Reprod Dev Biol 34(3) : 263-270 (2010) 263

Protein Patterns on a Corpus Luteum during Pregnancy
in Korean Native Cows

Hak-Jae Chungf, Dong-Min You, Hyo-Ju Kim, Hye-Young Choi, Myeong-Suk Lee, Jin-Bum Kim,
Suck-Dong Lee, Jung-Yong Park and Myeung-Sik Lee

Molecular Animal Reproduction Lab, Hanwoo Experiment Station, National Institute of Animal Science, RDA,
Pyongchang 232-950, Korea

ABSTRACT

Luteal cells produce progesterone that supports pregnancy. Steroidogenesis requires coordination of the anabolic
and catabolic pathways of lipid metabolism. In the present study, the corpus luteum (CL) in early pregnancy esta-
blished from luteal phase and pregnant phase was analyzed. The first study determined progesterone changes in
the bovine CL at day 19 (early maternal recognition period) and day 90 in mid-pregnancy and compared them to
the CL from day 12 of the estrous cycle. CL alternation was tested using two-dimensional polyacrylamide gel
electrophoresis (2-DE) and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF). Comparing CL from luteal phase to those from pregnant phase counterparts, significant changes in expression
level were found in 23 proteins. Of these proteins 17 were not expressed in pregnant phase CL but expressed in
luteal phase counterpart, whereas, the expression of the other 6 proteins was limited only in pregnant phase CL.
Among these proteins, vimentin is considered to be involved in regulation of post-implantation development. In
particular, vimentin may be used as marker for CL development during pregnancy because the expression level
changed considerably in pregnant phase CL tissue compared with its luteal phase counterpart. Data from 2-DE
suggest that protein expression was disorientated in mid pregnancy from luteal phase, but these changes was
regulated with progression of pregnancy. These findings demonstrate CL development during mid-pregnancy from
luteal phase and suggest that alternations of specific CL protein expression may be involved in maintenance of
pregnancy.
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INTRODUCTION 3 B-hydroxysteroid dehydrogenase (Couét et al, 1990),
and P450:7, hydroxylase (Rodgers et al., 1987) have be-

en described for the CL during the bovine luteal phase.

The function of CL is a temporary endocrine gland
formed in the ovary following ovulation and contribu-
tes to estrus/menstrual cycle regularity and the succe-
ssful of pregnancy (Niswender and Nett, 1994). The life
cycle of the CL is a strictly regulated process. In catt-
les, the CL develops, functions, and begins to regress
within 21 days after ovulation during the estrus cycle
but retains a functional lifespan of more than 200 days
during pregnancy (Niswender et al., 2000). Actually, in
most placental mammals the continuation of luteal fu-
nction associated with pregnancy extends well beyond
the period of a single estrus or menstrual cycle and is
required for the establishment of pregnancy for a signi-
ficant portion of gestation. The patterns of activity and
mRNA abundance of the steroidogenic enzymes, cyto-
chrome P450 side-chain cleavage (Rodgers ef al., 1986, 1987),

In general, the mRNA coding for steroidogenic enzy-
mes increase during luteal development and are strong-
ly expressed during the mid-luteal phase (Rodgers et al.,,
1987; Couét et al., 1990). Furthermore, these information
weaken during luteal regression in vivo in the ewe (Haw-
kins et al., 1993), cow (Tian et al., 1994) and in luteini-
zed porcine granulose cells in culture treated with pro-
staglandin Fra (Li et al., 1993).

Proteins in the CL of some mammals, such as ewe
(Bott et al., 2010; Chowdhury et al., 2010), human (Hir-
sch et al, 1977; Channing et al., 1980; Bersinger et al,
2009; Dickinson et al., 2009), sheep (Campbell ef al., 2009)
have been the subjects of many previous studies that
sought to understand how the biochemistry of the ova-
ry and uterine adapts to the presence, and supports the
maintenance of pregnancy. The factors responsible for the
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progressive changing in pregnant CL from luteal cows
are still unknown. In the present study, we used the ex-
cellent resolution afforded by two-dimensional poly-
acrylamide gel electrophoresis (2-DE) and matrix associa-
ted laser desorption/inoozation time-to-flight mass spec-
trometry (MALDI-TOF-MS) to separating complex poly-
peptide mixtures to identify proteins in luteal phase
and pregnant phase CL that are associated with during

pregnancy.

MATERIALS AND METHODS

Animals

These experiments were carried out at Hanwoo Expe-
riment Station and at Reproduction Science department
of National Institute of Animal Science. The National
Institute of Animal Science Agricultural Animal Care
and Use Committee approved animal procedures used in
the experiments. The present study used 25 pubertal
Hanwoo cows at 2~3 years of age. We raised Hanwoo
cows under semi-intensive range condition and fed (07:
00 h and 16:00 h) with a mixture of locally available
gress, corn silage, and concentrates (TDN 544% and
CP 12.8% on DM basis).

Experimental Design

In this study, cows were used based on palpation per
rectum of genitalia and ovaries to assess normality and
the number of follicular waves detected by transrectal
ultrasonography (Aloka 500V, Aloka, Wallingford, CT,
USA) equipped with a 5.0-MHa linear-array transducer
probe. Therefore, we checked on the condition of the
ovary and follicles every two days using ultrasonogra-
phy during the previous estrous cyde and confirmed
the number of follicular waves. The animals were di-
vided into the following three groups: ovariectomy dur-
ing the estrous cycle (not artificial inseminated) on day
12 and 16, with five cows on each day, respectively,
and ovariectomy of five cows after artificial insemi-
nation on day 17. Whereas, a control group containing
seven cows at day 50 of pregnancy was included in
the study. To determine the exact day of ovulation, all
cows recewed GnRH (0.01 mg Buserelin, 2.5 ml of Re-
ceptal™, Intervet, Unterschleifheim, Germany) PGE> a
(05 mg Cloprostenol, 2.0 ml Estrumate™, Essex Tierz-

nei, Munich, Germany) 7 days later and then GnRH 48
hrs after PGF, a. The inseminated cows in the day 60
and day 90 pregnant groups were artificial inseminated
12 and 24 hrs after GnRH application. Blood samples
were collected into 10 ml tubes containing 0.3M EDTA
(BD Vacutainer™, Belliver Industrial Estste, Plymouth, UK)
at 08:00~10:00 hrs daily by puncture of the coccygeal
vessels throughout the estrous cycle until the cows

were ovariectomized. Blood samples were immediately
centrifuged for 20 min at 2,500xg, and the plasma was
then stored at —20T until assayed.

Preparation of Ovaries

Ovaries were obtained from pubertal Hanwoo cows
at the abattoir of National Institute of Animal Science
in Suwon. CL from non-pregnant animals was classi-
fied into three stages by a careful examination of the
reproductive tract as described and validated by Ire-
land ef al. (1980). Briefly, CL-1 phase includes the inter-
val between ovulation and time when the epithelium
grows over the rupture point. During CL-2 phase the
CL is enclosed in epithelium, blood vessels are visible
around the periphery and the apex is red. In CL-3
phase the ovaries contain at least one large follide and
the CL has decreased in size and has no blood vessels
visible on the surface. Ireland et al. (1980) estimated
that the days of the cycle corresponding to these diffe-
rent stages were as follow: CL-1 phase, days 1-5; CL-2
phase, days 6~13; CL-3 phase, days 14~20. CL were
also collected from early pregnant phase (at day 60 of
pregnancy) to mid pregnant phase (at day 90 of preg-
nancy) cows in which the duration of pregnancy was
estimated from the crown-rump length of the fetus. In
addition preovulatory follicles and whole ovaries from
cyclic cows containing follicles but not luteal tissue
were obtained,

Treatment of Ovaries

Whole ovaries were frozen on solid CO, immediately
after collection (10~20 min from slaughter) and stored at
—20C. After partial thawing, the CL or preovulatory
follicles were dissected from the rest of the ovarian
stroma and weighed. The earlier classification was che-
cked by bisecting the CL. A small piece (10~20 mg wet
weight) was removed for progesterone analysis. The
remainder (still mainly frozen) was sliced into cold ex-
traction medium consisting of 15% (v/v) trifluoroacetic
acid, 5% (v/v) formic acid, 1% (w/v) sodium chloride
in IM HCl and homogenized. Exfraction was perfor-
med on individual CL as described by Osnes et al.
{1993).

Measurement of Progesterone

Aliquots of each freeze-dried ovarian tissue extract
were measured in specific ELISA for progesterone. The
progesterone content of the ovarian tissue was esti-
mated by a scaled-down version of the technique des-
cribed by Axelson et al. (1975). The extraction medium
(1.5ml chloroform: methanol, 1:1 v/v) was added to the
frozen tissue sample (10~20 mg) which was then ho-
mogenized for two 15-sec bursts. The homogenized was
placed in an ultrasonic bath for 15 min, mixed then
centrifuged at 10,000xg for 3 min to remove the se-
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diment. The supernatant was dried down under a st-
ream of air the extract was re-dissolved in 1ml proges-
terone assay buffer. Progesterone concentration was mea-
sured by a specific Immunoassay kit (DELFIA®, Bos-
ton, MA, USA) according to the procedure described by
Miyamoto et al. (1992).

2-DE Polyacrylamide Gel Electrophoresis

The corpus luteum tissues were homogenized direc-
tly by motor-driven homogenizer (PowerGen125, Fisher
Scientific) in sample buffer composed with 7 M urea,
2M thiourea containing 4% (w/v)3-[(3-cholamidopropy)
dimethyammonio]-1-propanesulfonate (CHAPS), 1% (w/
v) dithiothreitol (DTT) and 2% (v/v) pharmalyte and 1
mM benzamidine. Proteins were extracted for 1 hr at
room temperature with vortexing. After centrifugation
at 15000xg for 1 hr at 15C, insoluble material was
discarded and soluble fraction was used for two-di-
mensional gel electrophoresis. Protein loading was nor-
malized by Bradford assay (Bradford et al., 1976).

IPG dry strips were equilibrated for 12~16 hrs with
M urea, 2M thiourea containing 2% 3-[(3-cholamido-
propy) dimethyammonio}-1-propanesulfonate (CHAPS),
1% (w/v) dithiothreitol (DTT), 1% pharmalyte and res-
pectively loaded with 200 pg of sample. Isoelectric
focusing (IEF) was performed at 20T suing a Multi-
phor II electrophoresis unit and EPS 3500 XL power
supply (Amersham Biosciences, USA) following manu-
facturer’s instruction. For IEF, the voltage was linearly
increased from 150 to 3,500 V during 3 hrs for sample
entry followed by constant 3,500 V with focusing com-
plete after 96 kVh. Prior to the second dimension, st-
rips were incubated for 10 min in equilibration buffer
(50 mM Tris-HCl, pH 6.8 containing 6 M urea, 2% SDS
and 30% glycerol), first with 1% DTT and second with
2.5 iodoacetamide. Equilibrated strips were inserted on-
to SDS-PAGE gels (20~24 cm, 10~16%). SDS-PAGE
was performed suing Hoefer DALT 2-DE system (Amer-
sham Biosciences, USA) following manufacturer’s inst-
ruction. 2-DE gels were run at 20T for 1,700 Vh. And
then 2-DE gels were silver stained as described by
Oakley et al. (1980) but fixing and sensitization step with
glutaraldehyde was omitted.

Quantitative analysis of digitized images was carried
out using the PDQuest software (version 7.1, Bio-Rad,
USA) according to the protocols provided by the manu-
facturer. Qantity od each spot were selected for the sig-
nificant expression variation over two fold in its expre-
ssion level compared with non-pregnant CL tissues.

MALDI-TOF Analysis Database Search

Protein analysis was performed by using Ettan MAL-
DI-TOF (Amersham Biosciences, USA). Peptides were
evaporated with a N, laser at 337 nm, and using a de-
layed extraction approach. They were accelerated with

20 kv injection pulse for time of flight analysis. Each
spectrum was the cumulative average of 300 laser sh-
ots. The search program ProFound, developed by the
Rockefeller University (http://129.85.19.192/profound_bir/
WebProfound.exe), was used for protein identification
by peptide mass fingerprinting. Spectra were calibrated
with trypsin auto-digestion Ion peak m/z (842510,
2211. 1046) as internal standards.

Statistical Analysis

All data are presented as means+SEM. Plasma and
CL progesterone concentrations were compared using Stu-
dent’s t-test. All analysis of data was by a one way-
ANOVA test on log transformed data followed by pa-
ired by Tukey-Kramer comparison.

RESULTS

Progesterone Level

The plasma progesterone concentrations increased equ-
ally in both the cyclic and pregnant cows up to day
18. However, in comparison with the pregnant cows, a
significant decline in the plasma progesterone concen-
trations of the cyclic cows occurred on day 19.

The visual classification of the CL was supported by
the data on their progesterone content (Fig. 1A). The pro-
gesterone levels' of the CL removed at each stage in-
creased between stage of CL1 and CL2 (p<0.05), and
then dropped precipitously by CL3 stage (p<0.001). On
the other hand, progesterone levels in pregnant cows
were similar to those in mid-cycle (Fig. 1B).

Proteomic Analysis of Cyclic and Pregnant Corpus
Luteum Tissues

The proteins obtained from CL tissue of luteal phase
(CL-2) and at day 90 of pregnant was applied to 2-DE.
The protein spots visualized with silver stain. After st-
aining, the number of spots was estimated by using
PDQuest software; approximately 600~900 spots were
determined. The 2-DE experiment was repeated at least
7 times on both luteal (n=5) and pregnant (n=4) CL ti-
ssue samples. Quantity of each spot was normalized by
total valid spot intensity. In Hanwoo, luteal phase (CL-
2) and pregnant luteal tissue samples to the investiga-
tion of the differential protein expression surface-en-
hanced laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS, Micromass, UK) techni-
que was used (Fig. 2).

Additionally, protein spots were selected for the sig-
nificant expression variation deviated over two fold in
pregnant CL proteins profile expression level compared
with luteal phase CL proteins. Only the protein spots
that fulfilled p<0.05 were selected. In this way, we fo-
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Fig. 1. Changes of plasma progesterone concentrations are indicated with white bars during the estrous cycle and black bars during
pregnancy. (A) In the cyclic cows, 5 samples are indicated for cydic days 1~13, and 6 samples are indicated for cyclic days 14~20. (B)
Luteal phase progesterone concentrations during the estrous cycle on CL-l{day 1~5, n=5), CL-2(6~13, 1=5), CL-3(14~20, n=5) and on day
60(n=5) and on day 90(n=5) of pregnancy. All values are shown as means+SEM.

&)

Fig. 2. Peptide fingerprint obtained by mass spectrometry of protein spots that showed in luteal phase (CL-3) and at day 90 of pregnancy.
(A) The peak shown on the peptide fingerprint correspond to fumarate hydratease, (B) the peaks shown on the peptide fingerprint correspond
to manganous superoxide dismutase. Protein information retrieved from NCBI web site.

und 32 spots that exhibit statistically significant varia-
tions (Fig. 3). After the statistical analysis, MALDI-TOF
mass spectrometric analysis was performed for all of
the selected protein spots. This analysis was performed
at least three times for each protein spot, and 23 pro-
teins were clearly identified (Table 1).

Proteins Differentially Expressed in Pregnant Luteal
Tissue

From the group of 32 spots, 23 spots were identified
by MALDI-TOF MS. The identified proteins are listed
in Table 1 and their position on the 2-DE gel map was
marked by SWISS-PROT accession number (Fig. 3). Pro-
teins of all listed in Table 1 provided with their mo-

lecular mass, experimental corresponding percentile in
an estimated random match population (Est'dz score).
A comparison of the density of the spots identified on
the reference map between the luteal phase and pre-
gnant CL tissues showed that 6 protein spots were sig-
nificantly increased (Fig. 3A and Table 1), 17 protein
spots were significantly decreased (Fig. 3B and Table 1)
in pregnant CL tissue.

DISCUSSION

The validity of this study dependent on the accuracy
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Fig. 3. 2-DE map of luteal proteins obtained from luteal phase (A)

and corpus luteum at day 90 of pregnancy (B). Blue square boxes are
control marker.

with which the CL were dated and this subject there-
fore merits a careful consideration. The comparison has
been made between the blood and progesterone con-
tents of CL in this study with previously reported va-
lues (Veenhuizen et al., 1972; Axelson et al., 1975; Ire-
land et al, 1980). In the present study, during CL-1
phase the CL still has a soft consistency and may con-

tain a pool of blood. When dissecting the ovary fresh
it is more difficult to be certain that all the tissue has
been obtained, particularly if the CL is removed at
laparotomy rather than at slaughter. As shown in Fig.
1, the plasma progesterone concentrations on day 17 of
the pregnant cows significant deviated from those of
luteal phase cows on day 17. This means that the sig-
nificant deviation occurred at the time of expected on-
set of luteolysis. This result correlates with findings of
Chagas and Lopes (2005), who indicated that the plas-
ma progesterone concentrations of pregnant heifers (by
artificial insemination or embryo transfer) significantly
deviate from those of non-pregnant and non-bred hei-
fers on day 17. On the other hand, no change in the ti-
ssue progesterone concentrations could be observed bet-
ween the CL of the cyclic and pregnant cows, which is
in agreement with a previous reported (Erb et al,
1968). Although luteal progesterone appears to be pro-
duced to maintain early pregnancy during the mid-lu-
teal phase in cyclic cows, there are some independent
mechanisms between production of progesterone within
the CL and secretion of progesterone into the circula-
tion. Nevertheless, the mechanism regulating progeste-
rone release into the circulation is still unknown.

In the present study, we examined the analysis of pro-
gesterone levels of luteal and pregnant phase, and re-
port the protein patterns of luteal-pregnant phase. The
physiological activity of most CL existed for mainte-
nance of pregnancy. In addition to proteomics is becom-
ing a widely used approach to study cellular mechani-
sms. The study of proteins and post-translational mo-
difications adds to what can be learned from genomic
studies (Nelson et al., 2000). In the present work, 2-DE
and MALDI-TOF MS were used as a proteomic tool,
protein expression profiles were compared between lu-
teal phase and pregnant CL tissues (see Fig. 3, panels
A and B). This report identified 23 proteins of which
expression levels were significantly different between
luteal phase and pregnant phase CL tissues. These id-
entified results were comprised of post-translational pro-
tein.

Ulp 1 protease family (small ubiquitin-like modifier,
SUMO), have been identified in eukaryotic organisms
(Melchior, 2000; Schwartz and Hochstrasser, 2003; Doh-
men, 2004). SUMOylation influences stability, interaction,
cellular localization, and activity of proteins and there-
by regulates processes such as DNA repair (Hoege et
al., 2002; Pfander et al., 2005), nuclear transport (Stade
et al, 2002), transcription regulation (Ross et al., 2002;
Sapetschnig et al., 2002), chromosome segregation (Na-
cerddine et al., 2005), and ion channel activity (Rajan et
al., 2005). Interestingly, vimentin related intermediated
filament proteins in luteal phase CL tissue were not
detected on 2-DE analysis (Fig. 3). Vimentin expression
is required for maintenance of pregnant CL in cows
(Fenyves et al, 1993). Vimentin coexpressed in tropho-
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Table 1. The 23 proteins for which expression differed between luteal phase and corpus luteum at day 90 of pregnancy

Spot No. AN* Protein name Est'dz**
Expression of luteal phase

2324 BAD32240 mKIAAQ518 protein [Mus musculus] 1.84
Chain 5, crystal structure of the mammalian 20s proteasome

201 HIRUS At 275 A Resolution 17

2504 AB3661 Protem—tyrosme—Phosphatase (EC 3.1.3.48), receptor type O 087
precursor - rabbit
Similar to homo sapiens mRNA for KIAA0120 gene with

3000 AAGO199 GenBank Accession Number D21261.1 13

3109 XP 203443 Similar to bM§73K1.5 (novel Ulpl protease family member) 123
[Rattus norvegicus}

3407 AAB37381 IgG1 heavy chain constant region [Bos taurus] 187
Chain O, Cu, Zn superoxide dismutase (E.C.1.15.1.1) mutant

5113 350D0 with Cys 6 replaced by Ala (Céa) 171

5215 1IBWYA Chain A, Nmr study of bovine heart fatty acid binding protein 211

6004 P02070 Hemoglobin beta chain 119

P33097 Aspartate aminotransferase, cytoplasmic (Transaminase A)

6523 {Glutamate oxaloacetate transaminase-1) 223
Alpha enolase (2-phospho-D-glycerate hydro-lyase) (NNE})

6606 XS4 (Enolase 1) (Phosphopyruvate hydratase) 239

6814 Qo443 Serolra]nsferﬁn precursor (Transferrin) (Siderophilin) (Beta-1-metal binding 237

: globulin)

7135_ R D41344 Lutropin-choriogonadotropin receptor precursor (splice form D) 102

7513 AACB3646 Dystrophin [Canis familiaris) 117

7814 CAA61864 put. 265 protease subunit [Sus scrofi] 234

8633 P10173 Fumarate hydratase, mitochondrial (Fumarase) 2.32

6226 P00939 Triosephosphate isomerase (TIM) 145

Expression of pregnany phase

2509 P48616 Vimentin 237

4223 XP_218574 Similar to BC013491 protein [Rattus norvegicus} 1.03

5212 P13620 ATP synthase D chain, mitochondrial 2

6311 1V9EB Chain B, Crystal structure analysis of bovine carbonic anhydrase Ii 23

6224 P41976 Superoxide dismutase [Mn], mitochondrial precursor 2.38

7813 AACe0522 Manganous superoxide dismutase; MnSOD [Bos taurus] 237

* AN: Accession Number (NCBI search)

* Est'dz: Z score (corresponding percentile in an estimated random match population 2.326=99%, 1.65=95%, 1.282=90%).

blast cells in human (Vicovac and Aplin, 1996) amd mou-
se (Souza and Katz, 2001). Therefore, aberrant expre-
ssion of vimentin was likely indicative of future CL in
pregnant cows. The vimentin appear to be useful diag-
nostic marker of functional CL during pregnancy.
Manganous sueroxide dismutase (MnSOD), a reactive

oxygen scavenging metalloenzyme, catalyzes the con-
version of superoxide radicals to hydrogen peroxide and
oxygen inside mitochondria (McCord and Fridovich,
1969). The endotoxin-induced increase in MnSOD could
contribute to the reported protective effect of endotoxin
against oxygen toxicity in bovine endothelial cells (Shi-
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ki et 4l 1987). Chronic exposure to endocrine stress (pre-
gnant) is also known to cause a variety of patho-pht-
siological changes in endocrine system, resulting in ch-
anged steroidogenesis.

In conclusion, pregnant cows were noted have func-
tionally developed CL resulting from atypical develop-
ment of the luteal tissues. This was associated with aty-
pical gene expression. Accordingly, this study carried
out an extensive proteomic analysis of luteal tissues
from luteal phase and pregnant phase and identified
proteins showing significant differences in the expressi-
on level. These proteins were classified according to
the viral factor as being involved in luteal and preg-
nant CL tissues. These results suggest strongly that the
expression pattern of proteome in pregnant CL tissue is
associated atypical protein expression.
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