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A carrier-mediated system for uptake of glucosamine (and other aldohexoses) was identified in preimplanta-
tion mouse blastocysts. With early and late blastocysts, the values for K, (52582 and 651137 pM,
respectively) and ¥ (0.29+0.02 and 0.29+0.04 pmol /h per ng protein, respectively) for glucosamine are
statistically indistinguishable. The same carrier system, therefore, is operative at the two developmental
stages. Glucosamine uptake was temperature sensitive and inhibited by structural analogues and phloretin.

During development of preimplantation mouse
blastocysts a quantitative change in utilization of
glucosamine for macromolecular synthesis occurs.
Under identical pulse labeling conditions,
['*C]glucosamine incorporation is greater in late
vs. early blastocysts [1). Because a number of
biochemical processes can impact on these values,
the outlined studies were performed to determine
whether translocation of exogenous glucosamine
by mouse blastocysts is a carrier mediated process
and whether kinetic parameters for glucosamine
(aldohexoses) translocation change as a conse-
quence of blastocyst development and transforma-
tion.

Embryos were flushed from the uteri of super-
ovulated [2] Swiss-Webster pregnant mice to ob-
tain early and late blastocysts, 88-92h p.c. (post-
coitum) or 98-101h, respectively. The animals
were 8—12 weeks old and all were progeny of a
closed colony. Modified Brinster’s medium [3] was
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used to flush uteri, wash the embryos and culture
them in vitro.

For isotopic labeling, the embryos were in-
cubated in modified Brinster’s medium supple-
mented with the appropriate radioactive substance
obtained from either New England Nuclear Co.
(Boston, MA) or Amersham/Searle (Arlington
Heights, IL). The amount of radioactive material
used and duration of pulse labeling for the differ-
ent experiments is indicated in the text. Procedures
for measurements of uptake and incorporation of
the labeled compounds are detailed elsewhere [3].
Thin-layer chromatograms for glucose and maltose
were developed according to Hunt [4].

At 37°C, the time profiles of ['*C]glucosamine
uptake by preimplantation blastocysts are linear
for at least 10 min, in many cases significantly
longer, over a wide range of glucosamine con-
centrations, 47.8 uM to 1.67 mM. From the rela-
tionship between concentrations and initial rates
of uptake, expressed as pmol/h per embryo,
Michaelis-Menten plots of glucosamine uptake by
early and late blastocysts were constructed, Fig. 1.
At both stages of development saturation by the
metabolite is observed. Moreover, uptake is sig-
nificantly diminished at 4°C, Fig. 1. Both proper-
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Fig. 1. Michaelis-Menten plots of glucosamine uptake by early
(@) and late (A) blastocysts. Results are expressed as pmol
glucosamine per h per embryo, mean=S.E.

ties, saturation and temperature dependency, are
consistent with carrier mediated transport systems.

To obtain values for K, the concentration of
glucosamine at half maximum velocity, and V,
maximum velocity, the data in Fig. 1 were analyzed
by means of a computer program described by
Cleland [5). The K, values for early and late
blastocysts are 525 = 82 (S.E.) and 651 = 137 uM,
respectively; these values are statistically indis-
tinguishable [5]. Thus, a change in affinity of the
metabolite for a carrier does not appear to occur
as a result of blastocyst development.

On the other hand, V values expressed a pmol /h
per embryo (6.6 +0.05 and 10.0=0.1 for early
and late blastocysts, respectively) are statistically
distinguishable ( P < 0.05) [5]. If, however, the in-
crease in total protein during development is taken
into account and V is expressed as pmol /ng pro-
tein per embryo per h, the V values for early and
late blastocysts are virtually identical, 0.29 = 0.02
and 0.29 = 0.04, respectively. On the basis of these
results, it was concluded that glucosamine uptake
occurs via the same system, or certainly an experi-
mentally indistinguishable one, in early and late
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blastocysts. The increase in the number of active
transport molecules paralleling the mass increase
may have resulted from (i) increased synthesis of
transport molecules, (ii) processing or activation of
preformed carrier molecules, and/or (iii) mem-
brane changes (affecting orientation in position)
which may modify transport activity [6]. Finally, it
should be noted that both K, and V values refer
to overall glucosamine uptake since translocation
into the blastocoel may have occurred.

Since the kinetic parameters, K and V, for
glucosamine were experimentally indistinguishable
at the two extreme stages of blastocyst develop-
ment (early and late), the experiments with compe-
titors and inhibitors, which provide additional evi-
dence for mediated transport, were performed only
with early blastocysts. The embryos were pulse
labeled with 14.8 uM D-[U-'4C]glucosamine in the
presence of a single competing monosaccharide
(4.63 mM). As a result of these experiments, the
following order in inhibitory activity could be
identified: glucose = mannose (97% inhibition, I)
> mannosamine (88% I) > galactose (73% 1) > 3-O0
-methylglucose (60% I)> galactosamine (31%]I).
Among these compounds are 3-O-methylglucose, a
non-metabolite, and galactosamine, which is
neither phosphorylated nor incorporated into acid
precipitable material by the embryos to a detecta-
ble extent. The observed effect of these two sugars
on glucosamine uptake is, therefore, most likely
due to competition for a carrier. To obviate com-
petitive intracellular processing which could also
have affected the rate of uptake [7], early blasto-
cysts were incubated for 1 h in medium containing
4.63 mM 3-O-methylglucose, galactosamine or
mannosamine prior to labeling for 1 h with 44.6
pM [“Clglucosamine. No perturbation of gluco-
samine uptake was observed.

To address more fully the idea that glucose and
glucosamine bind to the same transport
molecule(s), early blastocysts were pulse-labeled
with either ['*Clglucose or ['*C]glucosamine (47.6
M, spec. act. 200 pCi/pmol) in the presence of
different concentrations (10°% to 10 2M) of
phloretin or maltose, established inhibitors of glu-
cose transport in other systems [8,9]. The inhibi-
tion profiles of the two radioactive monosac-
charides were similar. The greatest change in per-
cent inhibition of uptake of either ['*Clgluco-
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samine or ["“C]glucose per concentration unit of
inhibitor occurred in the region of 10 ~¢ to 10 "*M
phloretin or maltose.

To determine whether maltose, like phloretin,
represented the only substance in the medium
competing for the carrier during the incubation
period, chromatographic analysis for glucose was
performed on samples of medium which had con-
tained embryos plus 1.6 - 10 "> M p-[U-'“C]maltose
(spec. act. 7.8 uCi/pmol) and the corresponding
controls. ['*C)Glucose, not present in the original
maltose preparation, was found in medium which
had contained blastocysts. Radioactive material
was also taken up and incorporated (17 and 4 cpm
per embryo, respectively) by early blastocysts
which had been cultured for 15~-18h prior to
labeling with ['*C]maltose, as indicated above.
Therefore, either an enzyme on the trophoblast
surface had hydrolyzed maltose to glucose which
was subsequently utilized and /or remained in the
medium or the disaccharide was internalized, hy-
drolyzed and some ['“C]glucose subsequently re-
leased into the medium.

When embryos were incubated in 10 “*M p-[U
-'4C]maltose, the amount of radioactivity found as
[**Cjglucose in the medium was 13% of the origi-
nal input after 1 h and 27% after 2 h. After 1 h, the
final molarity of glucose was 26 uM (2mol glu-
cose/mol maltose X 10 ~* mol maltose/1X 0.13).
Examination of these results in the light of experi-
ments described previously indicate that it is un-
likely that the glucose produced from maltose
hydrolysis can account for the net inhibition of
["*Clglucose or [*C]glucosamine uptake (70 and
65%, respectively) observed with maltose. Thus,
maltose itself must compete for the glucose /gluco-
samine transport molecule(s). Moreover, the dif-
ferent inhibition studies described above appear to
mutually support the conclusion that a number of
aldohexoses share the same transport system in
blastocysts.

The following characteristics of gluco-
samine/aldohexose uptake by preimplantation
mouse blastocysts are consistent with a carrier
mediated system: saturability, diminished activity
at a lower temperature, competition by structural
analogues, and inhibition by phloretin and maltose.
The K, value is of the order of magnitude re-
ported for the low affinity glucose system found in
fibroblasts [10]. In the latter case, only the low
affinity system, but not the corresponding high
affinity one, is inhibited by 3-O-methylglucose,

which also inhibits the glucose-sharing system de-
scribed here. Under the conditions of the outlined
experiments, a high affinity system is not detecta-
ble.

As shown above, when one considers the change
in mass during blastocyst development, V' remains
unchanged although late blastocysts have under-
gone developmental changes and transformation
[11-14]. Consequently, the increased incorpora-
tion of ["*C]glucosamine found in late vs. early
blastocysts which were pulse-labeled under identi-
cal conditions [1] must more closely reflect changes
in gene expression, rates of post-translational
processing and /or changes in turnover rates of the
glycosylated products. The present studies, there-
fore, are part of a core of basic information re-
quired to more effectively assess and interpret
labeling experiments with blastocysts that pertain
to (i) qualitative and quantitative aspects of their
development, (i) carbohydrate metabolism and its
utilization for macromolecular synthesis, as well as
(iii) the effects of implantation delay on metabolite
transport [15,16] and utilization.

These studies were supported, in part, by NIH
grant RR-05384.
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