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OPTIMISATION OF AMMONIUM SULFATE FOR PROTEIN PURIFICATION 

FROM KEDAH-KELANTAN CATTLE (Bos Indicus) PLACENTA 

 

ABSTRACT 

The optimisation of ammonium sulfate, ((NH4)2SO4) was applied to purify protein based 

on solubility from Kedah-Kelantan cattle (Bos Indicus) placenta. Double precipitation 

was carried out by using different concentration of (NH4)2SO4. First precipitation used 

0% (initial concentration), 20%, 40%, 60% and 80% of (NH4)2SO4 as final concentration. 

Meanwhile, second precipitation was started with 20%-40%, 40%-60%, 40%-80% and 

60%-80% of (NH4)2SO4. In first precipitation, the extracted supernatant was added with 

different concentration of (NH4)2SO4. An incubation was applied for 2 hours at 4℃. The 

sample were centrifuged for 1 hour at 15,930 rpm. The supernatant from first precipitation 

was used in second precipitation. The (NH4)2SO4 was added to achieve required 

concentration. The sample was incubated for overnight at 4℃. Centrifugation was applied 

for 1 hour at 15,930 rpm. Dialysis was carried out to remove the salts from the sample. 

The precipitates from second precipitation were dissolved in 1ml of 0.01 M Tris-HCl 

buffer (pH 7.5) and extensively dialyzed against same buffer. The samples were 

centrifuged for 1 hour at 12,000 rpm. The supernatant was undergoes Bradford protein 

assay. In the first precipitation, the concentration of protein was highest (22.92 mg/ml) at 

0%-60% of (NH4)2SO4 with 40% concentration of unknown protein sample. The 

concentration of protein was significantly highest (25.09 ml/mg) at 40%-60% of 

(NH4)2SO4 with 20% concentration of unknown protein sample in second precipitation. 

These data showed that the concentration of (NH4)2SO4 play important role in purification 

protein based on solubility. 

Keyword: placenta, ammonium sulfate, precipitation, dialysis, Bradford protein assay 
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PENGOPTIMUMAN AMONIUM SULFAT UNTUK MENULENKAN PROTEIN 

DARI PLASENTA LEMBU KEDAH-KELANTAN (Bos Indicus) 

 

ABSTRAK 

Pengoptimuman amonium sulfat, ((NH4)2SO4) plasenta daripada lembu Kedah-Kelantan 

(Bos Indicus) bagi menjalankan penulenan protein berdasarkan konsep keterlarutan. 

Presipitasi berganda telah dijalankan dengan menggunakan konsentrasi (NH4)2SO4 yang 

berbeza. Presipitasi yang pertama dimulakan dengan 0% (konsentrasi awal), 20%, 40%, 

60% and 80% of (NH4)2SO4 sebagai konsentrasi akhir. Sementara itu, presipitasi yang 

kedua dimulakan dengan 20%-40%, 40%-60%, 40%-80% and 60%-80% konsentrasi 

(NH4)2SO4. Di presipitasi pertama, (NH4)2SO4 dengan konsentrasi yang berbeza 

ditambah ke dalam supernatan yang diambil dari proses ekstraksi. Sampel disimpa selama 

2 jam pada suhu 4℃. Sampel diempar selama 1 jam pada kelajuan 15,930 rpm. 

Supernatan dari presipitasi pertama digunakan di dalam presipitasi kedua. (NH4)2SO4 

ditambah untuk mencapai konsentrasi yang diperlukan. Sampel disimpan pada suhu 4℃ 

selama 24 jam. Sampel disentrifus pada selama 1 jam pada kelajuan 15,930 rpm. Dialisis 

telah dijalankan bagi menyingkir garam dari sampel. Hasil presipitat dari presipitasi 

kedua dilarutkan ke dalam 1ml of 0.01 M Tris-HCl (pH 7.5) dan didialisiskan dengan 

larutan yang sama. Sampel diempar selama 1 jam pada kelajuan 12,000 rpm. Supernatan 

digunakan dalam Bradford protein assay. Untuk presipitasi pertama, protein konsentrasi 

tinggi (22.92 mg/ml) pada 0%-60% (NH4)2SO4 bersama 40% konsenstrasi sample protein 

yang tidak diketahui. Konsentrasi protein paling tinggi (25.09 ml/mg) pada presipitasi 

yang kedua dengan 40%-60% (NH4)2SO4 bersama 20% konsentrasi sampel protein yang 

tidak diketahui. Data ini menunjukkan bahawa konsentrasi (NH4)2SO4 memainkan 

peranan yang penting dalam penulenan protein berdasarkan konsep keterlarutan.  

Kata kunci: plasenta, amonium sulfat, presipitasi, dialisis, Bradford protein assay 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.0 RESEARCH BACKGROUND 

 

According to (Hochuli, 1992), the purification is a necessary part of 

biotechnological manufacturing in biological product including antibiotic, a vitamin, or a 

recombinant protein which was coming from fermentation broth or cell culture 

supernatant. Purification step was important in downstream processing industry. Besides, 

the purification of protein known as an essential first step in molecular biological studies 

in order to figure out the properties and its biological roles such as molecular weight, 

charges, hydrophobicity and solubility. These properties can be exploited to purify a 

protein from a mixture (Strategy, 2005) 
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In order to investigate the protein separation based on solubility, there were 

variety of salts could help in purification of protein. In previous study, ammonium sulfate 

((NH4)2SO4) was used as it had high ionic strength that can break down protein and 

hydrogen bond (Sattayasai, 2012). The optimum usage of  (NH4)2SO4 can be determined 

according to Green & Hughes (1955) or by using online ammonium sulfate calculator. 

As mentioned in Huang, Cockrell, Stephenson, Noyes, & Sasser, (1999) and (Garbayo et 

al., 1998), the protein desired molecules were precipitated between 40%- and 80%-

(NH4)2SO4.  

 

In this study, the placenta of Kedah-Kelantan (KK) cattle (Bos Indicus) was used 

as an experimental subject where the various types of protein. Recently, there were variety 

of proteomic studies involving mammalian placenta cell had been investigated. The 

placenta was experienced a few steps before purification process including isolation and 

extraction.  There were a few types of protein in the placenta that play their important 

roles.  Tefera, Jeanguyot, Thibier, & Humblot (2001) reported that there was one special 

protein named as pregnancy specific protein B (PSPB) which always presented at an 

earlier stage of the pregnancy which known as an early gestation period. It was located in 

the placenta. PSPB or can be reclassified as pregnancy-associated glycoprotein-1 (PAG-

1) is located in the cotyledons of mammalian placenta. According to Hamilton et al. 

(1982), they were operated as placental antigens detectable in the maternal circulation of 

pregnant mammals. Pregnancy-associated glycoprotein (PAG) or PSPB expressed in the 

outer epithelial cell layer which was known as trophectoderm of ungulate placenta in 

several eutherian species (Etiatin, Ajuthi, Urwantara, & Alib, 2009; J. A.; Green et al., 

2000).  
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The occurrence of limitations in this study had been restricting better result in 

future. There were many study materials especially chemical reagents were used in order 

to run the experiment. This situation limited the experiment due to over price of those 

chemical reagents. Besides, technical difficulties and inexperience in handling several 

processes like purification process leaded to the problems. Furthermore, the facilities and 

equipment were inadequate for conducting the experiment. Therefore, possibilities to 

obtain accurate results are lower due to these limitations. 

 

1.1 PROBLEM STATEMENT 

 

Purification had been one of a focal tool in identifying protein purity which 

consequently involved a few of procedures including separation based on solubility. 

According to Sattayasai (2012), separation protein based on solubility can be done by 

salting out or salt precipitation which usually using (NH4)2SO4 since it has a high ionic 

strength.  Conversely, optimising the usage of (NH4)2SO4 due to the protocols involve 

during purification of protein had become an issue. In addition, the amount of dry 

(NH4)2SO4 is not fixed in obtaining an optimum percentage of saturated solution because 

it is depending to the volume of supernatant from extraction process. Therefore, the focus 

of the study was to identify the best percentage of (NH4)2SO4 for purification protein 

solubility of protein from Kedah-Kelantan cattle (Bos Indicus) placenta. 
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1.2 HYPOTHESIS 

 

HO = Different percentage of ammonium sulfate ((NH4)2SO4) does not give significant 

effect in protein purification from Kedah-Kelantan cattle (Bos Indicus) placenta. 

 

H1 = Different percentage of ammonium sulfate ((NH4)2SO4) gives significant effect in 

protein purification from Kedah-Kelantan cattle (Bos Indicus) placenta 

 

HO is rejected when p-value is less than 0.05 (p<0.05). 

 

1.3 OBJECTIVES 

 

The objectives of the study were: 

1.3.1 To identify the best percentage of ammonium sulfate ((NH4)2SO4) for protein 

purification from Kedah-Kelantan cattle (Bos Indicus) placenta. 

 

1.3.2 To evaluate the concentration of crude protein from placenta of Kedah-Kelantan 

cattle (Bos Indicus) at best percentage of ammonium sulfate ((NH4)2SO4) by using 

Bradford protein assay. 
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1.4 SCOPE OF THE STUDY 

 

The scope of this study was to purify the protein from placenta of Kedah-Kelantan 

cattle. This purification process was assisted with usage of (NH4)2SO4. In this study, the 

usage of (NH4)2SO4 in protein solubility was determined in order to achieve the best 

percentage of (NH4)2SO4. The best percentage of (NH4)2SO4 was identified before 

purifying process starts.  It was significant in this study due it was used in purifying the 

protein. Furthermore, the concentrations of protein are evaluated at the end of the 

experiment. The protein precipitate was used in dialysis process with buffer solution in 

order to remove salts and harvest a bulk of proteins from placenta. 

 

1.5 SIGNIFICANCE OF THE STUDY  

 

 The implication of this study reinforced the knowledge on purification techniques 

and how to apply all the procedures. In addition, this study improved the understanding 

of purification of protein especially based on solubility. Furthermore, this study gave 

more exposure on the function of (NH4)2SO4 and it proved that the amount of (NH4)2SO4 

can influence in obtaining the best percentage of (NH4)2SO4 for purification of protei 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 PLACENTA 

 

 The placenta in the body was known as unique creature that have special function 

with variety type of proteins, peptide and steroid hormones (Rama & Rao, 2003). It 

differentiated and grew from an embryonic tissue until reaching maturity in a period of 

only weeks or months depending on the species. Placental had special roles which acts as 

nutrient supplier directly towards the foetus for developing. According to Miyazawa 

(2014), during placentation in mammals, they operated different strategies as to nourish 

and support the development of feotus. The family of the animals that have cloven-hoofed 

especially in ruminants known as Bovidae. 
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They promoted more maternal attachment points on the placenta called as cotyledons and 

hybrid cells named trinucleate cells (TNCs) or syncytial plaques (SyPs). There were 

different in 3 types which are known as mononucleate trophoblast cells (MTCs), 

binucleate cells (BNCs) and TNCs. Whereas BNCs were designed by differentiation of 

MTCs by endoreduplication. 

 

The placenta act as the middle-man between the maternal organism and non-self 

of proteins for foetus development and also to complete the immune functions and activity 

in the body during pregnancy period (Buse et al., 2014).  The placenta that located in 

ruminant bodies were characterised by separating attachment areas which was including 

the placentomes which were needed due to affectionate interaction between uterine 

caruncles and chorionic cotyledons (U M Igwebuike, 2009; Schlafer, Fisher, & Davies, 

2000). Udensi M Igwebuike & Ezeasor (2013) stated that placentomes which were 

figured during implantation process which known as the attachment of the conceptus to 

the maternal endometrium could lead to the founding of placental structures. Bowen & 

Burghardt (2000) explained the beginning of implantation and placentation were starting 

on Day 15 to 16 of gestation in sheep, unfortunately it was not completely develop until 

Day 50 to 60 of pregnancy. 

 

2.2 PROTEIN 

 

According to Semester (2000) proteins are long chains which were build up from 

20 types amino acids as building block. Previously, a research paper had been published 

by  University of North Dakota (2014) noted that proteins known as a complex organic 
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compounds that constructed by chain of amino acids as a fundamental structure of protein. 

Proteins plays important roles as they were required to provide energy for the body and 

also important component of every cell in the body. According to Radivojac (2013), 

proteins known as biological macromolecules that have responsibilities on activities in 

our body including cells, tissue and organs as they play a central roles in the structure and 

function of cells.  

 

 Garbayo et al., (1998) stated that the placenta concealed the proteins at the 

peripheral circulation of the mother which was detected as a special protein act as useful 

indicator of both pregnancy and foetus development. According to Huang et al. (1999), 

proteins produced by placenta such as human chorionic gonadotropin (hCG).  The protein 

was expressed in the ruminant placenta and also used as to diagnose pregnancy (Sousa, 

Ayad, Beckers, & Gajewski, 2006). The BNCs of ruminant in the placenta aggregated 

varies types of proteins including placental lactogen (Lee, Wooding, & Brandon, 1981), 

pregnancy specific protein B (PSPB) (Huang et al., 1999) and pregnancy-associated 

glycoprotein (PAG) (Zoli, Guilbault, Delahaut, Benitez-Ortiz, & Beckers, 1992). 

 

 According to Humblot (2001), pregnancy-specific protein is related to early 

gestation or late embryonic mortality that can lead to abortions that had been discussed  

in several ruminant species. PSPB can also be reclassified as pregnancy-associated 

glycoprotein-1 (PAG-1) which is located in the cotyledons of mammalian placenta. Patel, 

Takahashi, Imai, & Hashizume, (2004) explained that bovine pregnancy-associated 

glycoprotein-1 (bPAG-1) also had the priority during pregnancy that was labelled as a 

potential biochemical marker of pregnancy status. These glycoprotein can be noticed in 
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the maternal circulation by week 3 after breeding and have been used as pregnancy 

markers in cattle (Zoli et al., 1992). (Sasser, Ruder, Ivani, Butler, & Hamilton, 1986) 

stated that PSPB was demostrated in the trophoblastic binucleate giant cells of ruminant 

placenta which act as major secretory product of placenta in ruminants once implantation 

has begun. 

 

PSPB was distinguished in maternal peripheral circulation from the beginning of 

placentation and had been widely practiced in pregnancy diagnosis of animals especially 

in ruminants (Alan K . Wood , Robert E . Short , Ann-Elaine Darling , Gary L . Dusek, 

2016; Humblot et al., 1990; Sasser et al., 1986; Stellflug, 1988). PSPB is a protein that 

was first isolated from bovine placenta at an extra-embryonic membranes (Hamilton et 

al., 1982) and also was revealed in the serum of pregnant cattle by Sasser et al. (1986). In 

previous study shows pregnancy-specific protein which are PSP A and PSP B from 

bovine placental membranes by Hamilton et al., (1982) isolated two. PSPA was known 

as α-fetoprotein which is not strictly limited to pregnancy diagnosis while PSPB was 

confirmed as placenta-specific (Sasser et al., 1986).  

 

In previous study by (Abdulkareem et al., 2012), PSPB had been used as to 

recognize the early gestation in Iraqi water buffalo. In addition, 60 calving Holstein cows 

was used to investigate the relationship between placental retention, hormone 

progesterone and bPSPB by Tefera et al. (2001). Previously, Gábor et al. (2016) carried 

out an investigation on dairy cattle in order to observe the associations between 

percentage pregnancy loss (PPL) in dairy cattle. The investigation started with pregnancy 

diagnosis by ultrasonography followed by pregnancy diagnosis by serum PSPB 
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concentrations by using serum progesterone concentrations and the production and 

environmental factors that could give significant effects.  Thus, this study discovered 149 

822 pregnancy diagnoses to Holstein-Friesian cows in Hungarian dairy herds with ages 

are over 13 years in. Huang et al. (2000) exposed the development a specific double-

antibody radioimmunoassay (RIA) for elk and moose PSPB that would help in 

quantifying PSPB in animal placental. Gajewski et al., (2009) carried out an experiment 

to discover a new method for determining the PAG in milk and blood by RIA test and 

then compared the results with the other method for pregnancy diagnosis in the cows. At 

the end of that study, the data showed that the RIA method was rigid enough to be used 

in order to measure PAG concentrations in the maternal blood and also milk of cows.  

 

According to Sasser, Ruder, Ivani, Butler, & Hamilton (1986), they conducted the 

study in order to establish a double antibody RIA for PSPB and use the RIA to measure 

PSPB serum of pregnant cattle and to determine the accuracy of measurement of PSPB 

for detecting pregnancy. All the studies above that had been conducted previously shows 

that PSPB can be used and applied in any branch of studies which are related to animal 

pregnancy. Previous study by D . B . Houston , C . T . Robbins (2016) used 10 captive 

and 8 wild mountain goats to carry out pregnancy diagnosis by RIA for identifying of 

PSPB. 

 

2.4 PURIFICATION PROCESS 

 

According to Kumar & Sharma (2015) concluded that proteins are widely used as 

well as in organic chemistry in the area of enzymatic catalysis in various type of industrial 
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process including food processing, leather, cosmetics and pharmaceutical industries. The 

purification process had been seen as one of the important steps in the protein processing 

industry. This is because proteins are required in purified form to be applied in this 

industry. Hedhammar, Karlstrom, & Hober (2006) mentioned that the objective of a 

purification process is to identify the concentration of the desired protein and the transfer 

to an environment at stable state which could be applied further to other process instead 

of only removal of salts or unwanted contaminants from the protein sample. 

 

2.4.1 PURIFICATION OF PROTEIN 

 

 Huang et al. (1999) and Garbayo et al. (1998) studies presented the purification 

process had been applied in order to purify PSPB. Both of these studies were conducted 

separation based on solubility in purifying PSPB. There were different separation 

techniques as following desired properties such as solubility, size or shape, isoelectric 

point (pI) or charge, binding to small molecules and hydrophobicity (Song, 2006).  

Sattayasai (2012) concluded that there are seven steps could be practiced in protein 

purification: (1) extraction of crude protein; (2) identification of the desired protein; (3) 

separation into a few fractions; (4) identification of the desired protein; (5) separation 

after protein purification; (6) identification of the desired protein; and (7) evaluation of 

purity involve in protein purification but it is not necessary to follow all the steps or 

techniques in the process for every protein. 

 

Some properties should be concerned in purification of proteins such as charge, 

hydrophobicity, affinity, solubility and stability and molecular weights (Sattayasai, 
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2012). Hunte, Jagow, & Schagger (2003) advised that in purification protocol, it was 

better to work at cold room temperature which is 4℃ in order to minimize proteolysis 

activity occur. Thus, protein will be more stable at 4℃. 

 

2.4.2 SEPARATION BASED ON SOLUBILITY 

 

 Protein were separated on the different properties which including the molecular 

size, solubility, charge and specific binding-affinity. To identify molecular size, a few of 

separation methods can be practiced included two process, chromatography and 

electrophoresis which all of them were applied after salt precipitation.  

 

Solubilisation and precipitation methods provide some degree of purification. 

There were two necessary steps in purification including differential extraction and 

centrifugation which were commonly practiced occasionally followed by differential 

precipitation techniques. These methods could be applied on a large scale and also afford 

low to medium resolution at low cost expenses (Hunte et al., 2003). Scopes (2013) 

explained that the solubility of proteins at high salt concentration level could be affected 

by temperature which triggered the hydrophobic interaction. The solubility of proteins 

generally decrease with increasing temperature in salting out process.  Working with 

protein in cold room were advised. 

 

The current of study were applied separation based on solubility only that involve 

salt precipitation. According to Sattayasai (2012), separation based on solubility could be 
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investigate in two ways that known as isoelectric precipitation and salt precipitation. This 

is because the solubility of hydrophilic protein depends on the charges and hydrogen 

bonding with water molecule. Isoelectric precipitation were applied when net charge of a 

protein is zero at its isoelectric pH (pI) due to properties of protein molecule that was easy 

to accumulate and then precipitate at this condition. Salt precipitation or salting out is 

different because this process were carried out due to unknown pI. Hydrogen bond 

between protein and molecule would be broke down at the higher concentration of some 

salt. The addition of organic solvents or polymers, or variety of the pH or temperature 

would give significant effects on precipitation process (Hedhammar et al., 2006). 

 

2.4.3 SALT PRECIPITATION OR SALTING OUT 

 

Salting out of proteins was described as dissolving the salt in solution containing 

the proteins (Scopes, 2013). According to Ryan (2011), differential protein precipitation 

was known as classical method which was a faster and economical step in protein 

purification. It was discovered by exploiting the inherent physico-chemical properties of 

the polypeptides. This method included precipitating of protein which was lysed from the 

host cell that commonly used to concentrate the desired protein before further polishing 

steps with different ways of purification. Protein precipitation occurred spontaneously 

due to differential solubility between a protein-rich soluble phase and a solid chemical 

precipitant which is salts. Insolubilisation of proteins can be proceed by interaction with 

a suitable precipitant that can decreases the interest of protein to the solvent and increases 

the protein’s interest to other protein molecules. This can promote protein accumulation 

and eventually precipitation. Protein solubility decreases gradually as ionic strength 
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increases in the process at a very high ionic strength known as salting-out (Duong-Ly & 

Gabelli, 2014). 

 

Salting out of proteins were carried out by using high concentrations of salts such 

as ammonium sulfate, ((NH4)2SO4) is one of the oldest and cheapest methods of protein 

concentration that can be applied (Moore & Kery, 2009). (NH4)2SO4  normally used in 

salting out due to it has high ionic strength (Sattayasai, 2012). (NH4)2SO4 could help in 

stabilizing proteins and prevent the protein from denatured (Ab, 2011). Page & Thorpe 

(2002) noted that (NH4)2SO4 precipitation is the most widely practiced and adaptable 

procedure due the ability of yielding a 40% pure protein. (NH4)2SO4 applied due to the 

first choice salt for initial development of a salting-out program in order to precipitate 

desired protein as they could  yield high concentration of protein according to Hermodson 

(1996). According to Wingfield (2016), due to low protein solubility, it could lead to 

more precipitation at higher salt concentrations. This proved by reducing of solubility of 

proteins, so the stability of the native conformation can be enhanced. 

 

Stabilization of proteins that occurs was evaluated as  beneficial method by 

practicing ammonium sulfate fractionation over other techniques (Scopes, 2013). 

Proteolysis and bacterial action could be avoid by applying high salt concentration. It was 

quite good to have a stage in purification, where the sample can be left overnight without 

any bacterial infection. Ammonium sulfate was used in fractionation of rabbit muscle 

extract by Czok & Bucher, (1940) which five fractions were divided by ammonium 

sulfate precipitation which each of them contained enzymes. Recently, ammonium sulfate 

(NH4)2SO4 had been used in purification of process of papain crude extract (Purwanto, 
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2016). The roles of ammonium sulfate (NH4)2SO4 as precipitating agent is common in 

purification of protein. Ammonium sulfate (NH4)2SO4 also had been used in a others 

purification process (Silva, Kuhn, Moraes, Burkert, & Kalil, 2009;  Page & Thorpe, 2002; 

and Gräslund et al., 2008).  

 

Ammonium sulfate (NH4)2SO4 will be used in current study in order to purify 

protein from Kedah-Kelantan cattle (Bos Indicus) placenta.  The optimum concentration 

of ammonium sulfate saturated was aimed to be between 40%- and 80%- saturated 

ammonium sulfate in order to purify large amount of protein from bovine placenta that 

located the PSPB in this current study. A study exposed  that the PAG-related molecules 

were precipitated between 40%- and 80%-saturated ammonium sulfate (857 mg) 

(Garbayo et al., 1998). Other study explained that  in results which is most immune-

reactive proteins retained in extracted supernatant were precipitated between 40%- and 

75%- saturated ammonium sulfate (Huang et al., 1999) after homogenization and pH 

treatment.  

 

2.4.4 DIALYSIS 

 

Dialysis was one of the important procedure before completing purification 

process. This method is simple and consumed a longer period than others due to the 

separation which was depending on diffusion process (Sattayasai, 2012). Luo, Wu, Xu, 

& Wu (2011) explained the concept of dialysis which related to a semi-permeable 

membrane had been used in order to separate relatively small molecules from large ones 
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with. Dialysis was known as a spontaneous separation process since the driving force for 

the separation process is mainly concentration gradient.  

 

Whitford (2007) explained that the dialysis is important in removing low 

molecular weight of contaminants or salts and also to exchange buffer in a solution which 

were containing protein. Dialysis is closely related with osmotic pressure that allowed to 

get rid of most salt ions but it is impossible to remove the salts completely (Cseke, 

Kaufman, Kirakosyan, & Westfall, 2011).  

 

2.5 BRADFORD PROTEIN ASSAY 

 

The binding of Coomassie Brilliant Blue G-250 (CBBG) to protein was applied 

in order to evaluate the concentration of protein which was described by Bradford (1976). 

The binding of the dye to protein was produced to the shift in the maximum absorption 

of the dye from absorbance 465nm to 595 nm. This assay is an easiest method which was 

required approximately 2 minutes of measurement and incubation for 1 hour in order to 

have good colour stability. This methods was very reproducible and quick with the dye 

binding process virtually complete in. By using CBBG, it is fast, inexpensive, and 

sensitive (Kunze, Medizin, & Republic, 1989). However, the Bradford method had 

limitation which was only of limited use when proteins had to be quantitated from 

samples with less than 10 µg/ml. 
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According to Sedmakand & Grossberg (1977), the absorbance of the mixture 

could be measured as soon as the dye solution is mixed with a protein sample. The 

absorbance of the solution is stable by standing them for 60 to 90 minutes at room 

temperature. The test could be used to observe many types of proteins and polypeptides 

with molecular weights greater than 3000. The assay has high reproducibility by detecting 

albumin that less than 1.0 µg. 

 

 Bradford (1976) CBBG was used to estimate protein concentration in the sample. 

However, this approach seemed to be more sensitive as the Lowry method but it was very 

easy to perform in the experiment. The composition of the protein which were amino 

acids could be high sensitivity in this test. This assay might lead to bias due to presence 

of detergent. This can be a major problem when the detergent concentration cannot be 

determined and corrected (Hunte et al., 2003) 

 

In current study, the mixture of Bradford reagent and other solution was measured 

by using spectrophotometer at absorbance 595nm. This idea involved making a series of 

standard solutions by using Bovine Serum Albumin (BSA) that are then assayed for their 

value. These values can be used to generate a standard curve graph, which can then be 

used to determine the concentration of unknown protein samples. 
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CHAPTER 3 

 

 

MATERIALS AND METHODS 

 

 

3.1 LOCATION 

 

The placenta was obtained from Kedah-Kelantan cattle (Bos Indicus) at Agropark, 

University Malaysia Kelantan, Jeli Campus, Kelantan. The study was conducted at Post-

graduate Laboratory, Faculty of Agro Based Industry, University Malaysia Kelantan Jeli 

Campus, Kelantan. 

 

3.2 COLLECTION OF PLACENTA 

 

The placenta was collected after the cow undergone parturition process. Fresh 

foetal cotyledons tissue (CT) were detected away from caruncular tissues. CTs was 

washed with 0.9% NaCl and stored in -20℃ (Garbayo et al., 1998). It was used in 

extraction process in order to obtain crude proteins from cotyledons tissues. 
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3.3 AMMONIUM SULFATE PRECIPITATION 

 

The supernatant containing crude protein was collected from extraction process 

and stored in -20℃ until use. In this study, double precipitation were applied in order to 

identify the optimum usage of ammonium sulfate (NH4)2SO4 and the best percentage to 

purify pregnancy-specified protein B (PSPB).  The addition of (NH4)2SO4 in each beaker 

was determined by using online ammonium sulfate calculator (Sigma, 2004). 

 

3.3.1 FIRST AMMONIUM SULFATE PRECIPITATION  

 

Crude protein had been precipitated with different concentration of (NH4)2SO4. 

Dry (NH4)2SO4 was slowly added to the supernatant to obtain 20%-ammonium sulfate 

solution (Huang et al., 1999) and stirred until it was completely dissolved. The solution 

was allowed to precipitate in 2 hours at 4℃ (Page & Thorpe, 2002).  After incubating for 

2 hours, centrifugation was applied at 15,930 rpm for 60 minutes (Etiatin et al., 2009). 

The pellets were discarded and supernatant was used in second precipitation process. 

Different concentrations of (NH4)2SO4, 40%-, 60%- and 80%- were repeated with same 

procedure. 
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Table 3.1: The weight of (NH4)2SO4 in each sample for first precipitation 

Types of sample Weight of (NH4)2SO4 (g) 

0% - 20% 0.424 

0% - 40% 0.904 

0% - 60% 1.444 

0% - 80% 2.064 

 

 

 

Figure 3.1: The solution after incubating for 2 hours at 4℃ with different concentration 

of AS, 0%-20%, 0%-40%, 0%-60%, 0%-80% (from left to right) 

 

 

3.3.2 SECOND PRECIPITATION OF AMMONIUM SULFATE 

 

 The supernatant were collected from first precipitation of (NH4)2SO4. Additional 

of dry (NH4)2SO4 was similarly added into supernatant with 20%-ammonium sulfate 
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solution to achieve a 40%-ammonium sulfate solution. The solution was allowed to stand 

overnight at 4℃ (Page & Thorpe, 2002). Centrifugation was applied at 15,930 rpm for 60 

minutes (Etiatin et al., 2009). The precipitate was retained. The procedures were repeated 

to achieve different concentration. 

 

 

Table 3.2: The amount of the percentage need to achieve in second precipitation of 

(NH4)2SO4 

Percentage of (NH4)2SO4 solution in first 

precipitation 

Percentage of (NH4)2SO4 achieve in 

second precipitation 

20% 40% 

60% 

80% 

40% 60% 

80% 

60% 80% 

 

 

Table 3.3: The weight of (NH4)2SO4 in each sample for second precipitation 

Types of sample Weight of (NH4)2SO4 (g) 

20% - 40% 

20% - 60% 

20% - 80% 

0.113 

0.241 

0.387 

40% - 60% 

40% - 80% 

0.120 

0.263 

60% - 80% 0.129 
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Figure 3.2: After incubating overnight at 4℃ with different concentration of AS, 20%-

40%, 20%-60%, 20%-80% (from left to right) 

 

 

 

Figure 3.3: After incubating overnight at 4℃ with different concentration of AS, 40%-

60%, 40%-80% (from left to right) 

 

 

FY
P 

FI
AT



23 
 

 

Figure 3.4: After incubating overnight at 4℃ with 60%-80% concentration of AS 

 

 

3.4 Dialysis 

 

The precipitates from first and second precipitation were collected and dissolved 

in approximately 1 ml of 0.01 M Tris-HCl buffer (pH 7.6) (Garbayo et al., 1998). The 

samples were placed inside a visking tube and extensively dialyzed against same buffer 

at 4℃ for 24 hours with 2 times of changing buffer in every 6 hours. The solution was 

then centrifuged at 12,000 rpm for 60 minutes. At the end of the experiment, the pellets 

were discarded and the supernatant was used in Bradford protein assay in order to 

determine the concentration of crude protein. 
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Figure 3.5: Dialysis for 24 hours at 4℃ 

 

 

3.5 Quantification of crude protein 

 

As for protein assay, preparation of protein standard according to Bradford (1976) 

from 1 mg/ml bovine serum albumin (BSA) with different concentration which were 

started as 0 (the blank), 20, 40, 60, 80, and 100 µL.  
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Table 3.4: The volume of reagents used in preparation of protein standard 

Concentration of 

BSA (%) 

Volume of BSA 

(µL) 

Volume of 

phosphate buffer 

(µL) 

Bradford reagent 

(µL) 

20 100 2.40 2.5 

40 200 2.30 2.5 

60 300 2.20 2.5 

80 400 2.10 2.5 

100 500 2.00 2.5 

 

 

Table 3.5: The volume of reagents used in measuring crude protein in each sample 

Concentration of 

unknown protein 

sample (%) 

Volume of 

supernatant (µL) 

Volume of 

phosphate buffer 

(µL) 

Bradford reagent 

(µL) 

20 100 2.40 2.5 

40 200 2.30 2.5 

60 300 2.20 2.5 

80 400 2.10 2.5 

100 500 2.00 2.5 

 

 

After all solution were prepared, 1 hour of incubation were applied at 40℃ 

(Bradford, 1976). The solution was measured at 595nm by spectrophotometer.  
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Figure 3.6: After 1 hour of incubation at 40℃ 
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CHAPTER 4 

 

 

RESULTS AND DISCUSSION 

 

 

4.1 QUANTIFICATION OF CRUDE PROTEIN  

 

The standard curve graph (R2=0.9569) was prepared as reference in order to 

identify the protein concentration in particular volume was presented in Figure 4.1. 

 

 

Figure 4.1: Standard curve graph 
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4.1.1 FIRST AMMONIUM SULFATE PRECIPITATION 

 

The quantity of crude protein in with different percentage of ammonium sulfate 

and concentration of protein used in Bradford test was presented in Table 4.1.   

 

 

Table 4.1: Concentration of protein in first precipitation of ammonium sulfate (mg/ml) 

Ammonium sulfate 

concentration 

Concentration of unknown 

protein sample (%) 

Concentration of protein (mg/ml) 

0% - 20% 20 

40 

60 

80 

100 

10.09 ± 1.36a 

10.29 ± 0.17a 

10.00 ± 1.66a 

10.47 ± 0.22a 

11.26 ± 0.59a 

 

0% - 40% 20 

40 

60 

80 

100 

22.39 ± 0.40bc 

21.40 ± 0.16bc 

20.47 ± 1.77bc 

18.60 ± 0.26b 

19.67 ± 0.13bc 

 

0% - 60% 20 

40 

60 

80 

100 

21.68 ± 1.50bc 

22.92 ± 1.05c 

22.02 ± 1.02bc 

20.22 ± 0.97bc 

21.27 ± 1.13bc 
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0% - 80% 20 

40 

60 

80 

100 

20.65 ± 0.85bc 

20.21 ± 0.87bc 

20.16 ± 1.75bc 

20.71 ± 0.59bc 

21.14 ± 0.25bc 

 

1Values are meansSTD of two replicates. Values in the same row with different superscripts are 

significantly different (p<0.05) 

 

 

In first precipitation of ammonium sulfate, 20% of ammonium sulfate 

concentration with different concentration of unknown protein sample which were 20%, 

40%, 60%, 80% and 100% respectively. The 20% of ammonium sulfate concentration 

with 100% concentration of unknown sample had highest protein concentration (11.26 

mg/ml) compared to others. There were no significant differences (p<0.05) in mean 20% 

of ammonium sulfate concentration. 

 

From the Table 4.1, it can be concluded that 0% - 20% of ammonium sulfate with 

different concentration of unknown sample harvested the lowest concentration of protein 

compared to other treatments. This happen due to low concentration of ammonium sulfate 

which was unable to purify protein based on solubility. It was agreement with (Duong-

Ly & Gabelli, 2014) stated that salting out can be used to separate proteins based on their 

solubility in the presence of a high concentration of salt. Due to low concentration, 

hydrogen bond between protein and water molecule was not destroy. This situation had 

been explained by Sattayasai (2012), high concentration of some salt can precipitate 

protein by destroying hydrogen bond between protein and water molecule.  
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 The solution with 40% of ammonium sulfate concentration with 20% 

concentration of unknown protein concentration contained second highest protein 

concentration (22.39 mg/ml) compared to other treatments. Meanwhile, the 40% of 

ammonium sulfate with 80% concentration of unknown protein sample contained lowest 

protein concentration (18.60 mg/ml). There were significant differences (p<0.05) 

between 20% and 80% concentration of unknown protein sample with 40% of ammonium 

sulfate. 

 

According to Table 4.1, the 60% of ammonium sulfate concentration with 40% 

concentration of unknown protein sample contained significantly highest protein 

concentration (22.92 mg/ml) compared to other treatments. The 80% concentration of 

unknown protein sample showed lower (20.22 mg/ml) of protein contained compared to 

others. The results showed that there were significant differences (p<0.05) between 40% 

and 80% concentration of unknown protein sample with 60% of ammonium sulfate 

concentration.  

 

 Table 4.1 showed that 40% of ammonium sulfate concentration had second 

highest of protein concentration while 60% of ammonium sulfate concentration 

significantly highest in first ammonium precipitation. According to Scopes (2013) that 

stated in previous study, the first trial fractionations with range 0% to 48% of ammonium 

sulfate could produce 25% of protein precipitated followed by second and third trial, 32% 

and 35%. In previous study, in first precipitation with 40% of ammonium is the optimum 

percentage to harvest highest concentration of protein (Etiatin et al., 2009; Garbayo et al., 
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1998; Fan Huang et al., 2000). It can be concluded that there was a slightly difference 

between this current study and previous.  

 

From the Table 4.1, the 80% of ammonium sulfate concentration showed that 

there were no significant differences (p<0.05) in mean. The highest protein contained in 

this treatment was with 100% concentration of unknown protein sample (21.14 mg/ml) 

while the lowest was with 60% concentration of unknown protein sample (20.16 mg/ml). 

The concentration of protein with 80% of ammonium sulfate concentration precipitated 

high concentration of protein with range 20 mg/ml to 22 mg/ml.  

 

4.1.2 SECOND PRECIPITATION OF AMMONIUM SULFATE 

 

Table 4.2 presented the quantity of crude protein in with different percentage of 

ammonium sulfate and concentration of protein used in Bradford test. 

 

Table 4.2: Concentration of protein in second precipitation of ammonium sulfate 

(mg/ml) 

Ammonium sulfate 

concentration 

Concentration of unknown 

protein sample (%) 

Concentration of protein (mg/ml) 

 

20% - 40% 20 

40 

60 

80 

100 

12.82 ± 0.29a 

13.94 ± 0.53a 

14.18 ± 0.42a 

14.57 ± 0.56a 

14.77 ± 0.53a 
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40% - 60% 20 

40 

60 

80 

100 

25.09 ± 1.53b 

24.86 ± 1.70b 

24.77 ± 1.98b 

23.58 ± 1.21b 

24.30 ± 1.11b 

40% - 80% 20 

40 

60 

80 

100 

12.44 ± 0.20a 

13.33 ± 0.00a 

12.97 ± 0.61a 

12.86 ± 0.29a 

12.94 ± 0.10a 

 

60% - 80% 20 

40 

60 

80 

100 

12.57 ± 0.36a 

12.64 ± 0.03a 

12.85 ± 0.27a 

12.79 ± 0.27a 

12.97 ± 0.58a 

 

1Values are meansSTD of two replicates. Values in the same row with different superscripts are 

significantly different (p<0.05) 

 

 

After centrifugation process, there were some of samples were not precipitate. The 

sample with percentage 20% - 40%, 40% - 60%, 40% - 80%, and 60% - 80% precipitated 

at the wall of centrifuge tubes. The 20% - 40% of ammonium sulfate with 100% 

concentration of unknown protein sample contained highest (14.77 mg/ml) protein 

concentration among others concentration while 20% concentration of unknown protein 

sample contained low of protein concentration (12.82 mg/ml). 
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 For 40% - 60% of ammonium sulfate concentration with 20% concentration of 

unknown protein sample, it contained significantly highest protein concentration (25.09 

mg/ml) compared to other treatments. Meanwhile, the 40% concentration of unknown 

protein sample contained second highest (24.86 mg/ml) protein concentration compared 

to other treatments.  

 

The solution with 40% - 80% of ammonium sulfate concentration and 40% 

concentration of unknown protein sample contained higher (13.33 mg/ml) protein 

concentration than others.  The lowest (12.44 mg/ml) protein concentration is identified 

in 20% concentration of unknown protein sample compared to other treatments.  

 

The 60% - 80% of ammonium sulfate with 100% concentration of unknown 

protein sample had highest (12.97 mg/ml) protein concentration while 20% concentration 

of unknown protein sample contained low protein concentration (12.57 mg/ml).  In 

second precipitation, it could be concluded that there were no significant differences 

(p<0.05) in mean of each concentration of ammonium sulfate (Table 4.2).  

 

From the Table 4.2, for second precipitation, it could be concluded that there were 

no significant differences (p<0.05) in mean of each ammonium sulfate concentration. The 

40% - 60% showed to have highest protein concentration among other treatments. 

According to Scopes (2013) based on trial fractionations with ammonium sulfate indicate 

that saturation range 40% - 60% shows a lower percent protein precipitation compared to 

60% - 80% of ammonium sulfate. Thus, these findings were significantly different to the 

current study.  
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From both experiment, first and second precipitation, there were possible errors 

that could be affected the results. One of them including the temperature. The temperature 

of cold room was not in required temperature with range 5℃ to 8℃. According Hunte et 

al. (2003), the early stages of a purification protocol it is generally advisable to work at 

cold room temperature which is 4℃ in order to minimize proteolysis activity and the 

protein will be more stable at 4℃.  

 

The proper method in addition of ammonium sulfate could be one of the possible 

errors this current study. As mentioned by (Etiatin et al., 2009; Garbayo et al., 1998; Fan 

Huang et al., 2000), the ammonium sulfate should be added into stirred supernatant in 

order to minimise the dissolving process and to make it dissolve completely before 

incubation was applied. In this current study, the ammonium sulfate was added into 

supernatant without immediately stirring. Thus, the time to dissolve the ammonium 

sulfate was increased. 

 

Moreover, the centrifugation process could be affected the results. For both first 

and second precipitation in this current study used similar procedure which is the sample 

was centrifuged at 27,000 g for 1 hour. This method could give some effects to the sample 

due would not precipitated enough at the wall of centrifuge tube in second precipitation. 

In previous study, Etiatin et al. (2009) noted that first precipitation with 40% 

concentration of ammonium sulfate applied 27,000g at 60 minutes while for second 

precipitation with 80% concentration of ammonium sulfate applied with 27,000g at 90 

minutes.  
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Furthermore, the Bradford protein assay could generate some errors in this current 

study as it was sensitive test. It was full agreement from (Kunze et al., 1989) that noted 

Bradford by using CBBG was very sensitive although it was high reproducibility and 

could be used to detect less than 1.0 µg of albumin. (Bradford, 1976) also noted that this 

method was sensitive to the amino acid composition of the protein. This assay also could 

be biased by the present of detergent (Hunte et al., 2003). 
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CHAPTER 5 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

5.1 CONCLUSION 

 

 The objectives of current experiment had been achieved by obtaining the 

best percentage of (NH4)2SO4 for protein purification and the highest concentration of 

crude protein were evaluated from placenta of Kedah-Kelantan (Bos Indicus) cattle. It 

seemed, the best percentage of ammonium sulfate concentration also can be decided (40% 

- 60%) with highest among of protein concentration (25.09 mg/ml) after conducting first 

and second precipitation process. Therefore, this study can enhance the better selection 

of ammonium sulfate concentration when working out in the precipitation of protein 

which can be used in PSPB isolation.  

 

Protein purification which was involving separation based on solubility required 

two important steps which were salting out or salt precipitation and dialysis. In salting 

out, the optimisation of salt concentration is important in order to breakdown the 

hydrogen bond between protein and water molecule. Dialysis was the most important part 

as needed to remove salts before proceeding to the next step. 
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Optimisation of ammonium sulfate were required in order to purify proteins. 

Supernatant were undergone double precipitation as to identify the best percentage of 

ammonium sulfate that can be used to purify proteins. Furthermore, optimisation in 

incubation period also important. In this study, the solution with different concentration 

of ammonium sulfate were undergone two incubation with different time period, which 

was one hour for first precipitation and 24 hours for second precipitation. 

 

5.2 Recommendation 

 

 In the future, researcher can apply different methods in purification protein 

solubility of protein with advance technology by optimising others parameters such as 

temperature, pH and type of salts. Besides, purification of protein separation based on 

size and density can be applied. Separation based on size and density were need some 

important procedures including centrifugation, dialysis and molecular filtration. 

 

 If the desired protein is a water-soluble molecule, the centrifugation of the 

supernatant can be applied with high speed (10,000 g to 20,000 g) in order to exclude cell 

debris and large organelles from the crude protein extract. Then, organelles were 

fractionated by using density gradient centrifugation can be used in order to separate 

according to their sizes and density into fractions by stepwise increasing of the centrifugal 

force. Various materials can be used to make gradients such as sucrose and Ficoll. 

Meanwhile, dialysis used to remove out salts or contaminants from sample by osmotic 

pressure. Molecular filtration played same role as dialysis. In order to fractionate proteins, 
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a membrane with specific pore size is used. The molecules smaller than the pore only can 

pass through the membrane by using pressure or centrifugation force 

 

The quantification of protein can be further in the future by characterization of the 

protein. It can be done by enzyme-linked immunosorbent assay (ELISA) test. As 

mentioned, PSPB or PAG-1 located in the placenta which act as pregnancy marker. These 

glycoprotein can be measured by using ELISA. Besides, sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE) can be applied in order to separate 

protein based on their molecular weight. SDS-PAGE and PI can be used to identify 

molecular weight of bovine PSPB (bPSP). Estimation of the molecular size of bPSPB 

varied considerably, with values ranging from 37 kDa to 78 kDa, and isoelectric points 

(pI) ranged from 4.0 to 4.4. This method can be applied for pregnancy detection as 

pregnancy diagnosis is an important part in reproduction management of ruminant 

industry. Early identification of pregnancy is important in order to improve the breeds in 

ruminant industry. The improvement of the breeds can lead to the successful in beef and 

dairy industries in Malaysia.  
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APPENDICES 

A.1: One-way ANOVA of first ammonium sulfate precipitation 

 

 

 

 

 

Table A.2: Post Hoc Analysis using Duncan Multiple Test for 0% - 20% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 3 

20% 2 10.0886   

40% 2 10.2927   

60% 2 9.9967   

80% 2 10.4661   

100% 2 11.2620   

Sig.  .998 .80 .215 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 
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Table A.3: Post Hoc Analysis using Duncan Multiple Test for 0% - 40% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 3 

20% 2  22.3947 22.3947 

40% 2  21.4049 21.4049 

60% 2  20.4661 20.4661 

80% 2  18.5988  

100% 2  19.6702 19.6702 

Sig.  .998 .80 .215 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

 

 

 

Table A.4: Post Hoc Analysis using Duncan Multiple Test for 0% - 60% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 3 

20% 2  21.6804 21.6804 

40% 2   22.9151 

60% 2  22.0171 22.0171 

80% 2  20.2212 20.2212 

100% 2  21.2722 21.2722 

Sig.  .998 .80 .215 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 
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Table A.5: Post Hoc Analysis using Duncan Multiple Test for 0% - 80% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 3 

20% 2  20.6498 20.6498 

40% 2  20.2110 20.2110 

60% 2  20.1600 20.1600 

80% 2  20.7110 20.7110 

100% 2  21.1396 21.1396 

Sig.  .998 .80 .215 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

 

 

 

A.6: One-way ANOVA of second ammonium sulfate precipitation 
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Table A.7: Post Hoc Analysis using Duncan Multiple Test for 20% - 40% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 

20% 2 12.8233  

40% 2 13.9355  

60% 2 14.1804  

80% 2 14.5682  

100% 2 14.7722  

Sig.  .406 .930 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

 

 

 

Table A.8: Post Hoc Analysis using Duncan Multiple Test for 40% - 60% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 

20% 2  25.0886 

40% 2   24.8641 

60% 2  24.7722 

80% 2  23.5784 

100% 2  24.3029 

Sig.  .406 .930 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 
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Table A.9: Post Hoc Analysis using Duncan Multiple Test for 40% - 80% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 

20% 2 12.4355  

40% 2 13.3335  

60% 2 12.9661  

80% 2 12.8534  

100% 2 12.9355  

Sig.  .406 .930 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 

 

 

 

 

Table A.10: Post Hoc Analysis using Duncan Multiple Test for 60% - 80% ammonium 

sulfate concentration 

Treatment N 

Subset for alpha = 0.05 

1 2 

20% 2   12.5682  

40% 2 12.6396  

60% 2 12.8539  

80% 2 12.7927  

100% 2 12.9661  

Sig.  .406 .930 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 2.000. 
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Figure A.11: Separation between supernatant and pellet after centrifugation 

 

 

 

 

 

Figure A.12: Preparation of dialysis 
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Figure A.13: Bradford reagent 

 

 

 

 

Figure A.14: Dry ammonium sulfate 
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Figure A.15: Dry bovine serum albumin (BSA) 

 

 

 

 

 

Figure A.16: Visking tube 
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Figure A.17: Centrifuge 5418 R 

 

 

 

 

Figure A.18: Supra 22K 
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Figure A.19: Spectroquant Pharo 300 
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