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Summary. Porcine embryos at Day 13 (Day 0 first day of oestrus) were collected
surgically and embryonic discs were isolated microsurgically. The discs were washed
and cultured in Dulbecco's modified Eagle's medium without serum, with either
14C-leucine alone or 14C-leucine plus insulin-like growth factor-I (IGF-I) (100 ng/ml)
at 37\s=deg\Cfor 48 h in 5% CO2 in air. After incubation, discs were morphologically
evaluated, frozen in liquid nitrogen and stored at \m=-\70\s=deg\C.No statistical differences in
morphology were observed between embryonic discs cultured in medium with IGF-I
and those cultured in medium alone (control). Although more radioactivity was incorporated by embryonic discs in the presence of IGF-I than by those cultured in medium
without the growth factor, the difference between the two groups was not significant.
From two-dimensional gel electrophoresis, it was observed that IGF-I selectively
stimulated the synthesis of four new proteins with Mr of 24 000, 70 000, 77 000 and
95 000, respectively and pI between 5\m=.\5and 6\m=.\5.At least 90% of the other proteins in
the gels was synthesized in greater amount by embryonic discs cultured in the presence
of IGF-I than in the controls. These results show that IGF-I can stimulate protein
synthesis in pig embryonic discs cultured in vitro and suggest that this growth factor
may play an important role in regulating early development.
=
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Introduction

During the preattachment period in pigs, both uterine epithelium and elongating blastocysts
undergo morphological, biochemical and structural changes (Anderson, 1978; Geisert et al, 1982).
Prior to completing attachment to the endometrial epithelium, blastocysts are dependent upon
hormones and nutrients in the uterine environment for growth and development (Roberts & Bazer,
1988). Uterine tissues synthesize and release growth factors to the uterine lumen (Murphy et ai,
1987; Tavakkol et ai, 1988; Letcher et ai, 1989; Simmen et ai, 1989). One of the growth factors in
pig uterine luminal fluid is insulin-like growth factor-I (IGF-I; Letcher et ai, 1989; Simmen et ai,
1989), which stimulates expression of proteins in several tissues (Froesch et ai, 1985; Zumstein &
Stiles, 1987; Kamalati et ai, 1989). Receptors for IGF-I have been detected in preimplantation
porcine blastocysts (cited by Letcher et ai, 1989) and in 13-Day pig embryonic discs (B. H.
Johnson, unpublished results).
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In this study, we attempted to determine whether one specific growth factor (IGF-I) in uterine
luminal fluid in pigs between Days 10 and 14 exerts a direct effect on embryonic tissues at
Day 13 of development.

Materials and Methods
Animals. Fifteen cross-bred gilts weighing 120 kg were synchronized using altrenogest (ReguMate®: HoechstRoussel Agri-Vet Company, Somerville, NJ) in feed at 15 mg altrenogest/pig per day for 14 days. Five days after
treatment, gilts were checked for oestrus twice a day using mature, sexually experienced boars. Gilts were mated at
first standing oestrus (Day 0) and mated again 24 h later. On Day 13 of pregnancy, animals were anaesthetized by
intravenous injection of thyamylal sodium (Biotal: Bio-ceutic, St Joseph. MO) followed by closed system adminis¬
tration of halothane and nitrous oxide. Reproductive tracts were exposed by midventral laparotomy. Corpora lutea
were counted and embryonic tissue was recovered by flushing the uterine horns with 50 ml of leucine-free Dulbecco's
modified Eagle's medium (DMEM: GIBCO, Grand Island, NY, USA), supplemented with glucose (1 g/1), pyruvate
(110 mg/1), penicillin (100000iu/l) and streptomycin (100 mg/1). The medium was injected at the cervical end of each
horn and expelled into sterile culture dishes through a Foley catheter inserted at the uterotubal junction.
—

Embryonic disc isolation and culture. Following recovery, embryos were examined at 10-30 magnification and
washed once with medium. Using the procedure previously developed by Silcox & Johnson (1988), embryonic discs
with 1-2 mm of adjacent trophoblast tissue were dissected away from elongated embryos with a hand-held scalpel
and blunt-end glass probe. Discs were then trimmed by microdissection until judged devoid of trophoblast. The visual
criteria used to separate embryonic disc tissue from the trophoblastic tissue was the ring observed at the edge of the
embryonic disc tissue as described by Silcox & Johnson (1988). The isolated embryonic discs were then rinsed five
times in leucine-free DMEM and placed in 24-well culture plates (Corning (25820, Corning, NY, USA).
~

Culture media. Culture medium was made by mixing 9 parts leucine-free DMEM with 1 part DMEM containing
80mM cold leucine (Bravo & Knowland, 1979) and supplemented with 14C leucine (3174mCi/mmol: NEN Research
Products Dupont, Wilmington, DE) at 5 mCi/ml. One half of the culture medium was supplemented with 100 ng/ml
of insulin-like growth factor-I (IGF-I: Collaborative Research Inc., Bedford, MA) and the other unsupplemented half
was used for the control group.

Embryonic disc culture. Within each experiment, half of the embryonic discs were cultured in medium supplemented
with IGF-I and the other half cultured in unsupplemented medium. Embryonic discs (no more than 3 embryonic
discs/well) were placed in culture medium (1 ml/well) and maintained at 37°C in a humidified atmosphere of 5% C02
in air for 48 h. At the end of the culture period, the morphology of the embryonic discs was evaluated using a scale
no development, 2
from 1 to 4: 1
poor development, 3
development with small vesicle formation and 4
good development with large vesicle formation. Embryonic discs were washed three times in lOOmM Hepes buffer at a
pH of 7-1 (Sigma Chemical Co., St Louis, MO), placed in 1 -5 ml tube with 1 ml of Hepes and centrifuged for 2 min in a
microcentrifuge (Fisher Model 235B, Fisher Scientific, Lexington, MA). The supernatant solution was then removed
and 0-1 ml of fresh Hepes was added to the microcentrifuge tube. The embryonic discs were then frozen in liquid
nitrogen and stored at 70°C.
=

=

=

=
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Measurement of protein synthesis and radioactivity incorporation. Embryonic disc samples were thawed at room
temperature, sonicated in an ultrasonic sonicator (Bronson Ultrasonic Corporation, Stamford, CO) for two cycles
(3 mA) of 30 s each. After sonication, 20 µ of the sonicate was removed for determination of protein via the bicinchoninic acid (BCA: Pierce, Rockford, IL, USA) method and to measure the radioactivity incorporated using the filter
paper disc technique described by Bollum (1968).

Two-dimensional gel electrophoresis. The general protocol followed for this technique was based on the methods
described by Bravo (1984) and Dunbar (1987). Samples were exposed to 9-5m urea, 2% NP-40, 2% ampholites and
5% 2-mercaptoethanol, before loading in the gel. These treated samples were subjected to isoelectric focusing in the
first dimension in 8% (w/v) polyacrylamide gels containing 18m urea, 2% (v/v) Nonidet P-40 and 2% ampholites
(pH 5-8 and 3-5-10, in proportion 4:1 by volume, respectively). The gels were then equilibrated for 20 min in
0065M-Tris-HCl buffer (pH 6-8) containing 2% (w/v) sodium dodecyl sulphate, 10% (v/v) glycerol, and 5% (v/v)

2-mercaptoethanol.
After equilibration, tube gels were placed on 10% (w/v) polyacrylamide slab gels (1-5 mm thick) and run in the
second dimension at 30mA/gel until the dye (phenol red) reached the bottom of the gel. The slabs were fixed and
exposed to enlightening solution (Dupont, NEN Research Products), dried and fluorographs prepared from X-Omat
Kodak film. Gels were exposed for 10 days at 70°C. Autoradiographs were read using a laser scanner (Soft Laser
Scanning Densitometer, Biomed Instruments) connected to a microcomputer. The software that supported the system
was the two-D scanning software from Biomed. Within each experiment, the laser scanner was standardized using the
background of the control gel, then the control gel and the matched IGF-I treated gel were scanned.
—

Downloaded from Bioscientifica.com at 01/08/2023 06:54:04PM
via free access

Statistical analysis. The data for protein synthesis and morphology were statistically analysed using analysis of
variance in a randomized complete block design with two treatments (IGF-I and control) and four blocks (each block
representing one experimental comparison between the two treatments; Steel & Torrie, 1980).

Results

Morphology
Morphological evaluation

was done after culture for 48 h, using the 4-point grading scale
defined in the Materials and Methods. A typical embryonic disc is shown before culture in Fig. 1
and after 48 h in culture in Fig. 2. No statistical difference in morphology was observed between
embryonic discs cultured in DMEM alone and those cultured in media containing IGF-I
(315 + 016 vs. 3-45 + 014, respectively, > 0-05).

synthesis and radioactivity incorporated
After samples were thawed and sonicated, 20 µ was removed for spectrophotometric
determination of protein concentration using the bicinchoninic acid reagent (BCA) and for
protein synthesis measurement based on the incorporation of [l4C] leucine (5 µ / ) into 5%
trichloroacetic-acid-insoluble material (Table 1).
Protein

Fig.

1.

Day-13 pig embryonic disc before culture.

Increases of 29 and 43% in radioactivity incorporation and protein synthesis, respectively, were
obtained from embryonic discs cultured in IGF-I compared with those cultured in the control
medium but, these differences, although consistent, were not significant because of the variation
found between experiments.
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Fig. 2. Day-I3 porcine embryonic disc cultured in
be

Table 1.

Radioactivity incorporated
in

Treatment
IGF-I

(100 ng/ml)

vitro, with

or

can

and protein content in 13-Day porcine embryonic disc cultured
without insulin-like growth factor-I (IGF-I)

Number
of discs

Radioactivity
(pmol/disc)

Protein content

Experiment

(mg/disc)

Specific activity
(pmol/mg protein)

1
2
3
4

12
10
8
4

8-80
17-90
940
1400
12-52 ± 0-73

108
2-11
0-76
117
1-28 ± 009

812
8-48
12-36
11-96
9-78

12
10
8
4

5-70
10-60
10-80
11-80
9-72 ± 0-47

0-75
1-33
0-78
0-76
0-90 ± 005

7-60
7-96
13-84
15-52
10-80

Average
Control

vitro for 48 h. Two well-formed vesicles

seen.

1
2
3
4

Average

When two-dimensional gels were analysed, quantitative and qualitative differences were
observed in the newly synthesized proteins. Most of the proteins present had higher values in the
IGF-I group than in the control group (Table 2).
IGF-I also induced the synthesis of at least three proteins that correspond to proteins with
apparent M, of 70 800, 77 600 and 95 500 and pi between 5-5 and 6-5 (Figs 3 & 4, proteins 3, 2 and

1, respectively). Proteins 2 and 1 appeared consistently in three experiments.
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Major protein components synthesized by 13-Day pig
embryonic discs cultured in Dulbecco's modified Eagle's medium
(DMEM) or DMEM plus insulin-like growth factor-I (IGF-I) media.
Data shown are from two experiments. For each spot, the density
given on the first line is from Exp. 1 and that on the second line is
from Exp. 2
Table 2.

Spot density

Apparent Mt

pi

With IGF-I

No IGF-I

37 600

6-2

47 900

7-7

2772
9523
8554
20 107

53 100

7-3

56 200

5-8

56 200

60

60 200

5-8

73 000

7-7

75 900

3-7

2126
5127
5190
14 620
2668
9765
4901
6779
2381
3114
1833
5665
4442
6020
3112
3553

4266
10981
7042
5355
4956

7302
2937
9570
8558
18 073
8783
14499

Relative change

(%)
130
186
165
137
160
112
144
79
163
234
160
169
193
300
282
408

Additionally, four proteins (Fig. 3, proteins 5, 6, 8 and 13) with Mr between 45 000 and 60 000
pi between 5-5 and 6-5, two basic proteins (14 and 16) and two acidic proteins (20 and 30)
were consistently synthesized in major amounts only by embryonic discs cultured in the presence
and

of IGF-I.

IGF-I
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Fig. 3. Distribution, according to Mr and pi, of radioactive proteins synthesized by 13-Day
porcine embryonic discs cultured in vitro with ( ) or without ( ) lOOng insulin-like growth
factor-1/ml. Numbers indicate proteins.
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Fig. 4. Autoradiographs of 2-dimensional PAGE for analysis of radioisotopically labelled pro¬
teins synthesized by 13-Day porcine embryonic discs in the presence (a) or absence (b) of
insulin-like growth factor-I. Arrows show selectively synthesized proteins.
Discussion
Wood & Kaye (1989) observed no morphological differences between mouse embryos at different
stages of development cultured in the presence of epidermal growth factor and those cultured in the
absence of the growth factor. Similar results were obtained in the present report, no statistical
differences being observed in the morphology of embryonic discs cultured in media containing
IGF-I and those cultured in DMEM alone. More than 90% of the embryos in every group showed
good development with an average score of 3-2, based on a scale from 1 to 4. Silcox & Johnson
(1988) did not find morphological differences between 13-Day pig embryonic discs cultured in the
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presence of foetal bovine serum and those cultured in serum-free media. However, Spaventi et ai.
(1990) recently reported that the number of cells in 8-Day mouse embryos increased in the presence
of IGF-1 in the culture media.
An increase in protein synthesis (23%) was observed by Harper et ai (1987) in ovine primary
muscle cells from 8-week-old fetuses cultured in the presence of IGF-I (100 ng/ml). An increase in
amino acid transport was observed by Fant et al. (1986) in human placental fibroblasts exposed to
50 ng IGF-I/ml in the DMEM culture media, and insulin stimulated radiolabelled leucine incorpor¬
ation by compacted 8-cell mouse embryos, blastocysts, and expanded blastocysts (Harvey & Kaye,
1988). Our observations in the present study show that IGF-I stimulates protein synthesis in
13-Day pig embryonic discs. Increased protein synthesis due to IGF-I has been observed in other
tissues, such as a nonfusing mouse muscle cell line (De Vroede et ai, 1984), human myeloid
leukaemic cells (Pepe et ai, 1987) and human fibroblast monolayers (Rosenfeld & Dollar, 1982).
Our results showing an increase in protein synthesis by embryonic discs cultured in the presence
of IGF-I are consistent with the high concentrations in IGF-I mRNA in pig uterus at Day 12 of

gestation (Tavakkol et ai, 1988). Maximum concentration of conceptus-derived IGF-I peptide at
this stage of pig embryonic development was also observed by Letcher et ai (1989). Simmen et al.
( 1989) found higher values of IGF-I in uterine luminal fluid from Meishan sows than those from
Large White sows at Day 12 of pregnancy. These higher values of IGF-I were correlated with
a rapid increase in mean diameter of conceptuses from small spherical to large spherical and
filamentous forms. The interrelationship between the presence of IGF-I in the uterine luminal
fluid and conceptus development supports the general concept of an autocrine and/or paracrine
mechanism of action for IGF-I (James & Bradshaw, 1984; Fant et ai, 1986; Hill, 1988) and
provides evidence that IGF-I may exert a direct effect on conceptus tissue. IGF-I may be especially
significant at this stage when the conceptus is dependent on uterine secretions for normal
development and survival (Roberts & Bazer, 1988) as suggested by the high rates of embryonic
mortality in this species in cases of utero-embryonic asynchrony (Pope, 1988).
Based on the results obtained from two-dimensional gel electrophoresis, most of the proteins
synthesized by embryonic discs cultured in vitro were in the MT range of 40 000-60 000 and pi
5-5-70. These observations agree, in general, with those of Godkin et ai (1982), who found that
newly synthesized proteins between Days 13 and 16 of bovine development were preferentially in
the molecular weight range of 35 000-50 000.
IGF-1 stimulated the synthesis of a group of proteins with M, 24 000 and pi 5-5. These proteins
are similar to those observed by Cross & Roberts (1989) to be secreted by Day-11 porcine embryos,
and they showed that these proteins cross-reacted with antibody for human interferon alpha. From
the data obtained in the present study, we can speculate that the embryonic disc may be involved in
the synthesis of proteins related to the maternal recognition of pregnancy. The presence of this
group of proteins was also observed by Godkin et ai (1982) in incubation media.
IGF-I stimulated selectively the synthesis of a protein with Mr 70800 and pi close to 60.
This protein, although not reported previously in porcine embryos, shows the same Mx and pi as
alpha-fetoprotein present in 14-Day bovine embryos (Janzen et ai, 1982), and in mouse inner cell
mass cells (Lovell-Badge & Evans, 1980). Alpha-fetoprotein is considered to have immuno¬
suppressive activity which may be important in embryo implantation.
Identification and determination of the function of the embryonic disc proteins at this stage of
development and how alterations induced by IGF-I in synthesis of selected proteins may effect
embryo development or its interrelationship with maternal physiology require further research.
The differences in the protein profile when the embryonic discs are cultured in the presence of
IGF-I may indicate a stimulatory effect from this polypeptide on embryo differentiation as has
been demonstrated in other tissues, such as a human keratinocyte cell line (Kamalati et ai, 1989)
and rat embryos in vitro (Pratten et ai, 1988).
In summary, the present study provides evidence that insulin-like growth factor-I exerts a
positive stimulation on protein synthesis in 13-Day pig embryonic discs. This stimulation is evident
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only quantitatively amplifying the production of proteins synthesized by embryonic disc in
non-supplemented culture medium, but also qualitatively, as was observed with the three proteins
being selectively synthesized only in the presence of this growth factor. These results also suggest
that IGF-I receptors identified by B. H. Johnson (unpublished results) in 13-Day pig embryonic
discs are probably present in an active form and able to respond to the IGF-I ligand.
not
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