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SUMMARY 

The accumulation of c<-aminoisobutyric acid by placental slices is increased 
dramatically upon prior incubation of the slices in amino acid-free, buffered saline. 
This increase is inhibited by inhibitors of  protein synthesis and is accompanied by an 
increased V for the transport  process. While alternative explanations are discussed, 
these data suggest that the incubation effect may be mediated through an increase in 
the number  of  available transport  sites which are synthesized during the incubation 
period. Incubation with an amino acid mixture diminishes the increase as well as 
general protein synthesis, suggesting that a reduced availability of amino acids may 
initiate compensatory changes in the synthesis of cellular transport  proteins. 

INTRODUCTION 

Amino acid transport  studies using tissue slices are usually preceded by incuba- 
tion in a buffered medium lacking the radioactively labelled amino acid, so as to 
achieve a steady state of  tissue electrolytes. In studies on the immature rat uterus [1 ] 
and chick embryo heart [2-4] it has been observed that the rate of  amino acid uptake 
by tissue slices is proportional to the duration of the preliminary incubation period. 
Furthermore,  kinetic evidence and experiments with inhibitors of protein synthesis 
suggested that  increases in amino acid transport  proteins are responsible for the 
preincubation* effects. 

The human term placenta accumulates c<-aminoisobutyric acid (aminoiso- 
butyrate) by an energy-dependent process which follows Michaelis-Menten kinetics 
[5]. In a report of  work carried out in another context, we noted that aminoisobuty- 
rate accumulation by human placental slices occurs at a dramatically greater rate 
following a 3 h preincubation, as compared with the usual preincubation period of 
45 min [6]. This preliminary observation in the placenta has been confirmed and stud- 

* To minimize confusion, the term preincubation is used to denote the preliminary incubation 
of tissue in the absence of radioactively labelled amino acid. 
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ied by Smith and co-workers [7, 8] and the effect has also been observed in newborn 
rat kidney cortex [9]. The present studies further explore the mechanism of this phe- 
nomenon in human placental tissue. 

MATERIALS AND METHODS 

ct-Aminoisobutyric acid accumulation in placental slices was measured as de- 
scribed previously [6]. Essentially, this procedure consisted of incubating fresh human 
term placental tissue slices in balanced Krebs-Ringer bicarbonate (pH 7.3) for various 
time periods (the preineubation), then transferring the slices to another flask con- 
taining buffered saline plus 0.1 mM aminoiso[14C]butyrate. After incubating the 
slices in the presence of the labelled amino acid for 1 h at 37 °C (at which point uptake 
is proceeding linearly), the ratio of intracellular to extracellular aminoisobutyrate was 
calculated after correcting for the extracellular water space. 

For estimating the level of protein synthesis occurring in the slices after various 
modifications in the preliminary incubation, the incorporation of [aH]leucine into 
trichloroacetic acid-precipitable material was measured. Slices were incubated with 
radioactive leueine for 20 min, removed, blotted and homogenized in 10 % trichloro- 
acetic acid. After centrifugation, the trichloroacetic acid-insoluble pellet was washed 
3 times, weighed and transferred quantitatively to a scintillation counting vial. To 
decolorize the tissue, 0.5 ml of H202 was added and allowed to remain in contact 
with the tissue for about 1 h. The tissue was then solubilized by the addition of 2 ml of 
protosol followed by incubation of the vials in a 60 °C water bath until digestion was 
complete. Then 10 ml of a toluene/PPO/POPOP/Triton X-100 scintillation cocktail 
was added, and the radioactivity was measured in a liquid scintillation counter after 
chemiluminescence had subsided. 

RESULTS 

Fig. 1 shows the linear relationship between duration of preincubation (in the 
absence of aminoisobutyrate) and extent of amino acid accumulation subsequently 
obtained after incubation in the presence of aminoiso[14C]butyrate. The accumu- 
lation ratio (aminoisobutyrate inside the cells/aminoisobutyrate outside the cells) 
after either a 1- or a 2-h incubation with aminoisobutyrate increased approximately 
threefold when tissue slices were preincubated for 3 h as compared to 15 min. The 
two most obvious possible explanations for the mechanism of this phenomenon are: 

(1) Longer preincubation times allowed ongoing synthesis of membrane- 
associated carrier molecules making more transport sites available. 

(2) Existing transport sites were modified resulting in greater transport effi- 
ciency. 

If only the former possibility were true, kinetic studies should show an increase 
in the maximum uptake rate, V, for the transport process resulting from the increased 
number of carrier molecules, with little or no change in the Michaelis constant, Kin. 
In addition, inhibitors of protein synthesis might interfere with the preincubation ef- 
fect if the synthesis of new carrier protein was involved. On the other hand, if the ef- 
feet resulted from increased efficiency of existing transport sites, one might expect a 
decrease in Km with no increase in V and a resistance to any inhibitor effect. 
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Fig. 1. The effect ofpreincubation on the rate of ~-aminoisobutyrate (AIB) accumulation by placen- 
tal tissue slices. The slices were preincubated in amino acid-free Krebs-Ringer bicarbonate (pH 7.3) 
for the times indicated and were then transferred to flasks containing ct-aminoiso[14C]butyrate for 
a l h ( - - )  or 2 h (- - - )  incubation at 37 °C. The first number in parentheses indicates the number 
of placentas used and the second number is the total number of measurements. The data points 
indicate the mean ± S.E. 

Fig. 2A shows the results of a kinetic study in which the 1-h accumulation of 
different concentrations of aminoisobutyrate was measured following different prein- 
cubation times. Fig. 2B shows an expanded plot in the vicinity of the origin. The data 
can be grouped into two sets, each having kinetic similarities. From zero to 45 min 
preincubation, the data demonstrated no substantial change in the V value, but 
showed a decrease in Kin. This result suggests that the number of available transport 
sites did not initially increase, but that the transport efficiency of existing sites in- 
creased. This increase might have occurred through some conformational modification 
which afforded enhanced affinity of the transport machinery for the amino acid. Be- 
yond 45 min preincubation, there was no further change in Kin, but V increased. This 
increase might have occurred if new transport sites became available, as through the 
new synthesis of carrier molecules. While these data afford suggestive comparisons, 
certain reservations are appropriate. In the data set shown in Fig. 2B1, it is not known 
whether anomalies due to inadequate tissue-buffer equilibration might result from 
abnormally short preincubation periods. 

The effects of inhibitors are shown in Fig. 3. A 2-h preincuoation in the presence 
of cycloheximide, puromycin or actinomycin D depressed the subsequent oc-amino- 
isobutyrate accumulation at 1 h to 41-51% of control. 

In vivo, tissues are exposed to circulating amino acid concentrations of the 
order of 0.1 mM. It therefore seemed possible that prolonged preincubation in the 
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Fig. 2. A. Double reciprocal plot of the accumulation rate as a function of ~t-aminoisobutyrate 
(AIB) concentration (raM). The lines were fitted to the points by the method of least squares. The 
numbers associated with each line represent preincubation times. The incubation with *t-aminoiso- 
[14C]butyrate was for 60 rain in each case. The0 preincubation time points are each derived from 6 
measurements on one placenta; those for the 20 and 120 rain preincubations represent 6 measure- 
ments each on each of 2 placentas; those for the 45 and 180 rain preincubations are from 6 measure- 
ments each on each of 3 placentas. B. Expanded scale drawing of the data in the vicinity of the origin. 

absence o f  any amino  acids might  have p roduced  compensa to ry  changes in the cel- 
lu lar  mach inery  involved with amino  acid  up take .  Fig.  3 also shows tha t  the presence 
o f  amino  acids reduced  the effect o f  the p re l iminary  incubat ion .  

Since p re incuba t ion  with inhib i tors  interfered with the  no rma l  increase in ~- 
amino i sobu ty ra t e  accumula t ion  bu t  d id  no t  abol i sh  it, i t  was des i rable  to  measure  the 
extent  of  the effect o f  inhib i tors  on  p ro te in  synthesis in the  p lacenta l  slices. In addi t ion ,  
it  was i m p o r t a n t  to know how var ious  p re ineuba t ion  modi f ica t ions  affected the level 
o f  p ro te in  synthesis,  since p ro te in  synthet ic  act ivi ty  and  t r a n s p o r t  might  be t ight ly 

.coupled processes.  Even if  new synthesis o f  t r anspor t  molecules  was  no t  abol i shed  by  
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Fig. 3. The influence of inhibitors of  protein synthesis and an amino acid mixture on the ~-amino- 
isobutyrate (AIB) accumulation ratios after 1 h. Placental slices were preincubated for 2 h in the 
presence ofcycloheximide (0.1 mM), puromycin (0.1 mM), actinomycin D (1.0 raM), an amino acid 
mixture (0.1 m M in each of the 19 common amino acids, excluding asparagine and glutamine) or no 
inhibitor. At the end of  the preincubation period, the slices were blotted and transferred to a flask 
containing 0.1 m M ~-aminoiso[l+C]butyrate for a 1 h incubation at 37 °C. Each value represents 
the average of 6 measurements on each of 3 placentas ~:S.E. 

_,1 

I I - ,  
Z 

LLI O 
- , r  U 60 

¢'~ I.,- 40  

W U 
I , -  ZO 
O ¢ Y  
l l g  Llk,I 
n D _  

-,+ ACTINOMYCIN D 

li fi 
PUROMYCIN CYCLOHEX- 

IMIDE 

Fig. 4. The effects of  inhibitors and an amino acid mixture on protein synthesis in placental tissue 
slices. Slices were preincubated with the same concentrations of constituents as given in Fig. 3 (except 
that leucine was omitted from the amino acid mixture so as to avoid diluting the specific activity of  
the [3H]leucine). They were subsequently incubated with labelled leucine for 20 rain. The horizontally 
striped bars show [3H]leucine incorporation into trichloroacetic acid-precipitable material after a 
45 rain preincubation in the presence of the indicated constituents. The lightly stippled bar represents 
a 120 min preincubation with the inhibitors. The vertically striped bar shows the leucine incorpora- 
tion after a 120 min preincubation followed by a washing of the slices in inhibitor-free medium for 
40 rain followed by the 20 min incubation with [3H]leucine. The purpose of this was to estimate the 
extent of recovery of protein synthesis by 1 h after preincubation (since the accumulation studies 
utilized a 1 h incubation with labelled amino acid). The values for the 45 and 120 min preincubations 
not followed by washing represent the average of  2 measurements on each of  2 placentas ±S.E.  
The values for the washed slices are the averages of 2 measurements on each of 6 placentas. Each set 
is shown with a clear, 100 % control bar for comparison. 
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the inhibitors, our results might be accounted for by reduced transport accompanying 
a reduced amino acid requirement, which in turn resulted from reduced protein syn- 
thesis. This signal of reduced need could be transmitted to the transport apparatus by 
some mechanism other than a decreased synthesis of transport molecules. 

Fig. 4 shows the effects of inhibitors and the amino acid mixture on protein 
synthesis. These modifications all reduced protein synthesis and were at least parti- 
ally reversible. As expected, puromycin and cycloheximide almost abolished protein 
synthesis during a 45 min preincubation period. Actinomycin D produced some de- 
crease in protein synthesis after 45 min, but showed a considerably greater effect when 
applied during a 3-h preincubation. This behavior is also reasonable since actinomycin 
D affects protein synthesis indirectly, having its primary influence on RNA synthesis. 
Perhaps unexpectedly, preincubation with the amino acid mixture also resulted in a 
depression of protein synthesis. In each case, the inhibition was partially reversed by 
washing the slices prior to incubation with the labelled leucine. 

DISCUSSION 

Christensen and co-workers [10, 11] showed that fetal guinea pig liver accu- 
mulates certain amino acids to a much lower extent than maternal tissue. Within 24 h 
after birth, however, this discrimination largely disappears as the ability of the new- 
born liver to accumulate glycine, cycloleueine and ~-aminoisobutyrate rapidly incre- 
ases. This rapid postnatal transport of amino acids into guinea pig liver may be initi- 
ated by the abrupt fall in plasma amino acids which occurs after delivery [12]. This 
possibility has received subsequent support from observations of increased amino 
acid accumulation following preincubation of fetal or immature tissues in amino 
acid-free media [1-4, 6-9]. The observation of Reynolds et al. [9] that fetal kidney 
cortex, but not that of the adult, shows the preincubation effect is in accord with this 
supposition. So is our present finding that preincubation of placental tissue in the pres- 
ence of amino acids diminishes the increase. 

The molecular mechanism by which the rate of accumulation is increased 
during preincubation of placental slices in an amino acid-free medium is of great in- 
terest. Smith et al. [7] reported that prolonged preincubation of placental fragments 
resulted in an increased V and a decreased Km of the transport process. Our data 
suggest that the reduction in Km occurs early in the preincubation period, and that 
later increases in accumulation rate result primarily from an increased V. This incre- 
ase in V suggests that the number of available transport sites in placental cells may be 
increasing secondary to the synthesis and deposition into the membrane of new car- 
rier molecules. This notion is supported by our present data and those of Smith and 
Depper [8 ], which show that inhibitors of protein synthesis substantially decrease the 
preincubation rise in the rate of aminoisobutyrate accumulation. 

There are at least two possible explanations for the effect ofinhibitors. One is 
the possibility that the synthesis of transport molecules is inhibited. The other is that 
a general inhibition of protein synthesis (even in the absence of transport protein 
synthesis) could result in decreased amino acid requirement. This in turn could further 
result in a reduced uptake rate through some tight coupling mechanism with the trans- 
port machinery. Our evidence is most consistent with the former possibility. Treat- 
ment with puromycin and cycloheximide reduced protein synthesis to less than 10 
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of  control. This identical treatment only prevented the preincubation-induced in- 
crease in accumulation ratio, but did not reduce the ratio below that observed with no 
preincubation (compare Fig. 3 with Fig. 1). I f  tight coupling between protein synthe- 
sis and transport took place, inhibition of  protein synthesis to less than 10 ~ of con- 
trol should have caused a similar diminution in the accumulation ratio. In other words 
one might envision the fresh tissue as possessing a certain number of  transport sites. 
This number increases following preincubation in the absence of amino acids. Partial 
inhibition of protein synthesis (as with aotinomycin D or by an amino acid mixture) 
may reduce the formation of  additional sites, but even complete inhibition does not 
reduce the level below that number present initially. 

The cause of  the reduction in the preincubation-mediated increase when pre- 
incubation is carried out in the presence of an amino acid mixture is unclear. Amino 
acids may reduce accumulation by an effect on general protein synthesis, rather than 
by a selective influence on the transport machinery. 

A cautionary comment seems in order. While we and the others reporting this 
phenomenon have emphasized a mechanism involving an altered rate of  transport into 
cells, it is also possible that an altered rate of amino acid exodus from the cells may be 
at least a contributory influence. For example, Webber showed that slices of newborn 
rat kidney cortex concentrated aminoisobutyrate to a greater extent than adult cortex 
because of a slower rate of aminoisobutyrate exodus in the young tissue [13, 14]. 
Also, while a preliminary incubation of placental slices with alanine decreases the 
preincubation effect [8], this treatment also increases the rate of  aminoisobutyrate 
exodus from the tissue [5]. 

This system may afford a method of  manipulating the synthesis of  membrane- 
associated proteins which could be a considerable asset in studying the nature of pro- 
duction, translocation and intramembrarte deposition of  a specific protein. It also 
suggests the possibility that the placenta utilizes its ability to increase the accumulation 
of amino acids during periods of  maternal starvation so as to spare the fetus from 
amino acid deprivation. 
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