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ABSTRACT. Although a number of causes of poor fetal 
growth are known, the involvement of placental transport 
proteins in the etiology of growth retardation is not undcr- 
stood. The aim of this study was to investigate the activity 
of the system A amino acid transporter and the Na+/li+ 
eschanger in vesicles isolated from the microvillous mem- 
brane of the syncytiotrophoblast of placentas of appropri- 
ate and small for gestational age babies. l 'here were no 
biochemical differences bet~veen the membranes from the 
two groups of placentas, and there was no difference in the 
activity of the Na+/I1+ exchanger. The initial rate of uptake 
of methylaminoisobutyric acid (a nonmetabolizable amino 
acid analogue) was 63% loner in vesicles from placentas 
of small for gestational age babies. Kinetic analysis of the 
system A transporter (utilized by mcthylaminoisobutyric 
acid) showed that the V,,., in the vesicles from placentas 
of small for gestational age babies (0.24 f 0.03 nmol/mg 
protein/30 s,  n = 5) was significantly lower than that in 
vesicles from placentas of appropriate for gestational age 
babies (0.64 + 0.09 nmol/mg protein/30 s, n = 4, p < 
0.001), whereas the Km was not different between the two 
groups. It is concluded that there is an abnormality of 
system A amino acid transporter function in placentas of 
small for gestational age babies. (Pediatr Res 34: 661-665, 
1993) 

Abbreviations 

AlB, aminoisobutyric acid 
hleAlB, methylaminoisobutyric acid 
SGA, small for gestational age 
AGA, appropriate for gestational age 
l i E P E S ,  N-2-hydrosyethylpiperazine-N'-2-ethanesul 

fonic acid 

Intrauterine growth retardation is of considerable importance, 
being associated with perinatal death (I) ,  neonatal complications 
(2). and a high incidence of neurodevelopmental delay in survi- 
vors (3, 4). Furthermore, hypertension and its sequelae in later 
adult life are associated with low birth weight, especially in the 
presence of a large placenta (5). 
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There are multiple determinants of intrauterine growth (4), 
including maternal size and nutrition. environmental agents ( c . ~ .  
cigarette smoking). and the health of the fetus and its genome 
together with, perhaps, the placenta's capacity to  transport nu- 
trients, which is the focus of the present study. 

Experimental generalized diminution of placental mass causes 
growth retardation in a number of species (6-8). but it is not 
clear whether specific disorders of placental transport of individ- 
ual solutes are related to growth retardation. Placental handling 
ofamino acids is of interest in this regard because these substrates 
are essential for the production of protein and thus body mass 
in the developing fetus. There is also accumulating evidence that 
there may be abnormalities of transplacental transport of amino 
acids in the presence of poor fetal growth. Thus, in humans, tu- 

amino-nitrogen concentrations in umbilical vein plasma ob- 
tained at  cordocentesis are lower in the growth-retarded fetus 
than in the appropriately grown fetus (9 .  10). In addition, dietary 
restriction in rats (I I ,  12) and vascular manipulations in rats (7) 
and guinea pigs (8) used to cause fetal growth retardation result 
in decreased net placental transfer of the nonmetabolizable 
amino acid analogue AlB to the fetus. 

Direct evidence that placental amino acid transport is defective 
in human growth retardation came from a study in which AlB 
uptake into vesicles prepared from the microvillous (maternal 
facing) membrane of the placental syncytiotrophoblast was found 
to be lower in those from SGA pregnancies than those from 
AGA pregnancies (13). However, this study did not address 
whether the defect was specific to  one transport system or rather 
reflected a generalized difference between the placentas of the 
two groups or in the vesicles prepared from them. 

Although existing data imply that placental transport may be 
defective in the presence of growth retardation. it remains to be 
established whether this is causative in fetal growth retardation. 
A defect in a specific transport systcm might be either a causal 
event in poor growth or a response to poor growth itself. Never- 
theless, identification of a specific defect would provide an im- 
portant step forward in unraveling causality and was the aim of 
the present project. 

We therefore characterized microvillous membrane vesicles 
prepared from placentas of growth-retarded and normally grown 
babies so as to  exclude the possibility of any systematic prepar- 
ative direrences. We then measured the activity of the Na+- 
dependent systcm A amino acid transporter, determined by 
measuring the uptake of MeAIB [a nonmetabolizable amino acid 
analogue (14)] and that of the Na+/H+ exchanger (15). as an 
example of a transporter not directly involved in amino acid 
fluxes, in both sets of vesicles. 



MATERIALS A N D  M E T H O D S  

Pulierlls ur~d collcctiot~ ofplacctltris. All patients were Cauca- 
sians followed antenatally and delivered a t  St. Mary's Hospital. 
Vesicles were studied from a total of 2 1 placentas (AGA vesicles) 
from pregnancies in which the birth weight of the baby was 
between the 10th and 90th percentiles (16), and of these 21 sets 
of vesicles, 18 had uptake experiments performed on  them. 
Fourteen placentas from SGA babies in which the birth weight 
was less than the 3rd percentile (16) were also studied (SGA 
vesicles). Gestational age was estimated from the first day of the 
last menstrual period, and ultrasound scan assessment of gesta- 
tion was done at  16 wk of gestation. If there was more than 1 
wk difference in the gestational age assessed by these two tech- 
niques, the tissue was excluded. All placentas were from prcg- 
nancies at term (AGA = 39.4 1 0.4 wk and SGA = 39.0 1 0.3 
wk, mean + SEM). All the babies were normal on clinical 
examination. There was n o  maternal disease or obvious fetal 
abnormality in any of the patients. Study and control subjects 
were not significantly different (using Fisher's exact test) in 
maternal age (AGA = 29.5 1 1.5 y, SGA = 25.9 + 1.4 y, mean 
+ SEM), parity (AGA = 1.0 + 0.2, SGA = 0.7 t- 0.2). maternal 
smoking habit (five mothers in the AGA group; seven mothers 
in the SGA group), or mode of delivery (15 vaginal, five cesarean 
section, one forceps delivery in the AGA group: eight vaginal. 
five cesarean section, one forceps delivery in the SGA group). 

Prepuratioti of tnicrovil1~11r.s r?lcr?rhrar~c ve~icl~~.s. Microvillous 
membrane isolation was commenced as soon as possible after 
delivery, but always within 30 min. The chorionic plate was 
excised and a portion of the placenta (approximately 100 g) was 
homogenized, followed by Mg" precipitation and differential 
centrifugation (17). The resulting pellet of microvillous mem- 
brane was suspended in the appropriate buffer and repeatedly 
drawn through a 25-gauge needle to  vesiculate the membrane 
fragments ( 17). 

Protein content of the homogenate and of vesicles from each 
placenta was assayed (18). Alkaline phosphatase activity (a 
marker of the microvillous membrane) was measured according 
to the method of McComb and Bowers (19). NADH dehydro- 
genase (a marker of endoplasmic reticulum, 20) and succinate 
dehydrogenase (a marker of mitochondria, 2 1) wcre also meas- 
ured. An enrichment ratio, defined as activity in the vesicle 
suspension relative to that in the initial placental homogenatc. 
was calculated for the markers. Vesicle oricntation was estab- 
lished by calculating the change in alkaline phosphatase activity 
after vesicle disruption with 0.1 % saponin (1 7). 

Microvillous membrane vesicles were stored at  4°C before use. 
and all uptakes were performed within 48 h of their isolation. 
Some preparations were used to measure uptake of Na' and 
MeAIB, and others were used to measure uptake of one of these 
substrates only. 

Nu' ~rptakc. Sodium uptake into vesicles was performed at 
room temperature as previously described (I  7). The vesicles were 
reconstituted in 25 mM 2[N-morpholino]ethanesulfonic acid, 5 
mM Tris, 149 mM KCI, and 1 m M  NaCI, pH 5.6. Uptake of 
"Na+ was then initiated by the addition of 900 pL of extravesic- 
ular buffer ( I 8  m M  HEPES, 12 m M  Tris, 149 mM KCI, I mM 
NaCI, 2.5 pCi/mL "Na+, pH 7.6) with and without 0.5 mM 
amiloride [an inhibitor of the Na'/H' exchanger a t  this concen- 
tration (22)] to  200 p L  (2-4 mg of protein) of vesicles suspension. 
Thus, Na' uptake into the vesicles was studied in the presence 
of a n  outwardly directed proton gradient. The difference between 
proton gradient-stimulated "Na' uptake in the prescnce and 
absence of amiloride gives a measure of Na'/H' exchanger 
activity (15, 17). At timed intervals, 100-pL aliquots were re- 
moved and applied t o  an ion exchange column (23) to  separate 
extravesicular from intravesicular "Na+ and washed with cold 
(4°C) extravesicular buffer (minus the "Na'). The eluents from 
the columns (containing vesicles and their associated "Nat) were 
counted in a Packard 800C gamma counter (Packard Instrument 

Co., Downers Grove. IL). Counts associated with vesicles were 
correctcd for radiolabel not rctained by the columns in the 
absence of vesicle protein. Nonspecific binding of radiolabel. as 
opposed to uptakc, to  the membrane was established by incu- 
bating in the presence of 0.2% triton to  cleave the vesicles. The 
proportion of vesicle protein retained by the Dowex columns 
was measured by assaying the eluent for alkaline phosphatase 
and comparing this with the amount applied to the top of the 
column. 

111~/11B ilp~rikc. The MeAlB uptake was measured as prcvi- 
ously described (14) in the presence and absence of an inwardly 
directed Na' gradient into the vesiclcs. The Na'-dependent 
component of MeAIB transport (reflecting the Na'-dependent 
system A transporter) was taken as the difference in uptake under 
the two sets of conditions. The vesicles were suspended in 5 mM 
HEPES. 5 mM Tris-HCI, 290 mM sucrose (pH 7.4). and uptake 
was initiated by the addition of 20 pL of vesiclcs (approximately 
150 pg of protein) to  20 pL of extravesicular buffer (5 mM 
HEPES, 5 mM Tris. 145 mM NaCl or 145 mM KCI, 0.165 mM 
"C-MeAIB, pH 7.4). At timed intervals, vesicular uptake of 
MeAlB was stopped by the addition of 2 m L  of ice cold Krcbs 
Ringer phosphate buffer (KRP; 130 mM NaCI, 10 mM 
Na2HP0,, 4.2 mM KCI, 1.2 mM MgSO,, and 0.75 mM CaCI?, 
pH 7.4), and 1 m L  of the resulting solution was promptly 
removed and applied to a 0.45-pm Millipore filter, which had 
been presoaked in ice cold KRP, followed by washing with 10 
m L  of cold KRP. Membrane binding was quantified by incubat- 
ing vesicles in the prescnce of 0.2% triton. Counts wcre correctcd 
for radiolabel retained by the filters in the absence of vesicle 
protein. The Millipore filters wcre dissolved in 2 m L  of 2- 
cthoxyethanol, and counted in a Packard 1000CA liquid scintil- 
lation analyzer after addition of 12 mL of Optiphase 'HiSafe' I1 
scintillation fluid (Pharmacia, Milton Keynes, UK). 

T o  study its kinetics. Na'-dependent "'C-McAIB uptakc at 30 
s (taken to be initial rate: see Results) was measured as described 
above in the presence of a range of concentrations of MeAIB. 
Uptake was plotted against MeAIB concentration, the data were 
fitted to the Michaelis Menten equation by nonlinear regression 
(P-Fit. Biosoft, Cambridge. UK), and V,,,, and Km of the 
transporter were calculated. 

Radioisotopes were obtained from either Amersham (Ayles- 
bury, Bucks. UK) or New England Nuclear (Stevenage. Herts, 
UK), and chemicals from Sigma Chemicals (Poole, Dorsct. UK) 
or BDH (Liverpool, UK). 

Strilistics. All data are shown as nlcan + SEM. and 11 is the 
number of pregnancies studied. Statistical analysis was by paired 
or  unpaired t test or Fisher's exact test. as appropriate. with p < 
0.05 taken to be significant. 

Ellricril rip~~rovul. Ethical approval was obtained from the 
Central Manchester Health Authority Ethical Committee. 

RESULTS 

As expected, there was a significantly ( p  < 0.0001) lower birth 
weight in the SGA group (2.21 f 0.06 kg. tl = 14) compared 
with the AGA group of babies (3.38 + 0.07 kg, 11 = 18). Mean 
placental weights were also significantly ( p  < 0.0001) lower in 
the SGA group compared with the AGA group (443 + 27 and 
629 + 29 g. respectively). 

Alc~t,ihnrticpirritj~. Alkaline phosphatase was enriched in both 
the SGA and AGA vesicles. and there was no statistical difference 
between the two groups (Table 1). The other markers showed no 
enrichment in the vesicles. There was no difference, at the 5% 
level of significance, in the protein recovery in the SGA and 
AGA vesiclcs. Vesicle orientation was also not different between 
the two groups and suggested that the vesiclcs wcre "right side 
out" i.c. the it1 vivo extracellular facing domain was on the 
outside. 

Mean protein recovery was lower in the SGA vesiclcs com- 
pared with AGA vesicles. but the difference was not statistically 
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Table 1. Protein rc7covo:,*, t11ct110runr~ t~lrirkcr o l r ic l~ t~ la l t  rutio.~. 
~ t l d  ~ ~ c ~ ~ i ~ l c  o r i ~ t ~ t ~ i t i o t ~  (IIIL'NII + SEj1f) it1 SGA ~itlrl/tG.,i 

rc~siclc~s 

AGA SGA 

Protein recobcry (mg/g 
placenta) 

Alkaline phosphatase cnrich- 
ment 

Succinatc dehydrogcnasc 
enrichment 

NADH dchydrogcnasc 
enrichment 

Vesicle orientation (76 right 
side out) 

* Significantly greater than unity ( /  tcst). 

significant ( p  = 0.08) and was corrected for by normalizing 
uptake to  vesicle protein concentration. 

Nu+ ~rptukc. Equilibrium uptake of "Na' in the presence of 
0.2% triton, taken as reflecting binding to the membrane, was 
less than 4% in both AGA and SGA vesicles, implying that the 
majority of the Na' was entering an intravesicular space. Alkaline 
phosphatase activity in the eluent from the ion exchange columns 
compared with activity in that applied to the top of the column 
was not different between the two groups of vesicles (62.9 + 
4.5%, 11 = 5, and 68.6 + 6.576, 11 = 7, in AGA and SGA groups, 
respectively), and therefore calculated uptakes were not corrected 
for rCCOVCN. 

The uptake of "Na' in the presence of amiloride in placentas 
of AGA babies was significantly ( p  < 0.05) lower than in its 
absence at all time points up to and including 120 min (Fig. 1,.1). 

In paired experiments. uptake in the absence of amiloride. i.cl. 
total Na+ uptake. at 120 min (2.13 + 0.05 nmol/mg protein, 11 

= 3) was not different from that a t  24 h (2.01 + 0.05 nmol/mg 
protein, tl = 3). Therefore, "Na+ uptake at 120 min was taken 
to be at equilibrium. 

The "Na' uptake into vesicles from SGA babies (Fig. 111) was 
significantly ( p  < 0.05) lower in the presence of amiloride than 
in its absence up to and including 120 min. There was no 
difference by 24 h, suggesting that they had reached the same 
equilibrium. In paired experiments. the total Na' uptake, i.c. in 
the absence of amiloride, was not different between that at 120 
min ( 1.9 1 + 0.16 nmol/mg protein. 11 = 4) and that at 24 h ( 1.46 
f 0.28 nmol/mg protein, 11 = 4). There was no difference in the 
AGA and SGA vesicles with respect to  equilibrium uptake, 
showing that the two groups did not differ in terms of vesicle 
volume (calculated as 2.54 + 0.2 1 FL/rng protein for AGA and 
2.50 + 0.25 FL/mg protein for SGA vesicles). There was no 
significant difference in total Na' o r  amiloridc-insensitive or 
amiloride-sensitive Na' uptake between AGA and SGA vesicles 
at  any time point up to  and including 24 h. Amiloridc-sensitive 
Na+ uptake (i.c. difference in uptake in the prescnce and absence 
of amiloride) was linear up  to 1 min in both sets of vesicles. and 
uptake at 30 s was therefore used to calculate the initial rate of 
Na+ transport due to  the Na+/H' exchanger: there was no 
significant difference between the two groups of vesicles (Table 
2). 

,!fc~,4IB ~iptakc. Vesicle uptake of "C-MeAIB in the presence 
of 0.2% triton was less than 3% of total uptake at  120 min in 
vesicles from placentas of both the AGA and SGA babies (Figs. 
2A and B). 

The timc course of MeAIB uptake into AGA vesicles is shown 
in Figure 2;1. In the presence of an Na+ gradicnt into the vesicles, 
there was a significantly ( p  < 0.05) greater uptake of McAIB 
compared with that in the presence of a K' gradient. By 120 
min, there was no longer a significant difference between the 
two. 

In the SGA vesicles, the uptake of "C-MeAlB was again 
significantly ( p  < 0.05) greater in the presence of an Na+ gradient 

0 5 10 30 6 0 120 

Time (min) 

Time lminl 

Fig. I .  Timc course of uptake of Na+ (cspresscd in nmol/mg vcsicle 
protein) into vcsiclcs from placentas of AGA (:1) and SGA (11) babies. 
The uptakc in the absence (W) and presence of 0.5 m M  amiloride (0) 
and in the prcscncc of 0.2% triton (V) arc shown. Mean + SEM is shown 
esccpt whcrc error bars fa11 within the symbols. II = 6 or 7 for the AGA 
group and II = 7 or  9 for the SGA group. Not all time points were 
performed on  each vesicle preparation. 

Table 2. ltlitiril ratcJs c~/'rit~iilorirlr~-.sc~t~.sitirc~ Nu+ ~(ptukc~ citlrl 
h'ri'-cicpct~c/c~t~t ,Zfe.t I B  trmispor? itlto ~~c.sicIc~.s/iot~i plricrlr~tri.s of 

ilG,4 citlri SG,4 hrihirs (it 30 s (I)ICNII + S I 3 f )  

AGA SG A 

Amiloridc sensitive Na+ up- 0.88 + 0.13 0.57 + 0.10 
take (nmol/mg protein) (11 = 10) ( ) I =  11) 

Na'-dependent McAlB up- 0.038 ? 0.005 0.014 + 0.002* 
take (nmol/mg protein) (11 = 13) (11 = 10) 

* I? < 0.00 1 v.s AGA vesiclcs (i  test). 

into the vesicles than in the presence of a K'gradient throughout 
the time course shown in Figure 2B. However, by 24 h there was 
no such difference. Total MeAIB uptake (in the presence of an 
Na' gradient) was significantly lower in SGA vesicles at all timc 
points up to and including 120 min compared with that in AGA 
vesicles, although by 24 h (equilibrium) there was no difference. 

In both groups of vesicles. Na+-dependent MeAlB uptake was 
linear up  to I min and uptake at 30 s was taken to be the initial 
rate of uptake via the system A amino acid transporter. It was 
63% lower in the SGA vesicles compared with the AGA vesicles 
(Table 2). The Na+-independent MeAIB uptake (i.c. that in the 
prescnce of a K' gradicnt) was also lower at 30 s in SGA vesicles 



Time (min) 

Time ( rninl  
Fig. 2. Time course of uptake of MeAlR (exprcsscd in nmol/mg 

vesiclc protein) into AGA (:I) and SGA (II) vcsiclcs. Uptakes in thc 
presence ofan  Na+ gradient (W) and a K' gradient (0) and in the presence 
of 0.2% triton (V) are shown. Mean + SEM is shown except where error 
bars Fall within the symbol. 11 = 5 or  6 for the AGA group and 11 = 4 or 
5 for the SGA group. Not all time points were performed on each vcsicle 
preparation. 

(0.0051 2 0.0008 nmol/mg protein, ti = 10) than in vesicles 
from AGA babies (0.01 1 + 0.002 nmol/mg protein, tl = 13, p < 
0.05). 

The initial (30 s) Na+-dependent uptake of McAlB in AGA 
and SGA vesicles at  various external concentrations of MeAlB 
is shown in Figure 3. The Km for AGA vesicles (5.35 + 1.61 
mM, n = 4) was not significantly diffcrcnt (at the 5% level) from 
that in SGA vesicles (2.10 + 0.83 mM, tl = 5, p = 0.09). However, 
V,,, was significantly lower in the SGA vesicles (0.24 + 0.03 
nmol/mg protein/30 s, n = 5) than in AGA vesicles (0.64 f 0.09 
nmol/mg protein/30 s, tl = 4, p < 0.00 I). 

DISCUSSION 

Transcellular transport of an amino acid across the placenta 
requires that it crosses both the microvillous plasma membranc 
(maternal facing) and basal plasma membrane (fetal facing) of 
the syncytiotrophoblast. It is uncertain which, if either, of these 
two steps is rate limiting in net transport of amino acids to  the 
fetus. A number of transport systems for neutral amino acids 
have been reported in the human placenta as  characterized by 
the classification of Christensen (24). System A in the microvil- 
lous membranc (14) transports alaninc, glycine, proline, and 

0.0 , , , , I  m I 

0 1 2 3 4 5  10 15 2 0  
0 
I MeAlB concentration (mM) 

Fig. 3. Concentration dcpcndcnce of initial Na+-dcpendent hleA113 
uptakc into AGA (H) and SGA (@) vesicles. blcan + SEh.1 is shown 
except where the error bars Pall within the symbols. 11 = 4 for AGA and 
rr = 5 for SGA vesicles. 

threonine. as well as MeAIB. System L, which is Na' independ- 
ent, is found in the microvillous (14) and basal membranes (25). 
It preferentially transports Icucine, isolcucine, valine, phcnylal- 
anine, threonine, and alanine. System ASC, which is Na' de- 
pendent, transports alanine. scrine, and glutamine, and is present 
in the basal membrane of the syncytiotrophoblast (25. 26), but 
may not be in the microvillous membrane (14). There is also a 

system for taurine in the microvillous membranc (27), system 
N for histidine in the microvillous membrane (28). and system 
T for tyrosinc in both microvillous and basal membranes (29). 
In this study, \ve have focused on whether there is a specific 
alteration in the activity of the system A transporter in the 
microvillous membrane of placentas from womcn who gave birth 
to severely growth-retarded fctuses and in whom there \vas no 
obvious maternal o r  other fetal disease. 

We found that there wcrc no significant differences between 
the AGA and SGA microvillous membrane vesicles with rcspcct 
to  purity, protein recovery, vesicle orientation. o r  vesicle volume 
(as determined by equilibrium "Na' uptake), suggesting that 
therc were no gross general or systematic preparative differences 
between the two groups. By contrast, system A transporter activ- 
ity was markedly (63%) lower in SGA than in AGA vesicles. The 
Km and V,,, for the transporter found in the present study are 
different from those previously dcscribcd (14), but tliis may 
reflect differences in the isolation procedure and/or storage con- 
ditions (17, 30). Nevertheless V,,,, but not Km of the system A 
transporter was significantly lower in the SGA compared with 
the AGA vesicles. This difference implies that either the turnover 
of the system A transporter was rcduced in the microvillous 
membranes in the placentas of SGA babies o r  the number of 
active carrier protcins was reduced, but the afinity of the trans- 
porters was not different. An alternative possibility, that the Na+ 
conductances of the two sets of vesicles wcrc d i f i ren t  and that 
this generated a difference in vcsicle membrane potential driving 
electrogenic McAlB uptake, can probably be discounted because 
therc was no significant difference between the two groups in 
terms of the (most likely diffusional) amiloride-insensitive Na+ 
uptake. 

A potentially important observation was that the initial rate of 
McAlB uptakc by the Na+-independent route was also lower in 
the SGA vesicles. This route probably has two components, a 
diffusional (nonsaturable) component and a transport protein- 
mediated (saturable) component. Our current data d o  not allow 



PLACENTAL TRANSI'ORT IN AGA A N D  SGA BABIES 665 

us to separate these, but it seems most likely that it is the latter 
that is different in SGA vesicles. This is based partly on the 
observation that diffusional (amiloridc-insensitive) Na+ uptake 
is unaltered and partly on the cordocentesis data. which show 
that the concentration of a wide range of amino acids is lower in 
umbilical vein plasma of SGA compared with AGA babies (9). 
suggesting the involvement of a variety of amino acid transport- 
ers. Clearly. the nature and activity of Na+-independent MeAlB 
uptake as \veil as that of other amino acid transporters in SGA. 
compared with AGA, vesiclcs requires further investigation. 

The absence of any significant difference in the initial rate of 
Na+ transport due to  the Na+/H+ cxchanger o r  the amiloride- 
insensitive Na+ uptake between the AGA and SGA vesiclcs 
suggests that the difference in the system A amino acid trans- 
porter is not due to a gencralized membrane transport defect. 
but rather to a specific change in amino acid handling. One 
possible explanation for the altered transportcr behavior in SGA 
vesicles could relate to the difference in lipid content between 
placentas from SGA and AGA babies (31). This could affect 
membrane fluidity and both carrier-mediated and non-camcr- 
mediated transport ofsubstrates, although from the present study 
amino acid transport would have to be particularly susceptible 
to this. 

This study was stimulated by a report that total, i.c. carrier- 
mediated plus diffusional, AIB uptake is lower in SGA compared 
with AGA vesicles ( 13). The data presented here are an important 
confirmation and extension of this earlier study because they 
demonstrate the following: I )  There is no difference in purity 
between isolated SGA and AGA vesiclcs (enrichment ratios arc 
not differcnt): 2 )  the lower amino acid uptake in the SGA vesicles 
is not due to a generalized dcfect affecting all transport proteins 
(Na+/H+ exchanger activity not different between SGA and AGA 
groups): and 3) a reduced system A amino acid transportcr 
activity (confirmed by using MeAIB and by demonstrating a 
difference in the Na+-dependent uptake) as well as a reduced 
Na+-independent MeAIB uptake is responsible for the lower total 
MeAlB uptake. with the difference in the former being due to 
an effect on the V,,, of the camcr. 

As discussed above, furthcr studies arc required to determine 
whether other amino acid transporters in both microvillous and 
basal membranes of the syncytiotrophoblast arc abnormal in 
placentas from SGA babies and. furthermore. whether defects 
such as that observed for the system A transportcr play an 
etiologic role in intrauterine growth retardation. 

A c . k t ~ o ~ c ~ l c ~ d , q ~ ? ~ o ~ ~ t .  The authors thank the staff of the Central 
Delivery Unit of St. Mary's Hospital. Manchester. for their 
assistance in this project. 
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