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Molecular cloning of goat Mannose 6-phosphate
receptors, MPR 300 and 46

Koduru Suresh, Suryanarayana Raju Vegiraju and Siva Kumar Nadimpalli
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Hyderabad 500 046, India

Mannose 6-phosphate receptor proteins (MPR 300 and 46) are type 1 transmembrane glycoproteins that mediate transport
of lysosomal enzymes to lysosomes. In a recent study we have purified both receptors from goat liver and raised antibodies.
An ELISA method was developed that allowed quantification of both receptors in different tissues of goat and chicken and
an immuno-affinity method was also developed to purify the receptors. In the present study to understand the structural
similarities of the goat receptors to other known receptor proteins, we have prepared cDNA clones for both receptors by
RT-PCR approach. A partial cDNA clone (1.368 kb) for the MPR 300 protein, and a full length cDNA clone (0.84 kb) for the
MPR 46 protein were obtained. MPR 300 exhibits typical conserved cassette structure in the amino terminal domain similar
to other known vertebrate MPR proteins with the conserved cysteine residues and the ligand binding arginine residue in
the third domain. MPR 46 exhibits high degree of sequence homology to other known MPR proteins with the conserved
cysteine residues, the transmembrane domain and the cytoplasmic tail. mRNA transcript size for both receptors were
comparable with that of other vertebrates.
Published in 2004.
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Introduction

The bovine and human mannose 6-phosphate receptor proteins
(MPR 300 and 46) mediate transport of lysosomal enzymes and
have been extensively characterized [1]. cDNA sequence for the
chicken MPR 300 has been reported [2] and only a partial cDNA
clone for chicken MPR 46 is published [3]. Similar proteins
have been identified by us in non-mammalian vertebrates such
as reptiles, amphibians [4] and in the earliest vertebrate fish
[5]. A partial cDNA clone for the fish MPR 300 reported by
us suggests that MPR 300 protein exhibits conserved cassette
structure in the extracellular domain among all vertebrates [6].
Among the invertebrates, the first report on the presence of
MPR 300 in the molluscs came from our studies [7]. Recently
the putative MPR 46 in the mollusc was also identified [8].

The extracytoplasmic domain of MPR 300 (mammalian,
chicken) is comprised of 15 repetitive units which share sig-
nificant sequence similarity with each other and also with the
single unit that constitutes the extracytoplasmic domain of MPR
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46. Further the repetitive domains of known MPR 300 proteins
also exhibit 14–38% sequence homology [9]. The long term ob-
jective of our laboratory is to understand the structure, function
and evolution of MPR proteins. In a recent study our laboratory
purified and developed antibodies to the goat MPR proteins
and using these antibodies an ELISA method was developed
to quantify the receptor proteins from different tissues of goat
and chicken [10]. In addition an immuno-affinity method was
developed to purify the MPR proteins [11].

To further understand the function of both the goat receptors,
it is necessary to obtain their sequence information. Therefore
the objective of the present study was to obtain cDNA clones for
both receptors. The strategy adopted was to isolate total RNA
from goat liver tissue and make RT-PCR experiments using
primers designed by multiple sequence alignment of the known
MPR 300 and 46 protein sequences. PCR products were cloned
and the cDNA sequenced. This approach not only facilitated to
know the sequences of these receptors but also enabled us to
make a structural comparison of the receptors.

Materials and methods

All reagents and kits were purchased from reputed international
firms. Goat liver tissue was obtained from the local slaughter
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house under sterile conditions, carried on ice to the laboratory
and frozen at −80◦C.

Isolation of total RNA from goat liver tissue

Total RNA from goat liver tissue (20 mg) was isolated with the
RNeasy kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions. Purity and integrity of the RNA was
analyzed by agarose (1%) gel electrophoresis under denaturing
conditions [3].

Reverse transcriptase—Polymerase chain reaction

The following degenerate primer oligonucleotides were used
for amplification of cDNA fragments for goat MPR 300: sense
primer A (5′-CTGTGCAGTTACACA TGGGAAGC-3′), anti
sense primer B (5′-GGCATACTCAGTGATCCACTC-3′), anti
sense primer C (5′-GCCATACCACAGCTTCCCAATTYTG-
3′). To amplify cDNA fragments for goat MPR 46
the following primers were used: sense primer 1 (5′-
GTGGCAGTSAGAGAATCYTGGCAG-3′), sense primer
2 (5′-ATGATGTCCCCCCTCCACAGCTCC-3′) and anti
sense primer 3 (5′-TCACATTGGTAAYAARTGRTGATC-3′).
Reverse transcriptions (RT) were performed with the
Ominiscript kit (Qiagen, Hilden, Germany) following the
manufacturer’s instructions. One microgram of goat liver total
RNA was denatured at 65◦C for 5 min and immediately chilled
on ice. After addition of 20 pmols of respective anti sense
primers, first-strand cDNA synthesis was performed at 37◦C
for 1 hour. Then, 20% of the first-strand synthesis product was
amplified by polymerase chain reaction (PCR) with 1U HotStar
Taq polymerase (Qiagen, Hilden, Germany) and 12 pmol of
respective forward and reverse primers with following condi-
tions (95◦C × 15′; 94◦C × 1′; 55◦C × 1; 72◦C × 1–1.5′ for
30 cycles).

Transformation and isolation of MPR 300 and 46 DNA

The PCR products were analyzed on 1% agarose gel elec-
trophoresis. The single band obtained was excised, gel puri-
fied and subjected to TA cloning into pCR 2.1 TOPO vector
(Invitrogen) and transformed into OneShot chemically com-
petent cells supplied with the kit. For 46 cloning, in addition
to pCR 2.1 TOPO vector, pTZ57R, vector (MBI Fermentas)
was also used. The positive clones were selected by blue-white
selection and the plasmid DNA isolated using mini prep spin
column (Qiagen, Hilden, Germany). The size of the insert was
confirmed by restriction digestion of the plasmid DNA with
ECoRI for MPR 300 and with KpnI and PstI enzymes for
MPR 46.

Northern blot

Fifteen micrograms of total RNA from goat liver tissue was
subjected to denaturing agarose (1%) gel electrophoresis [3]
and transferred to Hybond N membrane (Amersham). Then,

the membranes were cross-linked for 45 s in a UV cross-linker.
Membranes were then incubated for 2–3 h at 42◦C in hybridiza-
tion buffer (100ug/ml heat-denatured salmon sperm DNA, 40%
formamide, 10% dextran sulfate, 1% Denhardt’s solution, 4.8
× SSC buffer, 10mM Tris-HCl buffer pH 7.4 and 1% sodium
dodecyl sulfate (SDS).

cDNA fragments of goat MPR 300 (1.368 kb) and MPR 46
(840 bp) obtained in this study were subjected to radiolabeling
with the random primer labeling kit (MBI Fermentas) α 32P
dCTP (11.1 × 1013 Bq/mmol). 32P labeled fragments were de-
natured at 98◦C for 5 min before dilution with hybridization
buffer. Hybridization was performed overnight at 42◦C. Mem-
branes were washed for 10 min at room temperature and 30 min
at 65◦C with 2× SSC buffer containing 0.1% SDS followed by
0.2 × SSC containing 0.1% SDS at 65◦C [12]. 32P was detected
by exposure 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.

DNA sequencing

Dideoxy dNTP dye terminator cycle sequencing was per-
formed according to the manufacturer’s instructions (Applied
Biosystems). Sequence comparisons were performed with the
CLUSTALW method [13].

Results

Isolation of partial cDNA encoding goat MPR 300

To get a partial cDNA sequence of the putative MPR 300 pro-
tein, we used the single strand cDNA of goat liver tissue pre-
pared, in a PCR experiment employing the following primer
pairs (sense primer A and anti sense primer B) that were de-
signed by multiple sequence alignment of the available se-
quences of the mammalian (human, bovine, rat, mouse) and
chicken MPR 300. In PCR a product equal to 800 bp size was
amplified covering partial 1st domain, complete 2nd domain
and partial 3rd domain of MPR 300. Therefore the fragment
obtained was gel purified for TA cloning into pCR2.1 vector.
Sequencing with vector derived primers revealed a 800 bp frag-
ment, that at amino acid level exhibited greater then 95–98%
similarity to the bovine and other known MPR proteins (data
not shown). In order to identify if the ligand binding region (3rd
domain in other MPR 300 proteins) is also conserved in goat
receptor, we have used the following primer pairs (sense primer
A and anti sense primer C). A 1.368 kb fragment was amplified,
which was gel purified and cloned as described above. When
the plasmid DNA was isolated and digested with EcoRI as de-
scribed under methods, the insert corresponding to 1.368 kb
was released (Figure 1A). In order to determine the mRNA
transcript size of the goat MPR 300 protein, the 1.368 kb frag-
ment of goat MPR 300 cDNA, was used as a probe in Northern
blotting which gave a 9.3 kb band (Figure 1B). Sequencing of
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Figure 1. (A) Goat total RNA was used for the first strand
synthesis using MPR specific primer (anti sense primer C).
For the amplification 2 µl of first strand synthesis product was
used along with MPR 300 specific primers (sense primer A and
anti sense primer C). Amplified product was subjected to 1%
agarose gel electrophoresis. Lane 1, standard DNA ladder, Lane
2, amplified product (1.368 kb), Lane 3, (←) fragment released
from the vector after digestion with E.CoRI. (B) Northern Blot
Analysis. 15 µg of total RNA isolated from goat liver tissue and
subjected to denaturing 1% agarose gel electrophoresis, trans-
ferred to hybond-N nylon membrane and hybridized with 32P
labeled goat MPR 300 specific cDNA fragment (1.368 kb).

the 1.368 kb fragment at amino acid level exhibited greater
then 95–98% homology to other known MPR 300 proteins
(Figure 2). This homology is strikingly similar in the highly
conserved cysteine residues, three potential glycosylation sites
and the arginine residue which is known to be involved in the
ligand binding at 3rd domain of other known MPR 300 proteins
(Figure 3). This cDNA clone covers the partial 1st domain, com-
plete 2nd, 3rd and partial 4th domain structures of the receptor.
These data allowed us to conclude that the 1.368 kb fragment
was derived from goat MPR 300 RNA.

Isolation of full length cDNA clone encoding goat MPR 46

To obtain a partial cDNA clone for the putative goat MPR
46 protein, single strand cDNA prepared by RT reaction was
used employing the primer described under methods. In PCR a
760 bp fragment was obtained employing the following primers
(sense primer 1 and anti sense primer 3). This was subcloned
into TA vector (pCR 2.1, Invitrogen) and the plasmid DNA iso-
lated and sequenced. The results showed extensive homologies
to the other known MPR proteins (data not shown). In order to
obtain a full length clone of the goat MPR 46 protein, we have
used the following primer combinations (sense primer 2 anti
sense primer 3). This resulted in obtaining a fragment of 840 bp
length which was subcloned into TA vector (pTZ57R, MBI Fer-
mentas). Plasmid DNA was isolated and digested with KpnI and
PstI, resulting in release of the 840 bp insert (Figure 4A). In
order to determine the mRNA transcript size of the goat MPR
46 protein, the 840 bp fragment of goat MPR 46 cDNA, was
used as a probe in Northern blotting which gave a 2.3 kb band
(Figure 4B).

From the results of nucleotide and deduced amino acid se-
quence (Figure 5), it is apparent that the single fragment of goat
MPR 46 cDNA contains a 840 bp sequence corresponding to the
ORF and the stop codon. The data clearly indicate the presence
of a 24 amino acid putative signal sequence, an extracytoplas-
mic domain, transmembrane domain and cytoplasmic domain
that are characteristic of MPR 46 proteins from other known
animal species. Structural comparison of the goat sequences to
other known receptor sequences is shown in Figure 6. These
data allowed us to conclude that the 840 bp fragment was de-
rived from goat MPR 46 RNA.

Discussion

The present study describes for the first time isolation and char-
acterization of cDNA clones for goat receptors another repre-
sentative species of mammals that has been shown by us to con-
tain the putative Mannose 6-phosphate receptor proteins [10].

Molecular cloning of goat MPR 300

The known cDNA sequences of MPR 300 proteins in the cod-
ing region are in the range of 7–7.4 kb prolonged to 9.5–11 kb
by 3′- and 5′-untranslated regions [3,14–16]. In a recent study
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Figure 2. Nucleotide and deduced amino acid sequence of 1.368 kb partial cDNA clone of goat MPR 300.
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Figure 3. Alignment of the amino acid sequence of 1.368 kb 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 conserved residues. The region between domain and domain is represented in shade.
@@@: indicates potential N-glycosylation sites. $: indicates the arginine residue involved for ligand binding.



262 Suresh, Vegiraju and Nadimpalli

Figure 4. (A) For the PCR amplification of full length clone, 2 µl
of first strand synthesis product was used along with MPR 46
specific primers (sense primer 2 and anti sense primer 3). Am-
plified product was subjected to 1% agarose gel electrophore-
sis. Lane 1, standard DNA ladder, Lane 2, amplified product
(840 bp), Lane 3, (←) fragment released from the vector after
digestion with KpnI and PstI. (B) Northern Blot Analysis. 15 µg of
total RNA isolated from goat liver tissue and subjected to dena-
turing 1% agarose gel electrophoresis, transferred to hybond-N
nylon membrane and hybridized with 32P labeled goat MPR 46
full length cDNA clone (840 bp).

a partial cDNA clone obtained for the fish MPR 300 protein by
us revealed that the receptors in the vertebrates have conserved
cassette structures in the extracytoplasmic region [6]. Since the
goat receptors have been biochemically characterized in our
laboratory [11], we set out to obtain their sequences using a
RT-PCR approach. Several lines of evidences support that the
partial cDNA clone (1.368 kb) obtained in this study indeed

represents the goat MPR 300 protein. First the amino termi-
nal portion of the sequence obtained is divided into domains
which show similar length as their chicken and other mam-
malian counterparts. Second, 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). Additionally the
partial MPR 300 sequence obtained by us for the fish receptor
[6] further supports the data obtained for goat MPR 300, that
the repetitive domain structure as well as the carboxy terminal
of each domain is conserved throughout vertebrates. Third, all
the conserved cysteines which have been suggested to form
disulfide bonds in bovine MPR 300 [17] and present in all
vertebrate species studied so far were also seen in the goat
receptor. Fourth, three glycosylation sites were found in the se-
quences obtained. Fifth, the critical arginine residue involved
in ligand binding is located in the third domain of the goat
receptor.

For bovine, human and chicken MPR 300 proteins, domains
3 and 9 have been shown to contain two independent binding
sites for mannose 6-phosphate containing ligands. Binding of
mannose 6-phosphate in both cases depends on a critical argi-
nine residue (R435 in domain 3 and R1334 in domain 9) [17].
Further, recent partial cDNA analysis of the fish MPR 300 also
reveals the presence of the critical arginine residue in domain 3
[6] that is important for ligand binding. The sequence obtained
for goat MPR 300 reveals the presence of a corresponding argi-
nine residue (R435) in domain 3, which is surrounded by the
highly conserved sequence motif CSSGFQRM (S/T)(V/I)INF
(E/Q)C. Taken together these data allow us to conclude that
the cDNA clone indeed represents goat MPR 300 protein. In
addition to the critical arginine residue, conserved in domain
3, other residues such as glutamine, serine, glutamic acid and
tyrosine identified for the bovine MPR 300 protein to be impor-
tant in carbohydrate binding [1] are also conserved in the goat
MPR 300 protein.

Molecular cloning of goat MPR 46

The known MPR 46 cDNA sequences are in the range of 830–
840 bp [1]. In the present study, first an attempt was made
to obtain a partial cDNA clone for the goat MPR 46 span-
ning the extracytoplasmic region of the receptor. Initially, using
the total RNA from the liver tissue, first strand cDNA synthe-
sis was accomplished using the anti sense primer 3. This RT
product was then amplified by PCR (sense primer 2 and anti
sense primer 3) and the product (760 bp) cloned into the vec-
tor. From the sequence results obtained for the partial cDNA
clone, it is clear that the fragment (760 bp) represents the MPR
46 cDNA.

By using the sense primer 2 and anti sense primer 3 in the
PCR reaction a fragment of 840 bp was amplified. From the
sequence results obtained, it is clear that the cDNA isolated is
the putative cDNA for MPR 46.
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Figure 5. Nucleotide and deduced amino acid sequence of goat MPR 46 full length cDNA clone. (↓) Putative signal sequence
cleavage site.

The most important observations and conclusions that can
be drawn from these results are as follows. First, the entire
cytoplasmic tail of the goat 46 protein is identical to other
known MPR 46 proteins [3]. Second, the transmembrane do-
main is highly conserved among all receptors. Third, the cys-
teine residues that aid in disulfide pairing in the amino ter-
minal domain of the receptor are highly conserved among all
receptors. Fourth the ligand binding residue arginine in the ex-
tracytoplasmic domain is also conserved in goat protein. Fur-
ther the potential N-glycosylation sites (five) have been found
to be conserved in the goat receptor. Additionally from the
crystal structure of bovine MPR 46, it is evident that sev-
eral other residues are important and are found in the bind-
ing pocket. These include the cysteine 134 and 169 that are
known to form the disulfide bonds. In addition to histidine
133 and arginine 139, aspartic acid 131 and glutamic acid 129
are known to interact with Mn+2. Additionally several amino
acids have been implicated to play a crucial role in forming
hydrogen bonds with the hydroxyl groups of mannose [18].
The sequences obtained for goat MPR 46 (Figure 6) exhibit
high degree of homology to the bovine receptor in the sugar
binding pocket. The present study provides the first evidence to

show that the goat MPR 46 protein sequences are homologous
to other known MPR 46 sequences and to the partial chicken
MPR 46 sequence [3], suggesting that this receptor is highly
conserved.

From literature it is also known that the mammalian MPR
300 and 46 sequences exhibit homology with each other in the
extracytoplasmic region [9]. The extracytoplasmic domain se-
quence of goat MPR 46 also exhibits 26–28% homology with
bovine, human and mouse CI-MPR proteins. From Table 1, it
is evident that both MPR 300 and 46 receptor functional re-
gions are evolutionarily conserved among different species in
the vertebrates. Only a partial sequence of the fish MPR 300
protein is published [6]. Recent biochemical and immunologi-
cal studies revealed the presence of both putative receptors in
the invertebrate mollusc [8]. It would be interesting to obtain
complete sequence information of the fish and mollusc recep-
tors, 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 focused
on these lines.
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Table 1. Similarity in various regions of the goat MPR 300 and MPR 46 (italics) to other known MPR proteins

Size of cDNA Ligand binding Size of
mature clone Conservation region sequences (in Potential N- RNA
protein size Repetitive domain sequence/ of cystein 3rd domain for MPR glycosylation transcript

Species (kDa) (kb) transmembrane domain residues 300) sites (kb)

Bovine 300 7.497 DL(N/Q)(P/A)L Yes CSSCHQRMSV Conserved ∼9.5
46 0.840 ILLVTLASLVAVYIIGGFLY Yes DNHCGREQRRA Conserved ∼2.3

Human 300 7.473 DL(N/T/S)(P/A)L Yes CSSGFQRMSV Conserved ∼9.4
46 0.837 ILLVTFASLVAVYVVGGFLY Yes DNHCGKEQRRA Conserved ∼2.3

Mouse 300 7.446 DL(N/S)(P/V)L Yes CSSGFQRMSV Conserved ∼10.0
46 0.837 ILLVIFASLVAVYIIGGFLY Yes DNHCGKEQRRA Conserved ∼2.3

Goat 300 Partial DL(N/Q/S)(P/A)L Yes CSSGFQRMSV Conserved ∼9.3
46 0.840 ILLVTFASLVAVYIIGGFLY Yes DNHCGREQRRA Conserved ∼2.3

Chicken 300 7.410 DLSPL Yes CSSGFQRMTV Conserved ∼11.0
46 Partial ILLITFSALVTVYIVGGFLY Yes – Conserved ∼3.3

Fish 300 Partial DLS(P/R)L Yes CSSGFQRMTI Conserved ∼13.5
46 – – – – – –

Figure 6. Alignment of the amino acid sequence of full length goat MPR 46. Amino acids were aligned by clustalw method. ∗:
indicates the conserved residues. @@@: indicates potential N-glycosylation sites. $: indicates the arginine and histidine residues
involved in ligand binding. : indicates the transmembrane domain.
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