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ABSTRACT

This study was designed to investigate the effect of essential amino acids (EAA) and/or non-essential amino acids
(NEAA) on the development of parthenogenetic and somatic cell nuclear transfer (SCNT) porcine embryos in vitro.
To evaluate the timing of amino acids supplementation, activated oocytes were cultured in NCSU23-PVA with EAA,
NEAA or NEAA+EAA (AAs) during specific periods as below: EAA, NEAA or AAs were supplemented during Day
0 to 6 (whole culture period: ALL), Day 2 to Day 6 (post-maternal embryonic transition period: POST-MET), Day
5 to Day 6 (post-compaction period: POST-CMP), Day 0 to Day 2 (pre-maternal embryonic transition period: PRE-
MET), or Day 0 to Day 4 (post-compaction period: PRE-CMP). Supplementation of NEAA decreased cleavage rates
in PRE-MET and PRE-CMP and also decreased blastocyst rates in POST-CMP. On the other hand, EAA significantly
enhanced blastocyst formation rate in POST-MET and no detrimental effect on embryonic development in other groups.
Interestingly, NEAA and EAA had synergistic effect when they were supplemented to the medium during whole
culture period. Supplementation of AAs also enhanced SCNT porcine embryo development whereas BSA-free medium
without AAs could not supported blastocyst formation of SCNT embryos. In conclusion, existence of EAA and NEAA
in defined culture medium variously influences the development of parthenogenetic and SCNT porcine embryos, and
their positive effect are only occurred when both EAA and NEAA are supplemented to the medium during whole
culture period. Additionally, AAs supplementation enhances the blastocyst formation of SCNT porcine embryos when
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they are cultured in the defined condition.
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INTRODUCTION

Chemically defined media, using purified reagents instead
of biological fluids or sera, can reduce the risk of contamina-
tion by pathogens or unknown factors and can also increase
our understanding of the metabolic requirements of embryos
(Bavister, 1995; Keskintepe ez al., 1995; Liu and Foote, 1995;
Holm et al., 1999). Polyvinyl alcohol (PVA) has been used to
establish chemically defined culture systems because PVA is
an effective substitute of serum or serum albumin that effi-
ciently supports the development of porcine embryos (Ledda et
al.,, 1992; Kim et al., 1993; Van Thuan et al., 2002). However,
compared to BSA supplementation, PVA supplementation in-
hibits blastocyst formation and hatching (Biggers et al., 1997),
but the addition of amino acids to defined culture media could

restore the problems of PVA supplementation (Biggers er al.,

amino acid, porcine embryo, in virro culture, parthenogenesis, nuclear transfer)

2000). Amino acids play important roles during early embryo-
nic development such as protein biosynthesis, stimulation of
embryonic genome activation, energy production, cell signal
transduction and others (Van Winkle, 2001). Although many
other research groups also have reported that exogenous amino
acids have beneficial effects on embryonic development in mam-
mals (Lee er al., 2004; Gardner and Lane, 1993; Miyoshi et
al., 1995; McKieman et al., 1991), the result from parthe-
nogenetic or somatic cell nuclear transfer (SCNT) porcine em-
bryo culture quite vary from other animals (Van Thuan et al.,
2002). Many reports related with supplementation of amino
acids for porcine embryo culture focused on beneficial effect
of non essential amino acids (NEAA; Gupta et al., 2008; Su-
zuki and Yoshioka, 2006; Van Thuan et al., 2002) and Van
Thuan et al. (2002) also reported that nonpolar essential amino

acids (EAA) in a protein-free medium during the first 48 h
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caused the 4-cell block in parthenogenetic porcine embryos.
Although the effects of amino acids on the porcine embryo
development were reported by several research groups mentio-
ned above, the information is still not enough that which stage
of preimplantation porcine embryos were affected by EAA or
NEAA components. First, we chose parthenogenetic embryos
as the characteristics of development of diploid porcine parthe-
notes to the blastocyst stage resembled those of in vitro ferti-
lized oocytes (Kure-bayashi ef al., 2000). To evaluate the timing
of amino acids supplementation, porcine parthenotes were cul-
tured in EAA, NEAA or EAA+NEAA (AAs) supplemented me-
dium during specific culture periods (whole culture period, post-
maternal embryonic transition period, post-compaction period,
pre-maternal embryonic transition period, or post-compaction
period). In this study, we investigated the effects of amino acid
components on the development of parthenogenetic and SCNT
porcine embryos to the blastocyst stage to optimize defined

culture system for the production of porcine embryos in vitro.

MATERIALS AND METHODS

1. Chemicals
All inorganic and organic compounds were obtained from

Sigma-Aldrich Korea (Yong-in, Korea) unless otherwise stated.

2. Oocyte Recovery and In Vifro Maturation (IVM)

Slaughterhouse ovaries were collected from 5 to 6-month-
old prepubertal gilts (100£10 kg of body-weight), placed in
saline at 30~35C, and transported within 2 h to the labora-
tory. After washing with saline three times, cumulus-cocyte com-
plexes (COCs) were recovered by aspiration of 2- to 5-mm
follicles using an 18-gauge hypodermic needle attached to a
5-ml disposable syringe. After washing three times in IVM
medium, COCs that were enclosed by more than three layers
of compact cumulus cells and an evenly granulated ooplasm
were selected for IVM. Selected COCs were cultured in 4-well
culture dishes (Nunc, Denmark) containing 500 21 of IVM me-
dium under warmed and gas-equilibrated mineral oil for 48~
50 h at 38.5C and 5% CO,. The IVM medium for oocytes is
composed of tissue culture medium 199 with Earle’s salts and
L-glutamine (TCM199, Invitrogen, USA) supplemented with
26.2 mM NaHCOs;, 3.05 mM glucose, 0.91 mM sodium pyru-
vate, 0.57 mM L-cysteine, 10 ng/ml epidermal growth factor,
10 TU/ml equine chorionic gonadotropin and human chorionic
gonadotropin, and 0.1% (v/v) PVA.

3. Parthenogenesis and In Vitro Culture

Electrical activation was performed at room temperature
using a CF-150/B electro-cell fusion system (BLS, Hungary)
in a chamber that contained two stainless steel electrodes that
were 1.0 mm apart and that was filled with activation buffer.
Oocytes were activated with a 1.6 kV/em DC pulse for 40
p#sec in 0.26 M mannitol supplemented with 0.1 mM MgSO,,
0.05 M CaCl,, and 0.01% PVA. The activated oocytes were
treated for 5~6 h in North Carolina State University-23
(NCSU-23) medium supplemented with 5 z£g/ml cytochalasin B
and 1 mg/ml PVA. The oocytes were then washed nine times
with culture medium and cultured in 20- #£1 drops (10~15 oocy-
tes per drop) of the appropriate culture medium for 7 days at
38.5C and 5% CO,. To evaluate the timing of amino acids su-
pplementation, activated oocytes were cultured in NCSU23-
PVA with EAA, NEAA or NEAA+EAA (AAs) during specific
culture periods as below: EAA, NEAA or AAs were supple-
mented during Day 0 to 6 (whole culture period group: ALL),
Day 2 to Day 6 (post-maternal embryonic transition period group:
POST-MET), Day 5 to Day 6 (post-compaction period group:
POST-CMP), Day 0 to Day 2 (pre-maternal embryonic transi-
tion period group: PRE-MET), or Day 0 to Day 4 (pre-compac-
tion period group: PRE-CMP). In each group, 150~160 oocytes
were evaluated. Detailed experimental design was described in
Fig. 1.

4. Preparation of Fetal Fibroblasts
Fibroblasts were obtained from porcine conceptuses that
were collected between embryonic days 28~39. The head, ex-
tremities, and internal organs were removed and the remaining
tissues were cut into small pieces. Cells were dispersed by ex-
Day 0 Day 2

Day 4 Day 6

PRE-MET
PRE-CMP
ALL
POST-MET
POST-CMP

Fig. 1. Schematic explanation of amino acid supplementation to
porcine embryo culture medium. Bidirectional arrows indi-
cate the period of amino acids exposure fo the embryos
in culture. PRE-MET (pre-maternal embryonic transition
period group), PRE-CMP (pre-compaction period group),
ALL (whole culture period group), POST-MET (post-ma-
ternal embryonic transition period group), POST-CMP
(post-compaction period group).
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posure to 0.25% (w/v) trypsin solution (Invitrogen) and cul-
tured in Dulbecco’s minimum essential medium (Invitrogen) su-
pplemented with 10% FBS (Invitrogen). For each passage, cells
were cultured until confluent, disaggregated by incubation in a
0.25% trypsin solution for 1 min at 37°C, and fractionated into
three new dishes. The cell lines were maintained in culture for
at least 8 passages. For long-term storage, cells were collected
after trypsinization, frozen in 10% dimethyl sulfoxide, and

stored in liquid nitrogen.

5. Enucleation

To minimize the loss of mRNA and ooplasmic factors as a
result of enucleation, we used our demecolcine-derived enu-
cleation technique (Won er al., 2008) modified from Yin et al.
(2002). Briefly, matured oocytes containing the first polar body
were cultured for 2 h in NCSU-23 medium supplemented with
0.4 pg/ml demecolcine and 0.05 M sucrose. Oocytes with a
protruding membrane were then moved to medium containing
5 pg/mi cytochalasin B, 0.4 u«g/ml demecolcine, and 0.05 M
sucrose. The protrusion was aspirated with a 12-x#m outer
diameter beveled glass pipette.

6. Whole Cell Injection and In Vifro Culture

The fetal fibroblasts used as donor cells were transferred to
a 10% (w/v) polyvinylpyrrolidone-supplemented Hepes-buffered
TCM199 microdrop (PVP drop, 6 #1) and gently mixed at
room temperature. A microdrop of Hepes-buffered TCM199
(injection drop) was placed adjacent to the PVP drop, and the
drops were covered with light mineral oil to prevent evapora-
tion. Individual fibroblasts in PVP drops were aspirated into
the injection pipette (inner diameter 10~12 zm; HUMAGEN,
Netherlands). The cytoplasmic membrane of the fibroblasts was
ruptured by repetitive pipetting. An injection pipette, con-
taining ruptured fetal fibroblast, was inserted into the injection
drop, and the ruptured fibroblasts were injected into the enu-
cleated oocytes through the cytoplasmic membrane. After injec-
tion, the reconstructed embryos remained in medium for 90
min before activation. The activation process for reconstructed
embryos was the same as that used for parthenogenetic em-
bryos. The reconstructed oocytes were washed with culture me-
dium nine times and cultured in 20 #1 drops (10~15 oocytes
per drop) of NCSU-23 with either 1 mg/ml PVA (with or
without AAs) or 4 mg/ml BSA for 7 days at 38.5C in 5%
CO: in air and the number of total and hatching blastocysts
were counted (Fig. 2). In total, 804 SCNT embryos were eva-

luated (250300 embryos per group).

7. Stafistic Analysis
Experiments were repeated 3~35 times, and mean values
were analyzed by ANOVA analysis of variance. Difference at

p<0.05 was considered significant.

RESULTS

Supplementation of NEAA decreased cleavage rates in PRE-
MET (Fig. 3A) and PRE-CMP (Fig. 3B) and also decreased
blastocyst rates in POST-CMP (Fig 3C). On the other hand,
EAA significantly enhanced blastocyst formation and expansion
rates in POST-MET while NEAA had no effect on blastocyst
formation in the same group (Fig. 3D). No detrimental effect of
EAA on embryonic development was found in all groups (Fig.
3A-E). Interestingly, NEAA and EAA had synergistic effect on
the blastocyst formation and expansion when they were supple-
mented to the culture medium during whole culture period (Fig.
3E) The synergistic effect also tended to occur in PRE-MET
and PRE-CMP but not significant. Supplementation of AAs to
the medium without BSA but containing PVA also enhanced
in vitro development of SCNT porcine embryos whereas BSA-
free medium without AAs (group PVA) could not support
blastocyst formation of SCNT embryos (Fig. 4).

DISCUSSION

The results above indicate that positive effect of AAs was
occurred when both EAA and NEAA were supplemented to
the medium during whole culture period. In addition, A As
supplementation was essential for the development of SCNT

porcine embryos when they were developed in completely de-

Fig. 2. A hatching stage somatic cell nuclear transfer porcine

blastocyst derived from in vifro culture using essential
and non-essential amino acids supplemented chemically
defined culture medium.
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Fig. 3. Effects of the timing of essential (EAA) and non-essen-
tial (NEAA) amino acids addition on in vitro development
of parthenogenetic porcine embryos. After electric activa-
tion, the embryos were cultured in the medium supple-
mented with EAA, NEAA or EAA+NEAA (AAs) or without
amino acids according to the experimental groups (see Fig.
1 for experimental design and abbreviations of the groups).
Values among different letters within each developmental
stage are significantly different (p<0.05). A: PRE-MET,; B:
PRE-CMP; c: POST-CMP; D: POST- MET; E: ALL.

HmPVA
OPVA-AAs

mBSA

% embryos developed to

Blastocysis Hatching

Cleavage

Fig. 4. Effect of amino acids supplementation on in vifro deve-
lopment of somatic cell nuclear transfer porcine embryos.
Values among different letters within each developmen-
tal stage are significantly different (p<0.05). AAs: essen-
tial and non-essential amino acids.

fined culture condition.

As the information is still not enough that which stage of
preimplantation porcine embryos were affected by EAA or NEAA
components, we selected maternal embryonic transition and
compaction as critical points for the supplementation of AAs.
Maternal embryonic transition means the switch from maternal
to embryonic genome control including 1) loss or decay of
mRNA molecules of maternal origin, 2) activation of tran-
scription of early embryonic genome, 3) developmental arrest in
the presence of transcriptional inhibitors, and 4) marked qua-
litative changes on protein synthetic patterns (Telford ef al.,
1990). The other point we chose was compaction of morula
stage embryos. Compaction is one of the most crucial phe-
nomena in early mammalian embryonic development (Gilbert,
2003). After compaction, morula stage embryos were polarized
then formed blastocysts which initiate differentiation. In the
present study, EAA, NEAA or AAs were supplemented before
or after maternal embryonic transition and compaction. Em-
bryonic day 2 and 4 after in vitro culture (timing of electric
activation as Day 0) were considered as maternal embryonic
transition and compaction respectively although the parthenotes
were not at the same stage exactly.

In the present study, EAA during first 48 h after electric
activation (PRE-MET group) did not inhibit development be-
yond the 4-cell stage and this is quite different from the pre-
vious report by Van Thuan et al. (2002). On the other hand,
when NEAA were exposed to the embryos before maternal
embryonic transition or compaction, initiation of embryonic de-
velopment (cleavage) was disturbed. Lane and Gardner (1997)
reported that EAA had no benefit for the development before
the 8-cell stage in the mouse, whereas NEAA and glutamine
significantly increased cleavage rates during the first four cell
cycles. This may be caused by species specificity or different
experimental conditions. We also found that NEAA and EAA
should be supplemented together because they had synergistic
effect on the blastocyst formation and expansion when they
were supplemented to the culture medium during whole cul-
ture period whereas the other research group reported that only
NEAA could enhance blastocyst formation rate (Gupta et al.,
2008). In our study, synergistic effect of EAA and NEAA su-
pplementation was remarkable to the expansion of blastocysts
in the parthenogenetic embryos. Van Thuan et al. (2002) also
reported that NEAA after 4-cell stage produced favorable con-
dition for the expansion of blastocysts. However, we could

obtain similar results when we supplemented EAA to the me-



Effects of Amino Acids on Porcine Embryo Development 249

dium, not NEAA. Those differences may be from the different
conditions of in vifro maturation, activation, and/or culture. As
second step, we cultured SCNT porcine embryos using AAs
supplemented protein-free, chemically defined culture medium.
When AAs were supplemented to the defined culture medium,
the cleavage rate was comparable to that of BSA supplemented
counterpart. As no SCNT blastocyst was obtained in PVA group,
it was clear that addition of AAs to defined medium supported
blastocyst formation and hatching in SCNT porcine embryos
although the rates were still lower than those in BSA group.
As BSA uptaken by the embryos can be utilized as amino acids,
supplementary beneficial effect of BSA other than protein bio-
synthesis may be the reason for difference of developmental
competence between BSA and PVA groups.

In conclusion, existence of EAA and NEAA in defined cul-
ture medium variously influenced in vitro development of par-
thenogenetic and SCNT porcine embryos, and their positive
effect were only occurred when both EAA and NEAA were
supplemented to the medium during whole culture period. In
addition, AAs supplementation was essential for the develop-
ment of SCNT porcine embryos when they were developed in
defined culture condition.
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