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4.3, Immunohistochemistry

Immunestaining of cultured hippocampal slices was per-
formed according to the method of Qin et al. (2001) with
modifications. Slices were fixed with ice-cold 4% (wt/vol) PFA
in 0.1 M phosphate buffer (PB) for 10 min at 4 °C, washed
with phosphate buffered saline (PBS) (5 minx3), and treated
with 1% (vol/vol) Triton X-100 in PBS overnight at 4 °C. Slices
were then blocked with 50 mM ammonium chloride for
30 min at 4 °C and 20% HS in PBS for 30 min at 4 °C.
Subsequent steps were carried out using PBS containing 1%
HS. Slices were treated with mouse monoclonal IgG to PSD95
(1:1000) overnight at 4 °C, washed (15 minx3), and treated
with Alexa Fluor 488 rabbit anti-mouse IgG (1:1000) overnight
at 4 °C. After washing (15 minx3), fluorescent images were
obtained by confocal microscopy (BioRad pu-Radiance laser
scanning confocal system) using a 4xobjective. Black level
was set so that the averaged fluorescence intensity of 5
independent squares (20 pm=x20 um) placed at the medial
position of CA1 stratum pyramidale (SP) of the control slice
had the same value as that of the outside of the slice. Gain
level was set so that the averaged fluorescence intensity of 5
squares (20 umx20 um) placed at the medial position of
CA3SL of the control slice was at the half-maximum level. In
gray-scale mode under these settings, the major synaptic
sites appeared as fluorescent compartments as shown in Fig.
1B. When we outlined these compartments as indicated in
Fig. 1B and calculated the areas, the values were constant
regardless of the treatment (data not shown), so, we
measured the averaged fluorescence intensity of each
compartment (an outlined area) and subtracted the back
ground intensity to quantify the expression level of PSD95 of
each synaptic site. Because slices were cultured after re-
moving entorhinal cortex, we quantified the expression of
PSD95 in CA1SR, CA1SO, CA3SL, and CA3SO, the synaptic
sites which maintain the intact presynaptic and postsynap-
tic cells (Fig. 1B).

4.4.  Dil staining

Cultured hippocampal slices were fixed with 4% PFA for
30 min at 4 °C. The fixative above the transmembrane was
removed and Dil crystals were embedded into CA1SO and
CA3S0 under the light microscope. After 3 days of incubation
at 4 °C, fluorescent images were obtained by confocal
microscopy using a 60 xobjective. Horizontal optical sections
were taken at 0.5 ym steps and the resultant z-series images
were summed into a flat image. Spines (both dendritic filo-
podia and mature spines) were counted at the proximal sites
of apical dendrites projecting from pyramidal cell bodies. For
double labeling with Dil and PSD95 immunostaining, slices
were immunostained after 3 days of incubation with Dil

crystals.

4.5.  Fluorescent Nissl staining

Cultured hippocampal slices were fixed with 4% PFA for
60 min at 4 °C. Subsequent steps were carried out at room
temperature. After washing with PBS (15 minx3), the slices
were treated with 0.1% Triton X-100 in PBS for 60 min, washed

with PBS for 10 min, and incubated with NeuroTrace
fluorescent Nissl (1:30 in PBS) for 40 min in a dark room. The
incubation was terminated by a 10 min wash with 0.1% Triton
X-100 in PBS, followed by 2 h wash with PBS. Fluorescent
images were obtained by confocal microscopy using a
60 x objective.

4.6.  Subregional hippocampal neuron culture

Subregional neuron cultures of both genders of P3 Wistar rat
hippocampi were prepared according to the method of Ikegaya
et al. (2000). Ammon’s horn and DG were isolated from
hippocampi with extreme care so as not to mix these 2 regions
(Fig. 4A, right). Dissociated cells from Ammon's horn, DG, or a
combination of these regions were suspended in a 1:1 mixture
of astrocyte-conditioned medium (ACM) and NB/B27 medium
(2% [v/v] B-27 supplement and 73 ug/ml L-glutamine in NB) and
plated onto 48-well plates coated with poly-L-lysine. After
24 h, the medium was changed to ACM-free NB/B-27 medium
containing 2 pM AraC. Cells derived from each region were
cultured for 7 days at the same cell density (2x 10* cells/cm” for
FM1-43 analysis, 5x 10° cells/cm” for Western blot analysis and
ELISA detection of BDNF). All surviving cells were immuno-
histochemically confirmed to be neurons using anti-NeuN
antibody (data not shown).

4.7.  FM1-43 analysis

After 1 h of incubation with HBSS at 37 °C, cultured neurons
were treated with 10 yM FM1-43, a styryl pyridinium dye
(Cochilla et al.,, 1999) in high K*-HBSS (20 mM KCI; osmolarity
maintained by concomitant decrease in sodium concentra-
tion) for 2 min and washed gently with HBSS for 1 min. To
reduce background staining, neurons were washed with 20 uM
ADVASEP-7, a sulphobutylated derivative of @-cyclodextrin
(Tait et al.,, 1992) for 1 min. ADVASEP-7 has a higher affinity for
FM1-43 than plasma membranes and has been shown to
greatly reduce background staining in brain slices (Kay et al,,
1999). After the incubation with 10 pM TTX for 30 min, three
images ([1] stained image; (2] destained image obtained after
the treatment with high K*-HBSS; and (3] differential inter-
ference contrast [DIC] image) were obtained for each micro-
scopic field of view using confocal microscopy with a 10x
objective. The second image was subtracted from the first,
which revealed the presynaptic sites where depolarization-
specific release had occurred (Fig. 4C, top panels). The
fluorescent puncta in each microscopic field of view were
counted. The number of synapses per neuron was estimated
by dividing the total number of puncta by the number of
neurons observed in the third (DIC) image (Fig. 4C, bottom
panels).
4.8. Western blot analysis

Cultured neurons were washed twice with ice-cold PBS and
then harvested on ice with 50 mM Tris buffer (pH 7.2)
containing 1 mM EDTA, 1 mM phenylmethylsulphonyl
fluoride, 1 mM leupeptin, 1 ug/ml antipain and 1 pg/ml
aprotinin. After intense sonication (23 kHz, 1 min = 3), the cell
suspension was centrifuged at 800xg for 5 min at 4 °C. An



BRAIN RESEARCH 115§

012007) 108-120 117

aliquot of this supernatant was removed for the protein
assay. Another aliquot was diluted in SDS sample buffer.
Protein samples containing an equal amount of protein were
separated by electrophoresis on 10% polyacrylamide-SDS gels
and transferred onto polyvinyliden difluoride membranes in
49.6 mM Tris, 384 mM glycine and 0.01% (wt/vol) SDS at 30 V
overnight followed by 80 V for 1 h. The membranes were
incubated with Tris-buffered saline (TBS) containing 0.1%
(vol/vol) Tween 20, 5% (wt/vol) skim milk, 2% (wt/vol) BSA,
and 0.1% (wt/vol) sodium azide for 1 h, followed by overnight
incubation with protein A purified rabbit anti-BDNF poly-
clonal antibody (AB1534SP, Chemicon) (1:1000) or rabbit
polyclonal IgG to p-actin (1:1000) at 4 °C. After washing
(30 min), the membranes were then incubated with perox-
idase-conjugated anti-rabbit IgG (1:1000) for 1 h at room
temperature. Immunoreactive bands were visualized using
the ECL kit. Optical densities (ODs) of immunoreactive bands
were measured based on a gray scale of 0-256 arbitrary units.
Background was subtracted from the OD and this corrected
value was normalized to the corrected value of the p-actin
band obtained from the same sample.

4.9. ELISA detection of BDNF

In comparison of BDNF contents in cultured DG neurons and
cultured Ammon's horn neurons, cells were washed twice
with ice-cold PBS and then harvested on ice with homo-
genization buffer consisting of 100 mM Trin/HCl (pH7),
containing 2% (wt/vol) BSA, 1 M NaCl, 4 mM EDTA.Na2, 2%
(vol/vol) Triton X-100, 0.1% (wt/vol) sodium azide, 5 pg/ml
aprotinin, 0.5 yg/ml antipain, 157 pg/ml benzamidine, 0.1 pg/
ml pepstatin A and 17 pg/ml phenylmethyl-sulphonyl
fluoride. After intense sonication (23 kHz, 1 minx3), the
homogenates are centrifuged at 14,000xg for 30 min. An
aliquot of this supernatant was removed for the protein
assay. Another aliquot was subjected to the calculation of
BDNF concentration by the Chemikine BDNF sandwich
ELISA kit. The plates, which were pre-coated with mono-
clonal antibodies against BDNF, were incubated with 100 ul
of supernatant in each well overnight, followed by incuba-
tion with the secondary antibody for 3 h and color
developing procedures for 1 h. Immediately after the stop
solution included in the kit was added, the ODs of 450 nm
were measured. A standard curve was run for each plate
and linearity was confirmed for all detections. Because the
lower detection limit of the kit is 7.8 pg/ml, we used data
from the experiments in which the control value was higher
than this limit. The concentration of BDNF was normalized
to the total amount of protein. In the calculation of BDNF
contents in the culture media, the culture media were
collected after 10 h of incubation with E2, centrifuged at
1500xg, and the concentration of BDNF in the supernatants
was determined by ELISA. Because in this case the values of
the control group varied from experiment to experiment by
several folds, we set ‘basal value’ in each experiment. 24 h
after medium change, BDNT concentrations in the culture
media were caltulaied and averaged for 4 wells in one
experiment. This value was taken as the ‘basal value' and
the data were normalized to this ‘'basal value’ in each
experiment.

4.10.  Drug treatment

E2 was dissolved at 100 mM in ethanol and diluted to the final
concentrations with the culture medium. For PSD95 immu-
nohistochemistry and FM1-43 analysis, cultured slices and
cells were treated with various concentrations of E2 for 24 h.
ICI (Ki: 1.5 nM for ER«, 6.4 nM for ERp; Kuiper et al,, 1997) was
dissolved at 1 mM in ethanol and co-applied at 1 yM with E2.
K252a (Squinto et al., 1991; Bothwell, 1995) was dissolved at
1 mM in DMSO and co-applied at 200 nM with E2. This
concentration completely blocks the effect of BDNF in
cultured hippocampal slices (Koyama et al, 2004). BDNFAB
(protein A purified sheep anti-BDNF polyclonal antibody,
AB1513SP, Chemicon) was dissolved in the culture medium at
10 pg/ml. This concentration blocks the effect of endogenous
BDNF (Rasika et al., 1999; Matsunaga et al., 2004). For ELISA
detection of the released BDNF, cultured cells were treated
with E2 for 10 h. KTS720 (Ki: 56 nM) (Kase et al., 1987) was
dissolved in the ethanol at 1 mM and co-applied at 200 nM
with E2. Rp-cAMP (Ki: 11 uM) (Rothermel and Parker Botelho,
1988) was dissolved in PBS at 10 mM and co-applied at 10 uM
with E2. U0126 (Ki: 72 nM for MEK1, 58 nM for MEK2) (Duncia
et al., 1998) was dissolved in DMSO at 10 mM and co-applied
at 10 M with E2. We also confirmed beforehand that 0.1%
ethanol or 0.1% DMSO (the maximal concentration used for
vehicle in our experiments) alone had no effects in cultured
hippocampal slices and subregional hippocampal neuron
cultures (Fig. S1).

4.11.  Data analysis

All data regarding the expression level of PSD9S, the spine
density, and the number of FM1-43 positive puncta, were
quantified in a blinded manner. For quantification of PSD-95
signals, the fluorescence intensities in the synaptic sites were
averaged for 4 slices in one experiment. These values were
then averaged for 8 independent experiments (separate
platings) and statistical analysis was performed using one-
way repeated-measure analysis of variance (ANOVA) and the
post hoc Tukey's test for multiple pairwise comparisons. Data
are shown as the values normalized to that of CA1SR in the
control group. The spine densities (the number of spines per
pm of dendrite) averaged for 8 to 10 neurons per slice were
averaged for 4 slices in 1 experiment. These values were then
averaged for 8 independent experiments (separate platings)
and statistical analysis was performed using the Student's t
test. For FM1-43 analysis, the numbers of presynaptic sites
(per neuron) were averaged for 4 wells in 1 experiment. These
values were then averaged for 8 independent experiments
(separate platings) and statistical analysis was performed
using the Student’s t test. In multiple pharmacological
treatments, data were collected according to the methods
described above, and statistical analysis was performed by
one-way repeated-measure ANOVA and the post hoc Tukey’s
test for multiple pairwise comparisons. Data were shown as
the values normalized to that of the control group. For ELISA
detection of BDIF expression, the normalized vaiues (BDNF/
total protein) were averaged for 4 wells in one experiment.
These values were then averaged for 4 independent experi
ments (separate platings) and statistical analysis was
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performed by one-way repeated-measure ANOVA and the
post hoc Tukey’s test for multiple pairwise comparisons. For
ELISA detection of the released BDNF, the values normalized
to the basal value were averaged for 4 wells in one
experiment. These values were then averaged for 4 indepen-
dent experiments (separate platings) and statistical analysis
was performed using one-way repeated-measure ANOVA and
the post-hoc Tukey’s test for multiple pairwise comparisons.
Values of p<0.05 were considered significant.
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Abstract

A simple method for two-dimensional electrophoresis (2-DE) of rat embryonic protein was described. Rat embryos cultured for 24 h
from day 10.5 of gestation were used as protein samples. Protein samples were lysed in rehydration buffer and separated by isoelectric
focusing with immobilized pH gradient for the first dimension and by sodium dodecyl sulfate-polyacrylamide gel electrophoresis for the
second dimension. The use of the DeStreak Reagent as an antioxidant in the lysis buffer and electrode pads in the isoelectric focusing
greatly improved the 2-DE pattern. When an embryo was used as a protein sample, about 800 protein spots were detected by silver stain-
ing in a 2-DE gel of the standard format. Eighty-one protein spots were identified by mass spectrometry for a primary 2-DE map. The
same method could be applied to yolk sac membranes from the cultured embryos. The present method was considered to be suitable for a

concomitant 2-DE analysis in in vitro developmental toxicity studies.

© 2006 Elsevier Ltd. All rights reserved.

Keywords: Two-dimensional electrophoresis: Rat; Embryo; Yolk sac; Developmental toxicity; Proteome

1. Introduction

Recent advances in two-dimensional electrophoresis
(2-DE) made it possible to analyze the changes in protein
expression pattern caused by exogenous stimulations in
various lissues, such as the liver (Fountoulakis et al., 2000),
kidney (Xu etal, 2005) and blood components (Piubelli
et al, 2005). In developmental toxicity studies, the analysis
of embryonic protein expression pattern by 2-DE is consid-
ered to be useful for the mechanism-based evaluation of
developmental toxicants.

On the other hand, it is expected that the cultured rat
embryos can be better protein samples for the analysis of

Abbreviations: 2-DE, two-dimensional electrophoresis; IEF, isoelectric
focusing; 1PG, immobilized pH gradient; SDS, sodium dodecyl sulfate;
PAGE, polyacrylamide gel electrophoresis.

" Corresponding author. Tel: +81 3 3700 1141x342; fax: +81 3 3707
6950.
E-mail address: usami@nihs.go.jp (M. Usami).

0887-2333/% - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/.11v.2006.11.003

protein expression pattern in developmental toxicity stud-
ies. Postimplantation rat embryo culture is now widely used
in developmental toxicity studies, by which embryos can be
exposed to test chemicals under controlled conditions with
a small number of animals and a small amount of test
chemicals (Schmid et al., 1997).

However, there have been no suitable 2-DE methods for
the analysis of embryonic protein expression pattern since
most methods are for radio-labeled proteins but not for
total proteins (Baumgartner et al., 1994; Praxmayer et al.,
1992). The standard 2-DE methods that we tried could not
be applicable because of a high salt concentration and poor
solubility of embryonic samples. A method reported for the
proteome analysis of mouse embryos is not considered suit-
able for routine analysis in developmental toxicity studies
because of troublesome pretreatment of embryo samples,
1.e., water-wash and dry-ice freezing (Greene et al., 2002).

In the present study, we described a simple 2-DE method
for the analysis of cultured postimplantation rat embryos.
By our method about 800 protein spots were detected in a
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Fig. 1. Appearance of a rat embryo cultured for 24 h from day 10.5 of gestation: (A) At the end of culture. Em, embryo; YS, yolk sac; CP, chorio-allantoic
placenta. (B) After the separation of embryonic membranes. Left: yolk sac membrane. Right: embryo

single gel. The protein spots were identified by mass spec-

trometry for the construction of a primary 2-DE map of

cultured postimplantation rat embryos. The same method
could be applied to the 2-DE analysis of yolk sac mem-
branes.

2. Materials and methods
2.1. Embryo culture

Rat embryos were cultured for 24h by the roller bottle
method as previously described (Usami and Ohno, 1996).
Embryos were explanted from pregnant Wistar rats (Crlj:
WI, Charles River Laboratories Japan, Inc., Kanagawa,
Japan) at day 10.5 of gestation (plug day =day 0.5) under
ether anesthesia. Explanted embryos were placed in a cul-
ture bottle at one embryo per 0.8-1ml of rat serum and
rotated at 35rpm for 24 h at 37-38 °C. After the culture, the
embryos and yolk sac membranes were washed three times
with ice-cold buffer (0.01M Tris-HCI, pH 7.0, 0.15M
NaCl). and placed in 1.5-ml eppendorf tubes individually
with a minimum amount of the buffer for storage at —80°C.
2.2. Preparation of embryo or yolk sac membrane samples
For 2-DE, frozen embryos or yolk sac membranes were
lysed in 300 ul of rehydration buffer consisting of 7M urea,
2M thiourea, 2% (w/v) CHAPS, 2% (w/v) SB-10, 0.5% (v/v)
IPG buffer (Amersham Biosciences, Piscataway, NJ) and
0.12% (v/v) DeStreak Reagent (Amersham Biosciences), by
pulsed sonication with a 7-mm &J tip immediately after the
addition of the buffer. Care was taken to avoid heating and
forming during the sonication. Embryo or yolk sac
membrane lysates were kept at 20°C and their protein con-
centration was determinded with the 2D Quant Kit (Amer-
sham Biosciences).

2.3. Isoelectric focusing (IEF) for the first dimension
of 2-DE

IEF was carried out on 13-cm immobilized pH gradient
(IPG) strips (Immobiline DryStrip pH 3-10 NL, Amer-

sham Biosciences) with the IPGphor system (Amersham
Biosciences). IPG strips were rehydrated with the rehydra-
tion buffer containing 50 pg protein of embryo or yolk sac
membrane lysate for at least 12h at 20°C under a cover
with silicon oil. Before the start of IEF, 3-mm-wide IEF
electrode strips (Amersham Biosciences) damped were
inserted between the IPG strip and both electrodes as elec-
trode pads. Electrophoresis conditions were — Step 1: Step-
n-hold at 500V for 1h, Step 2: Gradient at 1000V for 1h,
Step 3: Gradient 8000V for 2.5h with the current limit of
30 pA per IPG strip. When electrophoresis for the second
dimension was not carried out immediately after IEF, the
IPG strips were stored at —80°C.

2.4. Sodium dodecyl sulfate-polvacrylamide gel
electrophoresis (SDS-PAGE) for the second dimension
({f‘.?-DE

SDS-PAGE was performed according to the method of
Laemmli (Laemmli, 1970) except that no stacking gel was
used. After 1EF, IPG strips were equilibrated with Sml of
SDS equilibration buffer consisting of 0.05 M Tris-HCI, pH
8.8, 6 M urea, 30% (v/v) glycerol, 2% (w/v) SDS, 0.025%
(w/v) bromophenol blue. For the first equilibration, IPG
strips were placed in a tube containing equilibration buffer
with dithiothreitol (50 mg/5ml) and rocked for 20min. For
the second equilibration, IPG strips were placed in a tube
containing equilibration  buffer with iodoacetamide
(125mg/5ml) and rocked for 20min. Equilibrated IPG
strips were applied onto polyacrylamide gels (12.5% T, 2.6%
C, 14 x 6ecm) and sealed with 0.5% agarose in electrode
buffer. Electrophoresis was carried at a constant current of

Table 1
Size and protein content of cultured rat embryos

Item Mean Standard deviation
Yolk sac diameter (mm) 4.37 0.10
Crown-rump length (mm) 399 0.16

Musmnber of somite paiss 260 0.67

Embryo protein (ug) 2982 31.0

Yolk sac protein (pg) 153.0 20.2

Values for 10 embryos are shown
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10mA per gel for 15min and thereafter 20mA per gel until
the dye front reached the edge of the gel.

2.5. Stain of 2-DE gel and protein identification

After SDS-PAGE, 2-DE gels were stained with the Plus
One Silver Staining Kit Protein (Amersham Biosciences)
using the Multi Processor (Amersham Biosciences) accord-
ing to the manufacturer’s instruction. Stained 2-DE gels
were scanned and analyzed with the PD Quest 2D analysis
software (Bio-Rad, Hercules, CA).

For the identification of protein spots by mass spectrom-
etry, 2-DE gels were stained with the mass-analysis compat-
ible Proteo Silver staining kit (Sigma, St. Louis, MO) and
protein spots were excised and cut into 1-mm cubes with a
scalpel. Proteins in the gel cubes were digested with trypsin
(Shevchenko et al., 1996), cleaned-up with Zip-Tip C18u
(Millipore, Bedford, MA) and analyzed by mass spectrome-
try using the 4700 Proteomics Analyzer (Applied Biosys-
tems, Foster City, CA). The proteins were identified by the
use of mass spectrometry data for the search of primary

200-

116.2-
97.4-

66.2-

Molecular 31-
weight (k)

21.5-

14.4-

6.5-

sequence databases with the MS/MS 1on search mode of
the Mascot search engine (Matrix Science, Boston, MA).

3. Results
3.1. Embryo culture

Fig. 1A shows a cultured rat embryo at the end of the
24-h culture period. Embryos and yolk sac membranes were
separated as samples for 2-DE analysis (Fig. 1B). The
amnion and chorio-allantoic placenta were removed and
discarded. The size and protein content of the embryos and
yolk sac membranes of the cultured rat embryos are shown
in Table 1. Protein content in the individual embryo or yolk
sac membrane was sufficient for 2-DE anaylsis.

3.2. 2-DE of embryo protein
Proteins of cultured embryos were well separated by

2-DE with the present method (Fig. 2). About 800 protein
spots were consistently detected in replicate gels each

Isoelectric point 10

wl

Fig 2. 2-DE pattern of embryo protemns from a cultured rat embryo equivalent to day 11.5 of gestation. Proteins (50 ug) were separated by IEF with 3-
IONL IPG strip (13 ¢m) and by SDS-PAGE with 12.5% gel (14 » 6 cm). and were stained with silver. Identified protein spots were numbered and listed in
Table 2.
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Table 2
Protein spots identified in the 2-DE of embryo protein

Spot no. Accession no. Protein name Nominal mass Calculated pl
1 271620 Actin beta 42,066 529
2 219705431 Albumin 70,670 6.09
3 237748460 Peptidylprolyl isomerase A 18.091 8.34
4 gl 11693172 Calreticulin 48,137 4.33
5 21202549 Iodothyronine 5" monodeiodinase 54,375 4.87
6 21138014578 Tubulin, beta, 2 50,225 4.79
7 2154792127 ATP synthase, H* transporting, mitochondrial F1 56,318 519

complex, beta subunit
8 21138649320 Enol protein 51,736 6.70
9 2138014840 Laminin receptor 1 32917 4.80

10 112077 Nucleolar phosphoprotein B23.1 32,711 462

11 £i[12844989 Unnamed protein product 28,799 6.67

12 51859516 Heat shock 90 kDa protein 1, beta 83.631 497

13 il8394432 Peroxiredoxin 2 21,941 5.34

14 2il6678437 Tumor protein, translationally-controlled 1 19.564 4.76

15 2il48675371 Complement component 1, q subcomponent binding protein 31,320 4.77

16 gil34876714 Predicted: similar to Eukaryotic translation 24,831 4.55

elongation factor | beta 2

17 gi[7242171 Proliferating cell nuclear antigen 29,108 4.66

18 gi[27668426 Predicted: similar to hemoglobin: Subunit = zeta 16,124 6.75

19 £i[3367724 Epsilon I globin 16,151 7.90

20 gi|55926145 Expressed in non-metastatic cells 2 17.386 6.92

21 gi|1 628436 Profilin 15,149 8.46

22 gi3367724 Epsilon | globin 16,151 790

23 gi[40254577 Ribosomal protein 812 14,905 681

24 2137748460 Peptidylprolyl isomerase A 18,091 8.34

25 £i1509201 Cofilin 18,749 822

26 £i|7441446 Destrin 18.661 718

27 £il6671746 Cofilin 2. muscle 18.812 7.66

28 /19924089 Expressed in non-metastatic cells 1, protein (NM23A) 17,296 596

(nucleoside diphosphate kinase)

29 #i[38328242 Stmnl protein 17,278 576

30 gi|12850597 Unnamed protein product 17,138 595

3 gi[57006 Unnamed protein product 22,320 5.55

32 1202945 Apolipoprotein A-1 precursor 30,100 552

33 £i[3688521 Thiol-specific antioxidant protein 24,860 564

34 2i[8394082 Proteasome (prosome, macropain) subunit, beta type 3 23,235 6.15

35 gi[20071222 NADH dehydrogenase (ubiquinone) Fe-S protein 3 30,358 6.40

36 gil1381643 Cysteine protease p32-beta 10,097 5.68

37 2130410794 Proteasome activator subunit 3 isoform 1 29,602 5.69

38 gi21312044 Eukaryotic translation initiation factor 3, subunit 12 25,356 4.81

39 £16671696 Chromobox homolog 1 (Drosophila HP1 beta) 21,519 485

40 2i[27664664 Predicted: similar to 25 kda FK506-binding protein 25,220 939

41 2i[6381991 Integrin beta 4 binding protein 27,007 4.63

42 21202945 Apolipoprotein A-I precursor 30,100 5.52

43 212897818 Huntinglin interacting protein-2 22,503 533

44 2116978499 Acidic (leucme-rich) nuclear phosphoprotein 32 family, member A 28,718 399

45 2147169488 TPA: proteasome subunit alpha type 3-like 28,621 519

46 2162664759 Predicted: prohibitin 21,757 5.44

47 2297111 Phosphoglyceromutase 28,908 8.85

48 2i| 16758298 Proteasome (prosome, macropain) subunit, beta type 7 30,250 8.13

49 gil 16758848 Endoplasmic retuclum protein 29 28,614 6.23

50 2i/56789700 Peroxiredoxin | 22:323 8.27

51 2i|38648863 Malate dehydrogenase, mitochondrial 36,117 8.93

52 16758182 RAN. member RAS oncogene family 24,579 7.01

53 2115420030 Glutathione transferase 25,550 6.77

54 225453420 Glutathione S-transferase. p1 23,652 6.89

55 256550075 Proteasome (prosome, macropain) subunit, alpha type 7 28,010 8.60

56 2118394069 Proteasome (prosome. macropain) subunit, alpha type 4 29.764 7.59

57 2i/1854333]1 Guanine nucleotide binding protein, beta polypeptide 2-like | 35529 7.60

58 Ri380G51575 Vdaci protein 32,000 8.35

59 211906812 Inducible carbonyl reductase 30.920 7.64

60 gil62661724 Predicted: similar to esterase D/formylglutathione hydrolase 37.322 645
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Table 2 (continued)

Spot no. Accession no. Protein name Nominal mass Calculated pl
61 gil57527447 Ribose-phosphate pyrophosphokinase I -like 35,297 6.51
62 254261548 Lactate dehydrogenase A 36,712 845
63 217949053 Heterogeneous nuclear ribonucleoprotein A2/B1 isoform | 36,028 8.67
64 2162653546 Predicted: similar to glyceraldehyde-3-phosphate dehydrogenase 36,045 8.44
65 216978491 Aldehyde reductase 1 36,230 6.26
66 2162653546 Predicted: similar to glyceraldehyde-3-phosphate dehydrogenase 36,045 B.44
67 gi|76647405 Predicted: similar to proteasome subunit alpha type 6 27,838 6.34
(proteasome 1ota chain) (macropain iota chain)
68 £i[8394079 Proteasome (prosome, macropain) subunit, beta type 2 23,069 6.96
69 £i[8394063 Proteasome (prosome, macropain) subunit, alpha type 2 26,024 6.92
70 gj|6265570ﬁ Predicted: similar to RIKEN cdna 1110025F24 26,482 590
71 i|61889115 Phosphoserine amnotransferase 1 40,943 7.57
72 £il66911068 Pcbp2_predicted protein 35,666 8.17
73 2202837 Aldolase A 39,691 8.31
74 238649310 Phosphoglycerate kinase 1 44,909 8.02
75 /584875 Adenylyl cyclase-associated protein 1 (CAP 1) 51.857 7.16
76 gi[74144333 Unnamed protein product 67,573 7.18
77 gi[19424312 KH-type splicing regulatory protein 74.466 6.38
78 2228784 Alpha fetoprotein 70,167 5.71
79 2i[228784 Alpha fetoprotein 70,167 571
80 gil2511703 p60 protein 63,158 6.40
81 22644966 hnRNP-EI protein 37,987 6.60

Proteins names with their NCBI accession numbers were shown for the protein spots in Fig. 1.

from one embryo. Selected protein spots were analyzed
by mass spectrometry and 81 protein spots were identified
as shown in Table 2. These protein spots also served as
landmarks for the matching of protein spots among the
gels.

3.3. 2-DE of yolk sac membrane protein

Proteins of yolk sac membranes were separated as well
as those of embryos by 2-DE with the present method
(Fig. 3). The 2-DE pattern of yolk sac membranes was
fairly different from that of embryos. Most protein spots
were common but were quantitatively different between the
yolk sac membranes and the embryos. In addition, there
were embryo specific and yolk sac membrane specific pro-
Lein spots.

4. Discussion

The present method is simple and can be carried out
concomitantly with in vitro developmental toxicity studies
using rat embryo culture, The whole 2-DE procedures are
completed within four days. IPG strips with narrower pH
ranges would be useful for precise and convenient analysis
of specific protein spots. For screening purposes or focused
proteomics, the same procedures could be applied to the
mini-gel format with shorter IPG strip and mini SDS-
PAGE gel.

The primary 2-DE map constructed in the present study
is useful for interlaboratory comparison of 2-DE patterns.
Abundant and characteristic protein spots can be used as
landmarks for matching of the 2-DE pattern. We are plan-
ning to identify more protein spots for a more precise and

accurate 2-DE map of cultured rat embryos in future, giving
priority to protein spots of interest that are differentially
expressed due to the effects of developmental toxicants.
Identification of very faint protein spots may require a sepa-
rate 2-DE experiment with an increased amount of applied
protein samples.

It is expected that 2-DE analysis by the present method
enables informative experiments for developmental toxicity
studies. Because protein from less than one embryo is suffi-
cient for 2-DE analysis in the present method, toxic effects
observed in individual embryos may be related to the
changes in protein expression pattern. Alternatively, analy-
sis of specific parts isolated [rom single embryos may
improve the efficiency of differential analysis. It is also
noted that the present method is valid for 2-DE analysis of
yolk sac membranes as well as embryos. Simultaneous anal-
ysis of yolk sac membranes with embryos would be useful
to investigate the action sites of developmental toxicants.

The critical point of the present method is the use of the
DeStreak Reagent as an antioxidant and the electrode
pads. Both of which greatly improved the 2-DE pattern by
decreasing horizontal streaks in the present method. We
initially used dithiothreitol or tributylphosphine as a reduc-
ing agent to avoid the oxidation of proteins but could not
decrease the streaks sufficiently. High concentration of
redox agents such as glutathione in the embryo or yolk sac
membrane samples (Harris et al., 1995) might affect redox
status of proteins when dithiothreitol or tributylphosphine
was used.

As far as we tested, addition of protease inhibitors to the
lysis/rehydration buffer had no effects on the 2-DE pattern,
It is considered that the constituents of the lysis/rehydra-
tion buffer were effective for inactivation of proteases in the
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Fig. 3. 2-DE pattern of yolk sac membrane proteins from a cultured rat embryo equivalent to day 11.5 of gestation. Proteins (50 pg) were separated by IEF
with 3-10NL IPG strip (13cm) and by SDS-PAGE with 12.5% gel (14 x 6cm), and were stained with silver. Proteins identified for the embryo are indi-

caled by the same number as in Fig. 2.

embryo or yolk sac membrane samples. No requirement for
protease inhibitors in the present method saves the const
and labor in the 2-DE analysis.

In conclusion, it is considered that the present method is
suitable for 2-DE analysis of embryos and yolk sac mem-
branes in developmental toxicity studies using postimlanta-
tion rat embryo culture,
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Abstract

The effects of indium on bone and cartilage development in rat fetuses were examined. Pregnant Sprague Dawley (SD) rats were treated
with indium trichloride (0.1, 0.2, or 0.3mg/kg) by single intravenous administration on Day 10 of gestation, and their fetuses were exam-
ined on Day 21. Half of each litter was prepared for skeletal examinations using a skeletal double-staining technique to allow evaluation
of cartilage as well as bone. Dose-related increased incidences of external and skeletal fetal malformations occurred at doses of 0.2 mg/kg
or more. The incidences of cartilage malformations in the vertebrae, ribs, and forepaw phalanges were significantly increased at 0.3 mg/kg.
Malformations of the axial bone were accompanied by cartilage malformations. It was concluded from these results that indium produced car-
tilage malformations, that were considered to be the underlying cause for the majority of fetal skeletal malformations observed in rats in this

study.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Cartilage: Bone: Skeleton; Fetus; Malformation: Indium trichloride; Sprague Dawley rat; Teratogenicity

1. Introduction

Indium, a metal commonly used for semiconductors in indus-
try and for scintigraphy in medicine, is teratogenic in rats. Single
intravenous administration of indium trichloride (0.4 mg/kg) to
pregnant rats on Days 8. 9. or 10 of gestation caused exter-
nal, skeletal, and visceral malformations in the fetuses [1.2].
Brachyury. anury, kinked tail, anal atresia, and oligodactyly
were observed as external malformations. Undesdended testis
and dilatation of renal pelvis were observed as visceral malfor-
mations. Skeletal malformations were observed in the vertebrae,
ribs, and sternebrae.

Indium may also affect cartilage development in the fetuses
since the axial skeleton is formed by replacement of the car-
tilage by bone [3]. Potential cartilage malformations produced
by indium, however, have not been reported. since fetal speci-
mens in previous studies were examined following staining only
for ossified bones using alizarin red S. Therefore in the present

* Corresponding author. Tel.: +81 3 3700 1 141x342; fax: +81 3 3707 6950.
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study, we extended the examination of indium teratogenicity
in rats by using a double-staining method, which allowed an
assessment of both fetal bone and cartilage development in rat
fetuses.

2. Materials and methods

2.1. Animals and administration of indium

Pregnant Sprague Dawley (SD) rats (Crl: CD (SD), 9-11 week’s old, weigh-
ing 240-280 g, Charles River laboratories Japan, Inc., Kanagawa, Japan) at Days
5 or 6 of gestation (sperm positive vaginal smear, Day 0) were purchased from
Charles River Japan. Inc. (Kanagawa, Japan). They were housed as previously
described [1]. Indium trichloride (InClz-4H,0, Wako pure chemical industry
Ltd.. Osaka, Japan) dissolved in physiological saline was injected into a tail
vein of the pregnant rats on Day 10 of gestation. Pregnant rats in the control
group were given physiological saline at | ml/kg in the same manner. Forty
rats were divided into four groups (10 per group) and of which 8 (control), 10
(0.1 mg/kg), 9 (0.2 mg/kg), and 10 (0.3 mg/kg) rats were confirmed as pregnant
at term.

2.2, Observation and examination

Climical observation of the animals was made daily. Body weight was mea-
Days 6,8, 10,12, 14,16, 18, and 21 of gostation. Bod
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calculated for each interval between the body weight measurements. The preg-
nant rats were sacrificed on Day 21 of gestation by exsanguination under ether
anesthesia. The gravid uterine horns were removed and the numbers of dead
implants and live fetuses were counted. Live fetuses were sexed, weighed indi-
vidually, and examined for external malformations. The placentas were weighed
individually. All live fetuses were examined for potential skeletal malformations
after standard KOH clearing and staining. Half of the fetuses from each litter was
double stained with alizarin red S and alcian blue 8GS for assessment of bone
and cartilage [4]. The remaining half of the fetuses from each litter was stained
only with alizarin red S [5] as in a previous study [1]. No visceral examination
of the fetuses was made in the present study.

2.3. Statistical analysis

A pregnant animal or a litter was used as a sample unit, and statistical sig-
nificance of differences between the control and indium groups was examined
at 5 and 1% probability levels. Fisher’s exact test was used for categorical data.
One-way analysis of variance was used for parametric data with homogeneous
variance among the groups as determined by Bartlett test. Kruskal-Wallis H
test was used for parametric data without homogenous variance and for non-
parametric data. When the results of these parametric or nonparametric analysis
of variance were significant al a 5% probability level, comparisons were made
between the control and indium groups by parametric or nonparametric Dun-
nett's testusing SAS Version 6,12 incorporated in a toxicology study-supporting
system TOXstaff21 (CTC laboratory systems corp., Tokyo, Japan).

3. Results

No obvious toxicological signs and necropsy findings were
observed in the pregnant rats in any experimental groups. There
were no significant differences in the body weight of pregnant
rats between the control and indium treatment groups, although
reduced body weight gains were observed after the administra-
tion of indium on Days 14, 18, and 21 of gestation at 0.3 mg/kg
and on Day 14 at 0.2 mg/kg probably due to the increased mortal-
ity of implants and the decreased fetal weights (Fig. 1). Table 1
shows fetal growth on Day 21 of gestation in pregnant rats treated
with indium. There were no significant differences at 0.1 and
0.2 mg/kg. Mortality of implants was significantly increased at
0.3mg/kg. There were dose-related decreases in fetal weight
with remarkable significant decreases at 0.3 mg/kg in both male
and female fetuses. Placental weight was significantly decreased
at 0.3 mg/kg in female fetuses.

500 30
Body weight Gain

4 —O— Control

—8— 0.1 mghg

——02mohg =

=

Body weight (g)
g
3
Body weight gain (g/day)

Day of gestatiion

Fig. |. Body weight and body weight gain of pregnant rats treated with indium
trichloride on Day 10 of gestation. Vertical bars represent 5.D. Asterisks indi-
cate significant differences compared with the control group (*, p<0.05, **,
p<0.01).

External malformations observed in the fetuses are shown
in Table 2. There were significant increases in the incidence of
external malformations at 0.2 and 0.3 mg/kg. Malformations of
caudal part, that is, brachyury, anury, kinked tail, anal atresia,
and of digits were observed at high incidences. The incidence
of kinked tail at 0.2 mg/kg was higher than that at 0.3 mg/kg
in contrast to the increased incidences of anury and brachyury
at 0.3 mg/kg, suggesting that the kinked tail was a moderate
manifestation of tail malformations by indium.

Skeletal abnormalities observed in alizarin red S-stained fetal
specimens are shown in Table 3. There were significant increases
in the incidence of skeletal malformations at 0.2 and 0.3 mg/kg.
It was noted that malformations of the axial skeleton, that is,
the vertebrae, ribs, and sternebrac were observed at high inci-
dences. Malformations of the forelimb were also observed at
high incidences at 0.3 mg/kg.

Skeletal abnormalities observed in double-stained fetal spec-
imens are shown in Table 4. The incidences of cartilage
malformations in the vertebrae, ribs, and forepaw phalanges
were significantly increased at (0.3 mg/kg. Severe cartilage mal-

Table 1
Fetal growth in pregnant rats treated with indium trichloride
Dose (mg/kg)
0 (Control) 0.1 0.2 0.3
No. of pregnant rats 8 10 9 10
No. of implants* 133413 13:6 421 13.6+19 146428
Mortality of implants (%) 1.0 4.5 3.3 £ 2 i
No. of live fetuses® 13.1.+£1.5 13.0+23 131+ 1.3 10.1 +4.4
Sex ratio (M/M +F) 0.49 0.52 0.46 0.48
Fetal weight (g)*
Male 5.73+043 5.46+£0.44 5334032 376+ 1.16%*
Female 548+028 5.21+048 505+027 3.47 £0.95%*
Placental weight (g)*
Male 0.45+0.05 0.45+0.04 0.45 +0.04 038+0.13
Female 0.45 +£0.06 0.45 +£0.06 0.44 £0.07 035£011*

* Means £ S.D. are shown. Asterisks indicate significant differences compared with the control group (*. p <0.05: **, p<0.01).
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Table 2
External malformation in the fetuses of pregnant rats treated with indium trichloride
Dose (mg/kg)
0 (Control) 0.1 0.2 0.3
No. of litters 8 10 9 10
No. of fetuses examined 105 130 118 101
No. of fetuses with external malformation 1 (0.8%) 0 48 (41.3%) 93 (92.9%)**
Micrognathia 0 0 0 2(2.4%)
Cleft palate 0 0 0 3(2.3%)
Anal atresia 0 0 0 31 (38.5%)*
Anury 0 0 0 39 (43.0%)**
Kinked tail 0 0 47 (40.6%)* 32 (28.0%)
Brachyury 1 (0.8%) 0 38 (32.9%) 52 (48.1%)**
Short trunk 1(0.8%) 0 0 1(L7%)
Small limb 0 0 0 43 (41.3%)**
Club foor 1 (0.8%) 0 0 26 (27.7%)
Oligodactyly 1 (0.8%) 0 3(24%) 69 (72.6%)**
Distorted abdomen 0 0 0 7(5.4%)

Asterisks indicate significant differences in the percentage incidence per litter compared with the control group (*, p <0.05; **, p<0.01). Numbers in parentheses

are means of incidences per litter.

formations, such as fused, short, and absent ribs, were observed
in unossified regions by the double staining (Fig. 2). There were
increases in the incidence of malformations of the bone at 0.2
and 0.3 mg/kg as in specimens stained with alizarin red S alone,
although no statistical significance was observed at 0.2 mg/kg.
It was noted that the bone malformations were accompanied
by the cartilage malformations, and that the incidences of rib
malformations of the cartilage were higher than those of the
bone.

As overall findings through the external, single-stained, and
double-stained skeletal specimens, two or more malformations
were observed in identical malformed fetuses, indicating mul-
tiple malformations at 0.2 and 0.3 mg/kg. Unexpectedly, the
external tail malformations could not be related to malformed
vertebrae of the tail, because consistent observation of the verte-

Table 3

brae of malformed tails such as anury, kinked tail, and brachyury
was difficult and the results were summarized with other regions
as deformed vertebrae.

4. Discussion

It has been shown that double staining of fetal skeleton with
alizarin red S and alcian blue 8GS is useful for skeletal examina-
tion in developmental toxicity studies [4]. In the present study, it
was indicated that indium caused fetal cartilage malformations
at high incidences when administered to pregnant rats on Day
10 of gestation. Severity and high incidences of cartilage mal-
formations of the ribs indicate that observation of fetal cartilage
is important for evaluation of effects of indium on fetal develop-
ment. It is considered that the double-staining technique is also

Skeletal abnormalities in alizarin red S-stained fetal specimens from pregnant rats treated with indium trichloride

Dose (mg/kg)

0 (Control) 0.1 0.2 0.3

No. of litters 8 10 9 10

No. of fetuses examined 50 61 56 49

No. of fetuses with skeletal malformation 0 0 29 (54.1%)* 45 (91.3%)**
Deformed vertebra 0 0 29 (54.1%)* 44 (89.3%)**
Deformed rib 0 0 9(17.0%) 38 (80.0%)**
Deformed sternebra 0 0 T(13.9%) 37 (77.8%)**
Deformed scapula ] 0 0 4 (6.7%)
Absent ulna 0 0 0 25 (55.6%)**
Absent or deformed femur 0 0 0 4(7.7%)
Absent tibia 0 0 0 3 (6.0%)
Deformed forepaw phalanx 0 0 0 32(70.5%)**

No. of fetuses with skeletal variation 8 (16.5%) 5(85%) 6(11.2%) 2(5.0%)
Cervical rib 0 0 3(5.6%) 2 (5.0%)
Short supernumerary nb 8(16.5%) 5(8.5%) 3(57%) 0

Asterisks indicate significant differences in the percentage incidence per litter compared with the control group (%, p <0.05; **, p<0.01). Numbers in parentheses

are means of incidences per litter.
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Table 4

Skeletal abnormalities in double-stained fetal specimens from pregnant rats treated with indium trichloride

Dose (mg/kg)

0 (Control) 0.1 0.2 0.3
No. of litters 8 10 9 10
No. of fetuses examined 53 69 62 52
No. of fetuses with skeletal malformation 3(5.1%) 8 (12.0%) 31 (53.7%) 51 (98.3%)**
Cartilage malformation 3(5.1%) 8 (12.0%) 29 (49.5%) 51 (98.3%)**
Deformed vertebra 1(1.6%) 0 6(11.0%) 29 (62.1%)**
Deformed rib 31(5.1%) 8 (12.0%) 25 (43.1%) 49 (95.6%)**
Absent metacarpal 0 0 0 2(3.4%)
Deformed forepaw phalanx 1(1.6%) 0 2(3.4%) 37 (74.6%)**
Deformed hindpaw phalanx 1(1.6%) 4] 0 9(23.1%)
Bone malformation 1(1.6%) 0 30 (51.9%) 51 (98.3%)**
Deformed vertebra 1 (1.6%) 0 30 (51.9%) 50 (97.2%)**
Deformed nib 1 (1.6%) 0 4 (7.5%) 46 (89.7%)**
Deformed sternebra 0 0 8 (14.7%) 42 (83.6%)**
Deformed scapula 0 0 0 9 (24.0%)*
Absent ulna 0 0 0 25 (55.2%)**
Absent or deformed femur 0 0 1(2.2%) 11 (25.6%)**
Absent tibia 0 0 0 9(22.5%)**
Deformed ilium 0 0 0 1(1.4%)
Deformed forepaw phalanx 1(1.6%) 0 2(3.4%) 37 (74.6%)**
Deformed hindpaw phalanx 1{1.6%) 0 0 9 (23.1%)
No. of fetuses with skeletal variation 9 (16.2%) 7 (9.5%) 61(9.2%) 6(15.6%)
Cervical rib 0 1(1.3%) 1(1.6%) 2(7.0%)
Short supernumerary rib 9(16.2%) 6(8.2%) 5(7.6%) 4 (8.6%)

Aslerisks indicate significant differences in the percentage incidence per litter compared with the control group (*, p <0.05; **, p <0.01). Numbers in parentheses
£ 8 pe p group (%, ¢ P

are means of incidences per litter.

useful for the observation of effects of indium on both cartilage
and bone, since malformations of the bone was observed equally
as well as by single staining with alizarin red S.

The finding on the association of the bone malformations
with the cartilage malformations may indicate that skeletal
malformations following treatment with indium are due to
abnormal development of the cartilage. This is because both
the axial skeleton and limb bones, but not the skull, are
entirely formed by ossification in the cartilage differentiated
from mesoderm-derived cells [3.6]. It has also been reported

Fig. 2. Malformations of the nb cartilage in the fetuses of pregnant rats treated
with indium trichloride. A ventral view of the thoracic region is shown with the
head on the left side. A, absent rib; F. fused rib: S, short rib,

that indium disturbed the activity of chondrocytes; that is,
oligosaccharides in femur chondrocytes of rat fetuses on Day
21 of gestation was decreased by oral administration of indium
trichloride (400 mg/kg/day) to the dams through the gestation
period [7].

In the present study. SD rats were used instead of Wistar
rats because the present experiment was carried out as a part
of joint group researches using SD rats. The major fetal mal-
formations observed in SD rats have previously been observed
in Wistar rats [1,2] including external malformations of the
tail and limbs, and skeletal malformations of the vertebrae,
ribs, and sternebrae. It is thus considered that there is no
obvious strain difference between SD and Wistar rats in this
respect.

In conclusion, these results suggest that indium produced
cartilage malformations that may be the underlying cause for
the majority of fetal skeletal malformations observed in rats in
this study. Investigation of the cartilage malformations caused
by indium is important for the evaluation of its effects on fetal
development.
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Comparative Proteome Analysis of the Embryo Proper
and Yolk Sac Membrane of Day 11.5 Cultured Rat
Embryos
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BACKGROUND: Proteomic analysis of cultured postimplantation rat embryos is expected to be useful for investigation
into embryonic development. Here we analyzed protein expression in cultured postimplantation rat embryos by two-
dimensional electrophoresis (2-DE) and mass-spectrometric protein identification. METHODS: Rat embryos were
cultured from day 9.5 for 48h or from day 10.5 for 24 h. Proteins of the embryo proper and yolk sac membrane
were isolated by 2-DE and differentially analyzed with a 2-D analysis software. Selected protein spots in the 2-DE gels
were identified by matrix-assisted laser desorption/ionization-time of flight tandem mass spectrometric analysis and
protein database search. RESULTS: About 800 and 1,000 protein spots were matched through the replicate 2-DE gels
each from one embryo in the embryo proper and yolk sac membrane, respectively, and virtually the same protein spots
were observed irrespective to the length of culture period. From protein spots specific to the embryo proper (126 spots)
and yolk sac membrane (304 spots), proteins involved in tissue-characteristic functions, such as morphogenesis
and nutritional transfer, were identified: calponin, cellular retinoic acid binding protein, cofilin, myosin, and stathmin in
the embryo proper, and Ash-m, dimerization cofactor of hepatocyte nuclear factor, ERM-binding phosphoprotein,
cathepsin, and legumain in the yolk sac membrane. CONCLUSION: Proteomic analysis of cultured postimplantation rat
embryos will be a new approach in developmental biology and toxicology at the protein level. Birth Defects Res (Part B)
80:383-395, 2007. ©) 2007 Wiley-Liss, Inc.

Key words: postimplantation embryo; development; 2-DE; MALDI-MS/MS;
Wistar rat

INTRODUCTION

Culture of postimplantation rat embryos has been
widely used in the fields of developmental biology
and toxicology, since it is considered that embryos can
grow in vitro similarly to those in vivo during the
culture period, which includes the early organogenetic
period (Morriss-Kay, 1993). Usually, rat embryos at day
9.5 or 10.5 of gestation are cultured in rat serum for
2448h in roller bottles. There were no apparent
differences other than slight growth retardation in the
cultured embryos compared with the in vivo embryos
although differences might be found by analysis using
molecular techniques (Van Maele-Fabry et al, 1997;
Williams et al., 1997).

Proteomic analysis of cultured postimplantation rat
embryos is expected to be useful for investigation into
embryonic development. Analysis of protein expression

culture (Calegari et al., 2002; Potts and Sadler, 1997) will
support these proteomic experiments.

Recently, we established a two-dimensional electro-
phoresis (2-DE) method that enables analysis of indivi-
dual cultured rat embryos (Usami et al., 2007). With this
method, about 800 protein spots were isolated from the
protein of cultured rat embryos equivalent to day 11.5 of
gestation, and selected ones were identified by mass
spectrometry. It was also shown that the yolk sac
membrane has quantitatively and qualitatively different
proteins compared to the embryo proper. It is thus
expected that pairwise analyses of the individual embryo
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after experimental treatment of cultured embryos, such
as exposure to chemicals, will reveal the proteins
involved in normal or abnormal embryonic develop-
ment. Application of antisense oligonucleotide or RNA

interference techniques to the postimplantation embryo
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proper and yolk sac membrane provide intriguing
information on the growth of postimplantation embryos.

In the present study, we examined 2-DE profiles of the
embryo proper and yolk sac membrane of day 11.5
cultured rat embryos to further investigate their protein
expression. Rat embryos at day 9.5 or 10.5 of gestation
were cultured for 48 or 24 h, respectively, and proteins
in the embryo proper and yolk sac membrane were
isolated by 2-DE. The 2-DE profiles were compared
between the varied length of culture periods and
between the embryo proper and yolk sac membrane.
Selected protein spots in the 2-DE gels were identified by
mass spectrometry.

MATERIALS AND METHODS
Embryo Culture

Rat embryos were cultured by the roller bottle method
as previously described (Usami and Ohno, 1996).
Embryos were explanted from pregnant Wistar rats (Crlj:
WI, Charles River Laboratories Japan, Inc., Kanagawa,
Japan) at day 9.5 or 10.5 of gestation (plug day = day 0.5)
under ether anesthesia. Explanted embryos were placed
in a culture bottle at one embryo per 0.8-1ml of rat
serum and rotated at 35 rpm at 37-38°C. Day 9.5 embryos
were cultured for 48 h and day 10.5 embryos for 24 h.
After the culture, the embryos and yolk sac membranes
were washed three times with ice-cold buffer (0.01M
Tris-HCl, pH 7.0, 0.15M NaCl), and placed in 1.5-ml
Eppendorf tubes individually with a minimum amount
of the buffer for storage at —80°C.

2-DE Analysis

Proteins of the embryo proper and yolk sac membrane
(50 ug/gel) were analyzed by 2-DE as previously
described (Usami et al, 2007). IPG strips (Immobiline
DryStrip pH 3-10NL, 13cm, Amersham Biosciences,
Piscataway, NJ) were used in IEF for the first dimension,
and 12.5% polyacrylamide gels (14 x 16 cm) were used in
SDS-PAGE for the second dimension. 2-DE gels were
stained with Plus One Silver Staining Kit Protein
(Amersham Biosciences) using Multi Processor (Amer-
sham Biosciences). The stained 2-DE gels were scanned
with the GS-800 calibrated densitometer (Bio-Rad,
Hercules, CA) and analyzed with the PD Quest 8.0
2-D analysis software (Bio-Rad). The gel images were
normalized by the total density in gel image mode.
Statistical significance of the quantitative differences
between protein spots was examined by the f-test at 1%
probability levels after log transformation.

MS Analysis

For the identification of protein spots by mass spectro-
metry, 2-DE gels were stained with mass-analysis
compatible ProteoSilver staining kit (Sigma, St. Louis,
MO) and protein spots were excised into column-shape
pieces about 1-mm diameter. Proteins in the gel pieces
were digested with trypsin (Shevchenko et al, 1996),
cleaned-up with Zip-Tip C18u (Millipore, Bedford, MA)
and spotted on a matrix-assisted laser desorption/
ionization (MALDI) target plate with 2mg/ml of CHCA
(Sigma) as a matrix. The MALDI-time of flight tandem
mass spectrometry (MALDI-TOF/TOF) analysis was

carried out with the 4700 Proteomics Analyzer (Applied
Biosystems, Foster City, CA). MS spectra were obtained
by 5,000 laser shots at an intensity of 4,500 with a mass
range from 9,00-4,000 focused at 2,100. Angiotensin II
(monoisotopic mass: 1,045.5423, Sigma) and ACTH
fragment 18-39 (monoisotopic mass: 2,465.1989, Sigma)
were used as standards for external calibration. From the
each MS spectrum, 15 highest peaks, excluding those of
trypsin, were used for MS/MS analysis. MS/MS spectra
were obtained by 8,000-10,000 laser shots at intensity of
4,500 with a precursor mass window from —4 to +5
without CID gas, and were processed with default
calibration.

Protein Identification

The proteins were identified by the use of mass
spectrometry data for the search of the NCBInr protein
database (Version 20061221; 4,318,227 sequences;
1,487,489,705 residues) with the MS/MS ion search mode
of the Mascot search engine (Matrix Science, Boston,
MA). Peak list files were created by using the PeakTo-
Mascot software (Applied Biosystems) with settings for
the MS/MS peak filter as follows: Mass range: 60,
Precursor-: 20, Excluded Mass Range File: none, Peak
density: Max 50 peaks per 200Da, Min S/N: 10, Min
Area: 100, Max Peak/Precursor: 200. Created peak list
files were subjected to the database search with settings
as follows: Database: NCBInr, Taxonomy: Rodentia,
Enzyme: Trypsin, Allow up to: 1 missed cleavage, Fixed
modifications: Carbamidomethyl (C), Variable modifica-
tions: Oxidation (M), Peptide tol.+:2Da, MS/MS
tol. +:0.8 Da, Peptide charge: 1+, Monoisotopic button:
on, Data format: Mascot generic, Instrument: MALDI-
TOF/TOF. Protein scores more than 42 were considered
as significant hits. The protein identification data in-
cluding the protein score, sequence coverage and peptide
sequence are provided as supporting information.

RESULTS

Growth of Cultured Embryos and Their 2-DE
Profiles

The growth of rat embryos in the 48 h culture was a
little inferior to that in the 24 h culture as indicated by the
shorter crown-rump length (Table 1, Fig. 1). However,
there were no differences in the appearance and number
of somite pairs of the embryos between the 48 and 24 h
culture.

Table 1
Growth of Cultured Postimplantation Rat Embryos
Equivalent to Day 11.5

48 h culture 24 h culture
from day 9.5 from day 10.5

Number of embryos 14 15
Yolk sac diameter (mm) 441+005 432+0.07
Crown-rump length (mm) 371004 398+0.06"
Number of somite pairs 26.2+0.21 25.9+0.24

Mean +SEM is shown.
*Significant differences from the 48h culture by the t-test
(P<0.01).

Birth Defects Research (Part B) 80:383-395, 2007
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Fig. 1. Appearance of rat embryos equivalent to day 11.5 after 48 or 24 h culture from day 9.5 or 10.5. A,C: At the end of culture
B.D: After the separation of embryonic membranes. Left: yolk sac membrane; Right: embryo proper

2-DE patterns of the embryo proper and yolk sac
membrane of the cultured embryos are shown in
Figs. 2 and 3. About 800 and 1,000 protein spots were
matched through the replicate gels (5 gels for the 48 h
culture and 6 gels for the 24 h culture) each from one
embryo in the embryo proper and yolk sac membrane,
respectively.

Differences in 2-DE Profiles of Rat Embryos
Between the 48 h and 24 h Culture

No obvious qualitative differences in 2-DE profiles
were observed between the 48 and 24 h culture, ie.,
virtually the same protein spots were observed in each of
the embryo proper and yolk sac membrane irrespective
of the length of culture period.

Quantitative differences in the 2-DE profiles by the
varied length of culture period are summarized in
Table 2, and relative quantity of the significantly
different protein spots are shown in Figs. 4 and 5. There
were no quantitative differences in most of the protein
spots between the 48 and 24 h culture. It was noted,
however, that the frequencies of protein spots with a
larger quantity were in contrast between the embryo
proper and volk sac membrane; i.e., larger-quantity spots
were fewer in the 48 h culture than in the 24 h culture for

Birth D¢ fects Research (Part B) 80:383-395. 2007

the embryo proper, and vice versa for the yolk sac
membrane. There appeared no relationship between the
quantities and differences of the protein spots

Selected protein spots that were quantitatively differ-
ent between the 48 and 24 h culture were identified by
MS analysis (Tables 3 and 4). It was noted that the larger-
quantity spots in the 24 h culture included some RNA-
binding proteins (special spot numbers (SSPs) 4515, 7406,
7821, 8807) in the embryo proper and some constitutive
enzymes (55Ps 4706, 6602, 9404) in the volk sac
membrane. On the other hand, the larger-quantity spots
in the 48-h culture included serum proteins, i.e., albumin
(SSP 5828), transferrin (SSP 7807), and complement
component 3 (S5Ps 1010, 1017, 2018, 2108, 3006, 4105,
5111, 8009), in the yolk sac membranes.

Differences in 2-DE Profiles Between the Embryo
Proper and Yolk Sac Membrane

Protein spots specific to either the embryo proper (126
spots) or yolk sac membrane (304 spots) are shown in
Figs. 2 and 3. Of these specific spots, proteins identified
so far are shown in Tables 5 and 6. Both embryo proper
and yolk sac membrane had various specific protein
spots, such as enzymes, translation factors, cytoskeletons,
transporters, chaperons, and receptors. These included



