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CHAPTER -I
INTRODUCTION



Lysosomes are acidic cytoplasmic vacuoles, that contain many hydrolytic enzymes,

synthesized in the rough endoplasmic reticulum which are targeted to their final

destination by mannose 6-phosphate receptors (for reviews see von Figura and Hasilik,

1986; Pfeffer, 1988; Kornfeld and Mellamn, 1989; Kornfeld, 1992; Hille-Rehfeld,

1995; Pohlmann, 1996; Dahms and Hancock, 2002). These hydrolases are responsible

for the degradation of both internalized and endogeneous (endocytic and autophagic

pathway) macromolecules into simpler substances (Kornfeld and Mellamn, 1989;

Mullins and Bonifacino, 2001). Some examples of lysosomal enzymes are proteases,

glycosidases, nucleases, phosphotases, Upases etc. In mammals, the site at which these

enzymes are synthesized and the mechanism by which these are ferried to lysosomes is

well established.

Lysosomal enzyme sorting and transport involves the following steps:

• Lysosomal enzymes (acid hydrolases) are synthesized on membrane bound

ribosomes along with other proteins on the rough endoplasmic reticulum (RER).

They then penetrate into the lumen of the rough endoplasmic reticulum after which

the amino terminal hydrophobic signal sequence is cleaved (Walter and Blobel,

1982; Gilmore et «/., 1982; Meyer et al, 1982). These proteins are co-

translationally glycosylated by the transfer of high mannose oligosaccharides to

specific asparagine residues (Kiely et al, 1976; Bergman et al, 1978; Rothman et

al, 1978). Usually this transfer takes place prior to folding of the protein. As these

newly synthesized glycoproteins migrate through the endoplasmic reticulum (ER)

to the Golgi apparatus, oligosaccharide chains are further processed in a differential

manner (Tabas and Kornfeld, 1980).
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• Biosynthesis of recognition marker in lysosomal enzymes: This occurs in the cis

region of the Golgi apparatus (Pohlmann et ai, 1982; Pelham, 1988), where the

newly synthesized acid hydrolases are recognized and acted upon by two distinct

enzymes, thought to be localized in the pre-Golgi compartment and the m-Golgi

compartment respectively (Lazzarino and Gabel, 1988, 1989). The first enzyme N-

acetylglucosaminyl 1-phosphotransferase, transfers N-acetylglucosaminyl 1-

phosphate from UDP-N-acetyl glucosamine to the 6-hydroxyl group of a terminal

mannose residue on the high mannose oligosaccharide chains of the acid hydrolases

(Reitman and Kornfeld, 1981). The second enzyme, N-acetylglucosaminidase,

removes the N-acetyl glucosamine residue which is in phosphodiester linkage to the

mannose residue on the oligosaccharide chains thus resulting in the generation of

high affinity mannose 6-phosphate monoesters (Varki and Kornfeld, 1980; Waheed

et al, 1981). Thus, hydrolases selectively acquire high affinity mannose 6-

phosphate, which serves as recognition marker for mannose 6-phosphate receptors

(MPRs) (Figure 1) (Sly and Fisher, 1982; von Figura and Hasilik, 1986).

Figure 1: Schematic representation of the two step biosynthetic process for the generation of

terminal mannose 6-phosphate recognition marker in lysosomal enzymes.
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In humans, absence of this recognition system leads to severe lysosomal storage disease

emphasizing an essential role in the biogenesis of lysosomes (von Figura and Hasilik,

1986). This could be seen particularly in I-cell disease, where lysosomal enzymes fail

to acquire the mannose 6-phosphate residue (Hasilik and Neufeld 1980; Bach et ai,

1979), leading to the accumulation of undigested substrates (inclusions) in the cells.

Table 1 shows some of the lysosomal enzymes and their disorders.

ENZYME DEFICIENCY

p-hexosaminidase

p-hexosaminidase

p-galactosidase

Glucocerebrosidase

Galactocerebrosidase

Arylsulphatase A

a-galactosidase A

Ceramidase

Spingomyelinase

DISORDER

Tay-Sachs disease

Sandhoff disease (A severe form of Tay-

Sachs disease)

GM1 -gangliosidosis

Gaucher's disease

Krabbe disease

Metachromatic leucodystrophy

Fabry's disease

Farber disease

I Niemann-Pick disease types A & B

Table 1. Few lysosomal enzymes and their disorders.
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• This level of recognition involves segregation and binding of these high affinity

ligands by specific membrane receptors designated as mannose 6-phosphate

receptors (MPRs) in the trans-Go\gi apparatus. The MPRs residing within the

trans-Golgi and plasma membrane are integral membrane glycoproteins whose

expression levels have been found to vary in different tissues of humans, goat and

chicken (Wenk et al, 1991; Suresh et al, 2002). The receptors after binding to the

acid hydrolases are concentrated and pinched off into clathrin coated vesicles

(Brown and Farquhar 1984).

The major coat proteins of these carrier vesicles are clathrin and assembly proteins

(APs) also referred to as adapter proteins (Morris et al, 1989; Pearse et al, 1990;

Robinson, 1992). Two types of heterotetrameric AP complexes have been identified.

Localization studies indicate that AP-1 is specific for Golgi-derived vesicles, whereas

AP-2 is specific for plasma membrane derived vesicles. Although it remains unclear

how APs can specifically interact with a given membrane, in vitro studies indicate that

APs have two main functions. First, they promote the polymerization of clathrin

triskelions onto the membranes (Morris et al, 1989; Schmidt, 1992; Anderson, 1993).

Second, APs appear to recognize specific protein motifs in the cytoplasmic domain of

/rans-membrane proteins, thereby mediating their recruitment into carrier vesicles

(Pearse et al, 1990). These vesicles then fuse with the prelysosomal compartment

where the receptor-ligand complexes dissociates by virtue of low pH (Figure 2).
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Figure 2: Model of mannose 6-phosphate receptor mediated lysosomal enzyme targeting.

(http://cellhio. utmh. edu/cellhio/Ivsosome. htm). After synthesis and acquisition of

the M6P recognition marker, lysosomal enzymes bind to MPRs in the TGN. The

receptor-lysosomal enzyme complexes leave the TGN in clathrin coated vesicles

which travel to and fuse with endosomes. After, the dissociation of the ligand-

receptor complex due to the acidic pH (most likely in late endosomes), the MPRs

recycle back to the TGN while lysosomal enzymes are transported to lysosomes.

Cell surface MPRs are involved in the internalization of mannose 6-phosphate

containing ligands via clathrin-coated vesicles which fuse with endosomes, from

where the lysosomal enzymes are transported to lysosomes and the receptor

recycles back either to the TGN or plasma membrane.

Dissociation of MPR-lysosomal enzyme complexes:

From the studies of Gonalez-Noriega et ai, (1980) it is evident that the acidification of

transport vesicles is a crucial step for the release of bound acid hydrolases from MPRs.

At a pH below 5.7, ligands (acid hydrolases) are released from their receptors (MPRs)

(Sahagian et al., 1981). When cells are exposed to weak bases (Sando et al, 1979;

Hasilik and Neufeld, 1980; Myerowitz and Neufeld, 1981; Robey and Neufeld, 1982;

Merion and Sly, 1983) and inophore such as monensin (Valdutiu and Rattazzi, 1980)
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which lead to a rise in the pH of acidic organelles above 6 (Ohkuma and Poole, 1978),

the dissociation of receptor-ligand complex is inhibited. When dissociation is

inhibited, cells get rapidly depleted of the unoccupied receptors (MPRs). As a

consequence, receptor-dependent functions (i.e. sorting of endogenous and endocytosis

of exogenous lysosomal enzymes) have been shown to be blocked.

Recycling of MPRs from endosomes:

Diaz and Pfeffer, (1998) identified a protein called as T1P47 (tail interacting protein 47)

which is essential for the transport of the receptors from endosomes to the Golgi

complexes, both in vitro and in vivo, by binding to the cytoplasmic domains of both the

MPRs. TIP47 interacts with a Phe-Trp motif in the CD-MPR (Cation Dependent MPR)

with the involvement of Rab9 GTPase (Lombardi et al, 1993; Diaz and Pfeffer, 1998;

Carroll et al, 2001; Barbero et al, 2002). This Phe-Trp motif is essential for the

diversion of CD-MPRs from lysosomes (Schweizer et al, 1997). Cellular depletion of

TIP47 protein triggered the same phenotype as mutation of the CD-MPR Phe-Trp

residues; that is, MPRs are missorted into lysosomes (Diaz et al, 1998). This suggests

that productive binding of TIP47 to the Phe-Trp signal in the CD-MPR is needed for

retrieval of MPRs from endosomes and delivery to the Golgi complex. TIP47 can bind

to CI-MPR (Cation Independent MPR) despite its lack of a Phe-Trp motif. This binding

is due to the hydrophobic residues (PPAPRPG) in the membrane proximal region of the

CI-MPR cytoplasmic domain (Orsel et al, 2000). Moreover, in a recent study Miwako

et al, (2001) demonstrated that cholesterol is required for the exit of cation

independent MPR from the endosomal carrier vesicle/multivesicular bodies

(ECV/MVBs) to the Golgi.
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Mannose 6-phosphate dependent transport in vivo:

Mannose 6-phosphate residues in lysosomal enzymes play a crucial role in their transport

by two physiologically significant ways.

(1) First, in certain cells, they are indispensable for targeting endogenous lysosomal

enzymes to lysosomes. This appears especially in I-cell disease, where

lysosomal enzymes lack the recognition marker, that is required for receptor

mediated endocytosis (Hickman and Neufeld, 1972). This results in intracellular

deficiency and extracellular accumulation of many lysosomal enzymes. The

inability to synthesize the recognition marker on the lysosomal enzymes is due to

the deficiency of N-acetylglucosamine 1-phosphotransferase (Bach et al, 1979;

Hasilik and Neufeld, 1980; Hasilik et al, 1981; Reitman et al, 1981).

(2) The second function of mannose 6- phosphate residues is to mediate intercellular

exchange of lysosomal enzymes. This function is clearly seen in Hunter's

disease, an X-linked lysosomal disorder that is characterized by the deficiency in

iduronate sulfatase (Neufeld, 1991).

MANNOSE 6-PHOSPHATE RECEPTORS:

Types of Mannose 6-phosphate receptors:

MPRs are divided into two types based on their requirement of metal ions for ligand

binding or based on their molecular mass - Cation Independent MPR (CI-MPR or MPR

300) (Shangian et al, 1981) and Cation Dependent MPR (CD-MPR or MPR 46) (Hoflack

and Kornfeld, 1985). Both the MPRs are type I integral membrane glycoproteins that

constitute the family of P-type lectins, a designation given based on the unique ability of

these proteins to recognize phosphorylated mannose residues (Drickamer and Taylor,

1993). CI-MPR is a multifunctional receptor that binds in addition to mannose 6-

phosphorylated proteins several distinct nonglycosylated ligands, including IGF-II (Table 2).
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CD-MPR is known to transport lysosomal enzymes from TGN to lysosomal

compartment along with CI-MPR. Unlike the CI-MPR, CD-MPR does not function in

endocytosis of mannose 6-phosphate ligands.

Distribution:

MPRs are distributed over several intracellular compartments (Kornfeld & Mellman,

1989). In the trans-Golgi network (TGN), they mediate sorting of lysosomal enzymes

from secretory proteins while on the plasma membrane they function in endocytosis of

extracellular ligands. The MPRs are in rapid equilibrium between these compartments

and the early/late endosomes where they release their ligands (Ludwig et al., 1992). It is

clear that some crucial steps in their routing require specific signals contained in their

cytoplasmic domains that interact with specific cellular sorting components, some of

which form the coat of clathrin-coated vesicles.

The receptors contain multiple signals in their cytoplasmic domains that mediate both

their departure from and arrival at the TGN, plasma membrane, and early or late

endosomes. Two serine residues (serine 2421 and 2492) found in two highly conserved

regions of the carboxy terminal domain of the CI-MPR are phosphorylated in vitro by a

casein kinase II- type enzyme present in clathrin-coated vesicles (Meresse et al., 1990).

These two serines are phosporylated in vivo when the CI-MPR leaves the TGN and/or

when present in TGN derived clathrin-coated vesicles (Meresse & Hoflack 1993). This

phosphorylation appears as a major albeit transient modification in the cytoplasmic tail

of the CI-MPR that is subsequently delivered to early endosomes. Phosporylation of

these key serines does not occur when the cell surface CI-MPR is endocytosed or when it

travels through the early and late endosomes, but only occurs after it has recycled back to

the TGN. Mutational studies indicate that serine 2492, as well as, an adjacent dileucine

motif is required for efficient intracellular retention of lysosomal enzymes (Chen et al.,
9



1993). Recent studies indicate that the prime candidates for this role are the Golgi-

localized, g-ear-containing ARF-binding proteins (GGAs) (Boman et al, 2000;

Dell'Angelica et al, 2000; Hirst et al, 2000; Poussu et al, 2000). Three GGAs (GGA1,

GGA2 and GGA3) have been identified in human and two in yeast (Ggalp and Gga2p).

GGA proteins have a common domain organization. In the NH2-terminus, they have a

VHS (Vps27/Hrs/STAM) domain, which is conserved in various proteins involved in

endocytic trafficking (Lohi et al, 1998). Recently, Rosa Puertollano et al, (2001)

identified highly specific interactions of acidic-cluster-dileucine signals involved in

sorting of MPRs at the TGN with the VHS domain of the GGAs. Yunxiang Zhu et al,

(2001) demonstrated that GGA2 is responsible for binding to the acidic cluster-dileucine

motif in the cytoplasmic tail of the cation-independent mannose 6-phosphate receptor

(CI-MPR). Receptors with mutations in this motif were defective in lysosomal enzyme

sorting. The hinge domain of GGA2 binds to clathrin, suggesting that GGA2 could be a

link between cargo molecules and clathrin-coated vesicle assembly. Thus, GGA2

binding to the CI-MPR is important for lysosomal enzyme targeting (Yunxian Zhu et al,

2001). Comparison of the crystal structures of the different GGA's reveal that the

significant difference between GGA2 and GGA1, GGA3 is in the loop between helices 6

and 7, which forms part of the ligand binding pocket (Zhu et al, 2003).

Importance of the two receptors:

The biological function of the existence of the two MPRs in mammalian cells is an

important unresolved question. Studies on the function of the CI-MPR have been greatly

facilitated by the use of cells lacking this receptor. Expression studies in these cells

indicate that the CI-MPR is primarily involved in intracellular retention of lysosomal

enzymes (Lobel et al, 1989). In contrast, studies on the function of CD-MPR in

lysosomal enzyme trafficking have been limited by the lack of cells devoid of this
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receptor. This was further supported by cDNA (encoding MPR) transfection studies in

CD-MPR deficient murine tumor cells expressing MPR 46, where the hyper secretion

(60-75%) of newly synthesized lysosomal enzymes was completely corrected (reduced

to 3%) by over expression of CI-MPR and partially corrected (reduced to 30 - 35%) by

over expression of CD-MPR (Gabel et ai, 1983; Kyle et al, 1988; Lobel et al, 1989).

Cells lacking either the CI-MPR or the CD-MPR secrete a part of their lysosomal

enzymes and as a consequence are impaired in intracellular degradation as visualized by

the accumulation of undigested material in the lysosomes. Immunological studies using

anti-receptor antibodies for inhibiting ligand binding to receptor in various cell types

such as cells expressing both receptors and cells expressing only CD-MPR, indicated that

both receptors participate in ligand binding but with different affinities (Gartung et al,

1985; Stein et al, 1987). Cells lacking both MPRs were almost completely impaired in

targeting their lysosomal enzymes and also exhibited an enormous accumulation of

undigested material in the cytoplasm.

Primary Structure of MPRs:

Both mannose 6-phosphate receptors have been cloned and sequenced at the cDNA level

from various species (Table 3). Both receptors are integral membrane proteins with three

distinct domains, the extracytoplasmic domain, the transmembrane domain and the

cytoplasmic domain. Figure 3 shows a schematic representation of both receptor

structures, (for reviews see Hille-Rehfeld, 1995; Pohlmann, 1996 Dahms and Hancock

2002).
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Table 3: Molecular cloning of MPR proteins from different animal species.

CI-MPR CD-MPR

Figure 3: Schematic representation of the primary structure of Mannose 6-phophate receptors

(Dahms)
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MPR 300 (CI-MPFS):

The first purification of MPR 3(X) from bovine liver was achieved by Sahagian et al,

(1981), by using the lysosomal enzyme |3-galactosidase immobilized to Sepharose 4B.

Later, the receptor has been isolated from a variety of tissues and cells including bovine,

human, goat, chicken, fish livers and cell lines like human fibroblasts, rat hepatocytes,

Chinese hamster ovary cells, chicken embryonic fibroblast cells and also from an

invertebrate mollusc (Udaya Lakshmi et al, 1999). The cDNA of MPR 3(K) has been

cloned from several species such as the bovine (Lobel et al, 1987, 1988), human

(Morgan et al, 1987; Oshima et al, 1988) mouse (Lobel et al, 1988; Oshima et al,

1988), rat (MacDonald et al, 1988) chicken (Zhou et al, 1995), pig, rabbit, bat, colugo,

hedgehog, ring-tailed lemur, tree shrew, opossum, red-necked wallaby, echidna and the

duckbill platypus (Killian et al, 2001). Partial cDNA sequences of IGF-I1/MPR have

also been known for kangaroo (Yandell et al, 1999) and fish (Udaya Lakshmi et al,

2000). The bovine IGF-II/MPR is comprised of a 44 residue amino-terminal signal

sequence, a large 2269 residue extracytoplasmic region, a single 23 residue

transmembrane region, and a 163 residue carboxyl terminal cytoplasmic domain. The

larger extracytoplasmic region is composed of 15 repetitive domains of similar size

(average of 147 residues) that display amino acid sequence identity (14-38%). It was

investigated that the repeat domain 13 from the amino terminus contains a 43 amino acid

residue insertion that is similar to the sequences found in fibronectin (Hynes, 1985).

This segment forms a part of the collagen-binding domain in fibronectin, but its function

in the MPR 300 is not yet known.

The ligand-binding region in MPR 300 has been localized to domain 3 and 9 in the

extracytoplasmic region. This was further confirmed by partial proteolysis and

expression of the truncated form of the receptor. Arginine residue 435 in domain 3 and
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1334 in domain 9 are essential for carbohydrate recognition (CRD) (Westland et al.,

1991; Dahms et al, 1993). These two CRDs show different binding ability to mannose

6-sulfate and mannose 6-phosphate methyl ester found on Dictyostelium discoideum

lysosomal enzymes. The amino terminal CRD (i.e, 3rd domain) binds mannose 6-sulfate

and mannose 6-phosphate methyl ester with a 14-55 fold higher affinity than the

carboxyl-terminal CRD (i.e., domain 9) (Marron et al, 2000), suggesting that the CI-

MPR contains two functionally distinct CRDs. Though much has been investigated

about the m6p binding domains in the Cl-MPR, very little is known as to what functions

the other repetitive domains have.

Various groups of workers have identified that IGF-11 (nonglycosylated peptide

hormone) can bind to mammalian CI-MPRs, such as bovine (Morgan et al, 1987),

human (Tong et al., 1988), kangaroo (Yandell et al., 1999), opossum (Dahms et al.,

1993). In contrast to this, Kornfeld and collegues (1989) demonstrated that chicken and

Xenopus CI-MPR fails to bind IGF-II (Canfield and Kornfeld, 1989; Clairmont and

Czech, 1989; Yang et al., 1991). However, recently Mendez et al., (2001) showed that

the fish embryo receptor can bind IGF-11. Tong and Kornfeld (1998) showed that

binding of mannose 6-phosphate to CI-MPR does not inhibit the binding of insulin like

growth factor-II. Moreover, Sally et al., (1999) demonstrated that P-glucoronidase

stimulates internalization of 125I-IGF-II. All these experiments reveal that the mannose

6-phsophate binding site and IGF-11 binding site are distinct in CI-MPR. IGF-II binding

site in CI-MPR is localized in the amino terminal portion of extracytoplasmic domain 11

of bovine and human CI-MPRs (Dahms et al, 1994; Schmidt et al., 1995; Garmroudi et

al., 1996), corresponding to amino acids 1524-1590. To date, only a single residue,

isoleucine 1572, in domain 11 has been implicated as being important for IGF-II binding

by mutagenesis studies in which substitution of isoleucine (1572) with threonine
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eliminated IGF II biding (Garmroudi et al, 1996; Byrd et al, 1999; Devi et al, 1999).

Recent studies have provided evidence that the IGF-II binding site of the IGF-II/MPR is

bipartite: the primary determinants for binding reside in domain 11 while sequence

elements within domain 13 contribute a ~5 - 10 fold enhancement of the binding affinity

of the receptor for IGF-II (Devi et al, 1998; Grimme et al, 2000; Linnell et al., 2001).

Nineteen potential N-linked glycosylation sites are distributed throughout the

extracytoplasmic region of the CI-MPR (Lobel et al., 1987), although it is unclear how

many of the sites are actually glycosylated. Importantly, it has been shown that N-linked

glycosylation is not required for the acquisition of mannose 6-phosphate or IGF-II

binding ability by the CI-MPR. (Goldberg et al., 1983; Sahagian et al., 1983).

The position of the cysteine residues is highly conserved among all the repeats in the

extracytoplasmic region. The presence of intramolecular disulfide bonds in the CI-MPR

has been confirmed indirectly in a number of studies by the use of reducing agents (Hille

-Rehfeld, 1995; Dahms and Hancock, 2002). Disulfide bond formation is predicted to be

an essential early step in the proper folding of the CI-MPR.

For MPR 300, the overall homology from mouse to man was found to be 82%.

Although the cytoplasmic domains show considerable variation (80% homology from

mouse to human), they retained functionally important stretches of highly conserved

amino acids that are involved in endocytotic sorting, internalization and G-protein

binding. It also contains four highly conserved sequences that are known to be potential

substrates for various protein kinases including protein kinase C, cAMP-dependent

protein kinase and casein kinases I and II (MacDonald et al., 1988). The receptor (CI-

MPR) is known to be phosphorylated at a number of these sites (Sahagian and Neufeld,

1983; Corvera and Czech, 1985; Meresse et al., 1990). Although phosphorylation of

threonine, tyrosine and serine residues in the cytoplasmic tail of CI-MPR has been
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observed, only the later has been studied in detail (Sahagian and Neufeld, 1983; Corvera

et al, 1986; 1988). The cytoplasmic tails of the bovine CI-MPR harbors three potential

serine phosphorylation sites: serine 19, 85, and 156. Phosphorylation of serine 85 and

156, both of which reside in casein kinase-like motifs, has been demonstrated by in vitro

and in vivo studies (Corvera et al, 1988; Meresse et al, 1990; Rosorius et al., 1993).

From the studies of Byrd et al., (2000), it is evident that Cl-MPR is capable of forming

oligomeric complexes, most likely dimers, in the absence of mannose 6-phosphate

ligands.

The complete genomic structure of the IGF-II/MPR has been analyzed for the mouse

(Szebenyi and Rotwein, 1994) and the human (Killian and Jirtle, 1999). The IGF-

II/MPR locus in mouse is chromosome 17 and human in chromosome 6. The total size

of the human IGF-II/MPR gene is estimated to be 136kb and consists of 48 exons

(Killian and Jirtle, 1999). Exons 1-46 encoding for the extracellular region of the IGF-

II/MPR, with each of its 15 domains encoded by portions of three to five separate exons

(Szebenyi and Rotwein, 1994; Killian and Jirtle, 1999).

This receptor (M6P/IGF-II or MPR 300) is the first example of a protein able to bind

three different classes of ligands, that is a saccharide (M6P), a peptide (IGF-I1) and a

lipid (retinoic acid) (Vidal et al, 2002).

MPR 46 (CD-MPR):

It occurs as a dimer in the membranes. CD-MPR was first purified and characterized

from bovine liver and mouse P388D1 macrophages (Hoflack and Kornfeld, 1985).

Later, the cDNA for the MPR 46 has been cloned and sequenced from several species

such as human (Pohlmann et al, 1987), bovine (Dahms et al, 1987), mouse (Koster et

al, 1991; Ma et al, 1991; Ludwig et al, 1992), rat (Kanamori et al, 1998) and partially
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from chicken (Matzner et al, 1996). The mRNA of the human MPR 46 codes for a

protein of 277 amino acids consisting of four structural domains viz., a N-terminal signal

sequence of 20 or 26 amino acids, an extracytoplasmic domain of 164-170 amino acids

exposed at the plasma membrane or oriented to vesicle lumen, a single transmembrane

domain of 20 amino acids followed by 67 amino acids of cytoplasmic domain. The short

extracytoplasmic domain was shown to exhibit 14-37% homology to individual repeats

of MPR 300 (Dahms et al, 1987; Lobel et al, 1988). This suggests that the two

receptors may be derived from a common ancestor, in contrast to this, there is no

sequence similarity among the signal sequences, transmembrane regions and the

cytoplasmic domains of the two receptors.

CD-MPR is a highly glycosylated protein, the carbohydrates constituting about 20% of

the total mass of the receptor. The extracytoplasmic domain of the CD-MPR contains

five potential N-linked glycosylation sites (Asn-X-Ser/Thr) at positions 31, 57, 68, 81

and 87 (Dahms et al, 1987), four of which are used. This glycosylation is not necessary

for ligand binding (Wendland et al, 1991; Zhang et al, 1993). Site directed mutagenesis

experiments revealed that of the 5 glycosylation sites 31, 57 and 87 are not required for

oligomerization and do not contribute to the binding affinity of the CD-MPR for p-

glucuronidase. Only 154 residues in the extracellular region can autonomously fold into

a fully functional carbohydrate recognition domain (Patricia et al, 1998).

The position of cysteine residues which are most likely involved in disulfide bond

formation are well conserved within the extracytoplasmic domain of MPR 46. Studies

carried out by various workers (Hille et al, 1989; Li et al, 1990; Wendland et al, 1991)

revealed that six cysteine residues of the extracytoplasmic region are used to form three

intramolecular disulfide bonds that are essential for generating the ligand binding

conformation of the CD-MPR.
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MPR 46 is a highly conserved protein with 93-95% overall sequence homology from

mouse to human and with completely identical amino acid sequence within the

cytoplasmic domain of these species. The cytoplasmic domain contains a single casein

kinase-H phosphorylation site. The gene for the human MPR 46 has been localized to

chromosome 12 (Pohlmann et al., 1987). The gene spans about 12kb and consists of 7

exons (Klier et al., 1991). Exon 1 contains 5' untranslated sequence, exon 2 encodes the

signal sequence and the beginning of the luminal domain, and exons 3-5 encode the

remaining of the luminal domain. Exons 5 and 6 encode the transmembrane domain, and

exons 6 and 7 encode the cytoplasmic domain (review Kornfeld, 1992).

Chemical modification studies on the human CD-MPR in the presence and absence of

Man 6-P have suggested that histidine (131) and arginine (137) residues are involved in

ligand binding (Stein et al, 1987).

Ligand Binding Properties of MPRs:

Equilibrium dialysis experiments indicate that the CD-MPR binds one mole of the

monovalent ligand mannose 6-phosphate and 0.5 mole of a diphosphorylated high

mannose oligosaccharide per monomeric subunit (Tong and Kornfeld, 1989; Distler et

al, 1991). Consequently each dimer would have two mannose 6-phosphate binding

sites, both of which can be occupied by a single oligosaccharide containing two man 6-

phosphate residues. On the other hand, Cl-MPR binds two moles of mannose 6-

phosphate or one mole of diphosphorylated oliosaccharide per monomer (Tong and

Kornfeld, 1989; Distler et al, 1991, Tong et al, 1989), suggesting that only 2 of the 15

repetitive domains of the receptor may be involved in the mannose 6-phosphate ligand

binding. Later it was shown that Arginine 435 in domain 3 and Arginine 1334 in

domain 9 are involved for ligand binding (Dahms et al, 1993). In addition to this it was
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also observed that the two mannose 6-phosphate binding sites are not functionally

equivalent in their ligand binding affinities (Patricia et al, 1998).

Ligand binding affinities of both receptors to various mannose 6-phosphate containing

ligands are shown in the Table 4.

Multifunctional nature of MPR 300:

Apart from the transport and sorting of acid hydrolases from TGN to prelysosomal

compartment, cation independent mannose 6-phosphate receptor exhibits the following

unique functions:

IGF-II MPR binding to cell surface and activation:

Binding of several growth factors such as transforming growth factor beta-1 (TFG- pi)

precursor and prolifirin to IGF-II/MPR on the cell surface leads to their activation. TGF-

pl is a critical cytokine that regulates the cellular differentiation and proliferation of

many cell types. This molecule has been found to contain mannose 6-phosphate residues

and has been found to bind to the IGF-II/MPR receptor (Purchio et ai, 1988; Kovacina

et al, 1989). Inhibition of TGF-pi activity was observed in the presence of mannose 6-
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phosphate and anti mannose 6-phosphate/IGF-H receptor antibodies in bovine aortic

endothelial cell/bovine smooth muscle cell co-cultures suggesting that binding to the

IGF-II/MPR receptor is required for latent TGF- pi activation (Dennis et al., 1991). In

a recent study by Villevalois-Cam et al, (2003), it was observed that the expression of

CI-MPR was increased in mid Gl phase and that hepatocyte carrying CI-MPR was a

direct target for latent pro TGF p activation. Another growth factor prolifirin is also

known to contain mannose 6-phosphate residues. It's binding to the IGF-II/MPR could

result in its activation in endosomes or its degradation in lysosomes. Moreover, a recent

study which demonstrated the ability of plasminogen and urokinase-type plasminogen

activator receptor (uPAR) to bind to IGF-II/MPR at regions of the receptor distinct from

the M6P binding pockets and the IGF-II binding site, suggest a plausible mode in which

the binding of urokinase plasminogen activator to uPAR complexed to the IGF-II/MPR

facilitates conversion of plasminogen to plasmin, which in turn proteolytically activates

receptor-bound TGF-p precursor molecules (Nykjaer et al., 1998; Godar et al., 1999).

IGF-II/MPR in maternal diabetes:

Diabetic pregnancy is commonly associated with alterations in the IGF system in fetal

tissues, the effect of maternal diabetes on IGFs and their receptors in developing fetal rat

kidney was also investigated (Amri et al., 1999). When diabetes was induced in

pregnant rats by streptozotocin on day 0 of gestation, levels of IGF-II increased

drastically throughout the nephrogenesis when compared to the control, where as IGF-I

levels remained unchanged, suggesting a critical role of IGF-II in kidney development.

They also observed increased production of IGF-II/MPR throughout nephrogenesis. The

altered nephrogenesis in fetuses exposed to maternal diabetes may be linked to a

decrease in IGF-II bioavailability Amri etal, (2001).

20



IGF-II/MPR and its relation to Cancer:

This postulate is supported by the recent findings that the M6P/IGF-II receptor is often

mutated in dysplastic liver lesions and HCCs (Hepatic Cell Cancer) in patients with or

without hepatitis virus (HV) infection (De Souza et al, 1995; Yamada et al, 1997) and

in breast cancer (Hankins et al, 1996). The IGF-II/MPR also contains a poly-G region,

and it is a common mutational target in colon, gastric and endometrial tumors with

mismatch repair deficiencies (Ouyang et al, 1997). Furthermore, in HV-infected

patients, IGF-II/MPR allelic loss has already occurred in the phenotypically normal liver

tissue adjacent to dysplastic lesions and HCCs (Yamada et al, 1997). This demonstrates

that IGF-II/MPR interaction occurs early in liver carcinogenesis. It also suggests that the

incidence of HCCs in HV-infected patients is significantly enhanced because the liver is

repopulated with normal appearing IGF-H/MPR-mutated pre-cancerous liver cells.

There is also evidence that some chemopreventive and therapeutic agents elicit their

biological effects through the IGF-II/MPR. The monoterpenes, limonene and perillys

alcohol, are agents that are effective in the treatment of a variety of rodent tumors (Jirtle

et al, 1993). Mammary tumors regressing in response to limonene have been shown to

overexpress the IGF-II/MPR gene whereas, its expression is unaltered in unresponsive

tumors (Jirtle et al, 1993). The IGF-II7MPR has also been shown to be a high affinity

binding receptor for retinoic acid. Furthermore, it is required for this anticancer agent to

induce cell death in human promyelocytic leukemia cells lacking the retinoid nuclear

receptor (Rang et al, 1997). It may now be possible to diagnose patients having greatest

response to these two classes of anticancer agents prior to the initiation of therapy, by

determining whether the IGF-II/MPR is still functional in the tumor. Thus, the IGF-

II/MPR may provide a unique target for cancer diagnosis, therapy and chemoprevention.

21



Evolution of Mannose 6-phosphate receptors:

No simple evolutionary picture can be expected to emerge from comparison of non-

mammalian vertebrates and invertebrates with highly evolved mammals. However,

recognition of elements in particular MPRs of the mammalian pattern, in non-

mammalian species would provide a picture of possible conservation of fundamental

mechanisms for specific sorting and targeting of lysosomal enzymes to lysosomes in the

vertebrate and invertebrate lineage (Figure 4).

Figure 4: Vertebrate and Invertebrate Lineage with Phyla represented in the ascending order.

To date, two distinct mannose 6-phosphate receptors (MPR 300 and MPR 46) have been

identified and well characterized in mammals (for review see Dahms and Hancock,

2002). The occurrence of both MPRs among the non-mammalian vertebrates such as

aves (chicken), reptiles (garden lizard), amphibia (Xenopus), pisces (fish) and more

recently in the invertebrate Unio has been established by biochemical and immunological

methods (Matzner et ai, 1996; Siva Kumar et al, 1997; Udaya Lakshmi et ai, 1999;

2000; Siva Kumar and von Figura, 2002).
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So far, little information is available on the machinery used for the lysosomal enzyme

sorting and targeting in non-mammalian vertebrates and invertebrates. Though the

lysosomal enzymes of Dictyostelium discoideum were shown to contain methylated

mannose 6-phosphate residue, receptors involved in mannose 6-phosphate specific

sorting in Dictyostelium have not yet been characterized (Mehta et al, 1996). Sorting of

lysosomal enzymes (lacking mannose 6-phosphate) in the unicellular trypanosomes is

thought to occur independent of mannose 6-phosphate (Oeltmann et al, 1994; Heute-

Perez et al, 1999). On the other hand, the yeast Saccharomyces cerevisiae ("primitive

eucaryote) is known to contain large vacuoles, which are functionally similar to the

mammalian lysosomes in many ways. Two enzymes from S.cerevisiae have been

reported to contain peripheral mannosyl phosphate and mannobiosyl phosphate in diester

linkage to high mannose type oligosaccharides. The vacuolar enzyme carboxypeptidase-

Y (CY) containing 4 Asn linked high mannose type oligosaccharides was found to be

segregated into the vacuoles independent of mannose 6-phosphate pathway and the

extracellular form of invertase enzyme also exhibited similar properties (Trimble and

Maley, 1997).
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Scope of the Present Investigation:

The two receptors (MPRs) have been extensively characterized from bovine and human

liver. The laboratory where this work was carried out had purified two MPR proteins

from goat liver tissue employing a new affinity method, Sepharose-divinyl-

phosphomannan (Udaya Lakshmi and Siva Kumar, 1996).

Prior to this, very little work has been done to identify the two receptors among different

animal species (non-mammalian), to study their properties and to understand the

evolution of the two receptors. Work carried out by Siva Kumar et ai, 1997 and Udaya

Lakshmi et ai, (2000) established the existence of mammalian homologous of MPRs

among different non-mammalian vertebrates and more recently in the invertebrates.

(Siva Kumar and von Figura, 2002).

The present study was envisaged to use the purified goat receptors as a mammalian

model to further characterize the functions of goat receptors and also similar proteins in

non-mammalian vertebrates.

Towards achieving these goals, both receptors from goat were purified in large quantities

and antibodies were raised. These were used to develop an ELISA method to quantify

the receptors in various tissues of the same or different animal species. The antibody to

MPR 300 was used to develop an immuno affinity method for purification of the

receptor in a single step.

Since goat MPR 300 was purified for the first time, it was used to study its interaction

with human IGF-II. Purified chicken MPR 300 was also used to analyze this binding in

view of the recent report that the fish MPR 300 binds IGF-II (Mendez et al, 2001).
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In order to identify the amino acids essential for ligand binding among the goat and

chicken MPR 46 proteins, chemical modification studies were carried out.

To know the structural similarities of purified goat receptors to other known receptors

molecular cloning studies were carried out for goat receptors. A partial cDNA clone for

MPR 300 and a full-length cDNA clone for MPR 46 protein obtained, revealed that the

goat receptors are structurally related to bovine and human receptors.
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CHAPTER - II

Purification of MPRs from goat and
chicken; Development of an ELISA

and an Immuno-affinity method



INTRODUCTION:

Two mannose 6-phosphate receptors are known to be involved in sorting and transport

of newly synthesized lysosomal enzymes from the TGN to the prelysosomes.

According to their apparent molecular mass of 46 and 300kDa, the two receptors are

designated as MPR 46 and MPR 300 respectively. They are type 1 transmembrane

glycoproteins, which have recently been classed as P-type lectins. In contrast to MPR

46, 300 is a multifunctional protein. The diverging functions of MPR 46 and 300 raise

the question whether the expression of the two receptors may be differentially regulated

in the cells and tissues. The main objective of the present study was to purify the goat

receptors^ raise antibodies and develop an ELISA method to quantify MPRs in

mammalian (goat) and non-mammalian vertebrates (chicken).

Polyclonal antibodies to purified goat MPR 3(K) and MPR 46 proteins were raised in

two separate rabbits and using these antibodies an ELISA method was developed to

quantify mannose 6-phosphate receptors from the detergent extracts of five different

tissues of goat and chicken. This method allows detection of ng amounts of mannose 6-

phosphate receptors (Suresh et ai, 2002). Additionally, a new method was developed

for the purification of both MPR 3(X) and 46 proteins in a single step using immuno-

affinity matrices prepared using MPR 300 specific IgG and MPR 46 peptide specific

IgG coupled to Affigel-10 (Suresh and Siva Kumar, 2003).
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MATERIALS:

Heating block thermostat Bangalore Genei,, Bangalore

Pipetmann 20,200,1000^1 Glaxo, India

Spectrophotometer, UV Spectronic GENESYS5, USA

Chemicals:

Acetone Qualigens

30% Acrylamide/ 0.8% Bisacrylamide Sigma

(NN' methylenebisacrylamide)

Acetic acid Qualigens

Ammonium acetate Qualigens

BCA Sigma

BSA Sigma

Bromophenol blue BioRad

Calcium chloride (CaCb) Qualigens

Chloroform Qualigens

Dimethylsulfoxide ultra pure (DMSO) Qualigens

DTT Sigma

EDTA Qualigens

Ethanolamine Qualigens

Formaldehyde (37%) Qualigens

Freund's complete/ incomplete adjuvant Sigma

Glucose 6-phosphate Sigma

Glycine Qualigens

Guanidium hydrochloride Fluka

HEPES Sigma
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Imidazole Sigma

Iodoaceticacid (IAA) Sigma

IODO-gen Pierce Co.

Mannose 6-phosphate (Barium salt) Sigma

P- Mercaptoethanol Qualigens

Methanol Qualigens

Nonidet-40 (NP 40) Sigma

Pansorbin cell suspension Calbiochem

(Heat inactivated Staphylococcus aureus cell suspension)

Phenylmethylsulfonylfluoride (PMSF) Serva

Sepharose 6B Pharmacia

SDS Qualigens

TEMED Qualigens

TCA Qualigens

TFA Sigma

Tris-(hydroxymethyl)-aminoethane (Tris) Qualigens

Triton X-100 Sigma, Deisenhofen

Tween 20 Sigma, Deisenhofen

Animal tissues used in the study were procured from the local slaughterhouse and

carried on ice to the laboratory and kept frozen until use.

28



METHODS:

Hydrolysis of O-Phosphonomannan Y-2448:

This was carried out according to Bretthauer et al., (1973). 2.5gm of O-

phosphonomannan from the yeast Hansenula holstii (generously provided by

DR.M.E.Slodki, USDA, Peoria, IL, USA) was suspended in 50 ml of water in a screw

capped bottle and left overnight for swelling. 500 mg of KC1 was added and the pH of

the suspension was adjusted to 2.4 with acetic acid. The contents were then hydrolyzed

in a boiling water bath at 100°C for 60 min. The suspension was cooled to room

temperature and centrifuged at 10,000 rpm for 30 min to remove any insoluble

material. The clear supernatant was neutralized to pH 11.0 with saturated barium

hydroxide. To this, an equal volume of 95% ethanol was added and left overnight at

4°C. The precipitated phosphomannan core was collected by centrifugation at 10,000

rpm for 30 min. The pelleted phosphomannan core (PM) was dissolved in water and

made acidic with acetic acid, dialyzed against water and lyophilized. This was coupled

as a ligand to Sepharose as described below.

Preparation of Phosphomannan Affinity Matrix:

Activation of Sepharose with Divinyl sulfone:

20 ml Sepharose 6B was washed thoroughly with distilled water on a sintered glass

funnel and the wet cake was suspended in 20 ml of 0.5 M sodium carbonate/

bicarbonate buffer pH 11.0. 2.0 ml of divinyl sulfone was added and the suspension

was gently shaken at room temperature for 70 min and washed thoroughly with

distilled water on a sintered glass funnel.
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Coupling of Phosphomannan Core to the Activated gel: Phosphomannan (PM) core

obtained from the hydrolysis of CJ-phosphonomannan was coupled to the activated gel.

The activated gel (20 ml) obtained above was washed with 0.5 M sodium

carbonate/bicarbonate buffer pH 10.0 on a sintered glass funnel and the wet cake was

suspended in 20 ml of carbonate buffer pH 10.0 containing 400 mg of phosphomannan

core. Coupling was allowed to proceed in cold (4°C) for 24 hours. At the end of the

coupling reaction, the gel was passed through a sintered glass funnel and the solution

obtained was saved to determine the extent of binding. The gel was washed with

deionised water and suspended in 0.5 M sodium bicarbonate buffer pH 8.5 containing

0.2 ml of (3-mercaptoethanol and mixed at room temperature for 3 hours. The gel was

finally washed with distilled water and stored at 4°C in column buffer until further use.

The extent of PM coupled to Sepharose was determined as mannose equivalents as

described (Dubois et al, 1956). Additional PM gels were prepared in large quantities

in 20 ml batches.

Preparation of Acetone Powder:

Reagents required: (All steps were performed at 4°C).

• 0.5 M CaCl2 and 1 mM NaHCOj

• 4 N acetic acid

• Chilled acetone

• Diethyl ether

Acetone powder was prepared following the protocol of Distler and Jourdian (1987).

Liver tissue (goat and chicken) was homogenized for about 1 min in a waring blender

with 1.6 vol. of 0.5 mM CaCh and 1 mM NaHCO3 and pH was adjusted to 5.0 by drop

wise addition of 4 N acetic acid. The suspension was centrifuged for 15 min at 9000

rpm and the pellet was resuspended in 2.4 vol. of the same buffer. The pH was
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adjusted to 5.0 and centrifuged at 9000 rpm for 15 min. The pellet was homogenized

for 1 min in a waring blender with 6 vol. of chilled (-20°C) acetone. The suspension

was filtered rapidly through Whatmann 3 MM filter paper placed over a Buchner

funnel. The reddish brown cake obtained was re-extracted with occasional

pulverization to remove ether. The dry powder obtained was stored at -80°C until use.

Extraction of Membrane Proteins and Purification of MPRs from goat-

All operations mentioned below were performed at 4°C.

Buffers used:

• Buffer A: 50 mM imidazole-HCl pH 7.0, 150 raM NaCl, 0.5 mM CaCl2 and 0.1

raM PMSF

• Buffer B: 50 mM Sodium acetate pH 4.6, 150 mM NaCl, 0.5 mM CaCl2

• Buffer C: 50 mM imidazole-HCl pH 7.0, 5 mM Sodium (3-glycerophosphate and

150 mM NaCl

• Buffer D: Buffer C containing 0.05% Triton X-100 and 2 mM EDTA

• Buffer E: Buffer C containing 0.05% Triton X-100 and 10 mM MnCl2

Fresh liver tissue freed from connective tissue or the acetone powder prepared as above

was homogenized with 6 vol. of buffer A in a waring blender and stirred overnight.

The suspension was centrifuged at 9000 rpm for 15 min and the supernatant discarded.

The pellet obtained was resuspended in 6 vol. of buffer B, homogenized and

centrifuged. The pellet was suspended in 6 vol. (to the pellet weight) of buffer C,

homogenized and the suspension was kept stirring in cold to which deoxycholate and

Triton X-100 were added to a final concentration of 0.1% and 1% respectively. The

suspension was allowed to stir overnight. The suspension was then centrifuged at 4000

rpm for 15 min. and the clear supernatant containing the membrane proteins was

collected. This served as the source for purifying either MPR 300 alone or MPR 46.

31



For the purification of MPR 300, 2mM EDTA was added to the extract. For the

purification of MPR 46, lOmM MnCh was added. The suspension was stirred for 60

min. and centrifuged at 9000 rpm for 45 min. The clear supernatant obtained was then

subjected to affinity chromatography employing appropriate buffers as given below.

Purification of MPRs by affinity chromatography:

The membrane proteins obtained above were applied on two separate

Sepharose~DVS~PM gels pre-equilibrated with buffer D for the purification of goat

MPR 300 alone or buffer E for the purification of goat MPR 46. The flow rate of the

column was maintained at 30 ml /hr, and the gel washed extensively with the respective

buffers. Elution was performed with 5 mM mannose 6-phosphate in buffer D or E.

The mannose 6-phosphate eluates were pooled and dialyzed extensively against buffer

D or E and concentrated using amicon concentrator. Both receptors from chicken liver

were purified following the same conditions described for goat receptors using separate

phosphomannan gels.

Protein Estimation:

Protein estimation was done using BCA reagent employing bovine serum albumin as a

standard (lmg/ml) following the manufacturer's instructions.

BCA Reagent: 10 ml of BCA and 0.5 ml of 4% CuSO4

For protein estimation aliquots of the eluates were TCA precipitated (10% TCA final

concentration) for 30' on ice, centrifuged at 12000 rpm for 20'. The pellet was

suspended in 500 ^1 of double distilled water, and mixed with lml of BCA reagent,

incubated at 37°C for 30min. The colour developed was read at 562nm.
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SDS-Poly Acrylamide Gel Electrophoresis:

The electrophoretic separation of proteins was done by discontinuous SDS-PAGE

according to Laemmli (1970).

Tank buffer : 14g glycine, 3g Tris and Ig SDS (pH 8.3) dissolved in

lliter of distilled water.

2x Sample buffer 0.5M Tris HC1 pH 6.8 2.5ml

(reducing agent)

4.0ml

2.0ml

1.0ml

0.05%

Volume was made upto 10ml

Resolving gel buffer:

Stacking gel buffer:

Acrylamide:

10% SDS

100% glycerol

P-mercaptoethanol

Bromophenol Blue

D.D.water

1.5MTris-HClpH8.8

0.5M Tris-HCl pH 6.8

30% (w/v) Acrylamide, 0.8% (w/v) N N"

methylenebisacrylamide

Ammoniumperoxide sulfate: 10% (w/v) in water

The amounts of reagents to be used for different percentage of resolving gel and

stacking gel are shown in Table 5 and Table 6 respectively. The resolving gel reagents

were mixed (APS and TEMED were added at the end), poured into sealed glass plates

(mini gel) and allowed to polymerize for 30 min at room temperature. The stacking gel

solution was poured, a comb with required number of wells was inserted and allowed to

polymerize for 30 min. The wells were rinsed with water. The samples were cooked at

95°C for 5 minutes with sample buffer mixed in 1:1 ratio, centrifuged briefly and

loaded into the wells. These were overlaid with tank buffer and placed in the
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electrophoretic chamber at room temperature. The samples were subjected to

electrophoresis for 2-3 h at 100V.

Table 5: Reagents used for the separating gel

Table 6: Reagents used for the stacking gel
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Silver Staining: Blum et al, (1987).

Reagents: Methanol, Ethanol, AgNC>3, Hypo, Na2CC>3, Formaldehyde and Acetic acid.

All the following steps were carried out at room temperature by placing the gel on a

rocking platform.

1. Fixative: 50% methanol, 12% glacial acetic acid, 100 \i\ of formaldehyde (HCHO)

were taken in a flask and the volume made up to 100ml with double distilled

water. The gel was soaked for 45min to overnight. (Fixative can be stored in a

brown bottle and can be reused 4-5 times).

2. The gel was transferred to 50% ethanol and incubated for 1 hour.

3. The gel was rinsed 3 times with double distilled water.

4. 40mg Hypo was dissolved in 200ml of double distilled water. The gel was soaked

exactly for 1 min. in the above solution with constant shaking.

5. The gel was rinsed 3 times with double distilled water.

6. 400mg AgNO3 was dissolved in 200ml of double distilled water. To this 72 ^1 of

formaldehyde was added. The gel was soaked in the above solution for 20 min.

with constant shaking.

7. The gel was rinsed 3 times with double distilled water

8. Developer: 12g of Na2CO3 was dissolved in 200ml of distilled water. To this 104

Hi of formaldehyde was added. The gel was soaked in this solution to visualize the

protein bands.

9. The gel was rinsed with double distilled water.

10. The developing reaction was stopped by the addition of 12% glacial acetic acid.

The gel was washed twice with double distilled water and dried in a gel dryer.
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Raising Antibodies to the Purified Receptors:

200^g of the purified receptor (either MPR 300 or MPR 46) was acetone precipitated

and the pellet was suspended in 500 jal of PBS. 500 ^1 of Freund's complete adjuvant

was added and the suspension was subcutaneously injected into two separate rabbits.

The rabbits received booster doses at the third and fifth week. The rabbits were bled by

ear vein puncture and the serum collected and kept frozen at -20°C. Affinity purified

MSC1 antibody is highly specific for MPR 46 protein (This antibody was raised against

a synthetic peptide of the cytoplasmic tail of the human liver MPR 46 protein and was

affinity purified on the immobilized peptide gel) and was generously provided by

Prof.Dr.K.von Figura, Goettingen, Germany.

Affinity purification of anti-receptor antibodies on receptor affinity gel:

Goat MPR 300 protein purified on phosphomannan gel was concentrated using Amicon

concentrator (PM 10 membrane) and lmg of the receptor was coupled to 1.0ml of

Affigel-10 in presence of 5mM mannose 6-phosphate following the instructions

described by the manufacturer. Antiserum to purified goat MPR 300 protein was

extensively dialyzed against lOmM Tris-HCl buffer pH 7.4 containing 150mM sodium

chloride (column buffer) and then applied to the receptor affigel at 4°C equilibrated

with the same buffer. After washing the gel extensively with the column buffer, the

bound IgG was specifically eluted with lOOmM glycine-HCl buffer pH 2.65. The

eluted protein was immediately neutralized with 2M Tris, analyzed on a 7.5% SDS-

PAGE under non-reducing conditions and stored at 4°C.
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Western blot analysis:

To detect the specificity of the antibodies, goat liver MPR 300 and MPR 46, as well as,

the chicken liver MPR 300 and MPR 46 that were affinity purified on phosphomannan

gel were separated on a 10% SDS-PAGE and the proteins transferred to a nitrocellulose

membrane. The membrane was incubated with affinity-purified goat MPR 300 IgG

(10 ng) to detect goat and chicken MPR 300 proteins. To detect the goat and chicken

MPR 46 proteins, antiserum to purified goat MPR 46 protein (1:1000 dilution) and the

affinity purified MSC1 antibody (8 |ag) were used as the primary antibodies. The

receptor bands were finally detected by incubating the membrane with the secondary

antibody (goat anti-rabbit IgG conjugated to alkaline phosphatase) followed by

incubation with the substrate BCIP/NBT (Bangalore Genei, Bangalore).

DEVELOPMENTOF AN ELISA METHOD TO QUANTIFY THE MPRs:

Extraction of membrane proteins from the tissues:

lg of each tissue was processed to get the membrane proteins as described (Wenk et

al, 1991). lml of lOOmM sodium acetate buffer pH 6.0 containing 0.2M NaCl, 5mM

iodoacetamide, lmM EDTA and lmM PMSF was added to lg of the tissue that has

been minced well. The suspension was thoroughly homogenized and centrifuged for 40

min at 40000rpm in an ultracentrifuge and the soluble extract was discarded. The pellet

was then extracted with 50mM imidazole-HCl buffer pH 7.0 containing protease

inhibitor (lmM PMSF), lmM EDTA and 0.5% Triton X-100 and incubated on ice for

15 minutes. The suspension was re-centrifuged in an ultracentrifuge as above to get the

clear membrane extract. The pellet was re-extracted one more time to obtain

membrane proteins. Protein concentration in the combined extracts was determined by

Peterson's (1977) method using BSA as standard.
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Protein estimation by Peterson's method: Peterson, (1977)

Reagents:

1. BSA standard : lmg/ml in double distilled water, for long term

storage at -20 C.

2. DOC (Sodiumdesoxycholate) : 30mg/20ml of double distilled water. Prepared

freshly before use.

3. TCA (Tricholoro acetic acid) : 72%, stored at 4°C.

4. CTC (Cu-Tartarate-Carbonate): O.lg CuSO4 x 5H2O and 0.2g Na-K-Tartarate,

dissolve in approx. 60ml of double distilled water; to

this lOg Na2CO3 was added and the volume made up

to 100ml with double distilled water.

5. NaOH : 0.8M.

6. SDS : 10% (at least 99% pure SDS, not electrophoresis

grade (95%)).

7. Reagent A : CTC : DD H2O : 0.8M NaOH : 10% SDS

Mix following ratio : 1 + 1 + 1 +1

8. Reagent B : Folin-Reagent (dilute 1+4 with D.D.H2O).

Procedure:

BSA 0/2/4/6/8 ng in 500 \il of double distilled water was taken as standard and

following components were added sequentially.

50 nl of DOC was added, vortexed and incubated for 10 min at RT.

50 nl of TCA was added, vortexed and incubated for 5min on ice and centrifuged at

10000 rpm for 5 min at 4°C. The supernatant was removed carefully and the pellet was

dissolved in 300 \x\ of double distilled water. The following components were added to

this sequentially.

300 jil of Reagent A was added first, vortexed and incubated for 10 min at RT.
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150 fil of Reagent B was added, vortexed and incubated for 30 to 120min at RT with

blank. The colour developed was read at 750nm.

ELISA Method for the quantification of the receptors:

Affinity purified antibodies against MPR proteins were adsorbed on to microtiter wells

of an ELISA plate (96 wells) for 4 h at 37°C (250ng of affinity purified goat MPR 300

antibody or 1 ng of affinity purified MSC1 antibody in 50 ^1 of 25mM Tris-HCl, pH

7.0). The wells were washed with 200 nl of 25mM Tris-HCl buffer pH 7.0 and

incubated overnight at 4°C/ 1 h at room temperature with 200 nl of buffer C (5% lipid

free milk powder, 0.05% Triton X-100, lOmM sodium phosphate, 150mM NaCl pH

7.4). 50 nl of the receptor-containing solution (0.5-10ng) of purified MPR 300 or MPR

46 from goat liver or different tissue extracts of goat and chicken, (0.5-5.0|!g

concentration diluted in Buffer C; quantitation of protein was done according to

Peterson) was bound for 2.5h at 37°C. The wells were washed 4 times with 200 fil of

buffer D (0.05% Triton X-100, lOmM sodium phosphate, 150mM NaCl pH 7.4)

followed by incubation with 200 fj.1 of buffer C for 30 min at 37°C. Subsequently, 50

Hi of diluted rabbit antiserum against M6P receptors (dilution in buffer C, 10"3 for MPR

300 antiserum or 10"2 for MPR 46 antiserum) was added and the plate incubated for lh

at 37°C. After washing 4 times with buffer D, goat anti-rabbit IgG conjugated to

alkaline phosphatase (Bangalore Genei) (dilution 1:2000 in buffer C) was added and

incubated for 1 h at 37°C. The wells were washed 4 times with buffer D and one time

with 200 fxl of buffer E (0.1 M Tris-HCl, 0.1 M NaCl, 2mM MgCl2, pH 9.5). The

colour was developed with p-nitrophenyl phosphate (lmg/ml in buffer E) for 10 to 20

min at room temperature and the absorbance measured at 405nm in a microplate

ELISA reader.
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Development of an Immuno-affinity method for the purification of MPR

proteins:

Immuno-affinity purification of MPR 300:

(a) Preparation of goat MPR 300 affigel:

Goat MPR 300 protein (lmg) purified by phosphomannan affinity chromatography

was coupled to about one ml of affigel-10 (BioRad) according to the manufacturer's

instructions.

(b) Purification of goat MPR 300 specific IgG:

Goat MPR 300 specific IgG was purified from the antiserum obtained for goat MPR

300 protein and applied on goat MPR 300 affigel described in previous sections.

(c) Preparation of goat MPR 300 IgG affigel:

MPR 300 specific IgG (2mg) was coupled to lml of affigel-10 as described above.

(d) Purification of goat MPR 300:

All operations were performed at 4°C. Total membrane proteins were obtained as

described Maomi et ai, (1989). Fresh/Frozen goat liver (lOOg) was diced, and

homogenized for 1 min with the help of a homogenizer in 200ml of a solution

containing 0.1N acetic acid, and 0.1M NaH2PO4. The homogenate was centrifuged for

15 min at 10,000g. The pellet was washed once with 350 ml of distilled water and the

suspension re-centrifuged at the same speed. The pellet was resuspended in 750 ml of

imidazole-HCl buffer pH 7.0 containing 0.4 M KC1 and 1% Triton X-100. The

suspension was stirred for 60 min and then centrifuged for 60 min at 22,000g (Heraues,

Biofuge, Germany). The pH of the supernatant was adjusted to 6.5 with 2 N acetic acid
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and immediately subjected to immuno-affinity chromatography on a column

(containing goat MPR 300 IgG Affigel) equilibrated with imidazole-HCl buffer pH 6.5,

containing 150mM NaCl, 0.05% Triton X-100 and 0.02% NaN3 (column buffer). The

gel was washed extensively with the column buffer. Finally bound protein was eluted

with lOOmM glycine-HCl buffer pH 2.65. An aliquot of the protein was TCA

precipitated, and subjected to SDS-PAGE analysis (silver staining), as well as, for

western blotting.

Immuno-affinity purification of goat MPR 46 protein:

Peptides 237 (ADGCDFVCRSKPRBVPA) and 259 (GDDZLGEESEERDDHLLP)

corresponding to distinct regions of the cytoplasmic tail of human liver MPR 46 were

synthesized, purified and were generously provided by Prof.Dr.K.von Figura,

Goettingen, Germany. These were conjugated to hemocyanin and the conjugate was

used to raise antibodies in rabbits as described by Siva Kumar et al, (1991). Peptide

specific antibodies were then purified on the respective peptide affinity gels. Peptide

specific IgGs were then coupled separately to affigel-10. These gels were available in

the laboratory.

For the purification of the goat MPR 46 protein, total membrane extracts were prepared

from the acetone powder of the goat liver tissue as described in the earlier section. This

was applied to the peptide affigels equilibrated with Tris-HCl buffer pH 8.0 containing

0.01% Triton X-100. The gels were extensively washed with the same buffer and the

bound protein was eluted using lOOmM glycine-HCl buffer pH. 2.65. The protein

eluted was neutralized and analyzed by SDS-PAGE (Laemmli, 1970) and the MPR 46

receptor identified by silver staining. In order to further characterize the binding of the

goat MPR 46 protein to the peptide IgG gel, 2|j.g of purified goat MPR 46 protein was
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iodinated with lOO^Ci of Nal25I using IODO-gen to a specific activity of lxlO7cpm/ng

as described below.

lodination of purified goat MPR 46 protein: Fraker and Speck (1978)

1. 20mM Borate buffer pH 8.0 containing 0.05% Triton X-100 and 2mM mannose 6-

phosphate.

2. IODO-gen (l,3,4,6-tetrachloro-3a,6a-diphenylglycoluril) solution: 0.8 mg of

Iodogen (M.W 432.06) was directly weighed into an eppendorf tube, dissolved in

577|il of dichloromethane. 200^1 of it was transferred to another tube and diluted

1-3 times (4(1)̂ 1) to get a final concentration of lmM. (Iodogen rapidly initiates

iodination, the thin film of iodogen on the reaction tubes minimizes the direct

exposure of the protein to the oxidant).

3. IODO-gen tubes: 50-80^1 of iodogen solution was uniformly coated under Nitrogen

atmosphere at the bottom of a conical glass centrifuge tube.

4. Column buffer: lmg/ml Potassium iodide, 0.05% BSA, 0.05% Triton X-100 in

lOmM phosphate buffer saline pH 7.4.

The mannose 6-phosphate eluate (goat MPR 46) was concentrated in an Amicon

concentrator (10 kDa cut off membrane) and 2 fig of MPR 46 protein was then acetone

precipitated with chilled (-20°C) acetone (to a final concentration of 80%), incubated

overnight at -20°C and centrifuged at 14000 rpm for lOmin. The pellet was air dried

by leaving the tubes on ice and later suspended in 60 ja.1 of borate buffer. The sample

was centrifuged briefly and the clear supernatant was transferred to a fresh conical

glass tube numbered as tube 1. To this 1 nl (100 fiCi) of 125I was added under the hood,
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the tube was closed with parafilm and incubated on ice for 5 min. The contents were

transferred to tube 2 (IODO-gen tube) and incubated with rotation on ice for 8 min. The

reaction was stopped by transferring the contents to tube 3 (conical glass tube)

containing 10 \xl of 20mM p-mercaptoethanol. Tube 2 was rinsed with 140 ul of

column buffer and transferred to tube 3. Additional 300 ja.1 of column buffer was added

to tube 3 to make up the volume to 500ul.

The iodinated protein fraction was separated from the free iodine by passing the sample

over a 5 ml gel filtration G-25 column pre-equilibrated with 20 ml of column buffer.

The sample was applied on the gel and 10 fractions each of 0.5 ml were collected in

eppendorf tubes placed in the lead aluminum metal holder. 2 ul from each of the tube

was transferred to fresh eppendorf tubes numbered from 1-10 and counted for 1 min in

a y-ray counter (Figure 5).

Figure 5: Schematic representation for iodination protocol.
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Immunoprecipitation of iodinated goat MPR 46 protein:

50000 cpm of radiolabeled goat MPR 46 protein was applied on each of the peptide-

affigel columns containing the respective specific IgG's equilibrated with Tris-HCl

buffer pH. 7.4 containing 150mM NaCl. After washing the gel with the same buffer,

bound radioactivity could be specifically eluted using lOOmM glycine-HCl buffer, pH

2.65. In a separate experiment 50000 cpm of the iodinated goat MPR 46 protein was

incubated with different concentrations of affinity purified 237 peptide IgG (30-65|ig)

in a total volume of 50̂ x1 of PBS in 0.02% Tween 20. After an overnight incubation in

cold, the samples were treated with 20|il of pansorbin (Calbiochem) for 1 hour at 4°C

and centrifuged. Pansorbin pellets were washed with PBS-Tween and the specific

radioactivity bound to the pellets were counted using a y-ray counter. Pellets were then

cooked with SDS sample buffer and the clear supernatants was subjected to 10% SDS-

PAGE analysis. These studies were done only for 237 peptide specific antibody.
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RESULTS:

Affinity purification of goat and chicken MPR proteins:

The membrane extracts from the goat and chicken liver tissues were subjected to

affinity chromatography on PM-Sepharose gel in the presence of 2mM EDTA for the

purification of MPR 300 alone. After washing the gel extensively, the bound protein

was eluted with the column buffer supplemented with 5mM mannose 6-phosphate.

After depleting MPR 3(X) from the membrane extract, the flow through of PM-

Sepharose gel was dialyzed extensively against the column buffer in the presence of

MnCb at a final concentration of lOmM and applied on PM-Sepharose gel, pre-

equilibrated with column buffer containing lOmM MnCh for the purification of MPR

46. After washing the gel extensively, the bound protein was eluted with the column

buffer supplemented with 5mM mannose 6-phospate. An aliquot of the eluted fractions

were electrophoresed on 10% SDS-PAGE (Figure 6). The yields of MPRs (MPR 300

and MPR 46) were about lmg from lkg of fresh liver tissue or lOOg of acetone powder.

Affinity purification of MPR 300 specific IgG on receptor affigel:

Purified goat MPR 300 protein (lmg) was coupled to Affigel-10 (lml) according to the

manufacturer's instructions. Antiserum obtained for goat MPR 300 was dialysed

against TBS and applied on goat MPR 300 affigel. After extensive washing, specific

elution was performed with lOOmM glycine-HCl pH 2.65, one ml fractions were

collected and A2so was measured (Figure 7A). To check the purity of MPR 300

specific IgG, an aliquot of the eluate was subjected to 7.5% SDS-PAGE under non-

reducing conditions (Figure 7B).
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Figure 6

Figure 7
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Western blot analysis:

Affinity purified goat and chicken MPRs were subjected to Western blot analysis as

described under methods. Affinity purified goat MPR 300 antibody can specifically

detect goat MPR 300 protein and also cross-reacts with chicken MPR 300 (Figure 8A).

Similarly, goat MPR 46 antibody can also recognize both the goat and chicken MPR 46

proteins. In addition to these two antibodies, MSC1 antibody (peptide synthetic

antibody, raised in the cytoplasmic region of human MPR 46) also recognizes both the

goat and chicken MPR 46 proteins (Figure 8B).

QUANTIFICATION OF RECEPTORS BY ELISA:

Schematic diagram for an ELISA method developed in this study could be seen in

Figure 9. ELISA was performed as described under methods. In order to establish

precisely the concentration of the receptor that could be detected by the antibodies

developed in the ELISA, the initial ELISA was carried out employing purified goat

MPR 300 and MPR 46 protein. It is clear that the level of detection of the MPR 300

and MPR 46 lies in the range of l-10ng. (Figure 10). Using these standard graphs, the

receptor concentration was quantified by ELISA employing the total membrane extract

obtained from the liver tissue of goat (mammalian vertebrate) and chicken (non-

mammalian vertebrate). With an increase in the protein concentration, there was a

linear increase in the detectable range of MPR 300 and MPR 46 receptors for both

species (Figure 11).

Having established the method developed which can be used to quantify the receptors

in the liver tissue, we analyzed the levels of both receptor proteins from different

tissues (heart, spleen, kidney and brain) of goat and chicken.
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Figure 8: Western blot analysis of goat and chicken MPRs. (A) Lanes 1 and 2

represent goat and chicken MPR 300 proteins respectively detected

using affinity purified anti-goat MPR 300 antibody. The arrow indicates

the position of the MPR 300 protein. (B) Purified goat MPR 46 (lanes 1

and 2) and chicken MPR 46 (lanes 3 and 4). Lanes 1 and 3 were

detected using anti-goat MPR 46 antiserum and lanes 2 and 4 were

detected using affinity-purified MSC1 antibody. Arrow indicates the

position of the MPR 46 protein.

Figure 9: Schematic diagram for the ELISA method.



Figure 8

Figure 9
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Figure 10:Standard graphs for the ELISA method designed using purified goat

MPR proteins. The standard curve obtained with purified goat MPR 300

(a) and MPR 46 (b). The ELISA was carried out as described under

materials and methods.

Figure 11-.Standard graphs for the ELISA method performed using membrane

extracts of the liver tissues from the goat and chicken. ELISA performed

to detect the MPR proteins in the liver membrane extracts of goat (a and

b) and chicken (c and d). (a) and (c) represent MPR 300, (b) and (d)

represent MPR 46. Fifty microliters of the membrane extract at varied

protein concentration was incubated with 250ng of affinity-purified anti-

goat MPR 300 antibody or with I ug of affinity purified MSCl antibody.

The assay was performed as described under materials and methods.
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Comparison of the levels of MPR 300 and MPR 46 in different tissues of goat and

chicken indicate that their levels are variable (Figure 12). However, the levels of MPR

46 among different tissues of chicken are higher than those found of goat. In addition

to this, both MPRs are abundant in the liver tissue compared to the other tissues.

Development of an Immuno-affinity method:

As a first step towards developing an immuno-affinity matrix for the purification of

mannose 6-phosphate receptor proteins, polyclonal antibodies to the purified goat MPR

300 and peptide specific antibodies corresponding to the distinct regions of the

cytoplasmic tail of the human MPR 46 protein were raised in rabbits as described under

methods.

The MPR 300 specific IgG could be coupled to affigel at a concentration of lmg/ml,

and the peptide specific IgGs for MPR 46 at a concentration of 5.5mg (peptide 237) and

2.0mg (peptide 259) per ml of affigel. When membrane extracts of the goat liver were

passed through the MPR 300 IgG gel as described under methods, the receptor was

found to bind on the gel and could be specifically eluted using lOOmM glycine-HCl

buffer pH 2.65. An aliquot of the eluted fraction was electrophoresed on 10% SDS-

PAGE (The receptor purified on PM-Sepharose gel served as a control) (Figure 13A).

140 ng of goat MPR 300 protein was obtained from lOOg of liver tissue. In order to

confirm that this protein is indeed the putative goat MPR 300, an aliquot of the eluate

was electrophoresed and subjected to Western blot analysis using anti-goat MRP 300

antiserum. From Figure 13B it is apparent that the protein is the goat receptor.
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Figure 12-.Quantification of Mannose 6-phosphate receptor (MPR 300 and MPR

46) proteins from various tissues of goat and chicken. The ELISA was

performed as described under materials and methods.

Figure 13:(A) 10% SDS-PAGE of MPR 300. Lane 1, standard molecular weight

markers; lane 2, goat MPR 300 purified on immuno-affinity gel; lane 3,

goat MPR 300 purified on PM gel (the arrow indicates the position of

the receptor). (B) An immuno blot analysis of the goat MPR 300 purified

on immuno-affinity gel (lane 1), purified on PM gel (lane 2) ("possible

proteolytic products).



Figure 13
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When the total liver membrane extracts from goat were applied on either of the peptide

specific IgG gels, bound MPR 46 protein could be eluted with KK)mM glycine - HC1

buffer pH 2.65. In order to further characterize the binding of the goat MPR 46 to

either of the affinity gels, the receptor eluted from the 237 peptide specific IgG gel was

concentrated and an aliquot of the same was acetone precipitated and radioiodinated.

When 50,000 cpm of the radioiodinated goat MPR 46 receptor was applied to 0.2ml of

the 237 and 259 IgG gels, 7000 cpm of the goat receptor could be specifically eluted

from the gels using glycine-HCl buffer pH 2.65 (the counts could be completely TCA

precipitated). A fraction of the receptor also appeared in the unbound fraction.

Additionally, the appearance of the SDS-resistant dimer of the goat receptor (MPR 46)

in addition to the monomer in the eluates of both gels confirms that the receptor bound

to the gels (Figure 14A).

In an additional experiment, when 50,000 cpm of radioiodinated MPR 46 was

incubated with different concentrations of the affinity purified 237 peptide specific IgG

(30-65 ng), binding of the receptor to the IgG was found to be linear (Figure 14B).
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Figure 14:(A) 10% SDS-PAGE of the iodinated goat MPR 46 on 237 and 259

peptide affigels (lane 1 and 3, unbound fractions and lanes 2 and 4,

elutions). M and D denote the monomer and SDS-resistant dimer of

MPR 46. (B) Immuno precipitation of the 237 peptide specific IgG using

iodinated goat MPR 46 protein. Inset (lanes 1-8 correspond to the

concentration of IgG taken, details are given under materials and

methods) shows the SDS-PAGE of the precipitated receptor. M and D

denote the monomer and the dimer form of the receptor specifically

immunoprecipitated using the 237 IgG.
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DISCUSSION:

Though mannose 6-phosphate receptors have been extensively characterized among

mammals, very little is known about the evolution of these interesting proteins. Work

carried out in the past couple of years established that mammalian homologous of MPR

proteins are present in the liver tissues and in specific cell types of different non-

mammalian vertebrates (Siva Kumar et al., 1999; Udaya Lakshmi et al., 2000). A

recent study further demonstrated that both MPR proteins are also present in the

invertebrate molluscs (Siva Kumar and von Figura 2002). Although an antibody to

goat MPR 300 protein cross-reacts with homologous protein in different species, and an

MSC1 antibody (raised against a synthetic peptide in the region of cytoplasmic tail of

human MPR 46, provided by Prof, von Figura, Goettingen, Germany) cross-reacts with

MPR 46 among different animal species, very little is known about the tissue

distribution and functions of the non-mammalian MPRs and invertebrate MPRs.

In the present study, antibodies were raised to purified goat MPR proteins. Using these

antibodies and the MSC1 antibody specific to MPR 46, an ELISA method was

developed. Due to the high sensitivity of the assay, ng amounts of tissue protein is

sufficient for the quantification of either of the receptors from different tissues of goat

and chicken. The results obtained clearly showed that the steady state concentration of

MPR 46 and MPR 300 vary among different tissues from goat and chicken and are

possibly regulated independent of each other. Wenk et al, (1991) have also found that

the expression levels of the receptors among different human tissues and cell lines also

vary. This method can be useful to quantify the mannose 6-phosphate receptors during

the developmental stages of a particular animal species.

In order to understand the structure and function of MPR proteins in non-mammalian

vertebrates, it is essential to obtain highly pure receptor preparations in large quantities.
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Due to the availability of the antibodies for the goat MPR 300 and MPR 46 proteins, in

the present study we explored the possibility to prepare immuno-affinity matrices that

will have good potential to purify the receptors in a single step from the membrane

extracts of liver tissues. To our knowledge there have been no published information on

the immuno-affinity purification of the mannose 6-phosphate receptors. This study

provides the first report on this aspect.
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CHAPTER-III
Chemical modification studies of

goat and chicken MPR 46 proteins



INTRODUCTION:

The role of specific arginine and histidine residues in the ligand binding of human and

bovine MPR 46 proteins has been well characterized. However, no information is

available as to which amino acids are essential for ligand binding in goat and chicken

MPR 46 proteins. In the present study, since the goat and chicken liver MPR 46

proteins were purified, an attempt was made to chemically modify histidine and

arginine residues in these proteins to study the effect of this modification on PM gel

binding.

MATERIALS:

Arginine

DEPC (Diethyl pyrocarobonate)

Glucose 6-phosphate

Histidine

Mannose 6-phosphate

p-Hydroxyphenylglyoxal

Sodium phosphate

Sodium pyrophosphate

LOBA Chemie

Sigma

Sigma

LOBA Chemie

Sigma

Pierce, Rockford, USA.

Qualigens

Qualigens
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METHODS:

Goat and chicken MPR 46 proteins were purified by phosphomannan affinity

chromatography as described in the earlier chapter. Purified receptors were chemically

modified using group specific reagents as described below.

Histidine modification:

This was performed according to Stein et al, (1987) with minor modifications. Protein

samples (~40 (ig) were acetone precipitated (80%) over night. The pellet was collected

by centrifugation and suspended in 200 \i\ of 50mM sodium phosphate buffer, pH 7.0.

Diethyl pyrocarbonate was added to a final concentration of lmM, at every 15min

interval in the presence or absence of glucose 6-phosphate (5mM) or mannose 6-

phosphate (5mM). The reaction mixture was incubated at 20°C for 1 hour. The

modification reaction was stopped by the addition of an excess amount of histidine.

The unreacted reagent was removed from the reaction mixture by dialysis against

column buffer (50mM imidazole, 5mM sodium p-glycero phosphate, 150mM NaCl,

0.05% Triton X-100) and the modified protein was applied on PM-Sepharose gel

(0.5ml). After washing the gel extensively with column buffer, the gel was eluted with

column buffer containing 5mM glucose 6-phosphate (2 column volumes) followed by

5mM mannose 6-phosphate (2 column volumes). The wash and eluted fractions were

analyzed on 10% SDS-PAGE.

Arginine modification:

This was performed according to Yamasaki (1980) with minor modifications. The

receptor that is acetone precipitated as described for histidine modification was

suspended in 200 nl of 0.1M sodium pyrophosphate buffer, pH 9.0. To this p-

hydroxyphenylglyoxal was added to a final concentration of 2:1 (protein : reagent) in
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the presence or absence of glucose 6-phosphate (5mM) or mannose 6-phosphate

(5mM), at an interval of every 15min. The reaction mixture was incubated at 25°C for

1 hour. The modification reaction was stopped by the addition of an excess amount of

arginine. The unreacted reagent was removed from the reaction mixture by dialysis

against the column buffer and the modified protein was applied on PM-sepharose gel

and processed as described for the histidine modified sample.
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RESULTS:

Modification of histidine residues in purified goat MPR 46 protein:

The effect of modification of histidine residues on binding to PM-Sepharose gel was

analyzed. The unmodified goat MPR 46 protein (control) was applied on PM-

Sepharose gel and processed as described under methods and the extent of binding was

analyzed by SDS-PAGE and densitometry (Figure 15A). When histidine was

modified and the protein was applied on the gel, most of the goat MPR 46 protein could

be seen in the unbound fraction and only 8% of the protein was bound to the gel which

could be specifically eluted with 5mM mannose 6-phosphate in the column buffer

(Figure 15B). But, when the modification was performed with pre-incubation of the

protein either with 5mM glucose 6-phosphate or 5mM mannose 6-phosphate, 14%

(Figure 15C) and 68% (Figure 15D) of the protein respectively could be bound to the

gel which could be specifically eluted with 5mM mannose 6-phosphate in column

buffer.

Modification ofarginine residues in purified goat MPR 46 protein:

The effect of modification of arginine residues on binding to PM-Sepharose gel was

analyzed as described for histidine residues. When arginine was modified and the

protein was applied on the gel, most of the protein could be seen in the unbound

fraction and only <5% of the protein was bound to the gel which could be specifically

eluted with 5mM mannose 6-phosphate in column buffer (Figure 16B). But, when the

modification was performed with pre-incubation of the protein either with 5mM

glucose 6-phosphate or 5mM mannose 6-phosphate, 27% (Figure 16C) and 48%

(Figure 16D) of the protein respectively could be bound to the gel which could be

specifically eluted with 5mM mannose 6-phosphate in the column buffer.

59



Figure 15: Modification of histidine residues in the purified goat MPR 46

protein. (A) Native MPR 46 protein (without modification,

Control). Histidine modification was performed without (B) or with

5mM glucose 6-phosphate (C) or with 5mM mannose 6-phosphate

(D).

Lanes 1, unbound; 2, wash; 3, glucose 6-phosphate elute; 4, mannose 6-

phosphate eluate; 6, molecular weight markers.

% mentioned on the left side of the gel picture is donoted % of MPR 46 eluted

from the PM gel with 5mM mannose 6-phosphate.
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Figure 16: Modification of arginine residues in the purified goat MPR 46

protein.(A) Native MPR 46 protein (without modification, Control).

Arginine modification was performed without (B) or with 5mM

glucose 6-phospate (C) or with 5mM mannose 6-phosphate (D).

Lanes 1, unbound; 2, wash; 3, glucose 6-phosphate eluate; 4, mannose 6-

phosphate eluate; 6, molecular weight markers.

% mentioned on the left side of the gel picture is donoted % of MPR 46 eluted

from the PM gel with 5mM mannose 6-phosphate.
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Figure 17: Modification of histidine and arginine residues in the purified

chicken MPR 46 protein. Modification of Histidine residue without

(A) or with 5mM mannose 6-phospahte (Bj. Modification of

Arginine residue without (C) or with 5mM mannose 6-phosophate

(D).

Lanes I, unbound; 2, wash; 3, glucose 6-phosphate eluate; 4, mannose 6-

phosphate eluate.

% mentioned on the left and right side of the gel pictures is donoted % of MPR

46 elutedfrom the PM gel with 5mM mannose 6-phosphate.
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DISCUSSION:

Chemical modification studies of the purified proteins using group specific reagents

have been extensively used as useful tools to identify the role of specific amino acids in

defining the function of proteins. The role of specific amino acids conferring lectin

activity in purified lectins has been well established using chemical modification

studies (Radha and Siva Kumar, 2003).

In the present study, MPR 46 proteins from goat and chicken liver were purified to

homogeneity and were used to identify the amino acids in the proteins that are essential

for ligand binding. The unmodified purified receptors served as controls. As it is

known that the human MPR 46 protein contains histidine and arginine residues that are

critical for ligand binding, (for review Dahms and Hancock, 2002), we have employed

chemical reagents that can specifically modify histidine and arginine residues in the

purified receptors. The ability of the modified protein to bind on PM gel was

determined. Protection experiments were also carried out using 5mM glucose 6-

phosphate and 5mM mannose 6-phosphate in separate experiments to determine the

specificity of the modification protocol.

From the results it is evident that the unmodified protein binds to PM gel to an extent of

80%. However, on modification of the histidine residues in goat MPR 46, the protein

could be bound to an extent of only 8% on PM gel. When modification was carried out

in the presence 5mM glucose 6-phosphate, the protein showed 14% binding on the gel.

On the other hand, when modification was carried out in the presence of 5mM mannose

6-phosphate, the protein showed 68% binding on gel, suggesting in presence of the

specific sugar mannose 6-phosphate (5mM) there was significant protection of

modification.
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Similar experiments were carried out with the goat MPR 46 protein where arginine

residues were modified. There was <5% binding of the protein on PM gel. In the

presence of 5mM glucose 6-phosphate, the binding was found to be 27% and in the

presence of mannose 6-phosphate, the binding was found to be 48%.

For the purified chicken MPR 46 protein, modification of the histidine and arginine

residues resulted in 15% and 20% binding on PM gel respectively. Protection

experiments carried out in the presence of 5mM mannose 6-phosphate, revealed that

the protein bound on the gel to the extent of 65% and 60% respectively.

The results obtained thus, suggest the possible involvement of arginine residues in both

the proteins (goat and chicken MPR 46) for ligand binding.

For human MPR 46 as well as MPR 300 proteins, the involvement of specific arginine

residues in ligand binding has been well-established (Dahms and Hancock, 2002). It is

interesting to note from the studies carried out by other workers (Zhou et a!., 1995;

Udaya Lakshmi et al., 2000) that the MPR 300 protein from different animal species

also has specific arginine residues that are important for ligand binding, (The ligand

binding region is highly conserved among different animal species) further suggesting

on the importance of the structure and function of the two receptors. Further evidence

for the possible involvement of arginine residues in the goat receptor is substantiated

from molecular cloning studies, which has been described in Chapter V.

Since the full length clone for chicken MPR 46 is not available, from this study we can

only conclude that arginine residues are important for ligand binding. In addition to

this, the histidine modified sample also exhibited decreased binding on PM gel,

compared to the control. However, the significance and importance of this finding

needs to be established.
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CHAPTER - IV
Interaction of purified goat and
chicken MPR 300 proteins with

human IGF-II



INTRODUCTION:

Among the two receptors characterized from mammals, only MPR 300 has so far been

shown to be a multifunctional protein which in addition to binding mannose 6-phosphate

containing lysosomal enzymes, also binds IGF-II and other ligands such as retinoic acid

and thyroglobulin (Hille-Rehfeld, 1995; Kang et al, 1998). In humans it has been shown

that this receptor plays an important role in controlling the extracellular level of the

insulin-like growth factor II (IGF-II) by mediating its binding at the cell surface and

delivery to lysosomes (Kornfeld 1992). The luminal ligand-binding domain of MPR 300

contains 15 internal repeats, which are homologous to the luminal domain of MPR 46. It is

therefore of interest to study the evolution and functions of these receptor proteins in order

to analyze their biochemical and ligand binding properties. Receptors purified from rat,

bovine, human and some other mammalian species such as the opossum exhibited IGF-II

binding abilities (Schmidt et al, 1995) and the IGF-II binding domain in mammals has

been localized to repeat 11 of this multifunctional receptor. The biochemical and

immunological properties of the purified MPR 300 protein from goat, chicken, garden

lizard, fish and Unio resemble those of the mammalian receptor (Siva Kumar et al, 1997;

1999; Udaya Lakshmi e al, 1999,). Further a partial cDNA clone for the fish MPR 300 has

been shown to contain the highly conserved mannose 6-phosphate binding region in the

third domain similar to other vertebrate receptors (Udaya Lakshmi et al, 2000). When

purified MPR 300 from chicken and Xenopus (non-mammalian vertebrates) was tested for

its binding to human IGF-II, the receptors failed to bind IGF-II, under the conditions used

and it was suggested that possibly acquisition of IGF-II binding site by the receptor is a

late event in evolution (Canfield and Kornfeld 1989; Clairmont and Czech 1989). In a
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recent study it has been shown that the MPR 300 from the earliest non-mammalian

vertebrate, fish binds human IGF-II under specific conditions (Mendez et al, 2001). This

recent observation led us to believe that possibly the IGF-II binding property of the MPR

300 is also conserved in all non-mammalian vertebrates as our earlier studies demonstrated

that the arginine residue in domain 3 of the MPR 300 that is responsible for ligand binding

is evolutionarily conserved (Udaya Lakshmi et al, 2000). The objective of the present

study was to investigate whether the MPR 300 receptors purified by us from goat and

chicken possess IGF-II binding ability. To address this question four different assays were

done, i) a cross-linking assay using 125I-IGF-II ii) a ligand blot assay using biotinylated

IGF-II. iii) a filter binding assay using 125I-IGF-II and iv) an internalization assay

employing CEF cells and 125i-IGF-II as the CEF cells have been shown to contain MPR

300 protein (Matzner et al, 1996).
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MATERIALS:

Biotinylated IGF-II ; Generously provided by Prof.Dr.Thomas Braulke,

Hamburg, Germany.

BSA : Sigma

DMEM medium : Sigma

DSS (Disuccinimidyl suberate) : Sigma

ECL (Enhanced chemiluminiscence) reagent: Pierce

HEPES : Sigma

Nitocellulose filters : Millipore

Polyethylene glycol : Sigma

Tris : Qualigens

Triton X 100 : Sigma

y-globulin : Sigma

Reagents:

Krebs Ringer phosphate buffer:

(A) 0.15MNaCl

(B) 0.15MKC1

(C) O.llMCaCh

(D) 0.15M MgSO4.7H2O

(E) lOmM Na2HPO4 pH 7.4

To prepare the Krebs Ringer phosphate buffer above solutions were mixed in the following

proportions:

100 parts of A + 4 parts of B + 3 parts of C + 1 part of D + 20 parts of E.

Equipment

y-ray counter : ECIL, India.
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METHODS:

Affinity cross-linking of 12SI IGF-II with purified MPR 300 from goat and

chicken

Crosslinking studies were carried out as described by Causin et ai, (1989). About 5 ^g of

purified receptors were acetone precipitated and the precipitate was solubulized in 37ul of

50mM-sodium phosphate, pH 7.4, containing 150 mM NaCl, 0.1% Triton X-100 and 0.1%

bovine serum albumin and incubated for 20 min at 4°C with or without 200nM or 400nM

unlabelled IGF-II. 13u.l of 125I-IGF-II, (2,50,000 cpm) was added and incubated for 3h at

4°C. Crosslinking of bound IGF II with receptor was performed with imM-DSS by

incubating the reaction mixture for 15 min. at 4°C. The reaction was stopped with 5 \i\ of

1 M-Tris/HCl pH 7.4, 2.75 u.1 of 20% SDS and 3 u.1 of glycerol (100%). The reaction

mixture was heated at 95°C for 5 min. and the samples were subjected to 7.5% SDS-

PAGE. The radiolabeled bands were visualized by autoradiography using a Kodak X-ray

film with light intensifying screens.

Immunoprecipitation

Immunoprecipitation was carried out as described by Mendez et ai, (2001). About 6 \xg of

purified mannose 6-phosphate receptor proteins from both goat and chicken were taken

and incubated for 16 h at 4°C with 125I-IGF-II (25 pM) in HEPES buffer pH 7.6. After the

incubation, cross-linking was carried out with lmM DSS on ice for 15 min. The reaction

was stopped by adding lOmM Tris-HCl buffer pH 7.4. Subsequently, receptor

preparations were incubated with or without 10 u.g of affinity purified IgG against the goat

MPR 300 protein for 8h at 4°C with constant agitation. The immune complexes were then
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collected using Protein A-agarose and washed with PBS containing 0.05% Tween 20. The

complexes were solubulized by boiling at 95°C for 5 min. in SDS sample buffer and

subjected to 7.5% SDS-PAGE. The radiolabeled bands were visualized by

autoradiography as described above.

Binding of biotinylated IGF-II to the purified MPR 300 from goat and chicken:

Binding was carried out as described by Shalamanova et ai, (2000). About 1 ug of

purified goat and chicken liver receptor (MPR 300) were electrophoresed on 7.5% SDS-

PAGE under non-reducing conditions. The proteins were transferred on to a nitrocellulose

membrane overnight at 4°C and the membrane was blocked for one hour at room

temperature in PBS containing 0.1% Tween 20 and 1% BSA and incubated overnight at

4°C in monobiotinylated-IGF-II (20ng/ml) in PBS containing 0.1% Tween 20 and 1%

BSA. The membrane was washed consecutively with PBS containing 0.1% Tween 20 (1 x

15 min, and 4 x 5 min) and incubated with peroxidase-conjugated streptavidin for one hour

at room temperature in PBS containing 0.1% Tween 20 and 1% BSA. Finally the

membrane was washed consecutively with PBS, 0.1% Tween 20 (1 x 15 min, and 4 x 5

min). The membrane was treated with ECL reagent (Pierce) for one minute and the blot

analyzed using a Kodak X-ray film.

Ouantitation of 125I-IGF-II binding to the purified MPR 300 from goat and

chicken using the Polyethylene Glycol Precipitation Method

This was carried out as described previously (Clairmont and Czech 1989) with few

modifications. 0.1ml of a stock solution of 4nM I251-IGF-II and unlabeled IGF-II at 0, 10,

40, 100 and 400 nM were combined with an equal volume of a solution of purified

receptors (goat and chicken MPR 300) containing 4 ug of protein. Following incubation

70



for 2h at 3°C, 0.5ml of 0.9mg/ml bovine y-globulins in 0.1M sodium phosphate buffer, pH

7.4, and 0.5% polyethylene glycol were added to each sample, the sample was mixed and

incubated at 0°C for 15 min. This mixture was then filtered through nitrocellulose filters

(0.45nm) which were blocked by incubation in Krebs Ringer phosphate buffer containing

1% bovine serum albumin. The filters were washed three times with 8% polyethylene

glycol and the y-radiation from the filters measured in a y-ray counter.

Cell culture studies

Chicken embryonic fibroblast (CEF) cells were cultured in Dulbecco's Modified Eagle

Medium (DMEM) containing 10% fetal calf serum. Cells were grown in standard flasks as

well as in 3cm petri plates in an incubator at 37°C in an atmosphere containing 5% CO2 as

described Matzner et al., (1996).

IGF-41 binding assays in CEF cells

Internalization assay was carried out as described recently for fish receptor (Mendez et al.,

2001). Cells grown in 3cm petriplates (2 million cells) as confluent monolayers were

washed twice for over 2h in 0.1 M HEPES containing 0.12M NaCl, 5mM KC1, 1.2mM

MgSO4, 8mM glucose and 0.5% BSA (binding buffer, pH 7.6) and were incubated for 4h

at 4°C in 0.5ml of the same buffer containing I2SI-IGF-II (25 pM) in the presence or

absence of unlabelled IGF-II (200nM), insulin (lOOnM) , mannose 6-phosphate (5mM)

and affinity purified IgG for MPR 300 protein (15 |xg). Subsequently, the cells were

washed twice with the binding buffer and burst open with 0.5N NaOH for the

determination of radioactivity.
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RESULTS:

Purification of the MPR 300 protein by affinity chromatography:

The total membrane protein extracts obtained from the liver tissues of mammalian (goat)

and non-mammalian vertebrate (chicken) were passed through two separate PM gels, and

the gels were washed extensively with the column buffer. The bound protein was eluted

from both gels with 5mM mannose 6-phosphate in the column buffer. The eluted fractions

were concentrated and aliquots subjected to SDS-PAGE under reducing conditions.

Consistent with our earlier findings (Siva Kumar et al, 1996) in both the species the

purified MPR 300 behaved as a single protein band corresponding to molecular mass of

about 300 kDa (Figure 18). The yield of the MPR 300 was comparable with earlier data.

Affinity crosslinking of 125I- IGF-ll to MPR 300 from goat and chicken

Purified receptors were subjected to affinity labeling using 12SI-IGF-II and disuccinimidyl

suberate (DSS) as the cross-linker in the presence of 200nM and 400nM of unlabeled IGF-

II. Purified goat and chicken MPR 300 protein showed efficient affinity labeling with I25I-

IGF-II under the conditions used, as is evident from the autoradiogram suggesting that

both goat and chicken MPR 300 proteins bind human IGF-II. In the presence of unlabeled

IGF-II (200nM) (Figure 19A), there was a partial inhibition of affinity labeling and in the

presence of unlabeled IGF-II (400nM) (Figure 19B), there was almost complete inhibition

of affinity labeling.

In a separate experiment the identity of this cross-linked product was further confirmed by

immunoprecipitation using affinity purified goat MPR 300 IgG (Figure 19C). The results

obtained clearly demonstrate that the cross-linked product seen in both species is the MPR

300 protein.
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Figure 18: 10% SDS-PAGE of the purified Mannose 6-phosphate receptor

proteins (MPR 300) under reducing conditions. Lane 1, Purified

goat receptor (3jUg), and Lane 2, purified chicken (2ug). Arrow

indicates position of MPR 300.



Figure 18
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Figure 19: (A). Affinity labeling of the purified receptors with ml 1GF-II.

Lanes I, 2 goat, 3, 4 chicken. Lanes 1, 3, in presence of

200nm of unlabeled IGF-Il, lanes 2 and 4 without unlabeled

IGF-II.

(B). Affinity labeling of the purified receptors with mI IGF-II.

Lanes 1, 2 goat, 3, 4 chicken. Lanes 1, 3, in presence of

400nm of unlabeled IGF-II, lanes 2 and 4 without unlabeled

IGF-II.

(C). Immunoprecipitation of the IGF-II-MPR 300 cross-linked

product, with affinity purified goat MI'R 300 IgG. Lane 1,

goat, Lane 2, chicken.



(B)

Figure 19

74

(C)



Binding of biotinylated IGF-II to purified MPR 300 from goat and chicken

The ability of the purified receptors from goat and chicken to bind monobiotinylated IGF-

II was tested as described under methods. Both goat and chicken MPR 300 showed binding

to IGF-II (Figure 20).

Affinity of 125I-IGF-II to MPR 300 from goat and chicken:

To analyze the binding property of the purified receptors to 125I-IGF-Il'u« ffiEEpt#r(4 \ig)

was incubated with 2nM 125I-IGF-II in a final volume of 200 nl in the presence of

increasing concentrations of unlabelled IGF-II as described under methods. The

radioactivity bound to the nitrocellulose filter was measured using a y-ray counter and the

data was analyzed by Scatchard analysis (Figure 21). This suggests that both goat and

chicken receptor show IGF-II binding.

Internalization assay of the 125I-IGF-II:

In order to analyze if the Chicken Embryonic Fibroblast (CEF) MPR 300 protein can

internalize I251-IGF-II, various experiments were carried out as described under methods.

The amount of radioactivity internalized by the CEF cells when incubated with 25pM of

I25I-IGF-II was taken as 100% (control). The results are shown in Figure 22. When the

cells were pre-incubated with either unlabeled IGF-II or affinity purified specific IgG for

goat MPR 300 protein followed by incubation with 125I-IGF-II, internalization was

inhibited. When the cells were pre-incubated either with insulin (lOOnM) or 5mM

mannose 6-phosphate followed by incubation with I25I-IGF-II, internalization of the

radioactivity could be seen. The data indicates that the MPR 300 from CEF cells has both

mannose 6-phosphate as well as IGF-II binding sites and is able to internalize 125I-IGF-II.
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Figure 20: Interaction of purified goat and chicken receptor with Biotinylated

IGF-II. Details as given under text. Lane I goat and lane 2 chicken.

Arrow indicates position of the receptor.

Figure 21: Scatchard analysis of IGF-II binding to affinity purified MPR 300

proteins from (a) goat and (b) chicken in presence of increasing

concentrations of unlabeled IGF-II. Details as given in text. B, Bound

IGF-II and B/F bound/free. Results are average of five and three

experiments for goat and chicken respectively.

Figure 22: Internalization of labeled IGF-II by CEF cells. Internalization of

labeled IGF-II assessed after preincubation of the cells with

unlabeled IGF-II (A), affinity purified anti-goat IgG (B), insulin (C),

mannose 6-phosphate (D) and control (E).



Figure 20

Figure 21

Figure 22
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DISCUSSION:

Mannose 6-phosphate receptors, MPR 300 and MPR 46 have earlier been affinity purified

employing phosphomannan Sepharose gel from different mammals and non-mammalian

vertebrates (Siva Kumar et al, 1997; 1999) and these proteins exhibited similar

biochemical and immunological properties as that of the well studied mammalian receptors

(Hille-Rehfeld, 1995). The luminal domain of the MPR 46 displays 14-37% similarity to

the 15 internal cassettes of MPR 300 as shown for the bovine MPRs (Lobel et al, 1998).

This finding led to the assumption that MPR 300 has evolved from MPR 46 by repeated

gene duplication events and raised the question at what stage in evolution MPR 300 has

occurred for the first time. First evidence for the presence of both MPR proteins among

the CEF cells came from the studies of Matzner et al, (1996).

Earlier studies have shown that different mammalian MPR 300 proteins bind human IGF-

II, (Schmidt et al., 1995). Though it has been shown that the chicken and Xenopus MPR

300 lack the IGF-II binding site under the conditions used by the authors (Canfield and

Kornfeld 1989; Clairmont and Czech 1989), in a recent study it has been well established

that the fish MPR 300 has the IGF-II binding ability (Mendez et al., 2001) and in this study

the authors suggested that failure to detect IGF-II binding in chicken and Xenopus by

earlier authors is possibly due to the different conditions that were employed in their study.

In the light of this recent finding that fish receptor binds IGF-II (Mendez et al., 2001), in

the present study we have carried out detailed analysis on the ability of purified goat MPR

300 (which has not been studied earlier) as well as that of chicken MPR 300 protein to

bind human IGF-II.
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In order to conclusively establish that the IGF-II binds to purified MPR 300, we have made

cross-linking studies where radioiodinated IGF-II was cross-linked with the purified

receptors employing lmM DSS. The results indicate that the goat and the chicken

receptors showed affinity cross-linking with labeled IGF-II. When these experiments

were conducted in presence of 200nM unlabeled IGF-II, inhibition of affinity labeling was

observed in both species (Figure 19A, lane land 3) suggesting that the interaction seen

with goat and chicken receptors and labeled IGF-II is indeed specific. When the

concentration of the unlabeled IGF-II was increased to 400nM, using goat receptor alone

there was complete inhibition of affinity labeling (Figure 19B, lane 1 and 3). Similar

observations were noticed with the purified rat and human MPR 300 protein (Clairmont

and Czech 1989; Causin et al, 1989).

Further confirmatory evidence that the cross-linked product represents the MPR 300 and

the labeled IGF-II in both species, was established by specific immunoprecipitation of the

product with affinity purified goat MPR 300 IgG (Figure 19C). It has been shown that the

receptors from different vertebrate species can be recognized by goat MPR 300 antiserum

(Siva Kumar et al, 1997). Further, the fish MPR 300 protein has been shown to react

specifically with anti-MPR 300 rat antiserum (Mendez et al, 2001).

In recent years biotinylated IGF-IIs have been employed for determining their binding

abilities to their receptors in a dot blot analysis using simple and sensitive detection by

streptavidin-coupled HRP and enhanced chemiluminiscence (ECL). The high reliability

and sensitivity of the biotinylated IGF-II was exploited in this study to investigate the

binding of goat and chicken MPR 300 to IGF-II. The efficient binding of both receptors to
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biotinylated IGF-II in this assay further support the above experimental findings that the

MPR 300 from both species indeed binds human IGF-II.

The results of the filter-binding assay using purified goat and chicken MPR 300 proteins

suggest that both receptors bind human IGF-II under the conditions used. Scatchard

analysis indicates a Kd value of 12.5nM for goat MPR 300 and l l . l nM for the chicken

MPR 300. The Kd values of bovine and opossum were reported to be 0.2nM and 14.5nM

respectively (Dahms et al., 1993) and that of fish was found to be 0.12nM (Mendez et al,

2001). The results obtained for goat receptor is consistent with the findings of other

workers who showed that mammalian MPR 300 has IGF-II binding ability (Schmidt et al,

1995). The only variance is with respect to the chicken receptor.

In order to support the data obtained for chicken receptor, we employed CEF cells in our

studies, as these cells have been already shown to contain the MPR 300 protein (Matzner

et al, 1996) and there is no published information on the use of these cells to analyze the

IGF-II binding and internalization.

Experimental results indicate that the internalization of the labeled IGF-II by the CEF cells

is mediated by the MPR 300 protein. When the cells were preincubated with cold

(unlabeled) IGF-II (200nm or 400nm) followed by labeled IGF-II, 86% inhibition of

internalization was observed. When cells were incubated with affinity purified MPR 300

IgG (15 ng), followed by labeled IGF-II 84%, inhibition of internalization was observed.

However, when cells were incubated with insulin (lOOnM), only 5% inhibition could be

seen. When the binding sugar, 5mM mannose 6-phosphate was used to preincubate the

cells, followed by labeled IGF-II only 2% inhibition was seen. It is already well
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established that the mannose 6-phosphate binding site and the IGF-II binding site in

mammalian MPR 300 are distinct (Schmidt et al, 1995) and hence no effect of

internalization in presence of mannose 6-phosphate is seen. Similarly insulin which has no

binding to the receptor also shows no specific effect. However, cold IGF-II either at 200nm

or 40()nm concentration showed distinct inhibitory effect. Additionally, an affinity purified

goat MPR 300 antibody that is known to recognize mammalian and chicken MPR 300

protein (Siva Kumar et al, 1999) shows significant inhibition. Taken together, these

results support the involvement of MPR 300 in internalization of 125I-IGF-II in CEF cells.

In mammals, the IGF-II binding site of MPR 300 has been localized to amino acid residues

from 1508-1566 in the amino terminal domain 11 (Schmidt et al, 1995). cDNA sequence

obtained for chicken MPR 300 (Zhou et al, 1995) from domain 11 reveals that there is

divergence in the amino acid sequence compared to human MPR 300. However, in the

present study we found that the CEF cells which are known to contain MPR 300 protein,

can internalize labeled IGF-II and the internalization is blocked by MPR 300 specific IgG

but not by mannose 6-phosphate. These data suggest that possibly the CEF MPR 300

internalizes the labeled IGF-II. In view of the recent observation that the fish MPR 300 can

bind IGF-II, the results obtained by us additionally confirms that the MPR 300 protein

among the non-mammalian vertebrates also has the ability to bind IGF-II. Due to the non-

availability of a reptilian cell line and a purified receptor from that species this was not

tested.

Since, the complete fish MPR 300 sequence is not published and the evidence that chicken

MPR 300 is able to bind labeled IGF-II, (though primary sequence suggests a change in

the amino acid that is critical for binding IGF-II in chicken MPR 300), it is possible that
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other regions of the receptor may be aiding in the binding of IGF-II. This can possibly be

validated as in a recent study it has been shown that the IGF-II binding site of the

mammalian IGF-H/MPR is bipartite: the primary determinants for binding reside in

domain 11 while sequence elements within domain 13 contribute a ~5-10 fold

enhancement of the binding affinity of the receptor for IGF-II (Devi et al, 1998; Grimme

et al, 2000; Linnell et al, 2001).

Four lines of evidence suggest that the IGF-II binding property is exhibited by both the

purified receptors. First, purified receptors show affinity cross-linking with labeled IGF-II

and this is specific as evidenced by immunoprecipitation of these employing goat MPR

300 specific IgG that is known to immunoprecipitate goat, as well as, chicken MPR 300

proteins. Second, both the receptors show specific reactivity with biotinylated IGF-II.

Third, both the receptors (goat and chicken MPR 300) bind radiolabeled IGF-II in a filter-

binding assay. Fourth, the CEF cells show specific internalization of the labeled IGF-II

which can be inhibited by unlabeled IGF-II and affinity purified goat MPR 300 IgG but not

by insulin or mannose 6-phosphate. The fact that the goat receptor binds to

phosphomannan Sepharose gel in a mannose 6-phosphate dependent manner and its ability

to bind human IGF-II suggests that it possibly functions in a similar way as the human or

rat liver MPR 300 protein. These observations are consistent with the recent finding on the

imprinting of m6p/IGF2 receptor gene in mammals (Killian et al, 2000). The goat MPR

300 has been shown to contain repeating cassette structures in the extracellular domain

similar to other known receptors (Udaya Lakshimi et al, 2000) discussed in chapter V. It

remains to be established whether the goat receptor has any additional ligand binding
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properties like the other mammalian receptors. Table 7 below summarizes the information

on the IGF-II binding ability of known MPR 300 proteins.

Table7: IGF-II binding ability of some of the known MPR 300 proteins.
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CHAPTER - V

Molecular cloning of goat MPR
proteins



INTRODUCTION:

The existence of two homologous mannose 6-phosphate receptors with overlapping but

distinct functions has raised a question at what stage in the phylogenetic tree the two

receptors have occurred for the first time. The cDNA sequences of mammalian and

chicken MPR 300 proteins have revealed that they contain three distinct domains, the

extracytoplasmic (or luminal), the transmembrane and the cytoplasmic domains. The

extracytoplasmic domain is comprised of 15 repetitive units which share significant

sequence similarity with each other and also with the single unit that constitutes the

extracytoplasmic domain of MPR 46.

The goat receptor proteins have been purified and characterized biochemically and

immunologically in the present study. To understand their structure-function

relationships, we carried out experiments to obtain a partial cDNA clone for the goat

MPR 300 and a full length cDNA clone for the goat MPR 46. Since the sequences of

some mammalian species are already known, the strategy adopted was to design

primers based on the multiple sequence alignment of known MPR proteins. These

primers were used in RT-PCR experiments with goat liver RNA to amplify cDNA

fragments which were then cloned and sequenced.
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MATERIALS

Instruments:

Thermocycler Gene Amp PCR 2400 machine Stratagene, Eppendorf

Transilluminator Model IL-400-M Bachofer, Reutlingen

373 A DNA sequencing system Applied Biosystems

Chemicals:

Agar HiMedia

Agarose (Electrophoresis grade) GIBCO/BRL

Ammonium acetate Qualigens

Bacto Yeast extract HiMedia

Bacto Tryptone HiMedia

Dextransulfate Pharmacia

Diethyl pyrocarbonate Sigma

Ethidiumbromide Serva

Formamide Fluka

p-Formaldehyde Qualigens

Kits used for molecular biological work:

' QIAgen RNeasy total RNA isolation kit Diagen,Hilden

• First strand cDNA synthesis kit (QIAgen, Omniscript) Diagen.Hilden

• HotStar Taq polymerase PCR QIAgen kit Diagen, Hilden

• HotStar Taq polymerase Master Mix QIAgen kit Diagen, Hilden

• QIAquick gel extraction kit Diagen, Hilden

• TA cloning kit Invitrogen, Groningen and

MBI Fermentas

• QIAgen plasmid mini kit Diagen, Hilden
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• Dye terminator cycle sequencing kit Applied Biosystems

• Random primer DNA labeling kit MBI Fermentas

• Ultra pure dNTP set MBI Fermentas

Enzymes for molecular biological work:

Restriction enzymes New England Biolabs and

MBI fermentas

Plasm id DNA vectors:

pCR 2.1 TA cloning vector (Invitrogen)

pTZ57R TA cloning vector (MBI Fermentas)

DNA standards:

DNA-Ladder Invitrogen, MBI fermentas
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Reagents used for molecular biology work:

The following reagents were prepared according to Sambrook et al., 1989.
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SOxTAE

2 M Tris-Base

0.1 M EDTA, pH adjusted to 8.0 with
acetic acid.

50 x Denhardt Solution

5 g_Ficoll

5 g Polyvinylpyrrolidine

5gBSA

The volume was adjusted to 500 ml
with deionized water.

LB agar (per liter)

lOgofNaCl

lOgof Tryptone

5 g of Yeast extract

20 g of agar

The pH was adjusted to 7.0 with 5 N
NaOH, the final volume was made up
to 1 liter with deionized water,
autoclaved and poured into petri
dishes (25 ml/10 cm plate or 60 ml/
14.5 cm plate).

Preparation of Antibiotics

Ampicillin/Kanamycin:25 mg/ ml
stock solution of the sodium salt of
Ampicillin/Kanamycin in water was
prepared. The pH adjusted to 8.0 with
2 N NaOH. It was sterile filtered and
stored in aliquots at -20°C.

Denaturation Buffer

1.5 M NaCl, 0.5 M NaOH

81.6 g NaCl and 20 g of NaOH was
dissolved in deionized water and the
final volume was made up to 1 liter.

TE

10mMTris-HClpH7.5

1 mM EDTA.

LB medium

10 g of NaCl

10 g of Tryptone

5 g of Yeast extract, pH adjusted to 7.0
with 5 N NaOH. The final volume
was made up to 1 liter with deionized
water, autoclaved and used.

20xSSC Buffer

175.3 g of NaCl

88.2 g of Sodium citrate

800 ml of deionized H2O. The pH was
adjusted to 7.0 with a few drops of 10
N NaOH, deionized H2O was added to
make the final volume to 1 liter.

Preparation ofLB-Agar

Plates with Appropriate Antibiotic

LB-Agar was autoclaved and cooled to
55°C. Ampicillin/Kanamycin was
added to a concentration of 50 \xg / ml
and poured into petri plates.

Neutralization Buffer

1.5 M NaCl, 0.5 M Tris-HCl pH 7.2,
1 mM EDTA

lOx Tris-buffer (100 ml) was prepared,
NaCl and EDTA (pH 8.0) were added
to a final concentration of 1.5 M and 1
mM respectively. The volume was
adjusted to 1 liter.
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Prehybridizfltion Buffer
48% Formamide
4.8x SSC
10 mM Tris-HCl pH 7.4
1%SDS
1% Denhardt solution
10% Dextran sulfate.
100 ng/ ml Salmon sperm DNA.
Stored at 4°C.

Denatured Salmon Sperm DNA
Salmon sperm DNA (sodium salt) was
dissolved in water at a concentration
of 10 mg / ml. The solution was
stirred on a magnetic stirrer for 2-4
hours at room temperature to dissolve
DNA. The DNA was passed through
a 20-G gauze needle, boiled for 10
min. (at 100°C), sonicated for 1-2
minutes and stored at -20°C in small
aliquots.

Wx MOPS Buffer
20.93 g of MOPS (200 mM)
2.05 g of sodium acetate (50 mM)
1.86gEDTA (10 mM)
Dissolved in 300 ml DEPC-H2O, pH
was adjusted to 7.0 with 2N NaOH in
DEPC-H2O (for 500 ml, 15-16 ml of
NaOH is required). After each step of
addition of the base, the pH was
controlled by taking an aliquot in an
Eppendorf tube. The final volume was
made up to 500 ml with DEPC-water.

SOC medium (pH 7.0)
2.0 g Bacto-Tryptone
0.5 g Bacto-Yeast Extract
1 ml of sterile filtered 2 M Mg2+ stock
(1 M MgCl2.6H2O/ 1 M
MgSO4.7H2O), 1 ml of sterile filtered
2M glucose.
Tryptone, yeast extract, NaCl and KC1
were added to 97 ml of deionized water,
stirred to dissolve the contents. Then it
was autoclaved and cooled to room
temperature. Mg2+ and glucose were
added to a final concentration of 20 mM
each. The volume was made upto 100 ml
with sterile deionized water and filtered
through a 0.2 urn filter unit

3 M Sodium acetate
408.1 g sodium acetate (tri hydrated)
was dissolved in 800 ml water, the pH
was adjusted to 5.2 with acetic acid.
The volume was made up to 1 liter,
autoclaved and used.

20% SDS
20 g of Sodium dodecyl sulfate was
dissolved in 100 ml water at 65°C and
sterile filtered.

5x Loading Buffer
16 (j.1 Saturated bromophenol blue
80 nl 500 mM EDTA, pH 8.0
720 (j.1 37% (=12.3 M) formaldehyde
2 ml 100% glycerol
3.084 ml Formamide
4 ml lOx MOPS buffer
RNase-free water was added to 10 ml.

IPTG (isopropylthio fi-galactoside) stock
solution (0.1 M)

240 mg of IPTG was dissolved in 10
ml of deionized water, sterile filtered
and stored at 4°C.

X-Gal
100 mg of 5-bromo-4-chloro-3-
indolyl-p-D-galactoside was dissolved
in N,N'-dimethyl formamide, tubes
covered with aluminum foil and stored
at -20°C



METHODS:

Total RNA isolation using RNeasy QIAgen kit:

Important points to be considered while handling RNA:

Glassware: Glassware should be treated as follows before use to ensure that it is

RNase free. Fill the glassware with IN NaOH and leave it overnight or a minimum of

l-2hours, rinse then with Millipore water followed by 0.1% DEPC in water (Diethyl

pyrocarbonate) and then autoclave then at 100°C for 15min to remove residual DEPC.

Nondisposable plasticware: Plasticware should be incubated overnight in 1 N NaOH,

thoroughly rinsed with Millipore water and then with RNase free water to ensure that it

is RNase free.

Solutions: Solutions (water and other solutions) should be treated with 0.1% DEPC.

DEPC is a strong, but not absolute inhibitor of RNases. It is commonly used at a

concentration of 0.1% to inactivate RNases on glass or plasticware or to create RNase

free solutions and water. DEPC inactivates RNases by covalent modification. 0.1 ml

DEPC was added to 100 ml of the solution, shaken vigorously to bring the DEPC into

solution, the solution was allowed to stand for 12 h at 37°C and autoclaved for 15 min.

to remove any traces of DEPC.

Total RNA isolation from goat liver tissue:

• Liver tissue (20-50mg) was sliced using a sterile scalpel. Tissue was lysed in 0.6 ml

lysis buffer [Buffer RLT containing highly denaturing GITC (guanidinium

isothiocyanate) which immediately inactivates RNase to ensure isolation of intact

RNA] containing 6 p.1 of p-M.E that was added to the buffer before use.
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• Homogenization: A homogenous suspension of the tissue was made using a fine

sterile eppendorf pistle and passing the suspension 5 times through a 20-G (<|> 0.9

mm) needle fitted to a syringe. It was centrifuged for 3 min. and the clear

supernatant was transferred to another sterile eppendorf tube.

• 600 \xl (1 volume) of 70% ethanol was added (to provide appropriate binding

conditions) to the homogenized lysate and mixed well by pipetting up and down (A

precipitate may form after the addition of ethanol).

• 700 (il of sample was applied on a RNeasy spin column placed in a 2 ml collection

tube and centrifuged for 15 seconds at 13,000 rpm (Eppendorf centrifuge).

• The above step was repeated for rest of the sample.

• The column was washed with 700 yil of wash buffer RWl by applying the buffer on

the RNeasy spin column and centrifuging for 15 seconds at 13,000 rpm.

• The flow through and collection tube were discarded.

• The RNeasy spin column was transferred to a new 2 ml collection tube and washed

as above with 500 |al of buffer RPE.

• The column was re-washed with 500 fxl of buffer RPE, centrifuged for 2 min. at

13,000 rpm to dry the RNeasy membrane (*It is important to dry the RNeasy

membrane since residual ethanol may interfere with subsequent elution).

• The column was transferred into a new sterile 1.5 ml collection tube (supplied). 50

\x\ of RNase free water was pipetted directly onto the membrane, allowed to stand

for one min. and centrifuged for 1 min. at 10,000 rpm to elute RNA.
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Quantltation of nucleic acids (RNA/DNA):

The concentration and purity of RNA/DNA was determined by measuring the

absorbency at 260 nm (A26o) and 280 nm (A2so) in a spectrophotometer.

The ratio between the absorbency readings at 260 nm and 280 nm gives an estimate of

purity. Pure RNA/DNA preparation will have an A260/A280 ratio of 2.0.

Spectrophotometric conversions

1A260 unit of dsDNA

1A26O unit of ssDNA

1 A26o unit of ssRNA

lmM (in nucleotides) of dsDNA

lmM (in nucleotides) of ssDNA

lmM (in nucleotides) of ssRNA

= 50 |ag/ml

= 33 (ig/ml

= 40 ng/ml

= 6.7A260 units

= IO.OA26O units

= 8.3A26o units

= 0.15mM(innucleotides)

= O.lmM (in nucleotides)

= 0.12mM (in nucleotides)

The average MW of a deoxyribonucleotide base =

The average MW of a ribonucleotide base

Denaturing agarose gel electrophoresis for RNA:

333 daltons

340 daltons

Table 8: Components for agarose gel preparation.
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These components were heated in a microwave oven as per requirement, cooled to

65°C, 1-2 nl of EtBr (10 mg/ ml), 0.825 ml of formaldehyde (37%) were added, mixed

well poured into a sealed electrophoresis boat trough fitted with a comb. The solidified

gel was placed in the electrophoresis chamber.

Sample Preparation and gel run:

RNA sample (1-5 ng) was mixed with loading buffer (1 vol. of sample buffer to 4 vol.

of RNA sample), cooked at 65°C for 5 min, chilled on ice and applied on the gel. The

gel was run at 70 V for 1-2 hours.

Agarose gel electrophoresis for DNA:

DNA fragments were separated by agarose gel electrophoresis. Based on the size of

DNA fragments to be resolved, the concentration of the gel varied as shown in Table 9.

50-2000

Table 9: Percentage of agarose gel to be used for the separation of DNA fragments of

different lengths.
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Sample buffer (Loading buffer IV) 0.25 %(w/v) Bromophenolblue

40 % (w/v) Saccharose in TAE

Ficoll-Marker 0.05% (w/v) Bromophenolblue

0.05% (w/v) Xylenecyanol

15% (w/v) Ficoll

Depending on the percentage of the gel, agarose was weighed and added to 35 ml of

TAE, cooked in a microwave oven and cooled to 55°C. EtBr (10 mg/ ml) at a final

concentration of 0.5 ng/ ml was mixed in it, poured into the gel trough fitted with

combs and was allowed to cool to room temperature. The sample was mixed with

sample buffer (10-20% (v/v)) and loaded in the wells. The gel was run for 1 to 2 hours

in 1 x TAE buffer at 70V. The bands were visualized under UV.

Gel documentation:

Nucleic acids intercalated with the fluorescent dye ethidium bromide were visualized

under UV light using transilluminator.

Primer designing:

The parameters to be considered during primer selection are:

• Length: 18-30 nucleotides (Recommendable size of the primer is 24 nucleotides)

• G/C Content: 40-60%

• Tm: Tm= 2°C x (A+T) + 4°C x (G+C). Primer pairs were designed with a difference

of + 2°C Tm values. Optimal annealing temperature was calculated as 5°C below the

estimated melting temperature.
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• Complementarity of two or three bases at the 3'ends of primer pairs was avoided to

reduce primer dimer formation.

• A complementary sequence within a primer sequence was avoided to reduce hairpin

formation.

• A primer with A or T at 3' end was avoided, as it has greater tolerance of mismatch.

It is always advantageous to have G/C at the 3' end.

• The computer program "Oligo analysis" or "Primer 3 (online)" was used for primer

designing.

Once primers were selected, a BLAST search was done to check for percentage

homology with known sequences.

First strand cDNA synthesis (RT reaction) with QIAgen kit (Omniscript):

First strand cDNA synthesis was catalyzed by Moloney Murine Leukemia Virus

reverse transcriptase. The readymade bulk first strand cDNA synthesis reaction mix

requires only the addition of RNA and a primer of choice.

First-Strand cDNA Synthesis:

• 1 -2 ng (in 5 \i\) of the total RNA isolated was taken in a sterile eppendorf tube,

denatured at 65°C for 5 min. and immediately chilled on ice.

• Following components were added to this according to the manufacturer's

instructions (see Table 10).
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Table 10: Composition of Is' Strand Synthesis Assay

• The above reaction mix was incubated at 37°C for 1 hour.

• The completed first strand reaction product was heated at 95°C for 5 min. (to

denature RNA-cDNA duplex and to inactivate the reverse transcriptase) and chilled

on ice. The denatured RT product was used for PCR amplification using specific

sense and anti-sense primers.

PCR amplification (QIAGEN HotStar Taq DNA polymerase kit):

HotStar Taq DNA Polymerase

HotStar Taq DNA Polymerase is a recombinant 94 kDa Taq DNA Polymerase. HotStar

Taq DNA Polymerase is provided in an inactive state with no polymerase activity at

ambient temperatures. This prevents the formation of misprimed products and primer-

dimers at low temperatures. HotStar Taq Polymerase is activated by a 15 min.

incubation at 95°C. HotStar Taq DNA Polymerase provides high PCR specificity and

often increases the yield of the specific PCR product.
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PCR Reaction:

Polymerase chain reaction is a method used to amplify DNA fragments of interest from

the template DNA with the use of sense and anti-sense primers of specific interest

Composition of PCR Amplification Assay:

dNTPmix: Each lOmM dATP, dCTP, dGTP and

dTTP.

HotStar Taq DNA polymerase: 5 Units/ ljil.

lOx PCR buffer: Tris-HCl, KC1, (NH4)2SO4, 15mM MgCl2,

pH 8.7 (20°C).

Sense and anti-sense primer each 10 pmoles/ |i.l.

The following were used for one PCR reaction for 20 fil reaction volume:

10 x PCR buffer 2 jd.

dNTP Mix 0.4 ^.1

Forward primer (sense) 1.2 \x\.

Reverse primer (anti-sense) 1.2 yl.

Taq DNA polymerase 0.2 (j.1.

Template DNA (First strand cDNA (1-2 (il) or DNA) x vol.

The total volume was made up to 20 \i\.

Or

HostStar Master Mix 2X reaction mixture (QlAgen Master Mix Kit) was added in the

following sequence for 20 (j.1 reaction volume:

HostStar Master Mix reaction mixture 10 \il

Forward primer 1.2 (xl

Reverse primer 1.2 (xl

Template DNA (First strand cDNA (1-2 \il) or DNA) x vol.

The total volume was made up to 20 fxl.
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Template DNA was added at the end. The PCR reaction was carried out using the

thermal cycler program shown in the Table 11. The annealing temperature and other

parameters were modified depending on the Tm and specificity of the primers used for

amplification.

Table 11: Thermal Cycler Program

Gel purification of PCR product (QIAEX II Gel extraction kit):

A preparative agarose gel was run, the cDNA band of expected length was cut with a

clean sharp scalpel. The gel slice was weighed, 3 volumes of buffer QX 1

(solubilization and binding buffer) was added to one volume of gel (100 mg = 100 |il).

QIAEX II was resuspended by vortexing for 30 sec. 30 \i\ of QIAEX II was added to

the sample for 2-10 yd DNA or 10 (j.1 of QIAEX II was added to the sample for <=2 (xl

of DNA. This was incubated at 50°C for 10 min. (or until the gel slice was completely

dissolved). During incubation, the tube was agitated every 2 min. to make sure that the

gel was dissolved completely (the color of the mixture should be yellow). If the colour

of the mixture was orange or purple, 10 nl of 3M sodium acetate, pH 5.0 was added



and mixed until the colour turns yellow. The incubation was continued for an

additional 5 min. The absorption of DNA to QIAEX II particles is only efficient at

pH<= 7.5. Buffer QX1 contains a pH indicator which is yellow at pH <=7.5 and

orange or violet at higher pH, allowing easy determination of the optimal pH of DNA

binding.

The mixture was centrifuged for 30 sec. in a tabletop centrifuge and supernatant was

carefully removed using a pipette. The pellet was washed with 500 nl of buffer QX1,

which removes residual agarose contaminants. The supernatant was removed by high

speed centrifugation for 30 sec. The pellet was washed twice with 500 (il of buffer PE

(wash buffer). After high speed centrifugation, the supernatant was removed carefully

with a pipette. These washing steps remove residual salt contaminants.

The pellet was air-dried for 10-15 min or until it becomes white. (Do not vacuum dry,

as this may cause overdrying and decrease elution efficiency).

Finally, DNA was eluted from the OIAEX II by the addition of 20 JJ.1 double distilled

water and the pellet was resuspended by vortexing. This was incubated at room

temperature for 5 min. to elute <-4 kb DNA or 5 min. at 50°C to elute 4-10kb DNA or

10 min. at 50°C to elute >10kb DNA.

TA Cloning (TOPO TA Cloning kit, Invitrogen):

Introduction:

Taq Polymerase has a non template-dependent activity which adds a single

deoxyadenosine (A) to the 3' ends of PCR products. The linearized vector supplied in

this kit has single 3' deoxythymidine (T) residues. This allows PCR inserts to ligate

efficiently with the vector. The kit provides a quick, one step cloning strategy for the
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direct insertion of a polymerase chain reaction (PCR) product into a plasmid vector

(Figure 23B). The advantage of the kit is that one can eliminate any enzymatic

modifications of the PCR product.

Ligation (Quick Ligation):

• One vial of pCR 2.1 vector was centrifuged to collect all the liquid at the bottom of

the vial.

• Ligation reaction was set up as follows

Fresh gel purified PCR product x jil

Salt solution 0.5 jil

TOPO vector 1.0 |o.l

The final volume was made up to 5 nl with sterile water

• The ligation reaction was carried out at room temperature for 5min.

• Note: The ligated vector can be used for transformation or can be stored at-20°C

until ready for transformation.

Transformation into One Shot chemically competent cells (TOPO 10F'):

Before Start:

• A water bath was maintained at 42°C.

• A vial of SOC medium was thawed and incubated at 37°C.

• LB agar plates (two plates for each ligation/transformation) were equilibrated at

37°C for a minimum of 30 minutes. Each plate was coated with kanamycin 50ug/ml

final concentration, 40 jil of 40 mg/ ml X-Gal (chromogenic substrate for (3-

galactosidase) 60 |il of 100 mM IPTG (isopropylthiogalactoside-used to maximize
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the expression of genes cloned in expression vectors). The liquids were allowed to

soak into the plates by incubating at 37°C for a minimum of 30 min.

Procedure for Transformation:

The vials containing the ligation reactions were centrifuged briefly to bring the contents

down and then placed on ice.

3-5 yd of the ligated product was added into a vial of One Shot Chemically Competent

E.Coli (TOPO 10F') cells and mixed gently (do not mix by pipetting up and down).

The vial was incubated on ice for 30 min. A heat shock was given for 30 seconds in a

42°C water bath. The vial was immediately removed from the water bath and placed on

ice for 2-3 min. To this, 250 p.1 of SOC medium at room temperature was added. The

vial was kept horizontal and shaken at 37°C for minimum 1 hour at 225 rpm in an

orbital shaker incubator. 100 ja.1 and 150 \L\ of the contents from the transformation vial

was spread on separately labeled LB agar plates containing 50 |ig /ml kanamycin,

preabsorbed with X-gal and IPTG. The liquid was allowed to be absorbed into the agar

plates and then inverted and placed in a 37°C incubator overnight. The transformed

cells appear white in contrast to the untransformed blue colonies.

Plasmid DNA isolation (QIAprep plasmid DNA Isolation kit):

A single bacterial colony (white) was picked up with a sterile tip and inoculated into 5

ml medium (LB medium containing 50 (ig/ ml Kanamycin). From an overnight culture

plasmid DNA was prepared and digested with restriction enzymes. 5 ml of the

overnight culture was taken into a sterile microcentrifuge tube and centrifuged at

10,000 rpm for 2 min. The supernatant was discarded and the pellet was resuspended

in 250 (j.1 of buffer PI (suspension buffer). 250 (il of buffer P2 (lysis buffer) was added
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and the tube was gently inverted 4-6 times (solution becomes viscous and slightly

clear). The lysis reaction should not be allowed to proceed for more than 5min. 350 |il

of buffer N3 (Neutralization buffer) was added and the tube was inverted immediately

but gently 4-6 times to avoid localized precipitation (solution becomes cloudy) and then

centrifuged at 13,000 rpm for 10 min. Meanwhile, QIAprep spin column was placed in

a 2 ml collection tube.

The supernatant from the above step was applied onto the column, briefly centrifuged

and the flow through discarded. The column was washed by adding 0.75 ml of buffer

PE (wash buffer), centrifuged at 13,000 rpm for 60 sec, the flow through discarded and

centrifuged for an additional 1 min. to remove residual wash buffer. QIAprep column

was placed in a clean 1.5 ml microfuge tube. 50 JJ.1 of sterile water was dropped exactly

in the middle, over the membrane, incubated for one minute and centrifuged for a

minute at 13,000 rpm to elute DNA.

Digesting plasmid DNA with restriction endonucleases:

About 1.0 to 2.0 ng of plasmid DNA was used for restriction analysis with the

restriction enzyme as specified. To the plasmid DNA sample, 1 \i\ of enzyme (-10

Units/ |ul) and 2 jil of 10X buffer were added (volume of the reaction mixture was made

up to 20 jal with sterile water). Each restriction enzyme has a set of optimal reaction

buffer conditions which are supplied by the manufacturer. The sample was incubated

at 37°C for 1-2 hours. The product was analyzed by analytical agarose gel

electrophoresis.
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2', 3' Dideoxy NTP Dye Terminator Cycle Sequencing (Applied Biosystem

DNA Sequencing kit): Sanger and Coulson (1977).

The nucleotide sequence was determined by cycle sequencing based on the dideoxy

nucleotide chain termination method using the dideoxy NTP dye terminator cycle

sequencing kit.

Primers: Vector specific sequencing primers M13 forward, M13 reverse (5pmoles/(il)

were used. l(X)ng/ \x\ of plasmid DNA was used for each reaction.

The following reaction was set up

DNA Premix Primer

200-300ng 4nl lOpmoles

The volume was made upto 20 (il with sterile water.

Thermo Cycler Program:

1. Denaturation 96°C 10 sec.

2. Annealing 50°C 5 sec.

3. Primer extension 60°C 4 min.

Total number of cycles 25.

After PCR the sample was processed following standard conditions and subjected to

sequence analysis on an automated DNA sequencer.

Random Primer Labeling: (HexaLabel DNA Labeling Kit MBI Fermentas)

The following components were added into a 1.5ml microcentrifuge tube:

DNA template (100ng)(MPR300/46) 10 nl

Hexanucleotide in 5X reaction buffer 10 |il

Deionized water To make the volume up to 40 JJ.1
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The tube was vortexed for a few seconds and centrifuged in a microcentrifuge for 3-5

sec. The tube was incubated in a boiling water bath for 5-10min. and cooled in ice and

centrifuged immediately for a brief period. To this following components were added

sequentially:

dNTP mix (contains dATP, dGTP, dTTP) minus dCTP 3 JJ.1

32P dCTP (50uCi) 6 }il

Klenow fragment, exo- (5u) 1 JJ.1

The tube was shaken, centrifuged in a micro-centrifuge for 3-5 sec. and incubated for

10 min. at 37"C. The labeling reaction was slopped by the addition of 1 JU.1 of 0.5M

EDTA, pH 8.0.

Determination of the % of label Incorporation

The percentage of incorporation was determined by DE-81 filter-binding assay.

1 nl of the reaction mixture was diluted to 1:100 with water. 5 jo.1 of this was spotted on

two Whatmann DE-81 filters (1.5 x 1.5cm). The filters were dried under a heat lamp,

one was kept aside and used directly for the determination of total dpm in the sample.

The other filter was washed 3 times for 5min. in 10ml 7.5% (w/v) Na2HPO4.12H2O for

the removal of the unincorporated dNTPs, followed by water and acetone. The washed

filter was dried under a heat lamp. The unwashed and washed filters were counted in

an appropriate radioactivity counter. The percentage of label incorporation into DNA

is calculated as shown below:

incorporated radioactivity (washed filter)
x 100%

total radioactivity (unwashed buffer)

The % incorporation was about 70% for the probes used.
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Northern blot analysis (RNA Transfer):

Note: Before assembling the gel for transfer, the size of the gel was measured with a

scale by exposing the gel briefly to UV at higher wavelength (312nm).

The transfer of total RNA from agarose gel to hybond-N nylon membrane was done

using Pharmacia vacuum transfer unit. The gel was placed above the hybond-N nylon

membrane and vacuum was applied. The gel was denatured for 15 min. with 50mM

NaOH, lOmM NaCl and then neutralized with 0.1M Tris HC1 pH 7.4. Finally, transfer

of the bands was performed in the presence of 20X SSC for 2-3 hours. Then, the

membrane was cross-linked for 45 sec. in a UV cross-linker.

Hybridization:

Prehybridization:

The membranes (Northern blots) were placed in a cylinder contains 10-20 ml of

prehybridization solution tightly covered with a rubber cork to prevent any evaporation

or leaking and incubated at 42°C with rotation for about 2-3 hours.

Hybridization:

S2P labeled DNA probe (l-2xl06cpm/ml of hybridization mix) and Salmon sperm DNA

(100 \ig I ml of hybridization mix) were denatured by heating for 5 minutes at 100°C.

These were added to prehybridization mix covering the filters and then incubated

overnight at 42°C with constant rotation. During the hybridization, the container

holding the filters was tightly closed, placed in a polythene bag and sealed to prevent

any leakage.
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After the hybridization was completed, the container was placed upright to drain the

liquid down and then with the help of a forceps, the membrane was placed in a 2x SSC

buffer, facing the RNA side downwards, to prevent drying of the filter. Washing was

done with 2 x SSC containing 0.1% SDS at room temperature for 10 min. and then with

the same buffer at 65°C for 30 min.

The radioactivity was controlled. If it was too high, an additional washing was

performed with 0.2 x SSC containing 0.1% SDS at 65°C. If the background was still

high, further washing was done at high stringency conditions (0.2% SSC and 0.1%

SDS) as above.

The membrane was placed on a shining surface of the bench coat paper, covered with

saran wrap and exposed to Kodak film (XOMAT AR) overnight at -70°C with an

intensifying screen. Alternatively, the membrane was also exposed to

phosphorimaging screen and scanned after an overnight exposure.

Long term storage of bacterial stocks:

Bacteria can be stored for many years in media containing 15% glycerol at low

temperatures without significant loss of viability. A single bacterial colony was

inoculated into 5-10 ml of LB medium taken in a culture flask and the culture was

grown overnight. 0.85 ml of the overnight culture was transferred to a sterile vial

containing 0.15 ml of sterile glycerol. The contents were mixed thoroughly by

vortexing. The glycerinated cultures were then stored at -20°C in small aliquots. They

can be preserved for a few years without loss of viability. Alternatively, the

glycerinated suspension was stored at -70°C. Viable bacteria were recovered by
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simply scratching the surface of the frozen stock with a sterile platinum loop or wire

and used for streaking on agar plates or direct inoculation into liquid culture medium.

Bioinformatic tools used in this study

Multiple Sequence Alignment: Multiple sequence alignment was performed

according to Combet et a/.,(2(K)0).

Prediction of potential glycosylation sites:

http://www.cbs.dtu.dk/services/NetNGlyc/

Restriction maps

BioEdit software

Signal peptide prediction

http://www.cbs.dtu.dk/services/SignalP-2.()/
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RESULTS:

Isolation of total RNA from goat liver tissue:

Total RNA was isolated from 40 mg of goat liver tissue using RNeasy spin column

(QIAgen). An aliquot of the isolated RNA was electrophoresed on 1% denaturing

agarose gel. Two distinct bands corresponding to 28S rRNA and 18S rRNA were seen

(Figure 23A). 28S rRNA shows double the intensity when compared to 18S rRNA.

The Rf values of rRNAs and their molecular mass (in Kb and in Daltons) from different

animals are shown in Table 12.

Table 12: Calculated molecular mass of the 18S and 28S rRNA from goat, in comparison
to the human, mouse and fish rRNA's.
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GOATMPR 300 CLONING:

Primers forRT-PCR:

Degenerate primers were designed in the ligand binding domain 3 from the highly

conserved regions of known MPR 300 sequence from different animal species (human,

bovine mouse, rat and chicken) by multiple sequence alignment.

Primer A: 5' -GGC ATA CTC AGT GAT CCA CTC - 3' (Reverse primer)

Primer B: 5' -CTG TGC AGT TAC ACA TGG GAA GC - 3' (Forward primer)

Primer C: 5' -GCC AT AC CAC AGC TTC CCA ATT YTG - 3' (Reverse primer)

Amplification of cDNA fragments for goat MPR 300 was done by RT reaction and

followed by PCR. Primers were designed to amplify cDNA fragments in the ligand

binding regions i.e., 3rd domain.

About 2ug of total RNA was used for first strand synthesis employing the two MPR

300 specific reverse primers (primer A and C) in two separate reactions. One tenth of

the RT product was used for the PCR amplification that was performed with HotStar

Taq DNA polymerase kit using MPR 300 specific A, B and C primer. When primers A

and B were used for the PCR reaction (95°C 15'; 94°C 1'; 55°C I1; 72°C 1'; 30 cycles), a

fragment size corresponding to about 800bp was amplified. The gel-purified fragment

was used for TA cloning into pCR 2.1 vector (Figure 23B). Positive clones were

identified by blue white selection method. More than 80% of the colonies appeared

white in colour (could be positive). A single white colony was picked up and

inoculated into LB medium for plasmid DNA isolation and subjected to restriction

digestion with EcoRI that resulted in the release of the 800 bp fragment (Figure 24A).

This insert obtained from the positive clone was sequenced using vector derived M13
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forward and M13 reverse primers. The nucleotide sequence obtained revealed that it

displayed high degree of homology with that of other known animal species covering

the partial l", entire 2nd and partial 3rd domains.

When primers A and C were used for PCR reaction (95°C 15'; 94°C I1; 55°C 1'; 72°C

l'.3O"; 30 cycles) using HotStar Taq DNA polymerase (QIAgen), a fragment size

corresponding to about 1.3kb was amplified. The gel-purified fragment was used for

TA cloning into pCR 2.1 vector. Positive clones were identified by blue white

selection method. A single white colony was picked up and inoculated into LB

medium for plasmid DNA isolation and subjected to restriction analysis with EcoRI

that resulted in the sequence of the 1.3 kb fragment (Figure 24B). This insert was

sequenced from the positive clone using vector derived M13 forward and M13 reverse

primers (Figure 25). The nucleotide sequence obtained when converted into protein

sequence and the result compared with the other MPR 300 sequences (mammalian and

chicken) revealed that it, displayed 75-96% similarity at the amino acid level and

covers the partial 1st, complete 2"d,3rd and partial 4th domains. The nucleotide sequence

and the deduced amino acid sequence of this 1.3Kb fragment are shown in Figure 26.

The amino acid sequence of the 1.3Kb fragment was subjected to multiple sequence

alignment with other known MPR 300 proteins (Figure 27). Form the data obtained, it

is evident that the goat receptor exhibited high homology in the region of the potential

glycosylation sites and also the sequences connecting the repetitive domains are highly

conserved through out the animal species. The arginine residue involved in ligand

binding, known for other receptors is also conserved in the 3rd domain.
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Northern blot analysis for goat MPR 300:

After having confirmed the sequence of the 1.3 kb fragment as goat MPR 300 cDNA, it

was used as a probe for Northern blotting. 15 ^g of total RNA isolated from goat liver

tissue was subjected to denaturing agarose (1%) gel electrophoresis (Matzner et al.,

1996) and transferred to hybond-N membrane. The membrane was exposed to UV

light for 15 sec. and incubated with prehybridization buffer for a minimum of 2 hr. and

then hybridized with 32P-1.3 kb fragment. The membrane was washed with high

stringency buffer as described under methods. A single band of about 9.3 kb was

observed (Figure 28). This size of the transcript was comparable with that of the other

known animal species (Table 13). Schematic diagram of partial cDNA clones obtained

for goat MPR 300 in this study are shown in Figure 29.

Table 13: Table showing the mRNA transcript lengths coding for MPR 300 from various

species as indicated.
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Figure 23: (A) Purity and Integrity of RNA Preparation. Total RNA was

isolated from goat liver tissue using the RNeasy kit. 5ug of RNA

preparation was subjected to 1% denaturing agarose gel

electrophoresis. Arrow indicates the position of 2HS and 1SS

RNA.

(B) pCR 2.1 Plasmid Vector for TA cloning (Invitrogen) The

sequence represents the pCR 2.1 vector with a PCR product

inserted by TA cloning which is flanked by EcoRI site on each

side. Arrow indicates the start of transcription for the T7 RNA

polymerase.
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Figure 24: (A) Goat total RNA was used for the first standard synthesis

using MPR specific primer (Primer A). For the PCR

amplification 2ul of first strand synthesis product was used

along with MPR 300 specific primers (Primer A and B).

Amplified product was subjected to 1% agarose gel

electrophoresis. Lane 1, standard DNA ladder, Lane 2,

amplified product (800bp), Lane 3, fragment released from the

vector after digestion with E.CoRI.

(B) Goat total RNA was used for the first standard synthesis

using MPR specific primer (Primer C). For the amplification

2ul of first strand synthesis product was used along with MPR

300 specific primers (Primer A and C). Amplified product was

subjected to 1% agarose gel electrophoresis. Lane 1, standard

DNA ladder, Lane 2, amplified product (1.3Kb), Lane 3,

fragment released from the vector after digestion with E.CoRI.



Figure 24
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Figure 25: DNA sequencing was performed on an automated DNA

sequencer. (A) sequence obtained for goat MPR 300 partial

cDNA clone (1.3 kb) with vector derived M13F primer. (B)

sequence obtained for goat MPR 300 partial cDNA clone (1.3

kb) with vector derived M13R primer.



B

Figure 25
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Figure 26: Nucleotide and deduced amino acid sequence of partial goat

MPR 300 cDNA (1.3 kb).



Figure 26
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Figure 27: Alignment of the amino acid sequence of 13Kb fragment of goat

MPR 300. From the partial cDNA sequence of goat MPR 300,

domains 1-4 were having conserved motif DLSXL at the

carboxyterminal border of each domain. Domains were aligned

by the clustalw method.

* indicates the consented residues.

The region between domain and domain is represented in yellow shade.
The potential glycosylation sites are represented in brown shade.
The arginine residue involved for ligand biding is represented in blue shade.



Figure 27
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Figure 28: Northern Blot Analysis. Goat MPR 300 mRNA transcript

detected by Northern blot analysis. 15ug of total RNA isolated

for goat liver tissue and subjected to denaturing 1% agarose gel

electrophoresis, transferred to hybond-N nylon membrane and

hybridized with nP labeled goat MPR 300 specific cDNA

fragment (1.3Kb). A single band corresponding to ~9.3Kb

mRNA transcript was obtained.

Figure 29: (A) Schematic diagram of bovine MPR 300 gene (B) Schematic

diagram represents the partial clone (SOObp) obtained for goal

MPR 300 (C) Schematic diagram represents the partial clone

(1.3 kb) obtained for goat MPR 300.



Figure 28

(A)

Figure 29
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GOATMPR 46 CLONING:

Primers for RT-PCR:

Degenerate primers were designed from the highly conserved regions of known

sequences of MPR 46 from different animal species (human, bovine mouse, rat and

chicken) by multiple sequence alignment.

Primer 1:5'- TCA CAT TGG TAA YAA RTG RTG ATC - 3' (Reverse primer).

Primer 2: 5' - GTG GCA GTS AGA GAA TCY TGG CAG - 3' (Forward primer).

Primer 3: 5' - ATG ATG TCC CCC CTC CAC AGC TCC - 3' (Forward primer).

Amplification of cDNA fragments for goat MPR 46 was done by RT, followed by PCR

About 1 -2 \xg of total RNA was used for first strand synthesis performed with MPR 46

specific reverse primer 1. One tenth of the RT product was used for the PCR

amplification which was performed with HotStar Taq DNA polymerase kit using MPR

46 specific primers (primer 1, 2 and 3). When primers 1 (reverse) and 2 (forward) were

used for the PCR reaction (95°C 15'; 94°C 1'; 55°C 1'; 72°C 1'; 30 cycles), a fragment

size corresponding to about 760bp was amplified. The gel purified fragment was used

for TA cloning into pCR 2.1 vector as done for MPR 300. Plasmid DNA was isolated

from the positive colonies and subjected to restriction digestion with EcoRI that

resulted in the release of 760 bp fragment (Figure 30A). This insert was sequenced

from the positive clone using vector derived M13 forward and M13 reverse primers.

The nucleotide sequence obtained revealed that the 760bp fragment obtained displayed

90-98% similarity at the amino acid level with the corresponding mammalian and

partial chicken MPR 46. This cDNA clone covers partial goat MPR 46 sequence.
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When primers 1 and 3 were used for the PCR reaction (95°C 15'; 94°C 1'; 55°C 1'; 72°C

1'; 30 cycles), a full length clone for MPR 46 (840bp) was amplified. The gel purified

fragment was used for TA cloning into pTZ57R vector (MB1 Fermentas). Positive

clones were identified by blue white selection. More than 80% of the colonies

appeared white in colour (could be positive) and the rest blue in colour. A single white

colony was picked up and inoculated into LB medium for plasmid DNA isolation and

subjected to restriction analysis with Pstl and Kpn\ (Figure 30B). The sequence of the

vector is shown in (Figure 30C). The sequence of the full length clone was obtained

using vector derived M13 forward and M13 reverse primers (Figure 31). The

nucleotide sequence obtained for the 840 bp fragment revealed that it displayed 87-97%

similarity at the amino acid level with the corresponding mammalian and chicken MPR

46 and covers the full length MPR 46 gene including start and stop codon. The

nucleotide and deduced amino acid sequence of this full length cDNA clone is shown

in Figure 32. Figure 33 shows the multiple sequence alignment of goat MPR 46 to

other known MPR sequences. From the results it is evident that the sequences of goat

receptor exhibit high degree of homology especially at putative potential glycosylation

sites (five). The arginine and histidine residues which are known to be involved in

ligand binding and the sequences adjacent to these, the transmembrane region and the

cytoplasmic tail are highly conserved.

Northern blot analysis for goat MPR 46:

After having confirmed the sequence of the full-length cDNA clone for goat MPR 46, it

was used as a probe for Northern blotting. 15 ng of total RNA isolated from goat liver

tissue was subjected to denaturing agarose (1%) gel electrophoresis (Matzner et al.,

1996) and then transferred on to hybond-N membrane. The membranes were exposed
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to UV light for 15 sec, incubated with prehybridization buffer for a minimum of 2 hr

and then hybridized with 32P-full length cDNA clone for MPR 46. The membrane was

washed with high stringency buffer as described under methods. A single band of

about 2.3kb was observed (Figure 34). This size of the transcript was comparable with

that of the other known animal species (mouse 2.3 kb and chicken 3.3 kb).

Figure 35 shows a schematic diagram for partial and full length clones for goat MPR 46

obtained in this study.
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Figure 30: (A) Goat total RNA was used for the first standard synthesis

using MPR specific primers (Primer 2). For the PCR

amplification of partial cDNA clone, 2ul of first strand synthesis

product was used along with MPR 46 specific primers (Primer J

and 2). Amplified product was subjected to 1% agarose gel

electrophoresis. Lane 1, standard DNA ladder, Lane 2,

amplified product (760 bp), Lane 3, fragment released from the

vector after digestion with ECoRl.

(B) For the PCR amplification of full length clone, 2ul of first

strand synthesis product was used along with MPR 46 specific-

primers (Primer 2 and 3). Amplified product was subjected to

1% agarose gel electrophoresis. Lane 1, standard DNA ladder,

Lane 2, amplified product (840bp), Lane 3, fragment released

from the vector after digestion with KpnJ and Pst I.

(C) pTZ57R plasmid vector for TA cloning (MBI, Fermentas),

The sequence represents the pTZ57R plasmid, PCR product

insert at Eco321 site.



Figure 30
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Figure 31: DNA sequencing was performed on an automated DNA

sequencer. (A) sequence obtained for goat MPR 46 full length

cDNA clone (840 bp) with vector dervied M13F primer. (B)

sequence obtained for goat MPR 46 full length clone (840 bp)

with vector derived M13R primer.
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Figure 31
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Figure 32: Nucleotide and deduced amino acid sequence of goat MPR 46

full length cDNA clone.

Figure 33: Alignment of the amino acid sequence of full length goat MPR

46. Amino acids were aligned by clustalw method.

* indicates the conserved residues.

Potential glycosylation sites are shown in the brown shade.

Under lined area (magenta shade) represents the transmembrane domain.

$ (red shade) critical histidine and arginine residues involved in ligand biding.



Figure 33
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Figure 34: Northern blot analysis: Goat MPR 46 mRNA transcript detected

by Northern blot analysis. 15ug of total RNA isolated from goat

liver tissue and subjected to 1% denaturing agarose gel

electrophoresis, transferred to hyhond-N nylon membrane and

hybridized with UP labeled goat MPR 46 specific cDNA

fragment (8()<)bp). A single hand corresponding to ~2.3Kh

mRNA transcript was obtained.

Figure 35: (A) Schematic diagram of bovine MPR 46 gene.

(Bj Schematic diagram of partial goat MPR 46 cDNA clone

obtained with primers 1 and 2.

(C) Schematic diagram of full length goat MPR 46 cDNA clone

obtained with primers 1 and 3.



Figure 34

Figure 35
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DISCUSSION:

The present study describes for the first time the isolation and characterization of a

partial cDNA clone for goat MPR 300 and a full length cDNA clone for goat MPR 46

protein.

To obtain these informations, RT-PCR experiments were performed. In the first

instance, several primers were designed based on multiple sequence alignment of

known MPR protein sequences.

Molecular cloning of goat MPR 300:

The known MPR 300 cDNA sequences are in the range of 7-7.4kb (Table 14). In the

present study, an attempt was made to obtain a partial cDNA clone for the goat MPR

300 spanning the initial domain structures in the extracytoplasmic region of the

receptor because of the recent finding that the fish receptor exhibits extensive sequence

homology to the mammalian and chicken receptors in the extracytoplasmic region

(Udaya Lakshmi et ai, 2000). Initially, using the total RNA from the liver tissue, first

strand cDNA synthesis was accomplished using the primers designed (A and C). This

RT product was then amplified by PCR and the product (800bp) cloned into the vector.

From the sequence results obtained for this, it is clear that this fragment represents the

MPR 3(K) cDNA.

Additional sequence information was obtained by using the primer designed (primer A

and Primer B) in a PCR reaction. From the sequence results obtained, it is clear that

the cDNA isolated is the putative cDNA for MPR 300.

Several lines of evidences support that the partial cDNA clone obtained in this study

indeed represents the goat MPR 300 protein.
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1. The amino terminal portion of the sequence obtained is divided into domains

which show similar length as their chicken and mammalian counterparts.

2. The carboxyl terminal border of each cassette is defined by the conserved motif

DLS(P/R/S)L which strongly resembles the corresponding sequences found in

mammalian and chicken MPRs (DLXXL).

3. All the conserved cysteines which have been suggested to form disulfide bonds in

bovine MPR 300 (Lobel et al, 1988) and present in all vertebrate species studied

so far were also seen in the goat receptor.

4. Three glycosylation sites were found in partial 1st and complete 2nd and 3rd and

partial 4lh domain sequences.

5. Domains 3 and 9 of bovine MPR 300 gene have been shown to contain two

independent binding sites for mannose 6-phosphate carrying ligands. Binding of

mannose 6-phosphate in both cases depends on a critical arginine residue (R435

in domain 3 and R1334 in domain 9, Dahms et al, 1993). Further, recent partial

cDNA analysis of the fish MPR 300 also reveals the presence of the critical

arginine residue in domain 3 (Udaya Lakshmi et al., 2000) that is important for

ligand binding. The sequence obtained for goat MPR 300 reveals the presence of

a corresponding arginine residue (R 435) in domain 3, which is surrounded by the

highly conserved sequence motif CSSGFQRM (S/T)(V/1)INF (E/Q)C.

Table 14 summarizes the similarity in various regions of the goat MPR 300 to other

known MPR 300 proteins.
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Table 14: Similarity in various regions of the goat MPR 300 to other known MPR 300

proteins.

Taken together, these data suggest that the partial cDNA sequence presented here

encodes for goat MPR 300.

Molecular cloning of goat MPR 46:

The known MPR 46 cDNA sequences are in the range of 830-840bp(Dahms and

Hancock, 2002). In the present study, first an attempt was made to obtain a partial

cDNA clone for the goat MPR 46 spanning the extracytoplasmic region of the receptor.

Initially, using the total RNA from the liver tissue, first strand cDNA synthesis was

accomplished using the primer 1. This RT product was then amplified by PCR

(primers 1 and 2) and the product (760bp) cloned into the vector. From the sequence

results obtained for the partial cDNA clone, it is clear that the fragment (760bp)

represents the MPR 46 cDNA.
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Additional sequence information was obtained for a full length clone by using the

primer 1 and primer 3 in the PCR reaction. From the sequence results obtained, it is

clear that the cDNA isolated is the putative cDNA for MPR 46.

The most important observations and conclusions that can be drawn from the results are

i) there is a striking homology of the conserved cytoplasmic tail sequences

including the transport signals that have been identified in human MPR 46 in

the goat protein.

ii) the cysteine residues that aid in disulfide pairing in the amino terminal domain

of the receptor are highly conserved.

iii) the transmembrane domain is highly conserved,

iv) five potential glycosylation sites are seen.

v) the predicted arginine residue in the ligand binding region of other known

MPRs is also seen in goat MPR 46.

Thus, the present study provides the first evidence to show that the goat MPR 46

sequences are homologous to other known mammalian MPR 46 sequences and to the

partial chicken MPR 46 sequences (Matzner et al., 1996), suggesting that this receptor

in mammals is highly conserved. However, the function of the goat MPR 46 receptor

remains to be established. This can be achieved by expression of goat cDNA into MPR

minus cells and by looking at the sorting of lysosomal enzymes.

From literature it is also known that the mammalian MPR 300 and 46 sequences exhibit

homology with each other in the extracytoplasmic region (Udaya Lakshmi 2000). The

extracytoplasmic domain of MPR 300 is comprised of 15 repetitive units which share
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significant sequence similarity with each other and also with the single unit that

constitutes the extracytoplasmic domain of MPR 46. Further the repetitive domains of

known MPR 300 proteins also exhibit 14-38% sequence homology (Hille-Rehfeld,

1995). The extracytoplasmic domain sequence of goat MPR 46 also exhibits 26-28%

homology with bovine, human and mouse CI-MPR proteins. The available sequences

of MPR proteins among a wide variety of animal species including humans indicates

that these proteins are highly conserved in evolution, apparently to perform specific in

vivo functions though these have not been defined. Only a partial sequence of the fish

MPR 300 protein is published (Udaya Lakshmi et al., 2000). Recent biochemical and

immunological studies revealed the presence of both putative receptors in the

invertebrate mollusc (Siva Kumar and von Figura, 2002). It would be interesting to

obtain complete sequence informations for the fish receptors and that of mollusc

receptors, to establish the evolutionary pattern of both the receptors in the animal

kingdom. Subsequent analysis of their functions in non-mammalian vertebrates and

invertebrates should provide useful information on structure-function relationships of

these interesting proteins. Current work in our laboratory is focussed on these lines.
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SUMMARY



SUMMARY

• The affinity matrix Sepharose-divinyl sulfone-Phosphomannan gel was used to

purify the goat MPR 300 and MPR 46. Further, this gel was used to purify both the

MPR proteins from chicken liver tissue.

• Polyclonal antibodies were raised for goat MPR 300 and MPR 46 proteins. These

antibodies have been shown to cross-react with chicken MPR 300 and MPR 46

proteins, respectively. Moreover, an MSC1 antibody (raised against synthetic

peptide of human MPR 46 cytoplasmic tail) has been shown to cross-react with

both goat and chicken MPR46 proteins.

• The ELISA method developed in this study is useful to quantify the MPRs at ng

level from the membrane extracts of tissues. This method can be extrapolated to

quantify the levels of MPRs in different tissues during developmental stages.

• The Immuno-affinity method developed in this study is useful to purify MPRs in

large quantities with high purity in a single step, thus avoiding the use of the

expensive mannose 6-phosphate.

• Chemical modification studies unveil that the arginine and histidine residues are

important for the ligand binding property of goat and chicken MPR 46 proteins.

• Purified goat and chicken MPR 300 proteins can bind to human IGF-II. This was

demonstrated by crosslinking, immunoprecipitation of the cross-linked product and

the more sensitive ligand blot assay with biotinylated IGF-II. In addition to this,

chicken embryonic fibroblast cells can bind 125I-IGF-II and can internalize the

same.

• The partial cDNA sequence obtained for goat MPR 300, reported here for the first

time consists of partial lsl, complete 2nd, 3rd and partial 4lh domain. The amino acid

sequence of goat MPR 300 displayed 75-96% similarity with mammalian and
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chicken MPR 300. Particularly, all the cysteine residues involved in the disulfide

boding were conserved. The arginine residue in domain 3 which has been shown to

be critical for mannose 6-phosphate binding in bovine MPR 300 was also found in

goat MPR 300. The peptide motif CSSGFQRM in the neighborhood of this

arginine was found to be identical in all mammalian and non-mammalian MPR 300

proteins studied so far. In Northern blot, the size of the mRNA transcript encoding

goat MPR 300 was estimated as -9.3 kb.

• A full-length cDNA clone obtained for goat MPR 46 reported here for the first time

consists of the initiator ATG, an open reading frame and a stop codon TGA. The

amino acid sequence of goat MPR 46 displayed 90-98% similarity with mammalian

and partial chicken MPR 46 sequence. All the cysteine residues involved in

disulfide bonding were found to be conserved. The arginine and histidine residues

which are known to be involved in ligand binding in mammals, are also seen in the

goat MPR 46 sequence. The cytoplasmic tail and transmembrane regions are highly

conserved. In addition, five potential glycosylation sites are shown in the full-

length goat MPR 46. In Northern blot, the size of the mRNA transcript encoding

goat MPR 46 was estimated as -2.3 kb.
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Abstract

Mannose 6-phosphate receptor proteins mediate transport of lysosomal enzymes to lysosomes in
eukaryotes. Two rceeptors designated as MPR 300 and MPR 46 based on their apparent molecular
mass have been well studied from human and bovine liver. In humans, it has been shown that the
receptors are present in different concentrations in different tissues. In the present study, MPR 300
and MPR 46 were purified from goat liver by phosphomannan affinity chromatography. and
polyclonal antibodies were raised in rabbits. MPR 300 receptor specific antibodies have been
purified from the antiserum using a goat-MPR 300-receptor gel. Using this affinity-purified antibody
and the antiserum to goat MPR 46, as well as an affinity-purified MSC1 antibody that is specific for
MPR 46, we developed an ELISA method to quantify both the receptors. The receptors could be
measured in the concentration range of I 10 ng using ELISA. The receptors could be quantified
from membrane extracts of different tissues of goat and chicken using this method.
O 2002 Elsevier Science B.V. All rights reserved.

Keywords: Mannose 6-phosphate receptor; F.LISA; Affinity purification

1. Introduction

Two mannose 6-phosphatc receptors that mediate transport of lysosomal enzymes to
lysosomes in eukaryotes have been extensively characterized from human and bovine liver
11], It has also been shown that the receptors transport distinct complements of lysosomal

Abbreviations: F.LISA, enzyme-linked immunosorbent assay; MPR 300 (Mr 300000), MPR 46 (Mr 46000)
mannose 6-phosphate receptor.
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enzymes. We purified both receptors from goat liver employing alternate affinity methods
developed in our laboratory [2,3]. In order to understand the evolution of the receptor
proteins, we have affinity-purified MPR 300 protein from the liver tissues of Calotes
versicolor (reptiles), Rana tigrina (amphibians) and trout (pisces). MPR 46 could be
weakly detectable from the liver tissues of reptiles and amphibians. Confirmatory evidence
for the presence of MPR 46 among the amphibians (Xenopus oocytcs) and fish
(Xiphophorus cells) was obtained by metabolic labeling of the oocytes and fish cells.
MPR 46 could be immunoprecipitatcd from these tissues by using an affinity-purified
MPR 46 specific antibody (MSCl) raised against the synthetic peptide of the cytoplasmic
tail of human MPR 46 protein. [4.5], There has been a report on the development of an
F.LISA method to quantify the receptor proteins from different human tissues [6], and it
has been shown that the levels of the receptors vary from tissue to tissue.

The objective of the present study was to develop a reliable and efficient ELISA
method that could be useful to quantify the receptor proteins from membrane extracts of
different species and different tissues of the same species, without purifying the receptor
proteins. We have raised antibodies against purified goat MPR 300 and MPR 46 protein
and also affinity-purified goat MPR 300 specific antibody on goat MPR 300 affigel. These
antisera as well as the affinity-purified MSCl antibody that is specific for MPR 46 and
which has been shown to immunoprecipitatc MPR 46 receptor from mammalian, and non-
mammalian vertebrates, were used in the present study.

2. Materials and methods

2.1. Materials

ELISA plates (96 wells) were purchased from Grciner. Affigel-10 was purchased from
Bio-Rad laboratories, USA. Imidazole, />-nitrophenyl phosphate, manganese chloride,
Triton X-100, Sepharose 4B, divinyl sulfonc, mannosc 6-phosphate, Acrylamide, Bisa-
crylamide and Fruend's complete adjuvant were purchased from Sigma, USA. All other
chemicals and reagents used in the study were of high quality and purchased from reputed
firms.

2.2. Collection of tissues

Fresh liver, heart, spleen, brain, kidney from goat and chicken were collected on ice
from the local animal suppliers and stored frozen at - 80 "C.

2.3. Preparation of the affinity matrix Sepharose-divinyl sulfone-phosphomannan and
purifying the MPR 300 and MPR 46 protein

O-Phosphonomannan was a generous gift from Dr. M.E. Slodki, USA. It was hydro-
lyzcd with acid and separated into phosphomannan core and pentamannosylphosphate.
The affinity absorbent containing phosphomannan core was prepared in 20 ml batches as
described earlier [3]. Acetone powder of goat and chicken liver tissue was prepared as
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described [7| and total membrane proteins were extracted from the acetone powder and
both MPR proteins were purified from this by phosphomannan affinity chromatography in
presence of divalent metal ions [5J.

2.4. Raising antibodies to the purified goat liver MPR 300 and MPR 46 proteins

The homogeneity of the MPR proteins was assessed by 10% SDS-PAGE and silver
staining. Purified receptors were extensively dialyzed against column buffer (50 mM
imidazole-HCl buffer pH 7.0, 5 mM sodium 3-glycerophosphatc, 150 mM sodium
chloride, 0.05% Triton X-100, 2 mM HDTA) and reapplied onto phosphomannan
Sepharose gel equilibrated with column buffer. The unbound fraction from the gel
containing the MPR 46 was pooled and concentrated and the bound MPR 300 was
specifically eluted from the gel using 5 mM mannose 6-phosphate in column buffer.
Presence of MPR 46 alone in the unbound fraction and MPR 300 alone in the eluted
fraction was confirmed by SDS-PAGE analysis of both fractions under reducing
conditions and detected by silver staining [8]. Purified receptor (either MPR 300 or
MPR 46) of 200 ug was acetone precipitated and the pellet suspended in 500 ul of PBS.
Five hundred microliters of Freund's complete adjuvant was added and the suspension
subcutaneously injected into two separate rabbits. The rabbits received booster doses at
third and fifth week. The rabbits were bled by ear vein puncture after which the scrum was
collected and kept frozen at - 20 °C. Affinity-purified MSC1 antibody (this antibody was
raised against a synthetic peptide of the cytoplasmic tail of the human liver MPR 46
protein and was affinity-purified on the immobilized peptide gel) is highly specific for
MPR 46 protein and was generously provided by Prof. Dr. K. von Figura, Goettingen,
Germany.

2.5. Affinity purification of anti-receptor antibodies on receptor affinity gel

Goat MPR 300 protein purified on phosphomannan gel was concentrated by Amicon
concentrator (PM 10 membrane) and 1 mg of the receptor was coupled to 1.0 ml of
Affigcl-10 in presence of 5 mM mannose 6-phosphate employing the conditions described
by the manufacturer. Antiscrum to purified goat MPR 300 protein was extensively
dialyzed against 10 mM Tris-HCl buffer pH 7.4 containing 150 mM sodium chloride
(column buffer) and then applied to the receptor affigel at 4 °C equilibrated with same
buffer. After extensively washing the gel with column buffer, bound IgG was specifically
eluted with three column volumes of 100 mM glycine- HC1 buffer pH 2.65. The eluted
protein was immediately neutralized with 2 M Tris, analyzed on a 7.5% SDS-PAGE under
non-reducing conditions and stored at 4 "C. From 10 ml of antiserum, 100 ug of purified
IgG was obtained.

2.6. Western blot analysis

To detect the specificity of the antibodies, goat liver MPR 300 protein and MPR 46 as
well as the chicken liver MPR 300 and MPR 46 that were affinity-purified on
phosphomannan gel were separated on a 10% SDS-PAGE and the proteins were trans-
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fcrred to a nitrocellulose membrane. The membrane was incubated with affinity-purified
goat MPR 300 IgG (10 ug) to detect goat and chicken MPR 300 proteins. To detect the
goal and chicken MPR 46 proteins, antiserum to purified goat MPR 46 protein (1:1000
dilution) and MSC1 antibody (8 ug) were used as the primary antibodies. The receptor
bands were finally detected by incubating the membrane with the secondary antibody
(goat anti-rabbit IgG conjugated to alkaline phosphatase) followed by incubation with the
substrate (Bangalore Genci, Bangalore).

2.7. Extraction of membrane proteins from the tissues

One gram of each tissue was processed to get the membrane proteins as follows [6j. An
amount 1 ml of 100 mM sodium acetate buffer pH 6.0 containing 0.2 M NaCl, 5 mM
iodoacetamide, 1 mM EDTA and 1 mM PMSF was added to 1 g of the tissue that has been
minced well. The suspension was thoroughly homogenized and centrifuged for 40 min at
40000 rpm in an ultracentrifugc and the soluble extract was discarded. The pellet was then
extracted with 50 mM imidazole HC1 buffer pH 7.0 containing protease inhibitor (1 mM
PMSF), 1 mM EDTA and 0.5% Triton X-100 and incubated on ice for 15 min. The
suspension was re-centrifuged in an ultracentrifuge as above to get the clear membrane
extract. The pellet was re-extracted once to obtain membrane proteins. Protein concen-
tration in the combined extracts was determined by Peterson's [9] method using BSA as
standard.

2.8. ELISA method for the quantification of the purified receptors

Affinity-purified antibodies against MPR proteins were adsorbed to microtiter wells of
an ELISA plate (96 wells) for 4 h at 37 °C (250 ng of affinity-purified goat MPR 300
antibody or 1 ug of affinity-purified MSC1 antibody, in 50 ul of 25 mM Tris-HCI, pH
7.0). The wells were washed with 200 ul of 25 mM Tris-HCI buffer pH 7.0 and
incubated overnight at 4 °C/1 h at room temperature with 200 ul of buffer C (5% lipid-
frce milk powder. 0.05% Triton X-100, 10 mM sodium phosphate, 150 mM NaCl pH
7.4). Fifty microliters of receptor-containing solution (0.5-10 ng) of purified MPR 300
or MPR 46 from goat liver, or different tissue extracts of goat and chicken (0.5 5.0 ug
concentration diluted in Buffer C) (quantitation of protein was done according to
Peterson), was bound for 2.5 h at 37 DC. The wells were washed four times with 200
ul of buffer D (0.05% Triton X-100, 10 mM sodium phosphate, 150 mM NaCl pH 7.4)
followed by incubation with 200 ul of buffer C for 30 min at 37 °C. Subsequently, 50 ul
of diluted rabbit antiserum against M6P receptors (dilution in buffer C, 10 ' for MPR
300 antiserum or 10 : for MPR 46 antiserum) was added and the plate incubated for 1 h
at 37 °C. After washing four times with buffer D, goat anti-rabbit IgG conjugated to
alkaline phosphatase (Bangalore Genei) (dilution 1:2000 in buffer C) was added and
incubated for 1 h at 37 °C. The wells were washed four times with buffer D and one time
with 200 ul of buffer E (0.1 M Tris-HCI, 0.1 M NaCl, 2 mM MgCI:, pH 9.5). The
colour was developed with p-nitrophenyl phosphate (1 mg/ml in buffer E) for 10 to 20
min at room temperature and the absorbance was measured at 405 nm in a microplate
ELISA reader.
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3. Results and discussion

When the total membrane extract from goat liver as well as chicken liver was passed
through separate phosphomannan Sepharose gels and the bound proteins eluted specifi-
cally with 5 mM mannose 6-phosphate and analyzed on SDS-PAGE consistent with our
earlier findings, both MPR 300 and MPR 46 protein bands could be detected from both
species. Both proteins could be completely separated from one another by passing the
mixture on phosphomannan Sepharose gel in presence of 2 mM EDTA as described under
Materials and methods. Eluted and unbound fractions showed MPR 300 and MPR 46,
respectively, in both species (Fig. 1). Antiserum to the purified goat MPR 300 and MPR
46 receptors was separately raised in two rabbits as described under Materials and
methods.

Our earlier studies established that an antibody to the goat MPR 300 protein cross-
reacts with the receptor from the chicken and reptiles [4]. Affinity-purified MSC1 antibody
is highly specific for MPR 46 and has been shown to recognize the MPR 46 receptors
from goat and different non-mammalian vertebrates |4|. In the present study, an antibody
was raised for the purified MPR 46 protein from the goat liver.

The authenticity as well as the specificity of both proteins was further confirmed by
Western blot studies. From Fig. 2a, it is clear that the purified goat and chicken liver MPR
300 protein react specifically with an affinity-purified goat MPR 300 antibody. MPR 46
from both species could also be detected specifically using an antiserum to goat MPR 46
protein as well as by the affinity-purified anti-MSCl antibody (Fig. 2b). These different
receptor specific antibodies were used to develop an ELISA method to quantify MPR 300
and 46 receptors.

Fig. I. 10% SDS-PAGE under reducing conditions of purified MPR proteins from goat (lanes 2 and 3) and
chicken (lanes 4 and 5). Lane 1 standard markers, lanes 2 and 4 MPR 300 (aliquot of eluted sample) and lanes
3 and 5 MPR 46 (aliquot of unbound sample).



Fig. 2. Immune) blot analysis of purified receptors, Details are given in the texl. (a| Lanes 1 and 2 represent goal
and chicken MPR 300 proteins, respectively, reacted with affinity-purified anli-goal MPR 300 antibody. Arrow
indicates position of MPR 300 protein, (b) Purified MPR 46 goat (lanes I and 2) and chicken (lanes 3 and 4).
Lanes I and 3 treated with anti-goat MPR 46 antisemm and lanes 2 and 4 trealed with affinity-purified MSC1
antibody. Arrow indicates position of MPR 46 protein.

In order to establish precisely the concentration of the receptor that could be detectable

by the antibodies developed, in an EI.1SA method, initial ELISA was carried out

employing purified goat MPR 300 and MPR 46 protein. From Fig. 3, it is clear that the

Fig. 3. Standard curve with purified goat MPR 300 (a) and MPR 46 (b). ELISA was carried out as described under

the Materials and methods. A representative experiment, from a total of five, is shown.
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level of detection of the MPR 300 and MPR 46 lies in the range of 1 - 10 ng. Using these
standard graphs, the receptor concentration was quantified by ELISA employing the total
membrane extract obtained from the liver tissue of goat (mammalian vertebrate) and
chicken (non-mammalian vertebrate). With an increase in the protein concentration, there
was a linear increase in the detectable range of MPR 300 and MPR 46 receptors for both
species (Fig. 4).

Fig. 4. ELISA lo delect the MPR proteins in the liver membrane extracts of goat (a and b] and chicken (c and d).
(a) and (c) represent MPR 300, (b) and (d) represent MPR 46. Fifty microliters of membrane extract at varied
protein concentration was incubated with 250 ng of affinity-purified anti-goat MPR 300 antibody or with I u.g of
affinity-purified MS01 antibody. The assay was performed as described under Materials and methods. A
representative experiment, from a total of four, is shown.
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TISSUE MPR 300 MPR 46

Fig. 5. Quantitalion of MPR 3(X> and MPR 46 in different tissues of goat and chicken. ELISA was performed as
described under Materials and methods. Data are average values of three independent experiments. The bars
indicate standard deviations.

Having established the method developed which can be used to quantify the receptors
in liver tissue, we analyzed the levels of both receptor proteins from other different tissues
(heart, spleen, kidney and brain) of goat and chicken. Results of these experiments arc-
shown in Fig. 5.

Comparison of the levels of MPR 300 and MPR 46 in different tissues of goat and
chicken indicates that the levels of MPR 300 and MPR 46 arc variable. However, the
levels of MPR 46 among different tissues of chicken are higher than those found in goat.

The results obtained in the present study clearly demonstrate the specificity of the
receptor specific antibodies from a mammalian species to detect putative homologous
receptor proteins among different vertebrate species. Due to the high sensitivity of the
assay microgram, amount of tissue proteins is sufficient for the quantification of the MPR
proteins. Further, the solid phase assay allows us to process many samples at a time. The
data allow us to compare the levels of both receptors in different tissues of goat and
chicken. Our earlier studies have already confirmed that both MPR 300 and MPR 46
receptors are consistently present among all vertebrates including fish, with biochemical
and immunological properties similar to the goat receptors [5]. Using the ELISA method
developed in the present study, it is possible to quantify the receptors from different
vertebrates and also allows us to compare the steady state concentration of the two
receptors in different tissues of the same animal species or different species, which have so
far been shown to contain both receptors. The method can be well extrapolated to quantify
the receptors in different animal species at different stages of growth and development.
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Abstracl

In a recent study, we have developed an ELISA method lo quantify the mannose 6-phosphate
receptor (MPR) proteins [.I. Biochem. Biophys. Methods 52 (2002) 111]. In the present study, we
have used the goat MPR 300 antibody and peptidc specific antibodies to human MPR 46 to develop
simple and efficient iminuno-alTiniry matrices, which can be used to purify the MPR proteins from
goat liver in a single step. The identity of the immuno-alfmity purified receptors is confirmed by
their molecular masses as well as by their immunoreactivity.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Mannose 6-phosphate receptor proteins mediate transport of lysosomal enzymes in
etikaryotcs. Two receptors designated as MPR 300 and MPR 46 based on their
apparent molecular masses have been extensively characterized in mammals [1],
Receptors with similar molecular mass and biochemical and immunological character-
istics have also been identified from different non-mammalian vertebrates such as fish,
amphibians, reptiles and birds [2]. Further a partial cDNA clone isolated for the fish
MPR 300 protein revealed extensive sequence homologies among the different
vertebrate MPR 300 proteins [3], Recently, the MPR"s have also been identified from
the invertebrate molluscs [4]. Though extensive work has been carried out on these
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receptors from mammals, very little is known about their functions in other animal
species. There has been no published information on the immuno-at'finity purification
of these receptors. Our laboratory has raised polyclonal antibodies to the purified goat
receptors. Additionally, peptide specific antibodies were raised for distinct peptide
sequences of the cyloplasmic tail of the human MPR 46 protein. In the present paper,
we describe the development of a simple immuno-affinity method for the purification
of the goat mannose 6-phosphate receptor proteins. In view of the similar biochemical
and immunological properties exhibited by both the receptors among different animal
species, this method should be useful to isolate and purify the receptor proteins in a
single step from membrane extracts of animals that contain the receptors.

2. Materials and methods

2.1. Materials

Fresh goat liver tissue was obtained from the local slaughter house and transported
on ice to the laboratory for use. O-phosphonomannan was a generous gift from Dr.
M.E. Slodki, USDA, Peoria, IL, USA. Scpharose 4B. divinylsulfone, Frcund's
adjuvant (complete and incomplete), acrylamide. and bisacrylamide were purchased
from Sigma, USA. Affigcl-10 was purchased from BioRad Laboratories, USA. All
other chemicals and reagents used in this study were of high quality and purchased
from reputed firms locally.

2.2. Affinity purification of goat MPR 300 protein and raising antibodies

Sepharose-phosphomannan was prepared as described earlier and the goat MPR 300
protein was purified to homogeneity from liver membrane extracts. Antibodies were raised
for the purified receptor in a rabbit. From the antiseruni, MPR 300 specific Ig(i was isolated
on goat MPR 300-aflfigel as described [5],

2..I Preparation of peptide specific antibody Jar the human MPR 46 protein

Peptides corresponding to residues 237-253 (peptide A) (ADGCDFVCRSKPRBVPA)
and residues 259-276 (peptide B) (GDDZLGEtiSEERDDHLLP) of the eytoplasinic tail of
human MPR 46 (numbering of the tail starts with Arg-212 [Pohlmann et al.. PNAS
1988, 84J) were synthesized using F-moc-protected. PyBOP-(benzotriazol-l-yl-oxy-n-«-
pyrrolidinophosponium hexafluorophosphate) activated amino acids on an automatic
peptide synthesizer (Milligen 9050, Eschbom, Germany) and were kindly provided by
Prof. Dr. K. von Figura (Goettingcn, Germany). The peptide was purified by reverse-
phase chromatography and conjugated to keyhole limpet hemocyanin using glutaral-
dehydc [6], The conjugate (corresponding to 0.025 mg peptide in 500 \i\) was mixed
with equal volume of Freund's complete (first injection) or incomplete (booster
injections) adjuvant and injected subcutancously into rabbit. Booster injection was
given 4 weeks after the first injection at biweekly intervals.
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2.4. Preparation of the affinity gels containing goat MPR 300 and MPR 46 synthetic
peptides

Affinity gel containing purified goat MPR 300 was prepared as described [5], Peptides
A and B were coupled to affigel-10 following manufacturer's instructions. Briefly. 2 ml of
affigel-10 was extensively washed in a 10 ml sintered syringe with 7 to 10 bed volumes of
chilled isopropanol. followed by water and 100 mM HF.PES buffer pH 7.4. Finally to this,
peptides A and B (10 mg/ml in 100 mM HHPF.S buffer pH 7.4) were added. Coupling was
allowed to proceed for 24 h at 4 °C. The unbound fraction was collected, and the
unreacted sites in the gel were blocked with 0.1 ml of 1 M ethanolamine-hydrochloride
pH 8.0 for 1 h. Finally, the gel was washed extensively with PBS and stored at 4 °C in
PBS until use. Four milligrams of 237 and 3.5 mg of 259 peptides per ml were coupled.

2.5. Isolation of peptide specific IgG (237 and 259) for MPR 46

Antisera to MPR 46 synthetic peptides were separately dialyzed against 10 mM Tris
HCI buffer pH 7.4 containing 150 mM sodium chloride (column buffer) and then applied
to the respective peptide-MPR 46 affigels at 4 "C equilibrated with the same buffer. After
extensively washing the gel with the column buffer, bound IgG was specifically eluted
with three column volumes of 100 mM glycine-HCI buffer pH 2.65. The eluted protein
was immediately neutralized with 2 M Tris. analyzed on a 7.5% SDS-PAGF under
nonreducing conditions and stored at 4 °C. Yields of specific IgGs were comparable with
our earlier findings [5].

2.6. Preparation of imtmmo-affinity gels

MPR 300 specific IgG (2 mg) as well as MPR 46 synthetic peptide specific IgG (5.5
mg of 237 and 2.0 mg of 259) were coupled separately to 1 ml of affigel-10 as described
above.

2.7. Isolation of total membrane proteins from goat liver tissue

2. 7.1. lmmuno-affinity purification of goat MPR 300
All operations were performed at 4 "C. Total membrane proteins were obtained a.s

described [7]. Fresh/frozen goat liver (100 g) was diced, and homogenized for 1 min with
the help of a homogenizer in 200 ml of a solution containing 0.1 N acetic acid, and 0.1 M
NaH2PO4. The homogenate was centrifuged for 15 min at 10,000 xg. The pellet was
washed once with 350 ml of distilled water and the suspension recentrifuged at the same
speed. The pellet was resuspended in 750 ml of imidazole-HCl buffer pH 7.0 containing
0.4 M KCI and 1% Triton X-100. The suspension was stirred for 60 min and then
centrifuged for 60 min at 22.000 x g (Heraues, Biofuge Stratos, Germany). The pH of the
supernatant was adjusted to 6.5 with 2 N acetic acid and immediately subjected to
immuno-affinity chromatography on a column, equilibrated with imidazolc HCI buffer
pH 6.5, containing 150 mM NaCl, 0.05% Triton X-100 and 0.02% NaN, (column buffer).
The gel was washed extensively with the column buffer. Finally, bound protein was eluted
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with glycinc -HC'l buffer pH 2.65. Aliquot of the protein was TCA precipitated, and
subjected to SDS-PAGE analysis and also for western blotting.

2.7.2. Immww-qffinity purification of the goat MPR 46 protein
For the purification of the goat MPR 46 protein, total membrane extracts were prepared

from the acetone powder of the goat liver tissue as described [8], This was applied to the
peptide affigels. equilibrated with (Tris-HCl buffer pH 8.0 containing 0.01% Triton X-
100). The gels were extensively washed with the same buffer and bound protein was
elutcd using 100 mM glycine-HCI buffer pH. 2.65. The protein eluted was neutralized
and analyzed by SDS-PAGE [9] and the MPR 46 receptor identified by silver staining
[10]. In order to further characterize the binding of the goat MPR 46 protein to the peptide
IgG gel, 2 ug of purified goat MPR 46 protein was iodinated with 100 uCi of Na'25I using
iodogen, as described to a specific activity of 1 x 107 cpm/ug [11].

2.8. Itnmunoprecipitation of MPR 46 using iodinated goat MPR 46 protein

Radiolabeled goat MPR 46 protein (50,000 cpm) was applied on both the peptide -
affigel columns, equilibrated with Tris-HCl buffer pH. 7.4 containing 150 mM NaCl.
After washing the gel with the same buffer, bound radioactivity could be specifically
elutcd using 100 mM glycine-HCI butter pH 2.65. In a separate experiment. 50.000 cpm
of the iodinated goat MPR 46 protein was incubated with different concentrations of
affinity purified 237 peptide IgG (30-65 ug) in a total volume of 50 ul of PBS in 0.02%
Twcen 20. After an overnight incubation in cold, the samples were treated with 20 ul of
pansorbin (Calbiochem). Pansorbin pellets were washed with PBS Tween and the
specific radioactivity bound to the pellets were counted using a gamma-ray counter.
Pellets were then cooked with SDS sample buffer and the clear supematants subjected to
10% SDS-PAGE analysis. These studies were done only for 237 peptide specific antibody.

3. Results and discussion

Our long-term objective is to understand the structure and function of mannose 6-
phosphate receptors from different animal species and to establish their evolutionary
pattern. Towards achieving these goals, we have first identified mammalian homologous
of MPR 300 and 46 among different nonmammalian vertebrates [3], and more recently
established the appearance of both MPR proteins among the invertebrate molluscs [4|. In a
recent study, it has been shown by us that the mannose 6-phosphaie receptor proteins
(MPR 300 and 46) from different animal species can be quantified using an EL1SA
method, employing antibodies to purified goat MPR 300 protein, and goat MPR 46 protein
and an MSC1 antibody (that is specific to the cytoplasmic tail of the human MPR 46
protein) respectively [5].

In the present study, new methodology was developed for the purification of the goat
MPR 300 and 46 proteins, using immuno-afTinity matrices. As a first step towards
developing immuno-afTinity matrices for the purification of mannose 6-phosphale receptor
proteins, polyclonal antibodies to the purified goat MPR 300 and peptide-specific anti-
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bodies corresponding to the distinct regions of the cytoplasmic tail of the human MPR 46
protein were raised in rabbits.

From these antisera, MPR 300 specific IgG was purified on immobilized MPR 300
affigel. From 10 ml of antiserum, 100 ng of the specific IgG could be obtained. Fig. 1
shows the migration of specific IgG on 7.5% denaturing gel in the absence of reducing
agents. From 7 ml of the peptide specific antiserum. 1.5 mg of 237 IgG was obtained and
from 10 ml of the peptide specific antiserum 1.35 mg of 259 IgG could be obtained.
Additional quantities of peptide specific IgG's were obtained by applying additional
antisera on the respective peptide- affigels.

Purified MPR 300 specific IgG could be coupled to affigcl at a concentration of 1 mg/
ml, and the peptide specific IgGs at a concentration of 5.5 mg and 2.0 mg per ml of affigcl.
When the membrane extracts of goat liver were passed through the MPR 300 IgG gel, as
described under materials and methods the receptor bound to the gel and could be
specifically eluted using 100 mM glycine HC1 buffer pH 2.65. Protein (140 ug) was
obtained from 100 g of tissue. Fig. 2A shows the SDS-PAGE of the receptor. (The receptor
purified on phosphomannan-sepharose gel served as control.) In order to confirm that this
protein is indeed the putative goat MPR 300, an aliquot of the eluate was electrophoresed
and subjected to western blot analysis using anti-goat MPR 300 antiserum. From Fig. 2B,
it is apparent that the protein is the goat receptor.

When the total liver membrane extracts from goat were applied on cither of the peptide
gels, and eluted with 100 mM glycine- I1C1 buffer pH 2.65, protein could be elulcd from
the gel and the 46 receptor band could be visualized on a 10% SDS-PAGE gel (data not
shown). In order to further characterize the binding of the goat MPR 46 onto either of the

Fig. I. 7.5% SDS-PAGF. analysis of the Goat MPR 3(X> IgG purified on goal receptor gel under nonreducing
conditions; lane 1, standard molecular weight markers: lane 3. arrow indicates position of purified IgG.
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Fig. 3. 10% SDS-PACiF. analysis of the iodinated goat MPR 4o on 2.17 and 259 neptide affigels (lanes I and 3
unbound fractions and lanes 2 and 4 clutions). M and 1) denote the monomer and SDS-resistant dinicr of MPR 46,

affinity gels, the receptor elutcd fTom the 237 peptidc gel was concentrated and an aliquot
of the same was acetone precipitated and radioiodinated.

When 50,000 cpm of the radioiodinated goat MPR 46 receptor was applied to 0.2 ml of
the 237 and 259 IgG gels, 7000 cpm of the goat receptor could be specifically eluted from
the gels using glycine-HCI buffer pH 2.65 (the counts could be completely TCA
precipitated). A fraction of the receptor also appeared in the unbound fraction (Fig. 3).
Additionally, the appearance of the SDS-resistant dimcr of the goat receptor in addition to
the monomer in the eluates of both gels confirms that the receptor bound to the gels.

In an additional experiment when 50,000 cpm of radioiodinated MPR 46 was incubated
with different concentrations of the affinity purified 237 peptidc specific IgG (30-65 ng),
binding of the receptor to the IgG was found to be linear (Fig. 4), supporting the specificity
of recognition.

From the above data, it is evident that the immuno-affinity matrices can be used to
purify the receptors from membrane extracts of the goat liver. It has earlier been shown

Fig. 2. (A) 10% SDS-PAGE analysis of MPR .100. Lane 1. standard molecular weight markers; lane 2. goal MPR
300 purified on immuno-affinity gel; lane 3. goat MPR 300 purified on PM gel (arrow indicates the position of
receptor). (B) Immuno-blot analysis of goat MPR 300 purified on immuno-affinity gel (lane 1), purified on PM
gel (lane 2) (•possible pruteolytic products).
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Fig. 4. Immunoprecipitation of the 237 peptide specific IgG using iodinated goat MPR 46 protein. Inset (lanes I
N correspond 10 the concentrations of IgG taken, details given under Materials and methods) shows the SDS-
PAGI: analysis of the precipitated receptor. M and D denote the monomer and dimcr forms of the receptor
specifically immunoprecipitatcd using the 237 IgG.

that both the MPR 300 and 46 proteins, among the different vertebrate species show
biochemical and immunological characteristics similar to the well studied mammalian
receptors, suggesting that both the proteins arc evolutionarily conserved [2], Further the
antiscra to goat receptors (MPR 300 and 46) and the amisera to MSC1 antibody have been
recently used in an ELISA to quantify the receptors from different animal species [5]. In
view of these available information, it is possible that the immuno-affinity matrices
developed in this study can be useful in large scale isolation of the receptors from non-
mammalian vertebrate animal species or from cell lines in a single step. Availability of
large quantities of purified receptors will be useful to analyze their structure and functions.
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