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ABSTRACT 

Leukemia inhibitory factor (LIF) is a secreted glycoprotein that was initially identified 

through its ability to induce macrophage differentiation in the murine M1 myeloid leukemic 

cell line. LIF also maintain pluripotency in Embryonic Stem cells (ESCs). Mouse LIF (mLIF) 

is in use for buffalo stem cells production whose efficiency is unclaimed. We successfully 

cloned the buffalo LIF gene in pAcGFP-N1 vector which was subsequently transfected into 

eukaryotic cell line (COS-1). After several rounds of selection in the presence of G418 and 

single cell clonal expansion, a stably transfected cell line of COS-1_BuLIF was developed 

which expressed BuLIF_GFP at high level. The strong expression of BuLIF was observed at 

70
th
 passage and cells could grow in the absence of selection pressure without losing GFP 

signal. PCR based identification to detect GFP and BuLIF gene in the COS-1_BuLIF genome 

further confirmed the genomic integration of BuLIF. Co-immunoprecipitation technique was 

employed for the purification of rBuLIF_GFP where Cynogen Bromide activated Sepharose 

was used as matrix to couple with anti GFP monoclonal antibody. Pure BuLIF_GFP protein 

was obtained from several T75 cm
2
 confluent flasks. The SDS-PAGE revealed a single band 

of around 65-70kDa molecular weight protein which corresponds to the expectedmolecular 

weight of BuLIF_GFP fusion protein (22.9kDa+35.0 kDa=55.9kDa). LIF protein is highly 

glycosylated which increase the size of protein from 10-30kDa. The purified protein will 

further confirmed by Mass spectrometry based identification (Q-TOF) which revealed the 

identity of protein as BuLIF. Thus, this work demonstrates the successful purification of 

rBuLIF_GFP which may find its applications in bovine stem cell and related biological field. 
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INTRODUCTION 

 

Leukemia Inhibitory factor (LIF) is pleiotropic molecule synthesized and secreted in 

various body tissues such as uterine gland cells, blastocyst, thymus and lung, cardiac muscle, 

kidney, neuronal tissue following injury, skin, oocyte. Its existence has been reported in 

many species such as human, porcine, ovine, rat, mink including cattle and buffalo. Some of 

the common biological functions regulated by LIF are like proliferation of cells, 

differentiation, calcium and bone metabolism, induction of acute phase proteins, cachexia in 

organism affected with neoplastic disorders etc. The first evidence of this molecule was 

found from the work of Metcalf and colleagues at the Walter and Eliza Hall Institute 

ofMedical Research in Melbourne, Australia in the year 1986 wherein, the LIF molecule was 

described as a factor that induced the differentiation of mouse myeloid leukemic M1 cells 

into macrophages. However, it plays many other functions like it regulates the growth and 

differentiation of embryonic stem cells, primordial germ cells, peripheral neurons, 

osteoblasts, adipocytes, and endothelial cells also. A number of reports came on 

characterization of LIF, its production and purification and about elucidation of its function 

and its application in various species (mouse, human, cattle, buffalo, porcine, ovine, rat, goat 

etc.).  

One of the major applications of LIF is in the form of its use for the maintenance of 

pluripotency in mouse and human embryonic stem cell. An important role for LIF in 

implantation was shown on LIF knockout mice, when embryo implantation did not occur. 

Propagation of mouse embryonic stem is mediated via co-culture with a feeder layer of 

embryo fibroblasts or provision of a cytokine such as leukemia inhibitory factor (LIF) that 

acts through the LIF-R/gp130 complex. LIF-deficient fibroblasts are reported to be incapable 

of supporting embryonic stem cells self-renewal which indicates that LIF is essential for 

pluripotency of embryonic stem cell. LIF binds to the specific LIF receptor (LIFR-α) which 

forms a heterodimer with a specific subunit common to all members of that family of 

receptors, the GP130 signal transducing subunit. This leads to activation of the JAK/STAT 

and MAPK cascades.  

LIF is normally expressed in the tropho-ectoderm of the developing embryo and 

endometrium particularly at the time of implantation with its receptor LIFR expressed 

throughout the inner cell mass. LIF maintains the pluripotency of ESCs through the 

production of Sox2 and Nanog via two different pathways JAK-STAT3 and MAPK 
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respectively. This property of LIF makes it a suitable media component to be used in in-vitro 

experiments of ESCs. 

 The first report on the production of embryonic stem cell in bovine came in 2007 and 

on buffalo embryonic stem cells in the year 2009. In all such studies media was supplemented 

with LIF from mouse or human source. Recombinant human LIF is added to bovine embryo 

culture media at a concentration of 100ng/ml. Buffalo ESCs have been derived from in-vitro 

produced embryos by using mouse LIF. It is understood that although seemingly similar 

pathways are operational in different species for the maintenance of pluripotency in 

embryonic stem cells, there are miniscule differences at molecular level in the specific 

signaling pathways. For example, the major cell signaling pathways that govern ESC self-

renewal in mice, are the JAK-STAT, WNT, BMP4 and MEK-ERK, whereas in human the 

FGF and MEK-ERK paths are more critical. Because of this, although mouse LIF is effective 

in both the mouse and human embryonic stem cell pluripotency, human LIF cannot be used 

in mouse stem cells. It has been observed that bovine and buffalo LIF sequences 

(nucleotides) are closer to each other and are relatively different from mouse or human LIF. 

The nucleotide sequence of the human LIF gene indicates 78% sequence identity with murine 

LIF. Bostaurus LIF with 202 amino acids including 18 amino acids as signal peptide mapped 

to chromosome 17 shares 88.61% (nucleotides) and 89.11 % (amino acid) homology with 

human LIF. Post translational modifications (PTMs) like glycosylation and phosphorylation 

are different in buffalo LIF than that of mouse or human LIF as predicted from sequence 

analysis. Thus, use of mouse or human LIF for bovine embryonic stem cells is a 

compromised choice in the absence of a suitable bovine LIF. 

 When recombinant LIF is used, its host cell of expression becomes important. LIF is 

considered a heavily glycosylated protein. LIF expressed in bacterial host may not have the 

identical PTMs as that of native bovine LIF. Further, required refolding step limits the 

recovery pure protein. It is desirable that the recombinant LIF should be as close as native 

LIF. For this, eukaryotic systems like yeast, insect and mammalian cell lines have been used 

for the production of various proteins as well as human LIF. Bovine LIF was never produced 

in recombinant form and hence, its functional characterization and application in embryonic 

stem cells remained unfulfilled. It is envisaged that, bovine origin LIF will help overcoming 

shortcomings of current state of embryonic stem cell science. Production of buffalo ESCs 

will be easier and faster. Cost of production of buffalo ESCs may be much lower. It is critical 

to understand and characterize the molecule and its pathway involved in maintenance of 

pluripotency of buffalo ESCs.  
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REVIEW OF LITERATURE 

 

2.1   Embryonic Stem Cells 

Embryonic stem (ES) cells are pluripotent cells, ES cells are derived from the inner 

cell mass (ICM) of blastocyst-stage embryos and possess the capacity for long-term 

propagation and broad differentiation capability.Mouse embryonic stem cells are derived 

from the epiblast cells within the inner cell mass of a blastocyst (Brook and Gardner et al., 

1997; Martin et al., 1981). The related property of totipotency is a characteristic restricted to 

the fertilized egg and early cleavage stage blastomeres, because they alone can give rise to all 

cells required for development (Lovell- Badge et al., 2001). Following the reports of their 

isolation in mouse (Martinet al., 1981) and human (Reubinoffet al., 2000), attempts have 

been made to establish ES cell-like cell lines from various mammals like rat (Iannacconeet 

al., 1994), rabbit (Graves and Moreadithet al., 1993), hamster, mink (Saroyan et al., 1992) 

and rhesus monkey (Thomsonet al., 1995). In farm animals, ES cell-like cells have been 

established in sheep,cattle (Strelchenkoet al., 1996). pig (Wheeler et al., 1994), horse (Saito 

et al., 2002) and Recently ES-like cells have been established from buffalo (Vermaet al., 

2007). The IPS (induced pluripotent stem cells) cells generation from somatic cells with 

defined transcription factors in human (Takahashi et al., 2007) and mouse from farm animal 

species also. Pluripotent cells from farm animals could provide a powerful tool for studies on 

early embryonic development, gene targeting, cloning, transgenesis and chimera formation  

2.1.1  Pluripotency of Embryonic Stem (ES) Cells 

Embryonic stem (ES) cells derived from pre-implantation embryos have the potential 

to differentiate into any cell type derived from the three germ layers of ectoderm (epidermal 

tissues and nerves), mesoderm (muscle, bone, blood), and endoderm (liver, pancreas, 

fgastrointestinal tract, lungs) and adult cells (Thomson et al., 1998). The basis of 

pluripotentiality resides in conserved regulatory networks composed of numerous 

transcription factors and multiple signaling cascades. Together, these regulatory sequences 

maintain ES cells in aundifferentiated form and pluripotent (Yamanakaet al., 2008). 

 

 

http://link.springer.com/search?facet-author=%22Satoshi+Yamanaka%22
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2.1.2  Self-Renewal of ES Cells  

The detail study of Austin Smith and colleagues (Smith et al., 2001).revealed most critical 

pathway by which cytokine signaling acts to promote mES cell self-renewal They isolated a 

soluble glycoprotein that prevents stem cell differentiation and established that ES cell self-

renewal is dependent on paracrine signals from feeder cells of mouse embryonic fibroblasts 

(MEF) on which mES cells were initially cultured (Hooper et al., 1987). The factor required 

for self-renewal of mES was LIF (Williams et al., 1988) that firstly was identified as the 

cytokine capable of inducing the differentiation of M1 myeloid leukemia cells into 

macrophages (Ichikawa et al., 1970). 

2.2    Leukemia Inhibitory Factor (LIF) 

Leukemia inhibitory factor (LIF) was first identified by Metcalf and colleagues in 

1986 at the Walter and Eliza Hall Institute of Medical Research in Melbourne, Australia. 

Leukemia inhibitory factor (LIF) is a secreted glycoprotein that was initially identified 

through its ability to induce macrophage differentiation in the murine myeloid leukemiccell 

line M1 (Hilton et al., 1988). 

2.2.1  LIF as an Extrinsic Signal  

ES cells have been maintained in co-culture with mitotically fibroblasts in inactive(Martin et 

al., 1981). If the medium is supplemented with leukemia inhibitory factor (LIF) then the co-

culture system is unnecessary to maintain (Williams et al., 1988). Moreover, LIF signaling is 

largelyresponsible for the pluripotency-promoting activity of the fibroblasts in these co-

cultures (Chambers and Smith, 2004) In brief, the positive event occurring upon LIF 

stimulation of ES cells is the dimerization, tyrosine phosphorylation and translocation to the 

cell nucleus of the signal transducer and activator of transcription, STAT3 (Matsuda et al., 

1999). In the absence of LIF signaling, induced either by LIF withdrawal or by the expression 

of a dominant interfering form of STAT3, ES cells differentiate into a morphologically mixed 

cell population expressing genes characteristic of endoderm and mesoderm (Niwaet al.,1998; 

Niwaet al., 2000). 
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2.2.2  Pleotropic Nature of LIF 

Three laboratories simultaneously discovered and cloned the LIF cytokine through its 

pleiotropic biological activities on i) the proliferation of adult human T cells 

(HILDA)(Moreau et al.,1988), ii) the inhibition of leukemic cell differentiation(Gough et al., 

1988). iii) the maintenance of ES cells pluripotency (DIF)(Smith et al., 1992) LIF was thus 

characterized as a pleiotropic cytokine with pro or anti-differentiation, pro or anti-survival 

effects depending upon cell maturity and cell types (Trouillaset al., 2009). 

2.2.3  LIF Production in different tissues 

LIF mRNA is transcribed in multiple organs (Brown et al., 1994) like most cytokines, 

LIF production is highly inducible with a wide range of inducing agents according to the cell 

type involved. In uterine tissue, LIF production by uterine gland cells changes abruptly prior 

to implantation (Song et al., 2000). LIF production has also been reported in the blastocyst 

(Sun et al., 1998), hypophysis (Chesnokovaet al., 2000), cardiac muscle (Anceyet al., 2002), 

kidney (Morel et al., 2000), thymus and lung (Fukadaet al., 1997), neuronal tissue following 

injury (Tofariset al., 2002), and in the skin (Bonifatiet al., 1998). 

2.3  Molecular Biology of LIF and LIF receptor (LIFR) 

2.3.1  Molecular biology of LIF 

LIF was originally characterized and cloned as a differentiation factor for the murine 

leukemic M1 cell line. 

2.3.1.1 LIF genes in the mammalian systems 

To date, the murine (GenBank Accession: X06381, M63419 J05435, X12810 m60289, 

S73374)(Gearing et al.,1987; Hsuet al., 1994;  Stahl et al.,1994), human (GenBank 

Accession: M63420 J05436, X13967) (Moreau et al.,1988; Sutherland et al.,1989),ovine 

(Willsonet al.,1992), porcine (Willsonet al.,1992), bovine (GenBank Accession: D50337, 

U63311) (Kato et al.,1992), rat (Takahamaet al.,1992), and mink (GenBank Accession: 

AF048827) (Song  et al.,1998) genes for LIF have been cloned. Southern blot analysis with 

human and murine probes of the LIF coding region yield a unique hybridization pattern(Stahl 

et al., 1990),indicating a single gene locus. The murine LIF gene is located on chromosome 

number 11A1 (Bottorffet al., 1992), while the human LIF gene is located on chromosome 

number 22q12.1–12.2 (Sutherland et al., 1989). In the murine and human genome, the LIF 
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gene is in close proximity to the OSM gene (Budarfet al., 1989). The human and murine LIF 

gene consist of 3 exons and 2 introns (Stahl et al., 1992). The length of the murine and 

human LIF gene is approximately 6.0 kb and 6.3 kb, respectively. 

2.3.1.2 LIF expression 

LIF gene expression can be induced by several pro-inflammatory agents, e.g., 

lipopolysaccharide (Brown et al.,1994; Wang et al.,1996),IL-1 (Ariciet al.,1995), IL-17 

(Gollneret al., 1999) or inhibited by anti-inflammatory agents, e.g., glucocorticoids 

(Grossetet al.,1992), IL-4 (Gollneret al., 1999), and IL-13 (Auernhammeret al., 1998), 

respectively. 

2.3.1.3 Structural attributes of LIF  

LIF is a long-chain four-a-helix bundle cytokine (Bazanet al., 1991; Sprang et al., 

1993). The four-a-helix bundle cytokines are subdivided into short chain and long-chain 

cytokines, as their helices comprise approximately 15 or 25 residues, respectively (Walter et 

al., 1997).  

2.3.2  LIF Receptor—Gene Structure and Regulation 

2.3.2.1 LIFR gene and structure 

The human (GenBank Accession: X61615) (Gearing et al., 1991), murine (GenBank 

Accession: D26177, S73496, S73495, S81861, X99778, X99779) (Owczareket al., 1996) and 

rat (GenBank Accession: D86345) (Aikawaet al., 1997) gene for LIFR a have been cloned. 

The LIFR gene is located on human chromosome 5p12–13 and murine chromosome 15 

2.3.2.2 Membrane-bound LIFR 

Human LIFR (GenBank Accession: X61615), is an approximately110-kDa protein 

that is highly glycosylated to about 190 kDa at multiple potential N-linked glycosylation sites 

(Gearing et al., 1991). 

2.3.2.3 Soluble LIFR 

Murine LIFR exists in both a membrane-bound and a soluble form, the latter lacking 

the transmembrane and cytoplasmic domains. 
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2.3.2.4 LIF binding and LIFR expression 

Low- and high-affinity binding sites for LIF have been described in several cell types 

(Godard et al., 1992). A low number of approximately 150–400 high-affinity binding sites 

are found on most cells responsive to LIF. Furthermore, approximately 1,000–6,000 low-

affinity binding sites are present on many cell types. While LIFR a constitutes the low-

affinity binding site, association of the LIF-LIFR complex with gp130 results in its 

conversion to a high-affinity binding site (Gearing et al.,1992). Several human cell lines 

exhibiting no detectable binding of non-glycosylated human LIF, revealed 3,000 to 40,000 

binding sites for glycosylated human LIF, due to the Man-6-P/IGFII-R (Blanchard et al., 

1992. Binding of LIF to the Man-6-P/IGFII-R caused no downstream functional effects, but 

mediated a rapid internalization and degradation of LIF (Blanchard et al., 1993).  

2.4  LIF Signaling 

2.4.1 General Principles of Cytokine Signaling 

Leukemia inhibitory factor (LIF) belongs to the family of interleukin (IL)-6-type 

cytokines, which signal through the common receptor subunit gp130 in association with a 

ligand-specific receptor subunit. The binding of LIF to the LIFR induces its hetero-

dimerization with gp130.The cytokine receptor superfamily comprises single transmembrane 

proteins that can homo or heterodimerize upon binding of one or more ligands.(David et 

al.,2005)When LIF binds to the LIF receptor, it triggers three signaling pathways: (i) the JAK 

(Janus kinase)/STAT3 (signal transducer and activator of transcription 3) pathway; (ii) the 

PI3K (phosphoinositide 3-kinase)/AKT pathway; and (iii) the SHP2 (SH2 (Src homology 2) 

domain-containing tyrosine phosphatase 2)/MAPK (mitogen-activated protein kinase) 

pathway. 

2.4.1.1 LIF/JAK/STAT3 signaling pathway 

The LIF/JAK/STAT3 pathway has been extensively studied (Murray et al., 2007; 

Levy et al., 2002; Heinrich et al., 2002; Heinrich et al., 1998), and its central role in self-

renewal has been well established by the fact that activation of STAT3 is sufficient to 

maintain mESC self-renewal (Matsuda et al., 1999; Murray et al., 2007; Levy et al., 2002). 

STAT3 is a ubiquitously expressed protein containing six domains: a dimerization domain, a 

coiled-coil domain, a DNA-binding domain, a linker domain, an SH2 domain and a 

transactivation domain (Schindler et al., 2007; Leonard et al., 1998). It is activated by JAKs. 
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JAKs contain seven domains called JH (JAK homology) domains 1–7, which are conserved 

among family members (Schindler et al., 2007, Leonard et al., 1998). This heterodimer 

activates the gp130-bound JAK through trans-phosphorylation within a single JAK or 

between two JAKs (Murphy et al., 2010). 

Phosphorylation of the tyrosine at position 1022 is critical for activation of JAK1. Among the 

four JAKs, JAK1 and JAK2 are the ones primarily involved in the LIF signaling pathway 

(Kisselevaet al., 2002). Dimerized STAT3 is then imported into the nucleus via the binding 

of nuclear import proteins, importin-α3 and importin-α6, to the coiled-coil domain of STAT3 

(Liu et al., 2005; Reich et al., 2006). STAT3 is constantly shuttled between the cytoplasm 

and nucleus independently of Tyr705 phosphorylation. Dimerized STAT3 finally binds to the 

consensus sequence TTCCSGGAA (S C or G) at the enhancer of its target genes to regulate 

their expression (Chen et al., 2008; Leonard et al., 2008). Although LIF is the only member 

of the IL-6 family routinely used to culture mESCs, other family members such as oncostatin 

M, ciliaryneurotrophic factor and cardiotrophin 1 can also maintain self-renewal of mESCs 

because of their shared signaling mechanisms that converge on STAT3 (Conover et al., 

1993). 

2.4.1.2 LIF/PI3K/AKT signaling pathway 

In a second LIF signaling pathway, JAKs activate PI3Ks, potentially through 

phosphorylation of the regulatory subunit p85 (Migoneet al., 1998), which then activates the 

AKT serine/ threonine kinases (Paling et al., 2004).AKTs inhibit their major target protein 

GSK3β (glycogen synthase kinases 3β) by two independent mechanisms, resulting in an 

increase of the levels of Nanog and c-Myc, both of which are important for self-renewal of 

mESCs (Bechardet al., 2009). GSK3β promotes ubiquitin dependent degradation of c-Myc 

by phosphorylation of Thr58 (Cartwright et al., 2005). GSK3β also inhibits Nanog 

expression, although the exact mechanism remains unknown (Storm et al., 2007). Although 

GSK3α and GSK3β are structurally and functionally distinct (Hoeflichet al., 2000), they are 

functionally redundant for self-renewal and differentiation of mESCs (Dobleet al., 2007). 

Therefore, although previous studies have focused on GSK3β, GSK3α might function in a 

similar way in the LIF/PI3K/AKT signaling pathway. Another pluripotency gene Tbx3 (T-

box3) is also up-regulated by AKTs, although the involvement of GSK3α/β remains 

unknown (Niwaet al., 2009). The LIF/PI3K/AKT pathway also induces acetylation of lysine 

residues on STAT3 (Wanget al., 2005). Acetylated STAT3 forms more stable dimers and 



29 
 

more actively transcribes target genes without phosphorylation of Tyr705 (Braunsteinet al., 

2003). 

In mESCs, the PI3K/AKT pathway can also be activated by FGF4 (Ying et al.,), 

insulin, IGF1 (insulin-like growth factor 1) (Alessiet al., 1996; Rubin et al., 2007) and the 

ESC-specific Ras-like protein Eras (Takahashi et al., 2003, Takahashi et al., 2007), and 

inhibited by the tumour suppressor protein PTEN (phosphatase and tensin homologue deleted 

on chromosome 10) (Sunet al., 1999). FGF4 functions as an autocrine stimulator for 

differentiation of mESCs by inducing several signalling pathways, including the PI3K/AKT 

pathway. 

2.4.1.3 LIF/SHP2/MAPK pathway and other LIF signaling pathways 

The third LIF signaling pathway is less well characterized than the preceding two. 

When combined with the available evidence for other IL-6 family members, the third 

pathway is thought to signal through SHP2/MAPK (Figure 1) (Schiemannet al., 1997). 

Binding of LIF to the LIF receptor induces JAK-mediated tyrosine phosphorylation on 

gp130, which leads to the recruitment and subsequent phosphorylation of SHP2 by JAKs. 

SHP2 then interacts with the Grb2 (growth-factor-receptor-bound protein 2)–SOS (son of 

sevenless) complex to activate the MAPK pathway involving the Ras/RAF/MEK/ERK 

cascade. Unlike the two pathways mentioned above, this system induces differentiation of 

mESCs by down-regulating Tbx3 and Nanog. The Ras/RAF/MEK/ERK cascade is also 

activated by autocrine FGF4, inducing differentiation of mESCs as described above. 

 

 

Fig.1: Different LIF (cytokine) induced signaling pathways in mouse Embryonic stem cells: IRS: Insulin 

receptor substrate; JAK: Janus kinase; MAPK: Mitogen-activated protein kinase; MEK: MAPK 
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kinase; PKC: Protein kinase C; RSK: Ribosomal S6 kinase; PI3K: Phosphatidylinositol-3 phosphate 

kinase; P: Phosphate group; PLC: Phospholipase C; SOS: Son of sevenless; STAT: Signal 

transducers and activators of transcription (Kristensenet al., 2005). 

2.5  Applications of LIF 

Leukemia inhibitory factor (LIF) is a glycoprotein that has been increasingly 

recognized to possess a wide range of physiological activities. Some of the therapeutic 

applications LIF determined are as follows; 

2.5.1  Therapeutic applications of LIF 

i)A role for LIF in the host response against bacterial infection .The administration of LIF 

may confer beneficial effects and enhance host resistance against lethal endotoxemia. 

A single intravenous dose of recombinant human D factor completely protected 

C57/B16 mice from the lethal effect of Escherichia coli endotoxin (lipopolysaccharide 

[LPS]. When human D factor was combined with sub-protective doses of IL-I or 

TNF, there was dramatic synergistic protection against a subsequent lethal LPS 

challenge. This is so because IL-1 and TNF help in synthesis of LIF (Alexander et al., 

1992). 

ii) The therapeutic efficacy of recombinant human leukemia inhibitory factor (LIF) was 

examined in a nonhuman primate model of radiation-induced marrow aplasia. 

Thrombocytopenia and neutropenia remain as dose-limiting consequences after high-

dose irradiation or cytotoxic drug exposure. Cytokines such as recombinant human 

granulocyte and granulocyte-macrophage colony stimulating factor have been 

effective in reducing the duration of neutropenia after radiation- or drug-induced 

marrow aplasia in preclinical and clinical protocols (Fareseet al., 1994). 

iii) The role of leukemia inhibitory factor in the establishment of pregnancy: Leukemia 

inhibitory factor (LIF) is required for blastocyst implantation in mice. Uterine 

expression of LIF and that of its receptors has been demonstrated in a number of 

mammalian species indicating that LIF may have widespread importance in the 

establishment of pregnancy. Recombinant human LIF (AM424) has been reported in 

clinical trials (Kureket al., 1998) making this a testable hypothesis. 

iv)RecombinantmLIF induced an increase in blood platelet counts, an increase in 

megakaryocyte numbers in the spleen, elevated serum Ca levels, (Metcalf et al.,1990). 
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v) Therapies for multiple sclerosis (MS) reduce the relapse rate but are unable to stop 

neurological decline. Leukemia inhibitory factor (LIF) has the potential to act as a 

novel therapeutic in diseases with a neurodegenerative and inflammatory component, 

such as MS. (Slaetset al., 2010) 

2.5.2 Target Molecules of the LIF/STAT3 Pathway in ES Cells 

Chip-on-chipand Chip-seq analyses have revealed that STAT3 binds to the regulatory 

regions of severalself-renewal genes in ES cells (Chen et al., 2008; Kidder et al., 2008).  

2.5.2.1 Transcription factors 

GA-binding protein (GABP) belongs to the transcription factor family and forms a 

hetero-tetramer consisting of two α-subunits and two beta-subunits (Rosmarinet al., 2004). 

Thealpha-subunit (GABPα) mediates DNA binding, while the beta-subunit (GABPbeta) 

enhances thetranscriptional activity of thealpha-subunit.  

Krüppel-like factor (Klf)-4 belongs to the KLF zinc finger protein family that 

shareshomology with the Drosophila Krüppel segmentation protein (Rowland and Peeper, 

2006).Klf4 is expressed in a variety of tissues and plays an important role in many 

physiologicalprocesses, including cell proliferation and terminal differentiation. Klf4 can 

either activateor repress transcription, depending on the specific target gene, and it can 

function as anoncogene or a tumor suppressor gene in certain cellular contexts. 

2.5.2.2 Transcriptional repressors 

The orphan nuclear receptor Dax1 (DSS-AHC critical region on the X-chromosome 

gene 1) was originally identified as a gene responsible for thecongenital disease dosage-

sensitive sex reversal (DSS) and for adrenal hypoplasia congenital (AHC); in humans, gene 

duplication causes male-to-female sex reversal, while mutations inDAX1 result in AHC 

(Niakan and McCabe, 2005). Dax1 is expressed in self-renewing ES cells under the 

regulation of STAT3 andOct3/4 (Clipshamet al.,2004; Sun et al.,2008), and its importance in 

ES cell self-renewal hasbeen suggested by both knockdown and knockout experiments 

(Niakanet al.,2006; Wang et al.,2006; Khalfallahet al.,2009). 

2.5.2.4 Kinases 

In addition to transcription-related genes, the LIF/STAT3 pathway regulates 

expression ofother classes of genes, for example, kinases. The pimgenes encode 
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serine/threonine kinases, Pim-1, Pim-2 and Pim-3, regulate cell growth and apoptosis 

(Bachmann and Moroy,2005). The expression of Pim-1 and Pim-3 is regulated by STAT3 in 

ES cells (Aksoyet al., 2007). Overexpression of Pim-1 and Pim-3 promotes self-renewal and 

knockdown ofthese genes increases the rate of differentiation and apoptosis (Aksoyet 

al.,2007), suggesting that these kinases have important roles in ES cell self-renewal. The Akt-

related kinase serum/glucocorticoid-regulated kinase (SGK) can phosphorylateand inactivate 

GSK-3, a kinase that is known to regulate beta-catenin levels in ES cells (Tessier&Woodgett, 

2006). SGK is downstream of both the STAT3 and PI3K pathways (Kobayashi& Cohen, 

1999; Park et al.,1999; Bourillotet al.,2009). 

2.6 Functions of LIF 

LIF performs many functions and hence known as pleiotropic molecule. Some of the 

important functions LIF are mentioned below. 

2.6.1 LIF as a Candidate Hematopoietic Regulator 

Murine LIF is a glycoprotein with a 180-amino-acidsingle 4-alpha-helix polypeptide 

chain. LIF was purified frommedium conditioned by Krebs-II ascites tumor cells andthen 

cloned from a murine T-lymphocyte cDNA library asa factor able to induce macrophage 

maturation and terminate self-renewal of the undifferentiated and highly clonogenicmurine 

myeloid leukemia, M1 (Hiltonet al.,1988). Combination ofthese actions suppressed the 

leukemic population, hence thename assigned. Cloning of the corresponding human 

LIFcDNA was performed using the murine cDNA as a probe(Gough et al.,1988). The name 

―leukemia inhibitory factor‖ has proven to bequite inappropriate for this highly poly-

functional molecule but at least it has preserved LIF from the indignity of endingup merely 

with an anonymous IL- or CD-barcode number.LIF was presumed to be a factor playing 

some regulatoryrole in hematopoiesis and possibly having a special suppressiveaction on 

some myeloid leukemia. 

2.6.2  Actions in Kidney 

In collaboration with transforming growth factor-2,LIF produced by the ureteric buds 

induces clumps of culturedmesenchymal cells to differentiate into glomeruli andtubules 

(Baraschet al.,1999). 
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2.6.3  Neuronal Functions 

There have been multiple reports of LIF action on neuronaltissue, which extend the 

original findings in LIF–/–mice: A) LIF enhances the survival of sensory and motorneurons 

(Murphy et al.,1991); B) LIF stimulates the formation of sensoryneurons from cultures of 

neural crest cells (Murphy et al.,1991); C) LIF with fibroblast growth factor (FGF) and 

epidermal growthfactor, can allow the protracted in vitro proliferation of multipotential 

human neural progenitor cells (Carpenter et al.,1999); D) LIF prevents oligodendrocyte death 

in animal models of multiplesclerosis(Butzkuevenet al.,2002). 

2.6.4  Endocrine Actions 

LIF has been reported to have multiple effects onendocrine organs or their target 

tissues: A) LIF suppressesthe proliferation in vitro of normal human breast epithelialcells and 

breast cancer cells (Grant et al.,2001); B) LIF is a major regulatorof ACTH production in the 

pituitary, and its actions areblocked by SOCS-3 (Chesnokovaet al., 2002); C) Conversely, 

LIF inhibits theproduction of prolactin and growth hormone (Tomidaet al.,2003 

2.6.5 Actions in Bone 

In vitro studies have extended the original observation of excess bone formation in 

mice with excess LIF levels:A) LIF increases calcium re-sorption from bone and increases 

osteoclast numbers (Reid et al.,1990) and B) conversely, LIF enhances bone formation by 

binding directly to osteoblasts and increasing osteoblast numbers (Dazaiet al.,2000).  

2.6.6  Actions in Muscle 

LIF stimulate the proliferation of muscle satellite cells (Spangenburg EE, et 

al.,2002)and can ameliorate muscle fiber degeneration in vivo in mdx mice lacking 

dystrophin (Austin et al.,2000). LIF is a hypertrophic agent for cardiac muscle (Murata et 

al.,1999) and reduces apoptosis in such cells (Negoroet al.,2001). 

2.6.7  Miscellaneous Effects 

LIF has been reported to stimulate the proliferation ofneonatal mouse epidermal 

melanocytes (Hirobeet al.,2002) and keratinocytesfrom patients with amyotrophic lateral 

sclerosisand to enhance mast cell proliferation (Hu et al., 2000). Whencombined with basic 
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FGF, LIF was noted to enhance theformation of capillary-like structures in cultures of 

anembryonic endothelial cell line (Paradiset al.,2000). 

2.6.8 LIF Induces Apoptosis in Mammary Epithelial Cells 

In this study the LIF is expressed at low but detectable levels in postpubertal, adult 

virgin, and mammary glands of pregnant mouse. However, LIF expression decreases after 

parturition to become almost undetectable and unmeasurable in lactating glands. LIF 

expression shows increase shortly after weaning that is maintained for 3 days. During this 

period, known as the first stage of mammary gland the lack of suckling promotes local factors 

that cause extensive epithelial cell death. Stat3 play major role in signaling the initiation of 

apoptosis, but the mechanism of its activation still unclear. LIF expression is induced by milk 

stasis. Implantation of pellets (LIF containing)in lactating glands results in increase in 

epithelium apoptosis. Moreover, this treatment also induces phosphorylation on Stat3. LIF 

regulated expression in mouse mammary gland may play important role during the first stage 

involution of mammary gland.It describes that LIF also induce mammary epithelium 

apoptosis partly because of Stat3 activation (Carolina Schere-Levyet al., 2003) 

2.7  Mouse and Human LIF 

Mouse and Human LIF has been extensively used in embryonic stem cells culture 

media. Some of the features of mouse and human LIF are as follows. 

2.7.1  Mouse LIF 

Propagation of mouse ES cells is mediated via co-culture with a feeder layer of 

embryo fibroblasts or provision of a cytokine such as leukemia inhibitory factor (LIF) that 

acts through the LIF-R/gp130 complex (Yoshida et al., 1994; Burdon et al., 1999a). LIF-

deficient fibroblasts are reported to be incapable of supporting ES cell self-renewal (Stewartet 

al., 1992), indicating that supply of LIF is a key attribute of feeders. However, although no 

self-renewal factors have been identified other than gp130 cytokines, there is evidence for 

operation of a gp130-independent pathway that can maintain ES cell identity (Daniet al., 

1998). 

In mouse embryonic stem cells (ESC) it blocks processes of spontaneous 

differentiation and formation of embryoid bodies (EB, analogs of early mammal embryos) 

maintaining thus the stem cells in pluripotent state in vitro (Gearing et al., 1989; Razet al., 

1999); (Nagy et al., 1993). High dependence of mouse ESC lines from LIF is evidenced by 
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the fact that at a LIF-free culture medium the cells spontaneously differentiate into EB 

loosing thus their pluripotent properties. Main mechanisms of LIF effects, through cell 

membrane receptors, are comprehensively investigated (Haines et al., 1999, 2000; Heinrich 

et al., 2003; Gonzalez et al., 2004; Giese et al., 2005) and widely recognized; nevertheless 

dynamics of events at early stages of the protein interaction with ESC needs further 

clarifying. 

Two major pathways have been characterized so far, leading to the identification of 

"master genes" critical for the maintenance of mouse ES cell pluripotency: the LIF/ STAT3 

pathway, which synergizes with BMP2/4 and/or Wnt family members (as Wnt3a, Wnt5a and 

Wnt6, to maintain ES cell pluripotency alone (Boeuf et al., 1997; Niwaet al., 1998; Matsuda  

et al., 1999), and the OCT4/SOX2 and NANOG pathways, the last one identified in cells in 

which the LIF pathway has been knocked down (Chamberset al., 2003; Mitsuiet al., 2003). In 

mouse ES cells, LIF induces signaling pathways including 

JAK1/STAT3/MYC/CD9/SOCS3/PI3K and ERK/RSK/ CREB leading to activation of both 

anti- and pro-differentiate signals (Chapman et al., 1999; Kritikouet al., 2003; Boeufet al., 

2003). 

2.7.2 Human LIF 

Human leukemia inhibitory factor (hLIF), also known as differentiation-stimulating 

factor (D factor) or melanoma-derived LPL inhibitor (MLPLI), is a cytokine that 

demonstrates multipleeffects on cells, disease (Hilton et al., 1992; Chodorowskaet al., 2004). 

hLIF is absolutely required for maintaining the characters of stemness of embryonic stem cell 

(ESC) lines (Smith et al., 1998; Williams et al., 1998; Hirai  et al., 2011). LIF-deficient mice 

demonstrate difficulties in blastocyst implantation (Chen et al.,2000), which suggests 

thatadministration ofhLIF may aid the implantation rate of women displaying some forms of 

infertility (Aghajanovaet al., 2004). The efficient production of hLIF has been 

continuouslypursued because of its uses in biomedical research and clinical medicine. The 

expression of LIF in eukaryotic cells has been reported (Gough et al., 1988; Hilton et al., 

1988), although the yields are low. Escherichia coli (E. coli) produces better expression, 

however the protein misfolds and aggregates to form inclusion bodies (IBs) in this expression 

host (Samalet al., 1995). In general, the solubilization of IBs requires high concentrations of 

denaturants, such as urea orguanidine hydrochloride, and subsequent refolding via 

theremoval of the denaturants. In many cases the overall yield ofbiologically active protein 

from IBs is low (Fahnertet al., 2004). 
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2.8  Effects of Human vs. Mouse Leukemia Inhibitory Factor on the In 

Vitro Development of Bovine Embryos 

Leukemia inhibitory factor (LIF) is a cytokine that shows conflicting effects on in 

vitro produced (IVP) bovine embryos. Bovine LIF (bLIF) has been cloned and used in 

culture, but there is no commercially available bLIF (Rodrıguez et al.,2007). Thus, 

researchers use human LIF (hLIF) to supplement the culture medium for bovine embryos 

because of its greater sequence homology compared to murine LIF (mLIF). The human 

cytokine shares 89.1% sequence homology with bLIF and 76.8% sequence homology with 

mouse LIF (mLIF) .However, the use of hLIF has yielded controversial results as compared 

to bLIF (Rodrıguez et al.,2007).During the whole culture period, concentrations of 

recombinant 100 ng ml_1 bovine LIF (bLIF) or lower have been shown to improve bovine 

embryonic development (Yamanaka et al.,1990). These effects of bLIF are observed during 

the second half of the culture period (Yamanaka et al.,2001). Despite these findings, most 

studies assessing the effects of LIF in bovine embryo cultures have used human LIF (hLIF), 

since there is no commercially available bLIF.  When added from the morula stage, hLIF has 

been reported to have no effect on subsequent development (Sirisathienet al.,2003; Funston et 

al.,1993). During the course of blastocyst formation, hLIF has been found to stimulate 

expansion and hatching (Marquant-Le Guienneet al.,1990; Sirisathienet al.,2003), but other 

authors report no comparable effect (Fukui et al.,1994). Recently, hLIF has been reported to 

have adverse effects on embryonic development kinetics, morphology, cell counts and 

expression of Oct4 and laminin, having no apparent influence on the subsequent formation of 

outgrowths (Vejlstedet al.,2005). In the present study, embryonic development was impaired 

by hLIF, while the number of ICM cells was reduced by mLIF, in disagreement with the 

effects described by Yamanaka et al, for bLIF(Yamanaka et al.,1999; Yamanaka et al., 

2001). While bLIF has been described to increase TE cell counts without affecting the ICM 

(Yamanaka et al.,1999; Yamanaka et al., 2001), hLIF has been noted to increase 

(Sirisathienet al.,2003; Funstonet al.,1993), decrease (Vejlstedet al.,2005) or have no effect 

on the ICM. In addition, mLIF was found here to have no effect on the number of TE cells 

yet to reduce the ICM. Thus, neither hLIF nor mLIF were able to mimic the effects reported 

for bLIF. The detrimental effects of hLIF during embryonic development we observed are 

consistent with the findings of a recent report by Vejlstedet al,(Vejlstedet al.,2005). These 

disparate effects exhibited by hLIF and mLIF during blastocyst formation provide additional 

evidence that these compounds should not be used to replace bLIF. Indeed, this has been 
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previously pointed out (Yamanaka et al.,1999; Yamanaka et al.,2001). In mice, reduced 

blastocyst development and cell numbers have been attributed totreatment with LIF antisense 

nucleotides (Cheng et al., 2004). These effects and the existence of LIF mRNA in the TE and 

low affinity LIFR (a 190 kDa transmembrane protein) mRNA in the ICM but not in the TE 

(Nichols et al., 1996), suggest that TE produced, endogenous LIF can bind to the ICM. In 

contrast, exogenous LIF does not bind to the ICM of whole mouse embryos (Fry et al., 1992). 

This issue has not been addressed in cattle, but ES-like cells have been derived using 

hLIF(Saito et al.,2003) in the absence of exogenous LIF (Mitalipovaet al.,2001), and the 

generation of cell colonies from blastomeres is not influenced by exogenous hLIF(Rexroadet 

al.,1993). Therefore, according to the results of the present and former reports, heterospecific 

LIF should not be used for experiments on bovine embryos and embryonic stem cells. 

2.9  Expression and Purification of recombinant LIF protein 

2.9.1  Expression of Recombinant LIF Protein 

The process of introducing nucleic acids into eukaryotic cells by non-viral methods is 

defined as transfection. Using various chemical, lipid or physical methods, this gene transfer 

technology is a powerful tool to study gene function and protein expression in the context of 

a cell. Development of reporter gene systems and selection methods for stable maintenance 

and expression of transferred DNA have greatly expanded the applications for transfection. 

Assay-based reporter technology, together with the availability of transfection reagents, 

provides the foundation to study mammalian promoter and enhancer sequences, trans-acting 

proteins such as transcription factors, mRNA processing, protein-protein interactions, 

translation and recombination events (Groskreutz and Schenborn, 1997) 

2.9.1.1 LIF Expression in Prokaryotic System 

Methods for the production and purification of recombinant hLIF from Escherichia 

coli have previously been attempted and reported by many groups. Gearing et al., made 

recombinant mLIF and rhLIF expressed as a glutathione- S-transferase based fusion construct 

(Gearing et al., 1989). Tomalaet al., reported hLIF in a thioredoxin based fusion protein as 

soluble form with subsequent TEV protease cleavage and membrane chromatography 

(Tomalaet al., 2010). Imsoonthornruskaet al., reported a soluble thioredoxin-histidine LIF 

fusion protein using a single purification step (Imsoonthornruskaet al.,2011). 
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Although both the murine (Ruanet al., 2004; Dubendorffet al., 1991) and human LIF 

have been earlier expressed in E.coli,yeast and COS cells (Nishi et al., 2004), high level 

expression of human LIF (hLIF) in E.coli and its purification, and physicochemical 

characterization has also been done by Samrulet al. 

However, in prokaryotic system the required refolding step limits the recovery rate. A 

novel strategy was designed by Lin Jet al, in 2011 to produce a soluble recombinant human 

LIF (rhLIF) in the prokaryotic system in order to obtain higher yields of the bioactive protein 

with simpler steps. This optimal hLIF gene was cloned, and it successfully expressed the 

soluble recombinant protein in E. coli using the thioredoxin (Trx) protein as a fusion partner. 

A simple purification procedure is established to purify the recombinant fusion protein from 

the soluble supernatant of the lysed culture cells. 

Leukemia inhibitor factor (LIF) is a three disulfide bridge-containing cytokine with 

numerous regulatory effects. The high level expression of a soluble recombinant human LIF 

(rhLIF) in Escherichia coli was done by codon-optimized ProfinityeXact™-tagged 

hLIFcDNA cloned into pET3b vector, and transformed into E. coli OrigamiB(DE3) 

harboring the bacterial thioredoxin co-expression vector. (Ruanet al.,2004) The recombinant 

protein was purified via a single chromatographic step using an affinity tag-based protein 

purification system that processed by cleavage with sodium fluoride, resulting in the 

complete proteolytic removal the N-terminal tag. Soluble rhLIFyield was estimated to be 

approximately 1 mg/g of wet weight cells, with above 98% purity. 

2.9.1.2 LIF Expression in Eukaryotic System 

The baculovirus expression vector system has been widely used to express a variety 

of heterologous genes in insect cells and caterpillars (Luckowet al., 1988; Miller et al., 1988). 

Insect cells provide a suitable environment for post-translational modifications and folding of 

the protein product such that the foreign proteins synthesized resemble their authentic 

counterparts in almost all respects (O‘Reilly et al.,1992), and the insect larval system offers 

an exciting alternative because of lesser equipment requirements and simple operations 

involved in the mass-scale production (rearing and maintenance of larvae) compared to 

tissue-cultured cells.Mammalian expression systems comprise a plethora of different cell 

lines used for protein production. Most commonly, Chinese hamster ovary (CHO) cells 

(Pageet al., 1991; Koniget al., 1989; Cosgrove et al., 1995; Cockettet al., 1999), baby 

hamster kidney (BHK) cells (Wirth et al., 1989), human embryonic kidney (HEK) 293 cells 
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(Berg  et al., 1993), mouse L-cells (Misrahiet al., 1994;  Venkatgopalet al., 1989), and 

myeloma cell lines like J558L (Trauneckeret al., 1991; Lane et al., 1993;) and Sp2/0 

(Gillieset al., 1992; Lo et al., 1989) are employed as hosts for the establishment of stable 

transfectants.Less frequently the use of NIH 3T3 cells (Kane  et al., 1992), lymphoblastoid 

cell lines like Namalwa (Okamoto  et al., 1990) and RPMI 1788 (Lopez et al., 1994), and 

murine erythroleukemia (MEL) cells (Needham  et al., 1992) has been described. 

The expression of the cytokine human Leukemia Inhibitory proteins (hu-LIF) in five 

of the most commonly used systems, namely in CHO, Sp2/0, MEL, COS, and insect cells has 

been done by Sabine G et al. 

In result, the stably transfected cell lines, CHO, Sp2/0, and MEL cells, gave rise to 

production of fully glycosylated hu-LIF at variable product titers; incompletely glycosylated, 

albeit biological active hu-LIF could be rapidly produced by transient expression in COS 

cells or by baculovirus-mediated infection of insect cells. 

Table 1: Expression of Human LIF in different expression systems (Sabina et al., 1996) 

 

A fusion gene coding human granulocyte-macrophage colony stimulating factor (GM-

CSF) and LIF (cDNAs was inserted into the transfer vector pSXIVVI+ X3 with the control of 

Syn and XIV promoters. The Sf9 cells (Spodopterafrugiperda) were co-transfected with the 

recombinant plasmid and TnNPV DNA (Trichoplusiani nuclear polyhedrosis virus DNA) 

(Zhang et al., 1999). The fusion protein recombinant human granulocyte-macrophage colony 

stimulating factor (GM-CSF) and leukemia inhibitory factor (LIF) could be synthesized in 

cells infected with recombinant virus at a level of about 23% of their total cellular protein. 

Activity analysis of the fusion protein in infected cells revealed that it exhibited the dual 

activities of GM-CSF and LIF (Zhang et al., 1999). Western blot analysis of the expressed 
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fusion protein in infected larvae showed that the virus-mediated fusion protein, with a 

molecular weight of 35 kDa, is confirmed with immunoreactivity (Zhang et al.,1999). 

LIF is highly glycosylated when it binds to receptor to activate the signal 

transduction. Therefore, expression of LIF through eukaryotic system is the best way to 

obtain the correct glycosylation. Human LIF cDNA with the sequence of signal peptide was 

cloned from adult blood cells by RT-PCR, and then sub-cloned into pcDNA3 for expression 

in HEK-293T cells. After transfection of the recombinant plasmid pcDNA3/LIF into HEK-

293T cells, the conditioned medium containing the secreted LIF was obtained. 

2.9.1.2 COS-1 Cell Line as Mammalian Host for Expression 

The expression of heterologous proteins has been described for many unicellular 

organisms and cell lines from a variety of species. While recombinant proteinsexpressed in 

the cytoplasm of bacteria are often insoluble and therefore inactive, soluble, and bioactive 

proteins can frequently be obtained from eukaryotic cells. Furthermore, eukaryotic cells have 

the capacity to carry out posttranslational modifications, such as glycosylation, 

phosphorylation on tyrosine, serine, and threonine residues, or the addition of fatty 

acidchains. Mammalian expression systems comprise a plethora of different cell lines used 

for protein production. 

Transient expression of genes in COS cells is a  powerful and frequently used method 

for the rapid  production of cell supernatants for structural and functional analyses of DNA 

and proteins as well as for rapid expression cloning (Dietschet al., 1993; Hollenbaughet al., 

1992; Aruffoet al., 1992).Aside from a few other lines also suitable for the transient 

expression of heterologous genes driven by SV40 large T-antigen expression (Boast et al., 

1983; Gerard et al., 1985), the cells almost exclusively used are the COS cell lines developed 

in 1981 by Y.Gluzman (Gluzmanet al., 1981). Transformation of the African Green Monkey 

cell line CV-1 with an origin-defective SV40 genome gave rise to three cell lines (COS-1, -3, 

and -7), which constitutively express SV40 large T-antigen. Upon transfection with an 

expression plasmid containing a functional SV40 origin of replication, the interaction 

between the SV40 origin of DNA replication and SV40 large T-antigen leads to 

extrachromosomal replication of the expression plasmid to high copy numbers (Mellon et al., 

1981). Hence high transcription and translation of the gene of interest from a suitable 

eukaryotic promotor will lead to remarkable product titers (Edwards et al., 1993; Trill et al., 

1995) 
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Plasmid replication in COS cells peaks at around 48 h post-transfection. Thereafter 

the cells begin to slowly shed the high amount of plasmid copies, accompanied by signs of 

cytopathic effect and subsequently cell death, presumably, because they cannot tolerate the 

presence of high levels of extra chromosomally replicating DNA (Gerard et al., 1985). As a 

consequence, the system is not suitable for large scale production over a prolonged period of 

time. Yet, recombinant protein  expression in COS cells reaches its maximum after 72 h post 

transfection, and continues, despite the above  described slow deterioration of cells, over a 

period of  approximately 5–10 days (Edwards et al., 1993). This offers the possibility of 

using the COS system in an extended batch fashion. By subjecting a large number of cells to  

transfection (in the range of 108 cells per batch), the adherently growing cells can be seeded 

onto roller bottle surfaces or on micro-carrier beads for use in spinner culture; multiple 

harvests of spent culture medium can lead to the cumulative production of several milligrams 

of recombinant protein (Ridderet al., 1995). The success of this system varies, largely 

depending on the nature of the individual protein to be expressed and its sensitivity toward 

proteolytic degradation, and a careful experimental design with respect to transfection 

method, ratio of plasmid to cell number, and media composition (Kluxenet al., 1993). 

Transient expression by means of extra-chromosomal replication in COS cells is frequently 

used to check the functional integrity of genes/plasmid and to produce small quantity of cell 

supernatants containing the protein of interest (Edwards et al., 1993; Trill et al., 1995).Yet 

COS cell supernatants produced on a large scale can also serve as a source of pure 

recombinant protein. 

2.9.2  Purification of recombinant LIF protein 

Molecular clones encoding murine and human LIF have been isolated (Gearing et al., 

1987; Gough et al., 1988; Moreau et al., 1988) and the recombinant protein tested in animal 

model systems (Metcalf and Gearing, 1989; Metcalf et al., 1990). LIF has been known under 

a variety of synonyms (Moreau et al., 1988; Baumann and Wong, 1989; Lowe et al., 1989; 

Mori et al., 1989) and is naturally produced by a wide range of hematopoietic, mesenchymal 

and endodermic cell types as both a conventionally secreted form (Gearing et al., 1987; 

Moreau et al., 1988), and as a matrix-associated form (Rathjenet al., 1990). 

LIF and several other growth factors/cytokines are commercially available, but these 

recombinant proteins represent the major costs of the culture medium in PSC/ESC research. 

It would therefore be desirable to have sources of highly purified and biologically active 

cytokines, including LIF, in large quantities. 
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2.9.2.1 Purification of GFP fusion proteins 

The green fluorescent protein (GFP), originally isolated from the bioluminescent 

jellyfish Aequoreavictoria, has become one of the most widely studied and exploited proteins 

in biochemistry and cell biology (Wiedenmannet al.,2006;Bjornberget al.,2006). GFP is a 35 

kDa protein, containing 238 amino acid residues, and is able to emit intense and stable 

fluorescence, without any cofactors, in many different organisms. GFP fluorescence is 

produced when energy is transferred from the Ca2+-activated photoproteinaequorin to GFP. 

It is highly stable and resistant to many biological denaturants, including most proteases, pH 

effects (Chalfieet al.,1998), temperature (Tm = 78⁰C), and chaotropic agent (8M 

urea)(Chalfieet al.,1998). Given the fact that many species, such as bacterial (Escherichia 

coli), fungi (Dictyostelium), plant (tobacco), and animal (including mammalian) cells, can 

express recombinant GFP (rGFP), it has been extensively used in a variety of assays. It is an 

ideal marker of gene expression, and has been widely used for tracking the localization of 

target proteins in intact cells, living or fixed tissues, and organisms, or the analysis of 

molecular interactions, among others (Meimaet al.,2007; Peckhamet al.,2006). With its 

continued use, several reports on GFP purification methods have emerged, including 

hydrophobic interaction, size-exclusion and ion-exchange chromatography, phase 

partitioning, organic solvent extraction, and salt and metal precipitation (Cabanneet al.,2004; 

Pennaet al.,2004; Skosyrevet al.,2003). GFP, for purification of GFP and GFP fusion 

proteins.The binding of the monoclonal antibody to the GFP epitope allows isolation of GFP, 

as well as many active GFP-fused recombinant proteins, directly and easily from crude 

cellular sources, utilizing a mAb-coupled affinity column. (Zhang et al.,2008) 

2.9.2.2 pAcGFP1-N1 as vector for expression in mammalian host 

 

Fig. 2: Mammalian expression vector pAcGFP-N1 map 
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Description 

PAcGFP1-N1 encodes a green fluorescent protein (GFP) from Aequoreacoerulescens 

(excitation maximum = 475 nm; emission maximum =505 nm).The coding sequence of the 

AcGFP1 genecontains silent base changes which corresponds to human codon usage 

preferences. The MCS in pAcGFP1-N1 is between the immediate early promoter of CMV 

(Pcmv) and the AcGFP1 coding sequences (Haas et al.,1996). Genes cloned into the MCS 

will be expressed as fusions to the N-terminus of pAcGFP1 if they are in the same reading 

frame as pAcGFP1 and there are no intervening stop codons. SV40 polyadenylation signals 

downstream of the pAcGFP1 gene direct proper processing of the 3‘ end of the pAcGFP1 

mRNA. The vector backbone also contains an SV40 origin for replication in mammalian cells 

expressing the SV40 T antigen. A neomycin- resistance cassette (Neor),the 

neomycin/kanamycin resistance gene of Tn5, and polyadenylation signals from the Herpes 

simplex virus thymidine kinase (HSV TK) gene, allows stably transfected eukaryotic cells to 

be selected using G418. A bacterial promoter upstream of the gene expresses kanamycin 

resistance in E.coli. The pAcGFP1-N1 backbone also provides also provides a pUC origin of 

replication for propagation in E.coli and an f1 origin for single-stranded DNA production 

(Gorman et al., 1995). 

2.9.2.3 Stable Transfection in Mammalian Host Cell 

A very large number of techniques for the transfection of mammalian tissue culture 

cells have been described. The general requirements for a useful transfection reagent are that 

it is applied using simple, robust protocols to effect efficient transfection in a wide range of 

cell types and transfection formats, without excessive cytotoxicity. Techniques for DNA 

transfection of cultured cells hasprovided powerful methods for examining the function of 

various parts of complex mammalian genes. Various mammalian genes including thymidine 

kinase (Peruchoet al.,1980), hypoxanthine guanine phosphoribosyltransferase(HPRT) (Jolly 

et al.,1982), thymidylate synthase (Takeishi et al.,1984), transferrin receptor (Kuhn et 

al.,1984), DNA repair gene (Westerveldet al.,1984), and new oncogenes (Schechteret 

al.,1984; Shih et al.,1982) havebeen isolated by calcium phosphate-mediated transfection of 

cells which involve the use of either calcium phosphateor DEAE-dextran (or its analogs) as a 

carrier to deliver DNA into cells (Corsaroet  al.,1982; Graham et al.,1973;McCutchanet 

al.,1962). Under these conditions, many common cultured mammalian celllines like NIH3T3, 

C127, CV1, BHK, CHO, and HeLa cell lines were transformed at efficiencies of 10 to 50%. 
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In some methods, osmotic shock or treatment with lysosomal inhibitors is used to enhance 

the transfection efficiencies (McCutchanet al.,1962).A method involving the use of high-

voltage electric pulses tocreate pores in membranes has been devised for deliveringDNA into 

cells (Neumann et al.,1982). 

2.10 Origin of the problem 

            Leukemia inhibitory factor (LIF), a pleiotropic cytokine, has been used mainly in the 

maintenance and survival of in vitro grown mouse embryonic stem cell pluripotency. In this 

current work, we had expressed the recombinant LIF in COS-1 cells and purified through 

affinity chromatography. To examined the effect of the LIF in embryonic stem (ES) cell 

proliferation to a differentiation cell fate. From literature survey and in vitro studies, 

leukemia inhibitory factor (LIF) is a glycoprotein thought to be involved in mouse 

hematopoiesis, neuropoiesis, and embryogenesis as recently determined. It is known to 

maintain embryonic stem cells (ES cells) in a pluripotent state in culture. ES cells are closely 

related to cells of the inner cell mass and of the embryonic ectoderm. These cells express 

high-affinity LIF receptor. The LIF gene is transcribed during mouse embryogenesis as early 

as the blastocyst stage. A single copy of the LIF gene has been shown to give two RNA 

molecules differing by their first coding exon. The corresponding proteins, M-LIF and D-

LIF, present different signal peptides suggested to be functional. Consequently, the mature 

proteins D-LIF and M-LIF have exactly the same polypeptide sequence, but they show 

different specific localizations. D-LIF is thought to be secreted and diffusible and M-LIF 

remains associated with the extracellular matrix.  

          The mechanisms that could target those molecules remain unclear. As a first step 

toward further understanding the significance of LIF expression, we designed an experiment 

of gain of LIF function by targeted overexpression of LIF cDNA in COS-1 cell line. Keeping 

in view with the above, the following objectives were framed for this study. 

 

2.11 Objectives 

 Production of the recombinant Buffalo Leukemia Inhibitory Factor (rBuLIF) from stably 

transfected COS-1 cells 

 

  Purification of LIF-GFP protein from stably transfected COS-1 cells 
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MATERIALS AND METHODS 

3.1  Chemicals 

All chemicals used in this study were of analytical and cell culture grade. The chemicals were 

procured from Sigma-Aldrich Inc. (St. Louise, M.O., USA), Sisco Research Laboratories Pvt. Ltd., 

Mumbai, Bangalore Genei, Bangalore, Genetix Asia Pvt. Ltd., New Delhi, HiMedia Laboratories Pvt. 

Ltd., Mumbai; Pharmacia Fine Chemicals, Sweden; Thermo Scientific, Lithuania;Biochem, Life 

Sciences, New Delhi; Merck Specialities Pvt. Ltd., Mumbai; Thomas Baker (chemicals) Pvt. Ltd. 

Mumbai; Qualigens Fine Chemicals, Mumbai; LobaChemie, Mumbai; Technoconcept, New Delhi.  

3.1.1  Chemicals 

The experimental work was performed using chemicals from various companies 

based on the study requirements and purity level required are mention Table 3.1 

Table 2. Chemicals required  

Chemicals Company Name 

Agarose Hi-media 

Phenol:chloroform:isoamyl alcohol (25:24:1) 

Tris buffer 

Sodium dihydrogen Phosphate  

Sisco Research Lab Pvt 

Ltd (Mumbai) 

Glacial acetic acid 

Sodium bicarbonate 

Sodium acetate 

Sodium Chloride 

Glycine Ficher 

Scientific(Mumbai) 

Acrylamide Sisco Research Lab Pvt 

Ltd(Mumbai) 

TEMED Stratagene, Santa 

Clara(USA) 

DAB system GeNei
TM, 

Mumbai, India 

Nitrocellulose membrane Sigma Aldrich 

Unstained Protein Marker(10kDa-200kDa) Ficher Scientific(Mumbai) 
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Page-Ruler prestained marker (10 kDa-170 kDa) Sigma Aldrich 

pH standard buffers(pH4.0, pH7.0, pH 10.0) Amercho 

Tween-20  

Merck Methanol 

HCL 

Mitomycin-C 

G418 reagent Hyclone Laboratories. Inc. 

Monoclonal Anti –GFP antibody produced in mouse 

 

CnBr-activated Sepharose 4B 

 

 

 

 

 

Sigma-Aldrich 

Dulbecco‘s Modified Eagle‘s Medium (DMEM) 

Trypsin 

L-glutamine 

Fetal Bovine serum (FBS) 

Dimethyl sulphoxide (DMSO) 

Gentamicine 

DEPC 

3.1.2  Instruments 

The experimental work was performed using the instruments mentioned in Table 3.2 

Table 3. List of Instruments  

Instrument Company 

Incubator shaker Innova 

GE healthcare biosciences Q-Sepharose Column 

SDS-PAGE unit Biorad/GE healthcare lifescience 

UV-VIS Spectrophotometer Shimadzu 

Vacuum Pump Tarsons 

Benchtop centrifuge Hermle 

PCR thermo cycler Biorad 

V.D.R.I rotor Tanco 

Rocking table Lukham 

Pippette  
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SpeedVac concentrator Thermo Scientific 

Nanoquant Tecan 

Laminar air flow cabin Toshibha(India) 

Microscope  

Olympus Fluorescent microscope 

Neubers chamber Celeromics 

-20 freezer Vestfrost 

-80freezer New Brunswick scientific 

3.2  Plastic wares 

The plasticwares were purchased from Tarsons Products Pvt. Ltd., Kolkata; Axygen, Inc., 

USA; Millipore Pvt. Ltd.;Costar, Corning, NY, USA. 

The plastic wares used in research work viz, 75 cm
2
 and 25 cm

2 
Tissue culture flask for 

adherent type cell culture, 50 ml falcon tubes, 15 ml falcon tubes, 96 well plates , 24 well – plate and 

6- well plate ,microblade , 2 ml and 1.5 ml eppendorf tubes, microtips 

3.3 Microscopes 

3.3.1 Inverted Microscope 

An inverted microscope (Nikon, Japan, Model TMD) was used for the examination of health, 

morphological characteristics and growth of cultured cells. The microscope, with the light source at 

the top and a long working distance, allowed cells in cell culture dishes or flasks to be viewed and 

photographed whenever needed. The inverted microscope was also equipped with UV fluorescence 

and differential interference contrast (DIC) attachment, which helped in capturing the immune-

fluorescent images of BuLIF-GFP transfected COS-1 cells. The microscope was equipped with 

programmable still photography and video recording facilities. 

3.3.2  Compound Microscope 

A compound microscope (Nikon, Model MICROPHOT-FXA) with a movable slide holding 

stage and photography facilities was used for counting the cells in culture, differentiating viable from 

non-viable cells, examining cell cultures for morphological of cells at different passages. 

3.4   pAcGFP-N1 mammalian expression vector 

The pAcGFP1-N1 is designed for mammalian expression systems which encodes a green 

fluorescent protein from Aequoreacoerulescens. This vector allows expression of a protein of interest 

as an N-terminal fusion to AcGFP1. As the unmodified vector will express fluorescent protein, the 
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fusion vector can also be used as a co-transfection marker. The fluorescent protein coding sequence in 

this construct has been human codon-optimized for efficient expression and enhanced brightness in 

mammalian cells. The vector backbone also contains an SV40 origin for replication in mammalian 

cells expressing the SV40 T antigen.  

 

                   Figure 3: Mammalian expression vector pAcGFP-N1 map. 

A neomycin-resistance cassette (Neo
r
), consisting of the SV40 early promoter, the 

neomycin/kanamycin resistance gene of Tn5, and polyadenylation signals from the herpes simplex 

virus thymidine kinase (HSV TK) gene, allows stably transfected eukaryotic cells selection using 

G418. A bacterial promoter upstream of the gene expresses kanamycin resistance in E. coli. The 

pAcGFP1-N1 backbone also provides a pUC origin of replication for propagation in E. coli and an f1 

origin for single-stranded DNA production. 

3.5 Scale up of rBuLIF production in COS-1 cell line:   

3.5.1 COS-1 and COS-LIF cell culture 

 COS-1 cells were obtained from the NCCS pune. Cells were cultured in growth medium 

containing DMEM supplemented with 20% FBS, 2mmol/L L-Glu and antibiotics (Penicillin 100 

U/mL, Streptomycin 30 µg/mL). They were incubated at 37°C in humidified atmosphere containing 

5% CO2. The monolayer became confluent 4-5 days after seeding 1x10
6
 cells/flasks (25cm

2
 flasks), 

and the cells were subcultured at split ratio of 1:3 by trypsinization (0.5% trypsin and 0.05% EDTA). 

The medium was changed regularly. The cells used in this study were at passage 30
th
 onwards. The 

stably transfected COS_BuLIF was used in this study which was previously cloned and produced in 

the laboratory (Shikha et. al., 2013). In brief, the reagents and methodology used henceforth are 

mentioned below.  
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3.5.3 Media 

i) Growth Medium 

DMEM, pyruvate free 50mL 

Fetal bovine serum 20% 

Gentamicine 50μg/mL 

Glutamine 2mM 

 

Equilibrate with NaHCO3 to pH 7.4 under 5% CO2 and filter sterilized with 0.22 micron syringe 

PVDF filter. 

ii)  PBS (Phosphate buffer solution) 

NaCl 8.0 g/L 

KCl 0.2 g/L 

Na2HPO4 1.15 g/L 

KH2PO4 0.2 g/L 

The above mentioned chemical components were dissolved in distilled water, adjusted the pH 

7.4 with 1N NaOH and autoclaved at 120 lbs pressure for 15 min. 

3.5.4 Microscopic examination 

 In order to ensure the health and confluence status of the cells repeated microscopic 

examinations were done. The morphology, surface area covered and other parameters were checked 

out. The experiments were conducted only after the culture were 95% to 100% confluent. 

3.5.5 Trypsinization 

After ensuring 95% to 100% confluency of the flask cells were made to detach with 0.02% 

trypsin EDTA (1 mL/flask), cold growth media with 10% serum was added to the same flask to stop 

trypsin action  such that finally there was 1mL trypsin EDTA with detached cells along with 4 mL of 

media with FBS and antibiotics. These cells were transferred to 15mL falcon tube and subjected to 
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centrifugation at 1100 rpm for 5min. Supernatant was discarded and pellet was reconstituted in 1mL 

growth media. 

3.5.6   Cell Counting  

Diluted aliquot (10 times) was made from the above cell suspension for cell counting. 10 µL 

of the diluted aliquot was placed on neubauer chamber and observed under 20x. Cells in the large four 

quarter were counted and average of the 4 quarter was taken.  The cell number per ml of the solution 

was calculated by the given formula:  

cells/mL = average no of cells in four chambers X10
4
 X dilution factor 

 

 

 

 

 

 

 

                           Fig 4: Cell counting using neubauer chamber 

 

3.5.7 Seeding 

According to the cell density of the culture suspension, 1mL of the cell suspension having 3 x 

10
4
 cells were added to the apical chamber of each well along with 1 mL of growth medium such that 

the total volume was 2 mL per well. Likewise 2 mL of the growth medium was added to the basal 

chamber. The plate was moved to & fro and left & right for the equal distribution of the cells while 

circular movements were avoided. The medium was changed every regularly till sub-culture. Regular 

microscopic examination was done to check for contamination. The plates were kept at 37ºC, 5% CO2. 

Culture attained confluence within four to five days. 
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3.5.8   Procedure for Isolation of DNA from Cell Culture 

 

From a T75 flask or equivalent standard trypsinization protocol was performed and pelleted the cells 

by centrifugation in a 15 mL tube. The supernatant was discarded and resuspended the pellet in 3 mL 

of TE and 100µL of 20% SDS. 20 µL of Proteinase K 20 mg/mL stock solution was added in the 

above solution. Mixed gently by inversion and incubated overnight at 55°C. Added 1 mL of saturated 

NaCl solution and then10 mL of 100% EtOH was added. Inverted to precipitate DNA. Incubated 

overnight on a slow rocker. With the help of pipette transfer the DNA to a 15 mL microfuge tube 

containing 5 mL of 70% EtOH. Incubated at room temperature overnight on a slow rocker. Spooled 

the DNA out of the tube and place in a new 1.5 mL centrifuge tube. Aspirated as much EtOH from the 

tube as possible with a pipette. Let the DNA air-dried. Resuspended the DNA in 100-300 µL of water. 

It may be necessary to let the mixture sit at room temperature for one or more hours to allow the DNA 

to fully resuspend. Determined the DNA concentration using nanoquant. In the unlikely event that the 

DNA solution was opaque in appearance and nanoquant 260/280 readings indicate the presence of 

proteins, the DNA was further isolated using phenol/chloroform/isoamyl alcohol protocol. An equal 

volume of phenol/chloroform/isoamyl alcohol (25:24:1) was added. Vigorously shaked the tube until 

an emulsion formed.Centrifuged at 1600xg for 3 minutes. Pipette off the aqueous phase and transfer 

to a new polypropylene 1.5 mL tube. Added an equal volume of chloroform/isoamyl alcohol 

(25:24).Vigorously shake the tube until an emulsion forms. Centrifuged at 1600xg for 3 minutes. 

Pipette off the aqueous phase and transferred to a new 1.5 mL tube.Extract the DNA by Ethanol 

precipitation. Added 2.5 volumes of 100% EtOH and 0.1 volume of 3M sodium acetate. Mixed by 

inversion and either spool out the DNA and centrifuged on high for 15 minutes to pellet the DNA. 

Resuspended in water. Determined the DNA concentration using a nanoquant. Stored at -20°C. 

 

3.6   Designing of primer for PCR amplification  

The BuLIF gene sequence of Bubalusbubaliswas retrieved from NCBI nucleotide data base 

(HQ616665). By analyzing the conserved regions of the aligned sequences of, Primers were 

designed and got custom synthesized from Sigma Pvt. Ltd., Bangalore. 
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Table 4. Primers for PCR amplification of LIF gene fragment 

 

Forward primers:  LifRT-F       5'- CCATCACCCCGGTCAACGCT-3'  

Reverse primers:  LifRT-R       5'-AAAGAGGCTGTTGGCACTGCTGCTGT-3'.  

 

3.6.1   Primer dilution 

The primer was provided in powdered form and the powder form of primer was re-constituted in 

suspension form by following method. 597µL nuclease free water was added in forward primer to 

make 100 µM of stock solution and likewise 545µL nuclease free water was added in reverse primer 

to make 100 µM stock solution under laminar air flow. These above informations was provided in 

data sheet. 

Preparation of working solution: for working solution 10 µL of stock solution of           forward 

primer was added in 90 µL to nuclease free water likewise 10 µLof stock solution of reverse primer 

was added in 90 µL to nuclease free water under laminar air flow. 

3.6.2   POLYMERASE CHAIN REACTION 

      Procedure 

 Initialization step: This step was consist of heating the reaction mixtureto a temperature of 95°C 

which was hold for 5 minutes 

 Denaturation step: This step was the first regular cycling event and consist of heating the reaction 

at 94°C for 2 min. It causes melting of the DNA template by disrupting the hydrogen bonds. 

 Annealing step: The reaction temperature was lowered to 55°C for 30 seconds to allow annealing 

of the primers to the single-stranded DNA template. 

 Extension/elongation step: The temperature at this step depends basically on the DNA 

polymerase .This step was performed at 72°C for 45 seconds. 

 Final elongation: This single step was occasionally performed at a temperature of 72°C for 7 

minutes. Last PCR cycle to ensure that no single-stranded DNA are remain. 
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 Final hold:This step at 4°C for 1hr only for short-term storage of the reaction. A 50µLreaction 

mixture was prepared using the following components in the given proportion as mentioned in the 

below mentioned table. 

Table 5. Composition for PCR reaction 

 

Reagents Volume 

Master mix (2x) 31.5 µL 

Forward primer 

(10nM) 

2.0µL 

Reverse primer 

(10nM) 

2.0 µL 

Nuclease free 

water 

8.5µL 

Template DNA 6.0µL 

Total 50 µL 

PCR samples were run in 1.2 % agarose gels and documented using Gel documentation 

system (GE, USA). 

 

3.6.3 Agarose gel electrophoresis 

Gel casting tray, running tray, buffer tank were washed with detergent, rinsed with water 

several times to remove traces of detergent then finally rinsed with distilled water, swabbed with 

70% alcohol and dried. The cleaned unit was used immediately. 

i)   Preparation of agarose gel 

 For electrophoresis, 1.2% agarose gel was prepared in 1X TAE and used for electrophoresis. 

The contents were heated to allow solubilization of agarose. The flask was swirled from time to time 

till agarose was completely dissolved. After cooling the agarose solution around 50°C, ethidium 

bromide was added to a final concentration of 0.5 µg/mL. Gel running tray was placed in casting tray 

holder. Comb (5.2 cm long, and 4 mM width) was inserted in such a way that at least 0.5 mM (in 

length) of the comb remains above the running tray. The warm (~ 40°C) agarose solution was 

carefully poured in tray containing a comb and bubble formation was avoided to obtain gel thickness 

of about 3-5 mM. The gel was allowed to solidify resulting into a matrix. The gel solidified within 20-

30 minutes of pouring and was ready to use. A little amount of buffer (1X TAE) was layered over the 
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solidified gel and then comb was gently removed. The running tray was placed at appropriate place in 

electrophoresis tank containing 1X TAE buffer to submerge the gel. 

 

 ii)   Preparation of samples and electrophoresis  

2 µL of loading dye was properly mixed with 10 µL of each amplified PCR products. 

Separate tips were used for pipetting and mixing of different samples. Entire volume of samples was 

dispensed carefully to the wells. A 100 bp DNA ladder (Fermentas, USA) was also run along with 

PCR products to confirm the desired product size. After loading the sample, electrophoresis was 

carried out at constant voltage (100 V) at room temperature for 20-30 min. The progress of 

electrophoresis was judged by visualizing the migration of dyes present in loading buffer 

(Bromophenol blue dye appearing dark blue moves faster and Xylene Cyanol appearing light blue 

moves slower). The gel was handled after wearing gloves and then photographed by Gel Doc imaging 

system (Bio-Rad, USA).  

3.6.4   Gel extraction purification 

The PCR products were observed under UV trans-illuminator and excised immediately. PCR 

products were purified from the gel as per manufacturer‘s protocol using the QIAquick gel extraction 

kit.  

With the help of a clean, sharp scalpel, DNA fragment was excised from agarose gel with 

minimum extra agarose. The gel slice containing DNA was weighed in a colourless tube and 3 

volumes of buffer QG was added to 1 volume of gel (100 mg ~ 100 μL) and incubated at 50°C for 10 

min (or until the gel slice was completely dissolved) and mixed by vortexing the tube every 2-3 min 

during the incubation. After the gel slice dissolved completely, the mixture was checked for yellow 

colour (similar to buffer QG without dissolved agarose). If the color of the mixture is orange or violet, 

add 10 μL of 3 M sodium acetate, pH 5.0, and mixed to change the colour to yellow. Then one gel 

volume of isopropanol was added to the sample and mixed. QIAquick spin column was placed in a 2 

mL collection tube provided. To bind DNA, applied the sample to the QIAquick column, and 

centrifuged for 1 min.  Then maximum volume of the column reservoir is 800 μL. For sample 

volumes of more than 800 μL, simply load and spin again. Flow-through discarded and place 

QIAquick column back in the same collection tube. After this, 0.75 mL PE buffer was added to 

QIAquick column and centrifuged for 1 min. Then flow-through was discarded and the QIAquick 

column was centrifuged for an additional 1 min at 13,000 rpm. QIAquick column was placed into a 

clean 1.5 ml microcentrifuge tube. To elute DNA, 30 μL of buffer EB (10 mMTris·Cl, pH 8.5) was 

added to the center of the QIAquick membrane and allowed to stand for 1 min, and then centrifuged 

for 1 min and sent to Sigma for Sequencing 
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Culture of recombinant E. coli cells was grown in 20 mL LB broth media with antibiotics for 

overnight at 37°C with constant shaking (225 rpm/min). The culture was centrifuged at 10,000 x g for 5 

min after the overnight incubation. Then pellet was dissolved in 500 µL of chilled P1 buffer (with 

RNase) by vortexing and transferred in 2 mL microcentrifuge tube. 500 µL of P2 buffer was added 

slowly and mixed gently by inverting the tube 4-6 times. The tube was kept at room temperature for 3-4 

min. After which 700 µL of P3 buffer was added drop wise and immediately mixed by inverting tube 4-

6 times. The lysate was centrifuged at 10,000 x g for 10 min at room temperature. The supernatant was 

transferred in fresh QIAprep spin column tube and centrifuged at 10000 x g for 1 min. Then flow-

through was discarded. QIAprep spin column was washed by adding 0.75 mL buffer PE and centrifuged 

at 10000 x g for 1 min and discarded the flow-through. Then again centrifuged at 10000 x g for 10 min 

to remove residual wash buffer. Then QIAprep column was placed in a clean 1.5 mL micro-centrifuge 

tube. 50 μL EB buffer (10 mMTrisHCl, pH 8.5) was added in center of each QIAprep spin column, kept 

1 min at room temperature and centrifuged for 1 min to elute DNA,. Finally plasmid DNA was checked 

by 1% agarose gel electrophoresis in 1X TAE and concentration was determined by using a Nanoquant 

spectrophotometer (Tecan Sales, Austria GmbH). 

3.7   Purification of Recombinant BuLIF Protein from Stably Transfected 

COS-1_BuLIF Cell Culture 

3.7.1 Purification of recombinant BuLIF using CnBr-activated Sepharose 4B (GE-Pharmacia) 

3.7.1.1 Materials 

i)  CnBr-activated Sepharose 4B (GE-Pharmacia) 

ii)  Coupling Buffer (pH 8.3)  ( 500 mL)  

  0.1 M NaHCO3 (pH8.3)          [stock used: 1 M NaHCO3] 

 0.5 M NaCl 

 Final volume adjusted with DEPC- treated H2O, and stored at 4°C. 

iii)  Blocking Buffer (pH 8.0)  

  0.1 M Tris-HClpH8.0                  [stock used: 1 M Tris-HClpH8.0] 

  Final volume adjusted with DEPC- treated H2O, and stored at 4°C. 

iv)   Binding Buffer (pH 7.4) 

  1x PBS and stored at 4°C. 

V)   Elution Buffer (pH 4.5)   

  0.1 M Glycin-HCl (pH4.5)  [stock used: 1 M Glycin-HCl pH4.5]  
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  Final volume adjusted with DEPC- treated H2O, and stored at 4°C. 

vi) High pH Regeneration Buffer (pH 8.5)  

  0.1 M Tris-HCl (pH8.5)  [stock used: 1 M Tris-HClpH8.5] 

  Final volume adjusted with DEPC- treated H2O, and stored at 4°C. 

 vii)   Low pH Regenration Buffer (pH 4.5)  

  0.1 M Na-acetate (pH4.5)  [stock used: 1 M Na-acetatepH4.5] 

Final volume adjusted with DEPC- treated H2O, and stored at 4°C. 

3.7.1.2   Method 

 Preparation of GFP affinity column using cyanogen bromide-activated Sepharose 4B 

The method used was previously developed in the lab by (Shikha et al. 2013). Briefly, The CnBr-

activated Sepharose 4B was freshly prepared prior to GFP mAb binding. 500 mg CnBr-activated 

Sepharose 4B was swelled in 15 mL Coupling Buffer for 5min (500 mg swells about 1.5 mL final 

volume). Final volume was washed with 15 mL ice-cold Coupling Buffer. Spin at 500 rpm briefly. 

Supernatant was removed. 2.5 mL of cold Coupling Buffer was added, and 100-500 ug of GFP mAb 

was added in 500 µL Coupling Buffer (Maximum GFP ab = 2-5 g/ 100 mg CnBr-activated Sepharose 

4B). The Sepharose/GFP mAb mix was rotated using a rotating disc mixer at 4°C 2 h to overnight. 

After spinning, all of the supernatant was removed. The remaining active groups was blocked by 15 

mL ice-cold Blocking Buffer (0.1 M Tris-HClpH8.0) at 4°C for 30 min. Final Sepharose/GFP mAb 

mix was rinsed with 15 mL ice-cold 1x PBS. The column was packed. 1 mL pre-cleared cell lysates 

was added with protease inhibitors and PMSF onto GFP mAb-coupled affinity chromatography 

column. The column was washed with 10 column volumes of ice-cold 1x PBS. GFP-tagged BuLIF 

protein was eluted with 1 mL ice-cold Elution Buffer. The elutes were immediately neutralized by 

adding 100 µL, 1 M Tris-HCl pH 9.0.The elutes were dialyzed in ice-cold, 0.1x PBS at 4°C for 1-2 h. 

The protein sample was concentrated by 4x vol. of acetone. The column was washed with high pH 

Regeneration buffer and then with low pH Regeneration buffer. Final column was resuspended in 

Binding buffer. 

3.7.2   SDS-PAGE   ANALYSIS 

3.7.2.1 Reagents 

Composition of stock solutions for use in SDS_PAGE 

1. Acrylamide / bis Acrylamide ( 30% T, 2.67% C) 

                                                                   (Acrylamide + gm bis-Acrylamide) 

  X 100 Total monomer concentration (% T) = 
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                                                                             (Total volume)  

gmbis-Acrylamide 

                                                                         (g  (Acrylamide + gm bis-Acrylamide) 

Acrylamide                                                                29.2 g / 100 ml.  

N‘ N‘ bis-methylene – Acrylamide                             0.8 g / 100 ml 

Filtered and stored at 4 
0
C in the dark (30 days maximum) 

2.1.5 M Tris-HCl, pH 8.8 

 18.15 g Tris base / 100 mL pH is adjusted with 6 N HCl and final volume was made to 100 

mL with deionized water 

3.     0.5 M Tris-HCl, pH 6.8 

 6 g Tris base / 100 mL.pH is adjusted with 6 N HCl and final volume was made to 100 mL 

with deionized water 

4.     10 % SDS 

4X sample buffer 

1 M Tris –HCl, pH 6.8 2.5 mL 

SDS 0.8 g 

2-Mercapto ethanol 1.0 mL 

Glycerol 3 mL 

Bromophenol Blue 2 mg 

Total volume 10 mL 

5X Running Buffer, pH 8.3 

Tris base 15g / L 

Glycine 72 g / L 

  Cross linking monomer concentration (% C) =     X 100 
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SDS 5 g / L 

 

 

3.    12 % Separating Gel Preparation – 0.375 M Tris, pH 

8.8 

Deionized water 3.35 mL 

1.5 M Tris-HCl, pH 8.8 2.5 mL 

10 % SDS 80 µL 

Acrylamide / Bis (30% stock) 4.0 mL 

10% Ammonium per sulfate 80 µL 

TEMED 8µL 

Total volume 10 mL 

 

 

4. 4 % Stacking Gel Preparation – 0.125 M Tris, pH 6.8 

Deionized water 3.05 mL 

1.5 M Tris-HCl, pH 8.8 1.25 mL 

10 % SDS 80 µL 

Acrylamide / Bis (30% stock) 0.665 mL 

10% Ammonium per sulfate 25 µL 

TEMED 5 µL 
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Total volume 5 mL 

 

 

Running conditions 

At constant current of 18 mA till the dye reaches separating gel, then increased to 20 mA.  

Coomassie Blue staining 

Stain ½ hr with 0.1% Coomassie blue R-250 in fixative (30% Methanol and 10 % glacial 

Acetic acid).  

Destaining 

Destain with several changes of 30% methanol and 10% glacial acetic acid to remove 

background. 

3.7.2.2    Method 

Purified recombinant BuLIF protein was analyzed by standard SDS-PAGE method. 

PAGE is composed of polymerized acrylamide that is cross-linked by a bifunctional agent such as 

N, N‘- methylene bis-acrylamide. Most Native-PAGE gels are prepared with 1:30 molar ratio of 

acrylamide to bis-acrylamide.  

i)    Casting of gel 

A slab mini vertical gel electrophoresis apparatus (10 x 8 cm) from Bio-Rad was used. 

Resolving gel (15%) and stacking gel (5%) was prepared as given in Table 3.12. The glass plates were 

cleaned, well dried and arranged the assembly along with spacers. The assembly was fitted into the 

gel casting stand. The resolving gel solution was poured slowly into the gap between the glass plates 

and kept undisturbed for half an hour in gel casting apparatus. It was overlaid with distilled water 

saturated butanol for even surface of the resolving gel polymerization. The overlay was poured off 

and the top of the gel was washed with deionized water was added to remove any unpolymerized 

acrylamide after completion of polymerization. The stacking gel solution mixture was poured directly 

above the surface of the resolving gel. After polymerization the comb was removed and the gel was 

assembled into the electrophoresis running apparatus. Tris-Glycine running buffer (pH 8.3) was added 

to the upper and lower buffer reservoirs. Protein sample and the SDS page loading buffer were mixed 

well to prepare the sample. After loading the samples, the electrophoresis apparatus was connected to 

the power pack for electrophoresis. 
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ii)    Electrophoresis of sample 

The electrophoresis was carried out in Tris-Glycine buffer on a Vertical slab gel 

electrophoresis system (Bio-Rad, USA). The lysate was analyzed for expression of recombinant 

human lysozyme in SDS-PAGE (15% resolving and 5% stacking gel) at 50 V for 30 min. and 100 V 

for 60 min. About 15 µl of sample was loaded in each well. Standard protein molecular weight marker 

(Fermentas, USA) was also loaded in adjacent well to compare the molecular weight of cellular 

protein components. After the completion, the gel was removed from the plates and the gel was 

stained using Coomassie brilliant blue. The molecular size of the expressed protein was estimated by 

standard molecular weight markers. 

3.8   In gel trypsin digestion for mass spectrophotometry  

Reagents 

40% Acetonitrile (CH3CN) 

1. Acetonitrile (CH3CN)= 20 mL 

2. LC-MS-Grade Water= 30mL 

Total Volume= 50 mL 

40mM Ammonium bicarbonate (NH4HCO3) (m.w= 79.06) 

1. Ammonium bicarbonate= 36.6mg 

2. LC-MS-Grade Water= 10 mL 

Total Volume= 10 mL 

5mM DTT in 40mM Ammonium bicarbonate (DTT m.w. = 154.25) 

1. DTT = 3.83mg 

2. 40mM Ammonium bicarbonate =5 mL 

Total Volume = 5 mL 

 20mMIodoacetamide (IAA) in 40mM Ammonium bicarbonate (IAA m.w. = 184.96) 

1. Iodoacetamide =18.49 mg 

2. 40mM Ammonium bicarbonate = 5.0 mL 

3. Total Volume = 5.0 mL 

 5% Formic acid 
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1. Formic acid = 250 µL 

2. LC-MS-Grade Water = 4.750 mL 

Total Volume = 5.0 mL 

 5% Formic acid in 40% ACN 

1. Formic acid = 250 µL 

2. 40% ACN  = 4.750 mL 

Total Volume = 5.0 mL 

   50 mM Ammonium bicarbonate (NH4HCO3) (m.w= 79.06) 

1. Ammonium bicarbonate = 19.76 mg 

2. LC-MS-Grade Water = 5.0 mL 

Total Volume = 5.0 mL 

3.8.1 Method 

              The COS and COS-LIF protein bands were cut from SDS-PAGE with fresh surgical blade 

and chopped into fine pieces and transferred to two different eppendrofs. Added 100 µL of 40mM 

ABC (Ammonium Bi-carboante) and 100 µL of 40% CAN (Acetonitrile) to every eppendrof. Wait 

until all the bands got destained completely.  Spin briefly and removed the supernatant with micro tip. 

100% ACN was added for dehydration of gel, gel pieces were shrinked and appeared opaque. 

Incubate for 10-15 min. at room temperature. In the next step, 100% ACN was removed and 

rehydration solution (5mM DTT in 40mM ABC) was added. Incubate the gel bands at 60
0
C for 45 

min. Cooled the tubes at room temperature for 10 min., Spin and discarded the supernatant with micro 

tip. Alkylation solution (20mM IAA in 40mM ABC) was added to both Eppendorf‘s and incubated 

for 10 min. at room temp. in dark. After 10 min. IAA was removed and added 100% ACN. Volume 

should be sufficient to cover gel pieces. Incubate the tubes for 15 min. at room temp. Removed the 

100% ACN and added freshly prepared 50mM ABC buffer, containing 12.5 ng/µL of sequencing 

grade modified Trypsin. Added just enough Trypsin solution to cover the gel pieces (about 30 µL) 

incubated the tubes in ice for 45 min. to re-swell the gel pieces. In the last added enough 40mM ABC 

to cover the gel pieces. Incubated the tubes at 37
0
C for overnight. 

3.8.2Peptide Extraction 

After overnight incubation, Cooled the tubes at room temp.and added 100 µL of 5%       Formic acid 

to each tube and incubated for 10 min. at 37
0
C. Spin the tubes briefly and transferred the supernatant 

into a fresh tube.  For extraction, added 100 µL of extraction Buffer (5% formic acid in 40% ACN) 
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incubated for 10 min. spin the tubes and pool the Supernatant with the supernatant from earlier step. 

For final extraction added 100% ACN Repeat the above step. Dried the pooled supernatant by 

spinning tubes in speedvac, Stored at -20
0
C 

 

3.9    Western Blot Analysis of Recombinant Protein 

3.9.1   Reagents 

Transfer buffer 

3.03 g Tris base and 14.4 g glycine are dissolved in 800 mL of distilled water. Then 200 mL 

of methanol was added before using.  

      TBS Buffer  

      20 mM Tris-HCl (pH 7.5) 

      150 mMNaCl 

      DAB system (Bangalore Genei, Bangalore, India) 

3.9.2   Method 

 The gel was removed from the SDS – PAGE apparatus and washed in de-ionized  water, 

equilibrated the gel in transfer buffer for 15 – 20 minutes. The Nitrocellulose membrane was first 

made wet in distilled water and then kept in transfer buffer for 15 minutes. Placed wet blotting paper 

on the negative terminal of the blotting cassette and then the gel. Over the gel, the nitrocellulose 

membrane was placed taking care to avoid trapping of air. This was then overlaid with blotting paper. 

The sand witched gel in the cassette was tightly closed and blotting was done in 1X transfer buffer at 

a constant current of 30-40 V overnight.  

After overnight transfer, the membrane was removed and washed in distilled water, and then 

it was blocked with 5% BSA (in TBS) by incubating for overnight. The blocked membrane was rinsed 

in de-ionized water and then incubated for three hour in primary antibody (mAbH10), which was 

diluted 1: 1000 times in TBST containing 5% BSA.  The contents were drained and washed with 

TBST buffer for 10 minutes, this was repeated three times. Then the membrane was incubated in 

secondary antibody solution (diluted to 1: 500 in TBST) for 1 hour, drained the contents and washed 

with TBST buffer for 10 minutes once and 5 minutes twice. Then 10 uL of  H2O2 (30%) to 10 mL of 

0.05% DAB (3, 3‘-diaminobenzidine) in TBS was added and  mixed well immediately and poured on 

to the membrane, incubated at room temperature with gentle shaking in the dark. The progress of the 

reaction was monitored carefully.  When the bands were of desired intensity (2-5 min), washed the 

developed membrane briefly in water, and in TBS.  

TBST Buffer 

 

TBS buffer with 0.05% Tween 20 
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RESULT AND DISCUSSION 

 

In recent years, the mammalian cell system has been extensively utilized for the 

production of biochemically complex proteins requiring post-translational modifications. In 

addition, baculovirus and yeast expression systems have been used extensively for the 

expression of recombinant proteins. Buffalo LIF is a glycosylated protein which is expressed 

in minute amount in specific tissue location. The requirement of biologically active buffalo 

LIF for its application in bovine stem cell made it imperative to develop an eukaryotic cell 

based expression system so that bovine LIF could be produced continuously as and when 

demanded. 

            The objective was to scale-up homogenous cell population of stably transfected 

mammalian cells with Buffalo LIF (BuLIF) to increase the production of recombinant BuLIF 

protein. The idea behind taking mammalian cell line (COS-1) as host to express BuLIF was 

to produce perfectly glycosylated LIF with exact amino acids composition as that of native 

BuLIF expressed in buffalo.  

GFP as a fusion tag has widely been used to trace the expression of target protein (Kanda et 

al.,1998). Green fluorescent protein (GFP) of the jellyfish Aequoreavictoria retains its 

fluorescent properties when recombinant GFP proteins are expressed in eukaryotic cells 

(Chalfieet al.,1994). 

4.1 Factors Influencing protein expression 

With any transfection reagent or method, cell health, degree of confluence, number of 

passages, contamination, and DNA quality and quantity are important parameters that can 

greatly influence recombinant protein production efficiency. 

A. Cell Health 

Contaminated cells and media (e.g., contaminated with yeast or mycoplasma) should 

never be used for culturing. If cells have been compromised in any way, discard them and 

reseed from a frozen, uncontaminated stock. Make sure the medium is fresh if any 

components are unstable. Medium lacking necessary factors can harm cell growth. Be sure 

the 37°C incubator is supplied with CO2 at the correct percentage (usually 5–10%). 
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B.  Confluency 

As a general guideline, transfect cells at 40–80% confluency. Too few cells cause the 

culture to grow poorly without cell-to-cell contact. Too many cells results in contact 

inhibition. So before sub-culturing, flask should be 80-90% confluent. 

     C.  Number of Passages 

In addition, the number of passages for cells used in a variety of experiments was also 

consistent. Cell characteristics can change over time with number of passages. As the number 

of passages increases the rate of expression of recombinant protein also increase. 

4.2 Optimization of Scale-up parameters 

1. Optimization of Transfected cell density  

2. Optimization of FBS concentration to be used 

3. Determination of the minimum dose of G418 for COS-1 cells 

1.  Optimization of transfected cell density 

To optimize concentration oftransfected cell density so that 70-80% confluency is 

achieved in 2-3 days, host cells were  plated in individual wells of a 6-well plate, 12 well 

plate, 24- well plate and 96 well plate at varying densities (e.g., 5 x 10
4
, 1 x 10

5
, 2 x 10

5
, 4 x 

10
5
) keeping all parameters constant. The optimized cell density for the culture of COS-1 

cells in different culture configuration are shown in table 4.1  
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Table 4.1: Showing cell density after 30
th

 passage and after 70
th

 passage in different culture 

vessels  

 

2.   Optimization of FBS concentration 

Fetal bovine Serum was used with DMEM medium. FBS is an important component for cell 

culture as it provides all essential required proteins. Firstly, DMEM was provided to cells 

with 5% concentration of FBS which caused high rate of cell death. It was seen that as the 

concentration of FBS continuously increased from 10% upto 20% the survival rate increased 

further increasing the concentration of FBS has no effect on stably transfected COS-1 cell 

line. For our later studies we used optimum concentration of 20% FBS.  

3.   Determination of the minimum dose of G418 for COS-1 cells 

        The vector pAcGFP_LIF contains neomycine resistance gene, the transfected 

cell can survive in the presence of G418 whereas, non-transfected cells cannot survive in 

G418. G418 (Geneticin) is an aminoglycoside antibiotic similar in structure to gentamicin. It 

is produced by Micromonosporarhodorangea.G418 is commonly used in laboratory research 

to select genetically engineered cells (Carpenter S et al.,2011) G418 blocks polypeptide 

synthesis by inhibiting the elongation step in both prokaryotic and eukaryotic cells. A wide 

range of concentrations were tried according to the confluency, cell health and configuration 

of experiment. The duration of treatment was critically observed as at                     too low 

concentration of (200µg/mL) proper selection could not be achieved and at too     high 

Cuure vessel cell density after 30
th

 

passage 

cell density after 70
th

 

passage 

96-well plate 3 x 10
4

  6 x 10
4

 

24-well plate 8 x 10
4

  2.6 x 10
5

 

12-well plate 1.6 x 10
5

 3 x 10
5

 

 6-well plate 3 x 10
5

 6 x 10
5
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concentration of (1200 µg/mL), the cells started dying with severe morphological    

aberration. Eventually, the final selection was started at 600µg/mL of G418 for continuous 

supplementation in media.  

4.3    Selection of stably transfected COS-1 cells expressing rBuLIF 

T25 flasks exhibiting very less fluorescence at 30
th

 passage and were kept under serial 

selection with G418 (fig. 5). Following the addition of G418, a large number of cells lost 

adherence and started floating in to medium. The medium was decanted and the floating cells 

were washed off with continuous supplementation with fresh medium containing same dose 

of G418 (fig. 6). Since, cell density decreased drastically the adhered and surviving cells 

were harvested and reseeded into smaller wells (6 well or 12 well plates). Specific colonies of 

highly fluorescence were picked with trypsin digestion and vigorous pipetting and seeded 

into 24 well plate (fig. 7). After 90-95% confluency cells were sub-cultured into 6 well plates 

and following repeated retrograde and progressive sub-culturing most of the cells were 

exhibiting fluorescence (fig. 8) Prolongedupto 70
th
 passageculture of COS-1_LIF cells which 

still exhibited fluorescence was indication that plasmid DNA (pAcGFP_BuLIF) had 

integrated into the genome of COS-1 cells. 

Table 4.4: Showing % of transfected cells, cell density and passage number in different 

culture vessels with increasing G418 concentration 

Culture  

Vessel 

% of transfected  

cells (approx.) 

Cell  

Density 

Passage 

number 

G418 selection reagent 

used 

6 well plate 50% 
6 x 10

5

 
30 – 33 500 µg/Ml 

12 well plate 65% 
3 x 10

5

 
33 – 45 600 µg/mL 

24 well plate 75% 
1.6 x 10

5

 
 45 – 65 800 µg/mL 

96 well plate 90% 
4 x 10

4

 
65 – 70 1000 µg/mL 
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Fig 4.5: Showing propagation and expansion of single cell colony to bigger culture 

vessels 

4.4DNA isolation and quantification for PCR 

Genomic DNA was isolated from both COS-1 and COS-LIF cells by 

Phenol:Chloroform:Isoamyl alcohol method and further quantified by nanoquant system. At 

260 nm nanoquant readings were 20.9 ng/uL for COS-1 cells and 29.5 ng/uL for COS-LIF. 

Isolated DNA was used for PCR for confirmation of rBuLIF gene. (Fig. 10A) 

4.5   Confirmation of rBuLIFgene by PCR 

                    PCR amplification revealed that specific sequence of recombinant buffalo LIF is 

transfected in COS-1 cells whereas, that sequence was absent in non- transfected COS-1 

cells. BuLIF and GFP genes were amplified by RT-PCR specific primers. The specificity of 

amplification were checked by Agarose Gel Electrophorsis.COS-1_BuLIF and non-

transfected bands are shown in Fig. 10B whereas COS-LIF (112 bp) and GFP (150 bp) bands 

are shown in Fig. 10C. These bands were digested by gel digestion kit and sent for 

sequencing. 

Sequence of LIF gene 

Forward Primer Seq.Start Codon 

CTCTGGAGTGCAGCCCATA 

1   ATGAAGGTCTTGGCGGCAGGAGTCGTGCCCCTGCTGCTGGTTCTCCACTGGAAACACGGG 60 

61   GCCGGGAGCCCCCTTCCCATCACCCCGGTCAACGCTACCTGTGCCACCCGCCATCCCTGT  120 

121  CCCAGCAACCTCATGAACCAGATCAGAAACCAGCTGGGACAACTCAACAGCAGTGCCAAC180 

181  AGCCTCTTTATCCTCTATTACACGGCCCAGGGGGAGCCCTTCCCCAACAACCTGGACAAG240 

241  CTGTGCAGCCCCAACGTGACTGACTTCCCGCCCTTCCACGCCAACGGCACGGAGAAGGCC  300 

301  CGGCTGGTGGAGCTGTACCGCATCATAGCGTACCTGGGCGCCTCCCTGGGCAACATCACG  360 

361  CGGGACCAGAAGGTCCTCAACCCCTACGCCCACGGCCTGCACAGCAAGCTGAACACCACG420 

421  GCTGACGTCCTGCGGGGTCTTCTCAGCAACGTGCTCTGCCGCTTGTGCAGCAAGTACCAC480 

481  GTGAGCCACGTGGACGTGACCTACGGCCCCGACACCTCGGGCAAGGACGTCTTCCAGAAG 540 

541  AAGAAGCTGGGCTGTCAGCTCCTGGGGAAGTACAAGCAGGTCATCGCCGTGCTGGCCCAG  600 

601  GCCTTCTAG  

ACGGGAGGTCTTAGATAGTAGGReverse Primer Seq.    Stop Codon      
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Fig. 5: Image of transfected COS-1 cells under blue light at 30
th
 passage. A: Fluorescent 

image of COS-1 transfected with pAcGFP_LIF using lipofectamine(40X), B: white light 

image of COS-1 1 transfected with pAcGFP_LIF using lipofectamine(40X)(same focus). 

 

 

 

 

Fig. 6: Floating transfected cells with High Intensity that describes over expression of LIF-

GFP Conjugated protein. 

 

A B 
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Fig. 7: Image of Retrograde Passaging of transfected COS-1 cells from 6 well plate to 96  

well plate. 

6 well plate 

12 well plate 

24 well plate 

96 well plate 
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Fig. 8: Image of transfected COS-1 cells under blue light. A: Fluorescent image of 

transfected cells at 35
th

 passage. B: Fluorescent image of transfected cells at 55
th
 passage. C: 

Fluorescent image of transfected cells at 70
th

 passage  
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Fig. 9: Stably transfected COS-1 cells with G418 under Bright Field Microscope. 
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Fig. 10A: Image represents, M: DNA Marker, Lane-1: Isolated DNA from COS-LIF cell line, 

Lane-2: Isolated DNA from COS-1 cell line. 

 

Fig. 10B: M: DNA marker (1Kbp-250bp), Lane-1: PCR amplified product from COS-LIF 

cells, Lane-2: NO PCR amplification occurred in COS cell 

 

 

Fig. 10C: M: DNA marker (1 kb-100 bp), Lane-1 to 3 PCR amplification of LIF sequence by 

using RT-LIF primers (112 kb), Lane-4 and 5: PCR amplification of GFP by using RT-GFP 

primers (150 kb). 
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4.6   Purification of rBuLIF 

The quantity of exogenous protein expressed in eukaryotic cell is comparatively less than 

those produced in bacteria or yeast. Usually, in bacterial system the yield varies and some 

reports finds up to 17-34 mg proteins from a 50mL cell culture. Use of CMV promoter is 

very popular to drive high level expression of heterologous protein. pAcGFP possesses CMV 

promoter upstream to the cloned BuLIF which is followed by the in frame expression of GFP. 

AntiGFP antibodies were used for trapping the GFP tagged BuLIF. Monoclonal antibodies 

from Sigma and Merck were used. A cynogen bromide activated sepharose 4B matrix was 

used to coupleAntiGFP antibodies and packed into column. This is a covalent interaction 

between matrix and immunoglobulins. A large number of cells are required to obtain enough 

purified protein. Two T75cm
2
 flasks at their full confluency were harvested in RIPA and 

PMSF buffer. The COS-1 and COS-LIF samples were sonicated before use for purification 

(fig. 11). After sonication both samples were quantified by using Bradford quantification 

method, protein concentration of COS-LIF and COS-1 samples were 238.533µg/mL and 

3028.33µg/mL respectively.  The total protein yield 20µg/uLwas used for SDS-PAGE and 

Western-blot. Cynogen Bromide activated Sepharose 4B coupled with anti GFP antibodies 

resulted in production of approximately 2 mg total protein. This purified protein was checked 

on SDS-PAGE which showed one single band between 65-70 kDa, which is the combined 

molecular size of BuLIF_GFP fused protein (fig.12 and fig. 13). The purified protein was 

also checked by western blotting which resulted in intense staining at approx. 65-70 kDa 

molecular size. SDS-PAGE of unpurified cell lysate and western blot of purified protein is 

shown in fig (14 and 15) respectively.Thus it was confirmed that we had successfully purified 

BuLIF protein from the stably transfected COS-1-LIF cells. The SDS protein bands were cut 

and digested by In-gel trypsin digestion for Mass Spectrophotometry but unknown proteins 

were identified in trial. Furthermore, to confirm the above statement of hyper glycosylation 

we have to perform the peptide mass finger printing of purified protein in LC- MS/MS for 

accurate determination of molecular mass and glycosylation moiety. Western blot results 

conclude that identified SDS band was rBuLIF that can be used for application in the culture 

of Bovine stem cells.  

10X 20X 10X 

10X 20 

v20X 
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Fig. 11: SDS-PAGE images showing sonicated and non-sonicated cell lysates, Lane no.1 

Cell lysate of transfected COS-1 cells after sonication and Lane no.2:Cell lysate of 

transfected COS-1 cells before sonication , Lane no.3: cell lysate of non-transfected COS-1 

cells after sonication and, Lane no.4: cell lysate of non-transfected COS-1 cells before 

sonication. 

 

 

 

Fig. 11:SDS-PAGE of purified recombinant BuLIF-GFP protein with       monoclonal Anti-

GFP antibodies. 

Purified 

rBuLIF-

GFP 
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Fig. 12:SDS-PAGE of purified recombinant BuLIF-GFP protein with Polyclonal Anti-GFP 

antibodies. 

 

 

Fig. 13: SDS PAGE image showing Lane no.1 and 3: cell lysate of transfected COS-1 cells 

after purification procedure, Lane no.2 and 4: cell lysate of transfected COS-1 cells before 

purification procedure (duplicates). 
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Fig. 14:SDS-PAGE image showing expression of target rBuLIF as fusion protein with GFP. 

Lane No M: Marker, Lane no.1:  Cell lysate of COS-LIF, Lane no.2 Cell lysate of COS-1 cell 

line. 

 

 

 

 

 

Fig. 15:Image of western-blot showing purified rBuLIF-GFP protein and cell lysate. Lane M: 

Protein Marker, Lane no.1 and 2 Cell lysate of Transfected COS-1 cells, Lane no.3: Non-

Transfected COS-1 cell lysate.  



77 
 

                                                                 CONCLUDING REMARKS 

 

Leukemia Inhibitory factor (LIF) is pleiotropic molecule synthesized and secreted in various 

body tissues. Some of very important biological functions regulated by LIF are like 

proliferation, differentiation, and metabolism of cells. LIF is proved to maintain pluripotency 

in mouse and human embryonic stem cells. LIF is also considered as an important molecule 

for bovine stem cells. The present study was aimed to scale up of rBuLIF (recombinant 

Buffalo Leukemia Inhibitory Factor) production in COS-1 cell line and purification of 

recombinant BuLIF protein from COS-1 cell culture. 

Our study constitute 2 objectives (i) Scale up of rBuLIF production in COS-1 cell line. 

(ii)Purification of recombinant BuLIF protein from COS-1 cell culture. To achieve the first 

objective, the stably transfected COS-1 cells were grown upto 70
th
 passages. Different 

conditions were optimized to achieve high rate of protein like FBS (Fetal Bovine Serum) 

concentration, G418 concentration etc. Different parameters like cell health, degree of 

confluency, number of passages, contamination. Transfection efficiency was found above 

80% after 70
th
 passage with high cell density. Stably transfected cells were selected under 

600 µg/mLconcentration of G418. FBS concentration was also optimised from 5%% to 20% 

for healthy growth of cells. The final FBS concentration 20% was used. Expression of 

BuLIF-GFP was observed under fluorescent microscopy and the expression of BuLIF protein 

was detected by PCR and Western-blot. The results confirmed the stably transfection of LIF 

gene in COS-1 cell line. 

To achieve second objective, COS-1 culture was grown to purify the expressed recombinant 

BuLIF protein. Buffalo LIF-GFP fusion protein was purified from crude cellular sources. 

Crude cellular sources were lysed by RIPA with PMSF cell lysis buffer (400µL/T-75cm
2
). 

Cell lysates were sonicated for complete extraction of proteins from cellular sources. 

Recombinant BuLIF protein was purified from lysed cell lysate utilizing a monoclonal Anti-

GFP antibody produced in mouse coupled with CnBr-activated sephrose affinity column. 

SDS-PAGE and western-blot results revealed that purified protein is of approx. 60kDa to 

70kDa size as different unknown hyper glycosylation occurs in rBuLIF. The SDS protein 

bands were cut and digested by In-gel trypsin digestion for Mass Spectrophotometry but 

unknown proteinsthe peptide mass finger printing of purified protein in LC- MS/MS for 
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accurate determination of molecular mass and glycosylation moiety. Western blot results 

conclude that identified SDS band was rBuLIF that can be used for application in the culture 

of Bovine stem cells. 
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