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ABSTRACT 

 
Pregnancy-Associated Glycoprotein (PAG) is a specific glycoprotein which associated to 

pregnancy. It is secreted by embryo as a signal of pregnancy before implantation. The aim of the study 

was to identify the molecular weight of  PAG in Jawarandu goat. Placentas were obtained  after labor 

to made the cotyledon extract. The study conducted through four stages, namely the extraction, 

purification performed using acid precipitation (H3PO4 1 M, pH 4.7) and salt precipitation ((NH4)2SO4 

40% dan 80%), filtration using Sephadex G-75®, and identification the molecular weight of PAG using 

SDS-PAGE. Protein bands appeared on SDS-PAGE in the K-8 column showed two protein bands with 

molecular weight namely 43.61 kDa and 28.21 kDa. These two molecule could be used as a marker of 

early pregnancy in Jawarandu goat. 
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Identifikasi Pregnancy-Associated Glycoprotein (PAG) pada Kotiledon Kambing 

Jawarandu 

 

ABSTRAK 

 
Pregnancy-Associated Glycoprotein (PAG) merupakan molekul glikoprotein yang berkaitan 

dengan kebuntingan. Molekul PAG disekresikan sebagai salah satu sinyal kebuntingan dari embrio 

kepada induk sebelum proses implantasi. Penelitian ini bertujuan untuk mengidentifikasi bobot 

molekul PAG pada kambing Jawarandu. Identifikasi PAG diperoleh dari ekstrak kotiledon yang 

dikumpukan setelah induk melahirkan. Proses penelitian dilakukan dengan empat tahap, yaitu 

ekstraksi, purifikasi larutan menggunakan presipitasi asam (H3PO4 1 M, pH 4.7) dan garam 

((NH4)2SO4 40% dan 80%), filtrasi larutan menggunakan Sephadex G-75
®
, dan identifikasi bobot 

molekul PAG menggunakan SDS-PAGE. Bobot molekul protein yang muncul pada SDS-PAGE pada 

kolom K-8 menunjukkan adanya dua pita protein dengan bobot molekul 43,61 kDa dan 28,21 kDa. 

Molekul tersebut diduga dapat digunakan sebagai penanda kebuntingan dini pada kambing 

Jawarandu. 

 

Kata kunci: PAG, Kotiledon, Kambing Jawarandu, SDS-PAGE 

 

 

INTRODUCTION 

 

Nowadays, various techniques have 

been applied for detecting early pregnancy 

such as ultrasonography, progesterone assay, 

radiography (Medan et al., 2004; Zamfirescu 

et al., 2011) and DEEA GestDect 

(Samsudewa et al., 2008) as early as 21 days 

or even less after insemination,. However, 

those methods remained unsatisfaction on 

farm (Setiatin et al., 2009). Therefore, it is 

necessary to develope simple and accurate 
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methods of early pregnancy detection which 

is applicable on farm. Early pregnancy 

detection could be performed by the 

endocrine component of the maternal 

(Gnatek et al., 1989) and physiological and 

biochemical interactions in uterus (Ko et al., 

1991). One of the biochemical compounds 

which signing early pregnancy formed in 

proteins called as Pregnancy-Associated 

Glycoprotein (PAG) (Lopez-Gatius et al., 

2007; Gajewski et al., 2008; Zamfirescu et 

al., 2011). 

Pregnancy-Associated Glycoprotein is 

a molecule produced by tropoblastic cells 

(Perenyi et al., 2002), part of the aspartic 

protein synthesized by the superficial 

epithelial layer (mono and binucleic) of 

placental cells (Karen et al., 2003; Sousa et 

al. 2006). Karen et al. (2003) stated that 

glycoprotein is a good marker of successful 

conception. Glycoproteins which 

synthesized by the placenta secreted into the 

fetal circulation (Zoli et al., 1992). Keren et 

al. (2003) explained that ovinePAG was 

detected at 3 weeks after insemination. This 

molecule keep secreted along gestation 

period (Setiatin et al., 2009), and remained 

until 4-5 days after parturition (El Amiri et 

al., 2007). This moleculs could be detected 

through maternal blood (El Amiri et al., 

2004; Echternkamp et al., 2006; Sousa et al., 

2006) and milk (Patel et al., 1997; Gajewski 

et al., 2008), but its existence have not been 

proven yet on urine. 

Previous study have examined PAG as 

early pregnancy marker using RIA and 

ELISA. It has been applied as early 

pregnancy detection in dairy cattle at 21-28 

days after artificial insemination (Xie et al., 

1996; Perenyi et al., 2002; Piechotta et al., 

2010). Either Zoli et al. (1992) on 

bovinePAG (boPAG) which isolated from 

cotyledons could be detected accurately 

using RIA as early pregnancy detection with 

an accuracy of 94.65%. Similar results were 

shown by Piechotta et al. (2010) that used 

ELISA to detect PAG with a success 

percentage of 97.8%. In addition Perenyi et 

al. (2002) stated PAG either could be used to 

predict the health of fetus, placental 

abnormalities, embryonic mortality, and 

abortion. 

Several types of PAG molecules could 

be isolated from the cotyledons using 

biochemical procedures (Sousa et al., 2006). 

Some previous study have been carried out 

to identify the PAG of each breeds and 

species. Garbayo et al. (1998) showed the 

molecular weight of PAG in cattle and goat 

at 67 kDa and 55 kDa of 48-69 day of 

gestation. Karen et al. (2003) had isolated 

ovinePAG (ovPAG) with molecular weights 

ranging from 55-59 kDa at under 50 days of 

gestation. While Setiatin et al. (2009) 

obtained ovPAG in Garut sheep at 30.86 

kDa of molecular weight at labor. 

Some research showed that PAG have 

a various range of molecular weight among 

breeds and species. It is necessary to identify 

the molecular weight of PAG in Jawarandu 

goat to enlarge the data record. For that, the 

purpose of this study was to identify and 

determine the molecular weight of PAG in 

Jawarandu goats which could be used as 

starting effort to produce anti-PAG as early 

pregnancy detector.  

 

MATERIALS AND METHODS 

 

Materials 

 

Jawarandu goat fetal cotyledons were 

collected after labor. As the previous study 

conducted by Setiatin et al. (2009) placentas 

were collected immediately after labor (non 

invasive). Cotyledons sample were obtained 

from 5 goats, yielding a total amount of 

cotyledon for 306,56 g. Material which used 

on this study were Phosphate Buffered 

Saline (PBS), H3PO4 1 M, KOH 1 M, 

(NH4)2SO4, Tris-HCl 0,01 M, Sodium 

Sulfate Poly Acrylamide Dedocyl 

Electrophoresis (SDS-PAGE), acylamide, 

bis-acrylamide, TEMED, APS, aquabidest, 

Commassie Brilliant Blue, methanol, acetic 

acid, monogel, Board Range Standard
®

 as 

molecular weight marker, Sephadex-G75
®

, 

and polyethylene glycol™ 6000 (Merck
®

). 

The tools which used were blender, stirrer, 

Refrigerated High Speed  Centrifuge 
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(Hitachi
®

) and ultracentrifuge (Optima™ L-

100, Beckman Coulter
®

), 50 ml 

centrifugation tube, electrophoresis kits, cool 

box, scaled pipet, and beaker glass, column 

filtration, and membrane dialysis tubing
™

 

(Sigma-Aldrich
®

). 

 

Methods 

 
1.  Extraction Placental cotyledons 

Fetal cotyledons were separated from 

placental membrane then washed with 0.9% 

NaCl and stored at -20ºC (Barbato et al., 

2007). Extraction was performed using 

Setiatin et al. (2009) method. Cotyledons 

were mashed and homogenized for 10 

minutes in Phospate Buffered Saline with a 

ratio of buffer to tissue of 3:1 (v/w), then 

stirred gently for 12 hours. Solution were 

then centrifuged using the High-Speed 

Refrigerated Centrifuge (5000×g, 4ºC, 30 

min). Supernatant was separated from the 

precipitate, then dialyzed using membrane 

dialysis tubing (Sigma-Aldrich
®

) and 

polyethylene glycol 6000 (Merck
™

) until 1/3 

of the initial volume. 

2.  Purification using Acid and Salts 

Precipitation  

Acid precipitation was performed 

using 1 M H3PO4, adjusted to pH 4,5 and 

stirred gently for 2 hours then stored for 12 

hours at 4ºC. The supernatant was then 

centrifuged at 27.000×g, 4ºC, for 30 minutes 

and separated from its precipitate. Its pH 

was readjusted using 1 M KOH up to 7,6. 

Sal (NH4)2SO4 to 40% saturation. The 

solution was homogenized, and then stored 

for 12 hours to react. Supernatants were 

separated by ultracentrifuge (27.000×g, 4ºC, 

30 minutes). Salt precipitation performed 

using (NH4)2SO4 at 40% and 80% saturation. 

Dry ammonium sulphate was slowly added 

to the supernatant, then allowed to react for 

12 hours at  4ºC, then separated the 

supernatant using ultracentrifuge (27.000×g, 

4ºC, 30 minutes). Continued for salt 

precipitation at 80% saturation through the 

same way. The supernatant obtained from 

80% salt precipitation was submitted for 

chromatography. 

3.  Filtration Chromatography of Extract 

Cotyledons and Measurement of 

Protein Concentration 

 

The solution obtained from 40%-80% 

saturated ammonium sulphate was filtered 

on a Sephadex G-75
®

 column which had 

been equilibrated  using 0.05 M NH4 HCO3 

buffer. Fractions isolated from 

chromatography were collected in 3 ml 

sample tube until the solution was drained.  

The total protein concentrations were 

measured using spectrophotometer (λ=700 

nm) to determine the highest protein. 

Absorbances of the fractions were collected 

in the graphic to determine the sample which 

had the highest protein concentration. 

Sample with the highest protein 

concentration was then used for 

identification of PAG molecular weight 

using SDS-PAGE. 

4. Analysis of the PAG electrophoresis. 

 Running gel and stacking gel was 

made at a concentration of 14% and 4%. The 

composition of the gel separator was made 

with acylamide 40%, 2% bis-acrylamide, 

TEMED, APS 10%, dH2O, Tris-HCl buffer 

(pH 8.8), and the stacking gel pH 6.8. 

Characterized using Standard Broad Range
®

 

molecular weight marker at 5-250 kDa. 

Electrophoresis performed at 100 volts for 

90 minutes. Once completed, the gel was 

stained with Commassie Brilliant Blue. 

SDS-PAGE had 9 wells which used to 

identified 8 sample from each stage of 

extraction. Each well loaded with one 

sample solution from each stage for protein 

identification (Table 1). 

Determination of molecular weight 

standardized using regression between 

molecular weight and the relative migration 

of markers (data are not shown). It resulted a 

regression formula as follow: 

Y = -1.35152X + 2.26128; R
2 

= 0.935 

Y : molecular weight (kDa) 

-1.35152 : coefficient of relative migration 

X : relative migration of protein 

band 

2.26128 : constanta 

R
2 

= 0.935 : coefficient of determination 
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Table 1. Formation of Containing Sample Loaded to SDS-PAGE 

Wells Lane Code Sample 

1 K-8 Final extract 

2 M Marker 

3 K-1 Rough cotyledon extract 

4 K-2 Rough cotyledon extract 

5 K-3 Rough cotyledon extract 

6 K-4 Dialysis of rough cotyledon extract  

7 K-5 Acid precipitation 

8 K-6 Salt precipitation at 40% saturation 

9 K-7 Salt precipitation at 80% saturation 

 

Table 2. Protein Concentration of Each Extraction Stage 

Extraction Stage Code Protein Concentration 

(ng/ml) 

Rough Cotyledon Extract K-1 0,425 

Rough Cotyledon Extract K-2 0,436 

Rough Cotyledon Extract K-3 0,451 

Dialyzed Cotyledon Extract K-4 1,306 

H3PO4 Precipitation K-5 0,876 

40% (NH4)2SO4 Precipitation K-6 0,813 

80% (NH4)2SO4 Precipitation K-7 0,747 

Chromatographed Isolate (Precolumn  SDS-PAGE) K-8 0,085 

 

 

RESULTS AND DISCUSSIONS 

 
Precipitation of extract cotyledon 

solution using phosphate acid (pH 4.5) and 

ammonium sulfate at 40% and 80% 

saturation (pH 7.6) led to decreased protein 

concentration. Decreasing of protein 

concentration illustrated that large proteins 

had been bound during acid and salt 

precipitation (Table 2). Setiatin et al., (2009) 

explained that precipitation was aimed to 

eliminate large protein, so it only remained 

small proteins in extracts of cotyledons. The 

final isolate from cotyledon extract contain 

0,085 ng/ml of total protein concentration. 

Cotyledon extract of Jawarandu goat 

showed some protein bands on SDS-PAGE. 

It was classified in to five different protein 

bands, mentioned as 100s kDa, 90s kDa, 80s 

kDa, 70s kDa 40s kDa, and 20s kDa (Figure 

1). Those five groups of protein bands 

identified at lane K-1 to K-7. Acid and salt 

precipitation were succeed to decrease the 

protein concentration, but not eliminate 

protein content. Protein appeared in SDS-

PAGE relatively had the low molecular 

weight, as described Gnatek et al. (1989) 

that conception produced a number of 

proteins with low molecular weight derived 

from the trophoblast. Explained further by 

Sumadiasa and Yuliani (2008) that the 

molecular weight of protein secreted by the 

goat embryo as early pregnancy signals 

varies, mentioned as 100, 95, 55, 43, 28, and 

18 kDa. 

The PAG molecules of Jawarandu goat 

were contained in fraction obtained from 

Sephadex G-75 column chromatography 

(lane K-8). It showed two protein bands with 

molecular weight namely 43.61 kDa and 

28.21 kDa. The molecular weight of PAGs 

in Jawarandu goat were smaller than the 

other caprinePAG (caPAG) isolated by 

Garbayo et al. (1998) which had molecular 

weight 55 kDa. Other PAG which isolated 

from goat cotyledons have 3 molecular 

weight at 55, 59, and 62 kDa (Sousa et al., 

2006). Likewise, it were smaller than sheep 

which had molecular weight ranged between 

55-59 kDa or 58-61 kDa (Karen et al., 2003;
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Figure 1.  Identification the PAG of Jawarandu Goat using SDS-PAGE. 

(M = marker, K-1 – K-4 = rough cotyledon extract, , K-5 = acid precipitation, K-6 = salt 

precipitation (40%), K-7 = salt precipitation (80%), K-8 = Sephadex G-75
®

 filtration) 

 

 

El Amiri et al., 2004) extacted at different 

gestation. Perenyi et al. (2002) conducted 

purification cotyledons at 50 days gestation 

age that produces a protein with a molecular 

weight of 67 kDa. While El Amiri et al. 

(2003) have isolated three types of PAG of 

fetal cotyledons at 60-100 days gestation and 

characterized by its molecular weight as 

ovPAG-55, ovPAG-5, and ovPAG-59. 

One of the protein bands appeared 

have a molecular weight of 28.21 kDa. It 

showed nearly similar with Setiatin et al. 

(2009) who had found ovPAG in Garut 

sheep as 30.86 kDa. Other protein which 

appeared have molecular weight as 43,61 

kDa. It was reported by Sumadiasa and 

Yuliani (2008) that protein with 43 kDa of 

molecular weight ever been found in goat 

embryo through in vitro fertilization. Those 

protein also nearly similar with Green et al. 

(1999) that found equinePAG (eqPAG) with 

molecular weight about 41 kDa in 

Artiodactyle (horse and zebra). PAG which 

had similar molecular weight composed by 

the same identity of amino acid sequences 

ranging from 60-90% among species (El 

Amiri et al., 2004), and 80% among breeds 

(Sousa et al., 2006). Both of those protein 

bands (28,21 and 43,61 kDa) have an 

possibility as early pregnancy marker in 

Jawarandu goat. Some placental protein 

found specifically and could be used to 

detect early pregnancy (Gnatek et al., 1989; 

Garbayo et al., 1998; Perenyi et al., 2002). 

This study have identified that 

Jawarandu goat have two PAG molecules, 

namely 20s kDa and 40s kDa. Those two 

molecules are having possibility to be used 

as biomarker of pregnancy detection kit. 

Further studies are needed to figure out the 

existence of PAG molecules on maternal 

blood, milk, and urine. 

 

CONCLUSIONS 

 
SDS-PAGE identified that 

caprinePAG (caPAG) of Jawarandu goat 

have two molecular weight, namely of 43.61 

kDa and 28.21 kDa. These two molecules 

could be expected as the marker of early 

pregnancy in Jawarandu goats. 

 

REFERENCES 

 
Echternkamp, S.E., K.A. Vonnahme, J.A. Green, 

and S.P. Ford. 2006. Increased vascular 



Identification of Pregnancy-Associated Glycoprotein (PAG)… (Permana et al.) 61  

endothelial growth factor and pregnancy-

associated glycoprotein, but not insulin-

like growth factor-I, in maternal blood of 

cows gestating twin fetuses. Journal of 

Animal Science 84 : 2057-2064. 

El Amiri, B., B. Remy, N.M. Sousa, B. Joris, N. 

Gerardin-Ottiers, H.B. Mboko, and J.F. 

Beckers. 2003. Isolation and partial 

characterization of threepregnancy-

associated glycoproteins from the ewe 

placenta. Journal of Reproduction and 

Development 64: 199–206. 

El Amiri, B., B. Remy, N.M. Sousa, J.F. 

Beckers. 2004. Isolation and 

characterization of eight pregnancy 

associated glycoproteins present at high 

levels in the ovine placenta between day 

60 and day 100 of gestation. Journal of 

Reproduction, Nutrition, and 

Development 44 : 169-181. 

El Amiri, B., A. Karen, J.Sulon, N.M. De Sousa, 

A.V. Alvarez-Oxiley, Y. Cognic, O. 

Szenci and J.F. Beckers. 2007. 

Measurement of ovine pregnancy-

associated glycoprotein (PAG) during 

early pregnancy in lacaune sheep. 

Reproduction of Domestic Animals : 

1110-1113. 

Gajewski, Z., M. Pertajtis, N.M. Sousa, J.F. 

Beckers, B. Pawlinski, F. Janett. 2009. 

Pregnancy-associated glycoproteins as a 

new diagnostic tool in cattle reproduction. 

Schweizer fur Tierheilkunde 151 (12): 

577-582. 

Gajewski, Z., N.M.D. Sousa, J.F. Beckers, B. 

Pawlinski, M. Olszewka, R. Thun, and M. 

Kleczkowski. 2008. Concentration of 

bovine pregnancy associated glycoprotein 

in plasma and milk: its application for 

pregnancy diagnosis in cows. Journal of 

Physiology and Pharmacology. 59 (9): 55-

64. 

Garbayo, J.M., B. Remy, J.L. Alabart, J. Folch, 

R. Wattiez, P. Falmagne, and J. F. 

Beckers. 1998. Isolation and partial 

characterization of a pregnancy-associated 

glycoprotein family from the goat 

placenta. Journal of Biology Reproduction 

58 : 109-115. 

Gnatek, G.G., L.D. Smith, R.T. Duby and J.D. 

Godkin. 1989. Maternal recognition of 

pregnancy in the goat: effects of 

conceptus removal on interestrus intervals 

and characterization of conceptus protein 

production during early pregnancy. 

Journal of Biology Reproduction 41: 655-

663. 

Green, J.A., S. Xie, B.Szafranska, X. Gan, A.G. 

Newman, K. McDowell, and R.M. 

Roberts. 1999. Identification of a new 

aspartic proteinase expressed by the outer 

chorionic cell layer of the equine placenta. 

Journal of Biology Reproduction 60 : 

1069-1077. 

Karen, A., J.F. Beckers, J. Sulon, B. El Amiri, K. 

Szabadoz, S. Ismail, J. Reizzeigel, and O. 

Szenci. 2003. Evaluation of false 

transrectalultrasonographic pregnancy 

diagnoses in sheep by measuring the 

plasma level of pregnancy associated 

glycoprotein. Journal of Reproduction, 

Nutrition and Development 43 : 577-586. 

Ko, Y., Y. Lee, T.L. Ott, M.A. Davis, R. C. M. 

Simmen, F. W. Bazer, and F. A. Simmen. 

1991. Insulin-like growth factors in sheep 

uterine fluids: concentrations and 

relationship to ovine trophoblast protein-1 

production during early pregnancy. 

Journal of Biology Reproduction 45:135-

142. 

Lopez-Gatius, F., R.H.F. Hunter, J.M. Garbayo, 

P. Santolaria, J. Yaniz, B. Serrano, A. 

Ayad, N.M.D. Sousa, and J.F. Beckers. 

2007. Plasma concentrations of 

pregnancy-associated glycoprotein-1 

(PAG-1) in high producing dairy cows 

suffering early fetal loss during the warm 

season. Theriogenology 67 : 1324-1330. 

Medan, M., G. Watanabe, G. Absy, K. Sasaki, S. 

Sharawy, and K. Taya. 2004. Early 

pregnancy diagnosis by means of 

ultrasonography as a method of improving 

reproductive efficiency in goats. Journal 

of Reproduction and Development 50 (4): 

391-397. 

Perenyi, Z.S., H. Desbuleux, J. Sulon, O. Szenci, 

H. Banga-Mboko, N.M. Sousa, B. El 

Amiri, and J.F. Beckers. 2002. Ability of 

three different antisera to recognize 

pregnancy-associated glycoproteins in 

heifer during the first fifty days of 

gestation. Faculty of Veterinary Medicne, 

Liege University, Belgium. 

Piechotta, M., J. Bollwien, M. Friedrich, T. 

Heilkenbrinker, C. Passavant, J. Branen, 

G. Sasser, M. Hoedemaker, and H. 

Bollwein. 2010. Comparison of 

commercial ELISA blood test for early 

pregnancy detection in dairy cow. Journal 

of Reproduction and Development 1-13. 



62  Sains Peternakan Vol. 11 (2), 2013 

Samsudewa, D., A. Lukman, E. Sugiyanto, dan 

E. T. Setiatin. 2008. Uji konsistensi, 

akurasi, dan sensitivitas deteksi 

kebuntingan ternak DEEA Gestdect pada 

sapi. Journal of Animal Production 10 1: 

12-15. 

Setiatin, E.T., D. Sajuthi, B, Purwantara, C. 

Talib. 2009. Ekstraksidanisolasi ovine 

pregnancy-associated glycoprotein 

(ovPAG) dari kotiledon plasenta domba 

garut saat melahirkan. Jurnal  Ilmu Ternak 

dan Veteriner 14 (3): 208-215. 

Sousa, N.M., A. Ayad, J.F. Beckers, and Z. 

Gajewski. 2006. Pregnancy-associated 

glycoprotein (PAG) as pregnancy markers 

in the ruminant. Journal of Physiology and 

Pharmacology 57 (8): 153-171. 

Sumadiasa, I. W. L., dan E. Yuliani. 2008. 

Ekspresi protein spesifik embrio 

praimplantasi kambing secara in vitro 

sebagai sinyal kebuntingan. Jurnal 

Veteriner 9 (2): 79-86. 

Xie, S., R. J. Nagel, J. Green, J.F. Beckers, and 

R.M. Roberts. 1996. Trophoblast-spesific 

processing and phosphorylation of 

pregnancy associated glycoprotein-1 in 

day 15 to 25 sheep placenta. Journal of 

Biology Reproduction 54: 122-129. 

Zamfirescu, S., A. Anghel, D. Nadolu, and N. 

Dobrin. 2011. Plasmatic profiles of 

pregnancy-associated glycoprotein and 

progesterone levels during early 

pregnancy in Carpathian goat. Annuals of 

Romanian Society of Cell Biology 16 (2): 

50-53. 

Zoli, A.P., L.A. Guilbault, P. Delahaut, W. B. 

Ortiz, and J. F. Beckers. 1992. 

Radioimmunoassay of a bovine 

pregnancy-associated glycoprotein in 

serum: its application for pregnancy 

diagnosis. Journal of Biology 

Reproduction 46: 83-92. 

 


