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= Abstract =

The uptake of glucose for metabolism and growth is essential to most animal cells and is
mediated by glucose-transporter (GLUT) proteins.

The aim of this study was to determine which class of glucose transporter molecules was
responsible for uptake of glucose in the mouse early embryo and at which stage the
corresponding genes were expressed. In addition, co-culture system with vero cell was used to
investigate the effect of the system on GLUT expression.

Two-cell stage embryos were collected from the superovulated JCR female and divided into 3
groups. As a control, embryos were cultured in 0.4% BSA-T6 medium which includes glucose.
For the experimental groups, embryos were cultured in either co-culture system with vero cells
or glucose-free T6 medium supplemented with 0.4% BSA and pyruvate as an energy substrate. 2-
cell to blastocyst stage embryos in those groups were respectively collected into microtubes (50
embryos/tube). Total RNA was extracted and RT-PCR was performed.

The products were analysed after staining ethidium bromide by 2% agarose gel electrophoresis.
Blastocysts were collected from each group at 120hr after hCG injection. They were fixed in 2.5%
glutaraldehyde, stained with hoechst, and mounted for observation.

In control, GLUT1 was expressed from 4-cell to blastocyst. GLUT2 and GLUT3 were
expressed in morula and blastocyst. GLUT4 was expressed in all stages. When embryos were
cultured in glucose-free medium, no significant difference was shown in the expression of GLUT1,
2 and 3, compared to control. However GLUT4 was not expressed until morular stage. When
embryos were co-cultured with vero cell, there was no significant difference in the expression of
GLUT]1, 2, 3 and 4 compared to control.

To determine cell growth of embryos, the average cell number of blastocyst was counted. The
cell number of co-culture (93.8+3.1, n=35) is significantly higher than that of control and
glucose-free group (76.6+3.8, n=35 and 68.21-4.3, n=30).

This study shows that the GLUT genes are expressed differently according to embryo stage.
GLUTSs were detectable throughout mouse preimplantation development in control and co-culture
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groups. However, GLUT4 was not detected from 2- to 8-cell stage but detected from morula
stage in glucose-free medium, suggested that GLUT genes are expressed autocrinally in the
embryo regardless of the presence of glucose as an energy substrate. In addition, co-culture
system can increase the cell count of blastocyst but not improve the expression of GLUT.

In conclusion, expression of GLUT is dependent on embryo stage in preimplantation embryo

development,
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Table 1. Primers used in the experiment

GLUT  Primer pairs Primer Sequence Size Orgin
5'-primer 5-CCA TCG CCC TGG CCC TGC TGG AGC-3'

GLUT1 - 361bp Rat
3'-primer 5-GCA CCC CCC TGC CGG AAG CCG GAA-3
5'-primer 5-CGG TGG GAC TTG TGC TGC TGG-3'

GLUT2 - 418bp Mouse
3'-primer 5-CTC TCT GAA GAC GCC AGG AAT TC-3'
5'-primer 5-TCA TCT TCG CTG CCT TCC TCA-3'

GLUT3 - 284bp Mouse
3'-primer 5-CAG CAC TCA GAA GCA GTC CTG GT-3'
5'-primer 5-GGA GCT GGT GTG GTC AAT ACC GTC-3'

GLUT4 : 244bp Rat
3'-primer 5-CGG CCA CAA TGA ACC AGG GGA TGG-3'

Table 2. Differential expression of GLUT (1-4) in a control group and two experimental groups

In vivo In vitro
Type of culture Type of GLUT
2-cell 4-cell 8-cell Morula Blastocyst
GLUT1 o) o o) o
GLUTZ2 o) o
Control GLUT3 o o
GLUT4 O o) O o) o
GLUT1 o) o] o) o
GLUT2 0 o]
Co-culture GLUT3 o o
GLUT4 (@] O @] O
GLUT1 o] o) O
GLUT2 o) O
Glucose free GLUT3 o o
GLUT4 O o]
'O'means presence of GLUT expression
PCR product& 0.5ug/mle] ethidium bromideZ % 7} sl wjole] FF4E NAt
%+ 2% agarose geloll A7l T35l UVellA T3
shsie. a2 o
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HjEold Aol violE 2 RE Xul7] vlo} 2
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X nHAIZ] & PBSE Aoluli, 100ug/mie]
hoechst® ©] §-3ted A Th ThA] Enjols

< PBS| A A oldl 5 mounting 3}3 UV 4] &
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Fig. 1. Expression of GLUT1 in mouse early em-
bryos. Arrows indicate bands of GLUT1 PCR pro-
duct (361bp). A; Brain tissuse was used for a con-
trol. B; Embryos were coltured in the presence of
glucose. C; Embryos were co-cultured with vero cell.
D; Embryos were cultured in glucose free T6 medi-
um. S, standard; 2, 2-cell embryos; 4, 4-cell embryos;
8, 8-cell embryos; M, morula; B, blastocyst.
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Fig. 2. Expression of GLUTZ2 in mouse early em-
bryos. Arrows indicate bands of GLUT2 PCR pro-
duct (418bp). A; Liver tissuse was used for a con-
trol. B; Embryos were cultured in the presence of
glucose. C; Embryos were co-cultured with vero cell.
D; Embryos were cultured in glucose free T6 medi-
um. S, standard; 2, 2-cell embryos; 4, 4-cell embryos;
8, 8-cell embryos; M, morula; B, blastocyst.

&gt AH wohs A 7], AT, Eu7]¢A
Tk GLUT1¢) 823} 361bp 59 o)A bandE B
o} (Fig. 1, panel C). Al & AtojellA] GLUT19]



Fig. 3. Expression of GLUT3 in mouse early em-
bryos. Arrows indicate bands of GLUT3 PCR pro-
duct (284bp). A; Brain tissuse was used for a con-
trol. B; Embryos were cultured in the presence of
glucose. C; Embryos were co-cultured with vero cell.
D; Embryos were cultured in glucose free T6 medi-
um. S, standard; 2, 2-cell embryos; 4, 4-cell embryos;
8, 8-cell embryos; M, morula; B, blastocyst.

Q2EH TN ARE BN 419
Xuj7lo} GLUT2 cDNAS] primer Z7}Q1 418bp
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Fig. 4. Expression of GLUT4 in mouse early em-
bryos. Amrows indicate bands of GLUT4 PCR pro-
duct (244bp). A; Muscle tissuse was used for a con-
trol. B; Embryos were cultured in the presence of
glucose. C; Embryos were co-cultured with vero cell.
D; Embryos were cultured in glucose free T6 medi-
um. S, standard; 2, 2-cell embryos; 4, 4-cell embryos;
8, 8-cell embryos; M, morula; B, blastocyst.

bandZ ERNEE o] Al7]e] GLUTZ/} el g &
B.3kt} (Fig. 2, panel A, B, C). | ZolA] wrals)=
GLUT29) ko= 2 2hol7} 21Sich.



Fig. 5. Expression of o-globin in mouse early em-
bryos. Armrows indicate bands of a-globin PCR pro-
duct (257bp). A; Embryos were cultured in the pres-
ence of glucose. B; Embryos were co-cultured with
vero cell. C; Embryos were cultured in glucose free
T6 medium. S, standard; 2, 2-cell embryos; 4, 4-
cell embryos; 8, 8-cell embryos; M, morula; B, blas-
tocyst.
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RzToME 2-, 4, 8A| 27, FA7]

Fig. 6. Microphotograph of cultured blastocyst
stained with hoechst 120 hours post-hCG. A; Em-
bryos in 0.4% BSA-T6 medium. B; Embryos co-
cultured with vero cell in 0.4% BSA-T6 medium. C;
Embryos in 0.4% BSA-glucose free T6 medium.



Table 3. Total cell number of blastocyst after 120
hr after hCG injection

No. of

‘ Embryo Average SE
Control 35 76.57 3.76
Co-culture 35 93.83" 3.10
Glugcose-free 30 68.20 ° 425
*, p<0.0007
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