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INTRODUCTION

The proteomic study particularly in pregnancy-
related proteins has become interest to some researchers 
whose intentions not only targeted to human, but also 
act as an important tool in improving the livestock 
production (Romano & Larson, 2010; Friedrich & Holtz, 
2010). The study of placental protein helps determine 
the function of specific protein in regulating the preg-
nancy. Pregnancy-associated glycoprotein (PAG) is 
produced by binucleate cells of the trophectoderm of 
ruminants (Touzard et al., 2013) and it can be detected 
started from the third week of pregnancy until parturi-
tion in the serum of pregnant cows (Abdulkareem, et 
al., 2010; Wallace, et al., 2015). The PAG can be detected 
during the third weeks of pregnancy until parturition 
in the serum of pregnant cows and this makes it a po-
tential pregnancy marker tool that may help improve 
the breeding system in ruminant livestock industry 
(Piechotta et al., 2011; Wallace et al., 2015; Chaves et al., 
2017). 

The preliminary step of protein purification is 
aimed at concentration of the protein sample which 
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ABSTRACT

Protein extraction is a preliminary step of protein purification which mainly focus on maximiza-
tion of total protein yield. The heterogeneous properties cause diversification of protein; therefore, 
there is no absolute protocol in protein extraction. The ratio of buffer gives different protein concen-
trations in different types of mammalian tissues, and this condition leads to the study of optimiza-
tion of buffer ratio to obtain a better total protein yield. The objectives of this study were to compare 
the total protein yield based on three different ratios of buffer used. The phosphate buffer saline 
(PBS), radioimmunoprecipitation assay (RIPA) buffer, and RIPA buffer with the addition of protease 
inhibitor (Pi) were used with the ratios of 1:1, 1:3, and 1:5. Fetal cotyledons removed from the placenta 
have undergone mechanical disruption, incubation, sonication, and centrifugation. The supernatant 
was retained and quantified with Bradford assay to determine the total protein yield based on the 
standard curve of bovine serum albumin (BSA). There was a statistically significant different between 
buffer ratio (p<0.5) in RIPA and RIPA with addition of protease inhibitor buffers. RIPA buffer with 
the ration of 1:1 gave the best total protein yield (194.880±15.089 mg/g). As a conclusion, there was 
a significant interaction between buffer types and have greatly enhanced the total protein yield ob-
tained from placental cotyledons of Kedah-Kelantan cattle.
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in term of processing volume and increase the portion 
of target protein in total protein. However, due to the 
diversity of protein in term of structures and proper-
ties and is heterogeneous, there is no exact extraction 
method that able to produce a similar result in different 
types of protein. Hence, the function and mechanism 
of specific protein in regulating the pregnancy and the 
main problem leading to pregnancy disorder can be 
identified. Therefore, the protein extraction is one of 
the key factors in ensuring the succeed of the proteomic 
study by maximizing the total protein yield extracted 
from culture cells or tissues. Few factors must be taken 
into consideration prior to maximizing the crude protein 
yield as the protein is a very sensitive to the high fluctu-
ations of temperature, pH, and the presence of protease 
as well as the location of targeted protein in the tissue.

The presence of buffer is very important since the 
change of pH can affect the protein structure and the 
changes in the force of attraction between the groups 
of side chains of the protein could lead to the unfold 
and dysfunction of the protein. Different types of buf-
fer were used in the protein extraction of PAG in some 
researches such as potassium phosphate buffer, PBS 
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and Tris-HCl buffer with different ratios (Majewska et 
al., 2011; Barbato et al., 2013; Zhao et al., 2014). Hence, 
the objectives of this study were to compare the yield 
of protein concentrations from fetal cotyledon of the 
bovine placenta using different types of buffer and to 
optimize the ratio of the buffer used in the protein ex-
traction process. 

MATERIALS AND METHODS

Collection of Placental Cotyledons
	
The placenta was collected from post-parturition 

cattle Kedah Kelantan in Agropark, University Malaysia 
Kelantan Jeli Campus. The fetal cotyledons were re-
moved from the placenta and stored at -20oC until use 
(Bériot et al., 2014). 

Preparation of Buffer Solution and Ratios  
	
Phosphate buffer saline (130 mM NaCl + 2 mM KCl 

+ 10 mM Na2HPO4 + 1 mM KH2PO4 + 1 M HCl, pH 7.6) 
and radioimmunoprecipitation assay (RIPA) buffer (150 
mM NaCl + 5 mM EDTA + 15 mM Triton X-100 + 3 mM 
SDS + 24 mM sodium deoxycholate + 5 mM HCl) were 
prepared. The volumes of both buffers needed in each 
extraction process were prepared based on the ratio of 
tissue to buffer (w:v) i.e., 1:1, 1:3, and 1:5, respectively 
as shown in Table 1. The volume of RIPA buffer with 
the addition of protease inhibitor (Pi) were prepared as 
presented in Table 2. 

Protein Extraction 

The fetal cotyledons were cut into 2 cm2 size, and 
1 g of tissue was weighed and transferred into the pre-
chilled mortar followed by the addition of PBS based on 
the ratio. The sample was ground until fully dissolved 
and incubated for 2 hours under 4oC. The same proce-
dure was repeated on RIPA buffer and RIPA+Pi buffer 
but with only 30 minutes incubation time for RIPA+Pi 
due to the short lifespan of Pi. The samples were soni-
cated with the amplitude of 30% and 3 seconds of pulse 
on and off for three minutes. The samples were then 

centrifuged at 4oC, 12,000 rpm for 1 hour, and the super-
natant was retained and quantified with Bradford assay. 

Bradford Assay: BSA Standard Calibration Graph 

Bovine serum albumin (BSA) master stock was 
prepared by the addition of 0.5 g into 2 mL of deionized 
water to produce 250 mg/mL of BSA concentration. 
Two µL was taken out from the master stock and added 
into 500 µL of 0.1M phosphate buffer to produce BSA 
with a concentration of 1 mg/mL and labelled as tube 
1. Phosphate buffer at the volume of 250 µL was added 
into each of 6 microcentrifuge tubes labelled with tube 2 
to 7. Two folds dilution by transferring 250 µL into tube 
2, mixed well, and the same amount was transferred to 
tube 3. The same steps were repeated to the subsequent 
tubes. Table 3 represented the BSA concentration in 
each tube. Eight test tubes containing 1 mL of Bradford 
reagent were prepared with label “blank” and tubes 1 to 
7. Phosphate buffer at the volume of 100 µL was added 
into “blank” tube and mixed well. BSA at the volume 
of 100 µL was transferred from microcentrifuge tube 1 
into the test tube labelled with the same number and 
mixed well, and the same step was applied to the subse-
quent tubes, and left for 10 minutes. The mixtures were 
separately transferred into 1 mL cuvette. The absorbance 
reading was taken from spectrophotometer (Thermo 
Scientific Gynesis 20, USA) with a wavelength of 595 nm 
in chemistry laboratory. The test was replicated three 
times and plotted into a graph to obtain the equation 
(y=mx+c) and R square value (R2). 

Quantification of Protein Concentration

The optimization of unknown protein amount was 
carried out to identify the suitable dilution factor of 
unknown protein sample in Bradford assay. Bradford 
assay was carried out on each dilution factor and the 
absorbance value of each sample was recorded and 
determined whether the value falls within the range 
of absorbance value in BSA standard calibration graph 
(Figure 1). Two hundred times (200x) dilution factor was 
chosen to identify the sample’s protein concentration 
in Bradford assay. The data collected were analyzed by 
using statistical package for the social sciences (SPSS) 
version 20. One-way and two-way analysis of variance 
(ANOVA) were conducted at 95% confidence level. 

RESULTS

Buffer Type

The results of protein concentrations for the buffer 
ratios of 1:1, 1:3, and 1:5 in PBS, RIPA, and RIPA+Pi buf-

Table 1. The volume of buffer and tissue weight based on the 
ratios

Ratio (w:v) Sample weight (g) Volume of buffer (mL)
1:1 1 1
1:3 1 3
1:5 1 5

Table 3. 	Bovine serum albumin (BSA) concentration from 1000 
to 16.125 µg/mL by 2-fold dilution

Tube 1 2 3 4 5 6 7
Protein 
concentration 
(µg/mL)

1000 500 250 125 62.5 31.25 16.125

Table 2. Volume of radioimmunoprecipitation assay (RIPA) buf-
fer and protease inhibitor based on the ratios

Ratio (w:v) Sample 
weight (g)

Volume of 
buffer (µL)

Volume of protease 
inhibitor (µL)

1:1 1 990 10
1:3 1 2970 30
1:5 1 4950 50
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fers are presented in Figure 2. There was a statistically 
significant difference in protein concentrations between 
buffer ratios (p<0.5) in RIPA and RIPA+Pi buffers. 
However, there was no significant difference in protein 
concentrations between buffer ratios in PBS buffer. The 
highest protein concentration (mg/g) in RIPA buffer 
was found  in the buffer ratio of 1:1 (194.880±15.089p) 
that was significantly higher (p<0.05) compared to 
those in the buffer ratios of 1:3 (52.747±1.313q) and 
1:5 (19.680±3.274q). However, there was no significant 
difference in protein concentrations between the 
buffer ratios of 1:3 and 1.5. In addition, in RIPA+Pi 
buffer, protein concentration  in the buffer ratio of 1:1 
(106.747±12.616x) was significantly higher (p<0.05) com-
pared to that in the buffer ratio of 1:5 (36.213±1.733y). 
However, protein concentration in the buffer ratio of 
1:3 (67.280±13.547xy) was not significantly different from 
those in the buffer ratios of 1:1 and 1:5. 

Buffer Ratio 

The protein concentrations based on the types of 
buffer in buffer ratios of 1:1, 1:3, and 1:5 are presented in 
Figure 3. The results showed that there were significant 
differences in protein concentrations (p<0.5) among 

the types of buffer in buffer ratios of 1:1 and 1:5. In 
contrast, there was no significant difference in protein 
concentrations among buffer types in the buffer ratio of 
1:3. Post hoc test was conducted separately on the buf-
fer ratios of 1:1 and  1:5. In the buffer ratio of 1:1, PBS 
(64.347±17.458b) buffer and RIPA+ Pi (106.747±12.616b) 
buffer did not show a significant difference in protein 
concentrations. However, protein concentration in 
RIPA buffer (194.880±15.089a) was significantly higher 
compared to those in PBS buffer and RIPA+Pi buffer. In 
the buffer ratio of 1:5, the mean protein concentration in 
PBS buffer (26.480±1.744xy) did not significantly different 
compared to that in RIPA + Pi buffer (36.213±1.733y). 
However, protein concentration in RIPA+Pi buffer was 
statistically higher (p<0.05) compared to that in RIPA 
buffer (19.680±3.274x).

Interaction between Buffer Type and Buffer Ratio 

There was a significant interaction (p=0.000, p<0.05) 
between the type of buffer and buffer ratio on protein 
concentration. A test of simple effect was conducted and 
found that there were significant differences (p=0.000, 
p<0.05) among the average protein concentrations in 
the buffer ratio of 1:1 in various types of buffer, while 
no significant difference was detected in protein concen-
trations in the buffer ratios of 1:3 (p=0.210, p>0.05) and 
1:5 (p=0.509, p>0.05) in various types of buffer. Based 
on the pairwise comparison table in the buffer ratio 
of 1:1, the results clearly showed that PBS, RIPA, and 
RIPA+Pi buffers were significantly different from each 
other. In term of the effects of buffer ratio of each type 
of buffer on protein concentration, it was clear that all 
buffer ratios of each buffer type had significant effects 
(p<0.05) on protein concentration. Based on the pairwise 
comparison, it was clear that in PBS buffer, only buffer 
ratio of 1:1 that had protein concentration that signifi-
cantly different from buffer ratio of 1:5. In RIPA buffer 
and RIPA+Pi buffer, there were significant differences in 
protein concentrations when compared between buffer 
ratio of 1:1 with buffer ratios of 1:3 and 1:5. 

Figure 1.	Standard calibration graph for bovine serum albumin 
(BSA) protein standard with Bradford assay
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Figure 2. Protein concentrations for the buffer ratios of 1:1 ( ), 
1:3 ( ), and 1:5 ( ) in different types of buffers, phos-
phate buffer saline (PBS), radioimmunoprecipitation 
assay (RIPA), and RIPA + protease inhibitor (Pi). 

	 *Indicates the most significant among three ratios.

Figure 3.	Protein concentrations based on the types of buffer 
(phosphate buffer saline (PBS, ), radioimmunopre-
cipitation assay (RIPA, ), and RIPA + protease inhibi-
tor (Pi) ( ) in different buffer ratios of 1:1, 1:3, and 1:5. 
*Indicates the most significant value among buffers.
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DISCUSSION

The protein yield is highly affected by the type 
of buffer (p<0.05) (Figure 2). The overall total protein 
concentration was relatively higher in RIPA buffer 
compared with PBS buffer while it was not significantly 
different compared with RIPA+ Pi buffer. These dif-
ferent effects of buffer types probably due to the dif-
ferent compositions of buffers used that significantly 
resulted in different cell disruptions which caused the 
different releases of protein from the cell compartment. 
RIPA buffer is one of the famous buffer as a choice for 
protein extraction from mammalian tissue (Kurien & 
Hal Scofield, 2015). The significant increase in protein 
yield obtained could be the resulted of the presences of 
Triton X-100, sodium deoxycholate, and sodium dodecyl 
sulphate as detergents to solubilize the poorly soluble 
protein and break up the membrane structure of the 
cell. Hence, this condition allows the efficient rupture 
of the trophoblastic cell and the release of protein from 
the cell compartment. SDS and sodium deoxycholate are 
ionic detergents containing anionic hydrophilic head 
group possessing harsh properties that tend to denature 
protein as they disrupt both inter and intra molecular 
protein-protein interactions (Cockley, 2007). The pres-
ence of this detergent in buffer in protein extraction 
might cause a massive protein denaturation and reduce 
protein yield due to the above-mentioned properties, 
however, the total protein yield was relatively the 
highest among the three buffers. This difference prob-
ably due to the addition of Triton X-100 in the buffer, 
which relatively mild compared to SDS. Triton X-100 
characterized as uncharged hydrophilic head groups, is 
a non-denaturing agent because it disrupts protein-lipid 
and lipid-lipid interactions instead of protein-protein 
interaction. Therefore, this detergent can help maintain-
ing the stability of enzyme and efficiently solubilize the 
protein. However, the disruption of cell can be effec-
tively undergone with the presence of these two deter-
gents in disruption of interaction. Study conducted on 
membrane protein extraction, turned out the presence of 
SDS given out the highest total protein yield compared 
with non-ionic and zwitterionic detergent (Arachea 
et al., 2012). The addition of EDTA in the buffer act as 
a chelator helps to reduce oxidation damage of protein, 
particularly by metallo-protease through the formation 
of a stable complex with an enzyme complex (Auld, 
1995). 

Compared with PBS buffer, the lack of detergent 
and chelator in this buffer causes the disruptions of cells 
have to depend solely on the mechanical disruption to 
break the cell membrane for the release of protein. In 
addition to this point, the absence of a protease inhibitor 
causes the proteins were vulnerable to the protein deg-
radation followed by the release of enzyme from the cell 
compartment after cell disruption. Hence, the low total 
protein could be due to the degradation of protein by 
the activation of enzyme (Fu et al., 2014). Phosphate and 
Tris-HCl act as buffering agents preventing protein de-
naturation by protecting protein from a huge fluctuation 
of the pH after the releases of substances during cell dis-
ruption. There should be no difference of impact on total 

protein yield between the choice of either phosphate 
or Tris-HCl as suggested by Sepehrimanesh (2015) that 
there was no significant difference between the choice 
of phosphate and Tris-HCl on protein concentration (El 
Amiri et al., 2015; Sepehrimanesh & Kazemipour, 2015). 

Hypothetically, the total protein yield of the 
RIPA+Pi buffer should relatively higher than RIPA 
without protease inhibitor since protease inhibitors 
function to protect the protein samples from being 
degraded by the protease liberated from the membrane 
fragment and cellular compartment (G-Biosciences, 2012 
& 2018). However, the current experiment gives a nega-
tive outcome where there is no significant difference 
between protein yields between RIPA with protease 
inhibitor and RIPA without protease inhibitor. This 
nonsignificant difference could be related to the poor 
handling causing the inactivation of protease inhibitor 
solution as protease inhibitors are unstable for long 
duration of time, either in stock solution or working 
concentration (Ritchie, 2013). The mishandling could 
be happened from the beginning in making of protease 
inhibitor, or contamination occurred during the process 
of transferring part of stock solution into the unsteril-
ized container. Inactivation of protease inhibitor could 
be happened due to the inappropriate storage problem 
as protease inhibitors are sensitive to fluctuation of 
temperature. The allocated incubation time for RIPA+Pi 
buffer can be one of the possible reasons for the lower 
protein yield compared to the RIPA buffer, due to the 
incomplete protein solubilization compared to the RIPA 
buffer alone. 

Pregnancy-specific protein B is a type of glycopro-
tein and also belongs to aspartic enzyme family (Klisch 
et al., 2006). Protease inhibitor cocktail containing 
variety types of inhibitors including aspartic protease 
inhibitor such as pepstatin, acts as a reversible protease 
inhibitor. This condition resulted in the binding of 
aforementioned targeted protein and causes the protein 
failed to form dye-protein complex with Coomassie 
Brilliant Blue in Bradford assay causing an erroneous in 
data collection. 

Currently, there are limited studies related to 
the optimization of buffer ratio in protein extraction. 
Theoretically, the buffer ratio of 1:3 can produce more 
concentrated extract while the volumes of 5 to 10 of buf-
fer are able to yield more soluble protein and less vis-
cous extract (Grabski, 2009). Study conducted on protein 
extraction on banana reported that the buffer ratio of 1:3 
could yield protein compared with the buffer ratios of 
1:1 and 1:5 (Mayil Vaganan et al., 2015). This statement 
was partially proven by the current experimental data 
where the total protein concentration in the buffer ratio 
of 1:3 were significantly higher than in buffer ratio of 1:5 
(p<0.05) but were lower than in the buffer ratio of 1:1. 
While the statement of ratio of sample to buffer at the 
ratio of 1:5 was found to be optimal in protein extraction 
of monoclonal antibodies (Gottschalk, 2014), this result 
seems contradictive with the result of this experiment. 
Geissler et al. (2011) agree that the ratio of 5 mL buffer 
per gram can be the starting point to avoid the loss of 
protein activity or nonspecific binding to containers. 
However, then again, the ratio of buffer has to be lower 
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down, such as 1:1 or 1:2, if concentrated sample is essen-
tial. Golemis & Adams (2005) suggested that unneces-
sary dilution of cells in lysis buffer should be avoided as 
this might causes the instability in structure and activity, 
therefore the buffer ratio of 1:1 was supported. Based on 
the data result, the buffer ration of 1:1 was apparently 
the highest among the three ratios, proven that more 
protein solubilized in compared with the other ratios. 

The low protein yield in the buffer ratios of 1:3 
and 1:5 could be due to the excessive contents within 
each lysis buffer that caused protein denaturation. The 
denatured protein aggregated and formed layer at the 
bottom of the tube after centrifugation. In RIPA buf-
fer, the increase in buffer to sample ratio implied the 
increase in detergent level compared to protein level 
within the sample. Supposedly, the increase in non-ionic 
Triton-X 100 detergent level could aid the solubiliza-
tion of protein which can improve the protein yield by 
disruption of membrane protein through detergent-lipid 
interaction. However, the increase in SDS and sodium 
dodecyl cholate as ionic detergent has disrupted the 
protein-protein interactions, and converts protein into 
the denatured state (Stetsenko & Guskov, 2017). 

The presence of salt helps in maintaining the ionic 
strength of the medium, and increases the total con-
centration of solutes outside the cell (Brennan, 2018). 
In PBS buffer, the total protein yield decreased with 
the increased ratio of buffer to sample that possibly 
related to the raising of salt concentration in the tissue 
surrounding that eventually inactivated some of the 
proteins (Chandra & Endow, 1993). In term of RIPA buf-
fer added with protease inhibitor, the increased amount 
of protease inhibitor followed by the increased of buffer 
to sample ratio resulted in a greater formation of pro-
tease inhibitor-protein complex causing a poor yield of 
protein. Some protease inhibitor may carry out irrevers-
ible function which causes denaturation of the protein 
and eventually decreases the result of total protein yield. 

There was no significant difference in total protein 
yield (p=0.147, p>0.05) among three buffers in the ratio 
of 1:3 suggesting either of these three buffers can be 
used in the ration of 1:3 and will not bring a huge differ-
ence in term of total protein yield. 

In the buffer ratio of 1:5, RIPA+Pi buffer produced 
a statistically a higher protein yield compared to RIPA 
and PBS buffers, which suggested that RIPA+Pi buffer 
could yield better proteins in the buffer ratios of 1:3 and 
1:5 compared with the other types of buffers with the 
same ratio. This condition may possibly because of too 
much detergent within the RIPA buffer that causes de-
naturation of the protein and results in low total protein 
yield. Incomplete protein solubilization may happen in 
PBS buffer due to the lack of additive except salt, and 
this condition causes the result that the cell disruption 
had to depends on the mechanical force to break the cell 
membrane. Additionally, this condition may contribute 
to the incomplete disruption of cell membrane in PBS 
buffer and the proteins were remained in the cellular 
compartment. 

In the comparison with the result of previous 
study, it was found out that the current study has 
greatly enhanced the total protein yield whereby the to-

tal protein yield in several present researches related to 
the extraction of placental protein could yield about 13 
to 16 mg/g of total protein from either bovine or ovine 
(Arima & Bremel, 1983; Azadmanesh et al., 2012; Barbato 
et al., 2013). However, the protein centration obtained 
from Bos taurus species during late pregnancy (270 days 
of pregnancy) is approximately 618.8±17.1 mg/g (Sharpe 
et al., 1989) much higher compare to Bos indicus used 
in this study. In addition, the content of PAG presented 
could not be compared with previous study due to the 
detection of PAG was not conducted in this study. 

CONCLUSION

The yield of protein concentration from 
radioimmunoprecipitation assay (RIPA) buffer gives 
out the highest protein concentration among three 
buffers due to the presence of detergent that improves 
the solubilization of protein. However, the incubation 
time and the presence of aspartic protease from protease 
inhibitor has inhibited the binding of the desired 
proteins. The buffer ratio of 1:1 produces the best result 
due to the increase of content level to tissue causes the 
denaturation of protein.
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