+ activity. In 1-cell 
conceptuses, L-tryptophan and D-arginine inhibited sys- 
tem b °'÷ better than L-histidine did, whereas histidine 
was the better inhibitor of the leucine resistant, cation- 
preferring component of transport (Fig. 4). Similarly, 
system b °'÷ in blastocysts was inhibited more strongly 
by L-histidine and D-arginine than by a-N-methyl-L- 
arginine, whereas the latter amino acid was the better 
inhibitor of the cation-preferring transport process in 
blastocysts (Fig. 5). Moreover, Hofstee plots of sub- 
strate-saturable, L-arginine uptake were consistent with 
the interpretation that at least two Na+-independent 
components of mediated arginine transport are present 
in both 1- and 2-cell conceptuses (Fig. 6). 

We did not obtain a Hofstee plot for arginine uptake 
in blastocysts because we could not reliably measure the 
initial velocities of arginine uptake in these conceptuses 
at total arginine concentrations above about 10 /~M 
(data not shown). Such was not the case, however, when 
system b °'÷ was inhibited with an excess of L-leucine, or 
when uptake of [3H]arginine from solutions below 10 
/~M was measured at various concentrations of nonra- 
dioactive L-lysine. On the other hand, although initial 
rates of L-lysine uptake could be measured at all of the 
necessary substrate concentrations, uptake of lysine via 

TABLE I 

K, values for the interactions of basic amino acids with the cation-prefer- 
ring transport systems in 1-cell conceptuses and blastocysts 

After subtracting nonsaturable uptake from the data presented in Fig. 
3 and from similar data obtained in the absence of Na + (not shown), 
the mean ± S.E. of the K i value for each amino acid was calculated 
utilizing the formula (Ref. 13); 

Ki  = ( v i / ( v  - oi))' (Kin' [inhibitor]/([[3H]arginine] + Km)) 

where o i is the rate of L-[3H]arginine uptake in the presence of the 
inhibitor and v is the rate of [3H]arginine transport in the absence of 
the inhibitor. As for the g i values of L-arginine in the table, the K m 
values for L-arginine uptake were not greatly different in 1-cell 
conceptuses ( --- 190/~M, Fig. 6) and blastocysts ( -= 82 #M, see text). 
Moreover, at the substrate concentrations utilized for experiments 
reported in Fig. 3, such a difference in K m values had almost no 
effect on the calculated values of K i. The differences between the K i 
values in 1-cell conceptuses and blastocysts were statistically signifi- 
cant ( P  <0.01; Kruskal-Wallis H test) for each amino acid listed 
except nonradioactive L-arginine. 

Stage of Amino acid K i value 
development (/~M) 

1-cell L-arginine 133 + 45 
L-homoarginine 156 + 43 
S-2-aminoethyl-L-cysteine 624 + 92 
L-lysine 1250+ 180 

Blastocyst L-arginine 84 + 21 
L-homoarginine 1160+ 240 
S-2-aminoethyl-L-cysteine 6 800 + 1200 
L-lysine 8100 ± 1000 
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Fig. 6. Hofstee plots of mediated, Na+-independent L-arginine uptake 
by 1-ceU and 2-cell conceptuses. Conceptuses were incubated with the 
indicated concentrations of arginine and 10 mM BCH for 2 min in 
Na+-free, modified Spindle's flushing medium-I (see Materials and 
Methods) to determine the mean uptake of eight (filled squares, 1 cell) 
or ten (open squares, 2-cell) replicate determinations (approx. five 
conceptuses per determination) obtained in three independent experi- 
ments. Nonsaturable uptake (4.8 -I- 0.5 pl. conceptuses-  1. m i n -  1) was 
subtracted from total uptake to produce the data presented. Since the 
data for 1-cell and 2-cell conceptuses were nearly indistinguishable, 
they were combined for analysis by the method of Spears et al. [27] 
assuming two transport systems were active. The values of the kinetic 
parameters derived in this way were Kin----2.7 /~M and Vma ~ --1.3 
fmol . concep tus - l .min  -1 for systems b °'÷ and Km-=-190 #M and 
Vma x ~ 3.2 fmol .conceptus-1,  rain-1 for system b~.  The curved line 

represents the combination of the two straight lines. 

the cation-preferring transport process in blastocysts 
probably occurs with a g m value nearly 100-times 
higher than for arginine uptake (Table I). Therefore, 
uptake of [3H]lysine at mM concentrations of nonradio- 
active lysine is technically more difficult and much 
more expensive to measure than uptake of [3H]arginine 
at mM concentrations of lysine. For these reasons, we 
measured apparent lysine transport indirectly by de- 
termining its effect on [3H]arginine uptake. The Hofstee 
plot derived from such measurements was consistent 
with the conclusion that blastocysts contain at least two 
components of mediated, Na+-independent lysine and 
arginine transport (Fig. 7). Moreover, in the presence of 
92 mM L-leucine to inhibit system b °'+ (46 mM LiC1 
was deleted), we determined the K m value for L-arginine 
uptake via the cation-preferring component of transport 
in blastocysts (--- 82/~M; data not shown) to be about 
half the value in 1-cell conceptuses (---- 190 #M; Fig. 6). 
In the same experiment, L-homoarginine was found to 
competitively inhibit ar#nine transport by the cation- 
preferring system in blastocysts (K i ---- 1.2 raM; data not 
shown). 
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Fig. 7. Hofstee plot of mediated Na+-independent L-lysine utpake by 
blastocysts measured indirectly in the presence of 2.78 /xM L- 
[3H]arginine. Conceptuses were incubated with the indicated con- 
centrations of lysine, 2.78/~M [3H]arginine, and 10 mM BCH for 2 
rain in phosphate-buffered LiC1 to determine the mean uptake of six 
replicate determinations (approx. five blastocysts per determination) 
obtained in two independent experiments. Nonsaturable uptake was 
subtracted from total uptake to produce the data presented. The K m 
values for systems b °'+ and b~ were estimated to be about 110 ~tM 
and 2.8 mM, respectively, utilizing the method of Spears et al. [27] to 
generate the two straight lines. The curved line represents the com- 
bination of these two lines. The experiments presented here were 
performed in the presence of 2.78 ttM arginine, and the g m (and Ki) 
value for arginine uptake via system b °'+, although difficult to de- 
termine precisely in blastocysts (see Results), appears to be about the 
same as in 1- and 2-cell conceptuses (i.e., = 2.7/~M; Fig. 6, Ref. 20 
and data not shown). Therefore, the apparent K m value for lysine 
uptake via system b °'+, determined here to be about 110 /~M in the 
presence of 2.78 #M arginine, is about twice its value of 48 #M 
determined in the absence of arginine (Ref. 6). See Results for 

justification of the use of a Hofstee plot. 

In some ways, a Hanes plot (i.e., [S]/o versus [S]) 
would have been more desirable than a Hofstee plot in 
Fig. 7. A Hanes plot would not have required the 
unconventional velocity construct of [3H]arginine 
clearance multiplied by lysine concentration which we 
had to use for units on the y-axis (Fig. 7). Our main 
purpose, however, was to show kinetic evidence for the 
presence of at least two mediated Na+-independent 
transport processes for cationic amino acids in blasto- 
cysts. Kinetic evidence for the presence of more than 
one transport process is usually easier to visualize when 
data points are more equally spaced and weighted as in 
Hofstee plots. In a Hanes plot of the data represented 
in Fig. 7, points at higher lysine concentrations are 
more widely spaced and thus visually more obvious and 
more heavily weighted in simple linear regression analy- 
sis than are points at lower concentrations. 

Contamination of our preparations of 1-cell con- 
ceptuses with a few unfertilized eggs could conceivably 
produce a curved Hofstee plot if the same system has 
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different K m values in fertilized and unfertilized eggs. 
Heterogeneous populations of conceptuses are, how- 
ever, unlikely to account for the two components of 
transport detected kinetically in 2-cell conceptuses and 
blastocysts (Figs. 6 and 7). Moreover, the kinetic experi- 
ments reported in Figs. 6 and 7 were performed in the 
presence of 10 mM BCH, which inhibits systems L and 
B °'÷ in conceptuses [4-6,18,20]. For this reason, neither 
component of Na+-independent arginine or lysine 
transport can be attributed to weak interaction of these 
amino acids with the zwitterion-preferring system L or 
the normally Na+-dependent system B °'+. The lower-Kin 
component of cationic amino acid transport (i.e., system 
b °'÷) is competitively inhibited by L-leucine in both 
1-ceU conceptuses and blastocysts [6,20]. Therefore, we 
attribute the components of transport with higher K m 
values in Figs. 6 and 7 to the leucine-resistant, cation- 
preferring transport processes. Since neither of the latter, 
cation-preferring components was susceptible to inhibi- 
tion by all cationic amino acids equally (e.g., compare 
inhibition by D-arginine to that of non-radioactive L- 
arginine in Fig. 3), inhibition of the transport processes 
cannot be attributed to collapse of the membrane 
potential during nonsaturable uptake of cationic amino 
acids rather than to inhibition of mediated transport. 

Discussion 

Differences between the cation-preferring amino acid 
transport processes in preimplantation mouse conceptuses 
and system y + and c 

The cation-preferring transport processes in mouse 
eggs and preimplantation conceptuses (Fig. 2 and Ref. 
6) and system c [24] resist Na+-dependent inhibition by 
L-homoserine. Thus, they differ from system y÷ by a 
criterion that has been used to help describe the sub- 
strate receptor site of system y+ [9]. On the other hand, 
the activities of the systems in 1-cell conceptuses and 
blastocysts and system y ÷ [7] are independent of pH in 
the interval 6.0 to 8.0, whereas the activity of system c 
changes dramatically over this range [24]. Similarly, the 
relative abilities of basic amino acids to interact with 
the systems in 1-cell conceptuses and blastocysts dis- 
tinguishes both of these transport processes from sys- 
tems y÷ and c. 

The cation-preferring system in 1-cell conceptuses is 
inhibited by MPA (Fig. 3), whereas system y+ resists 
inhibition by the concentrations of this substance we 
used [2,5,26]. In contrast, the systems in 1-cell con- 
ceptuses and blastocysts interact more weakly with e- 
N-methyl-L-lysine,  D-arginine and L-2-amino-3- 
guanidinopropionic acid (Fig. 3) than system y+ does 
[7,8]. Moreover, the system in blastocysts interacts more 
strongly with L-arginine than with L-homoarginine, 
whereas the reverse is true for system y÷ [7,8]. A final 
distinction between system y+ and the systems in 1-cell 
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conceptuses and blastocysts is that the systems in con- 
ceptuses both interact more strongly with L-arginine 
than with L-lysine (Fig. 3), but these amino acids are 
accepted equally well by system y÷ in fibroblasts and 
hepatoma cells [7,8]. The systems in 1-cell conceptuses 
and blastocysts are unlike system c because they do not 
interact with e-N-trimethyl-L-lysine at concentrations 
that inhibit system c (Fig. 3), although interaction of 
L-arginine with the systems in conceptuses (Table I) is 
as strong as or somewhat stronger than the interaction 
of L-arginine with system c [24]. D-Arginine also inter- 
acts more strongly with system c [24] than with the 
systems in conceptuses (Fig. 3). In addition, inhibition 
of the systems in 1-cell conceptuses and blastocysts by 
a-N-methyl-L-arginine is considerably weaker than in- 
hibition by L-lysine, L-homoarginine or S-2-aminoethyl- 
L-cysteine (Fig. 3), whereas a-N-methyl-L-arginine in- 
hibits system c more strongly than any of these other 
three amino acids [24]. For all of these reasons, the 
cation-preferring amino acid transport processes in 
mouse eggs and preimplantation conceptuses may be as 
distinct from systems y÷ and c as systems y ÷ and c are 
distinct from each other. We propose that the processes 

in eggs and conceptuses be designated, provisionally, 
system b ÷. For convenience, we refer to the different 
forms of system b + that seem to predominate in 1 cell 
conceptuses and blastocysts, as systems b~- and b2 + , 
respectively, although undetected heterogeneity within 
each of these cation-preferring components cannot be 
ruled out. 

Changes in the characteristics of system b + during preim- 
plantation development 

Each of the basic amino acids, e-N-methyl-L-lysine, 
L-2-amino-3-guanidinopropionic acid and MPA inter- 
acts with system b~- in 1-cell conceptuses, whereas these 
amino acids, and in particular MPA, do not inhibit 
system b f  in blastocysts (Fig. 3). Similarly, although 
L-arginine interacts at least as strongly with system b f  
as with system b~-, each of the cationic amino acids, 
L-homoarginine, L-lysine and S-2-aminoethyl-L-cys- 
teine, interacts more strongly with system b~- than with 
system b~- (Fig. 3 and Table I). Therefore, it is possible 
that system b~- simply has higher g i (and probably 
K m) values than system b~- for most basic amino acids. 
It is, however, somewhat difficult to imagine how L- 
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Fig. 8. Effect of various amino acids on L-leucine-resistant L-[3H]arginine uptake by 2-cell conceptuses and compacted and uncompacted 8-c¢11 
conceptuses. Conceptuses were incubated with 5.6/JM [3H]arginine, 20 or 55 mM L-leucine and the indicated concentrations of nonradioactive 
amino acids for 5 rain in phosphate buffered LiC1 or modified Spindie's flushing medium-I (see Materials and Methods). Data obtained for 
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P < 0.05 for uncompacted and P < 0.01 for compacted conceptuses), but the reverse was the case in 2-ceU conceptuses (P  < 0.01; pairing design 

t-test). HArg, homoarginine. 



arginine could escape an otherwise general transition to 
higher values of K i and Km. Moreover, L-histidine and 
D-arginine inhibit system b~ more strongly than L- 
tryptophan does (Fig. 4B), whereas the latter amino 
acid inhibits system b~- better than the former amino 
acids (Fig. 5B). In fact, early attempts to study system 
b~- kinetically failed because they were performed in 
the presence of 40 mM tryptophan which almost com- 
pletely inhibited all mediated arginine uptake (data not 
shown). Finally, inhibition of system b~- by MPA, L- 
tryptophan, a-N-methyl-L-arginine, and L-2-amino-3- 
guanidinopropionic acid is stimulated by Na ÷ (P < 
0.01), whereas the effect of these and other amino acids 
on system b~- is not influenced by Na ÷ (data not 
shown). Therefore, system b ÷ changes at least function- 
ally as preimplantation development proceeds. 

Experiments were designed to determine more pre- 
cisely when during development system b~ replaces 
system b~- as the apparently predominant, cation-pre- 
ferring transport process in preimplantation mouse con- 
ceptuses. L-Histidine inhibits the cation-preferring sys- 
tem in 2-cell conceptuses more strongly than L-tryp- 
tophan does, and L-homoarginine inhibits [3H]arginine 
uptake by this same system a little better than nonra- 
dioactive L-arginine does (Fig. 8). By these criteria, the 
system in 2-cell conceptuses resembles system b;- in 
1-cell conceptuses (Figs. 3 and 4). In contrast, the 
cation-preferring systems in both compacted and un- 
compacted 8-cell conceptuses interact more strongly 
with L-arginine than with L-homoarginine (Fig. 8B) so 
they resemble system b~- in blastocysts (Fig. 3). In 
regard to relative inhibition by L-histidine and L-tryp- 
tophan, however, the systems in 8-cell conceptuses re- 
semble system b~- more than they resemble system b~- 
(Figs. 4, 5 and 8A). Therefore, conversion from system 
b~- to system b~- during development of blastocysts 
from 2-cell conceptuses appears to occur in a stepwise 
or gradual manner. Further studies are needed, how- 
ever, to determine whether this conversion represents 
expression of separate genes. Although the mechanism 
and physiological significance of the change from sys- 
tem b;- to system b~- remain to be determined, the 
discovery of these and other novel transport systems in 
preimplantation mouse conceptuses (Refs. 4-6, 10, 13, 
14, 18, 20, and this report) has already expanded our 
knowledge of the range of different characteristics that 
amino acid transport systems may have. This knowledge 
should not only help us to perceive more accurately the 
complexity of amino acid homeostasis in multicellular 
animals, but also dispel the notion that the transport 
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systems in unexamined tissues can be assumed to be the 
same as those few systems that have already been well 
characterized. 
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