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Expression, purification, refolding and

crystallization of the carbohydrate-recognition
domain of p58/ERGIC-53, an animal C-type lectin
involved in export of glycoproteins from the

endoplasmic reticulum

pS8/ERGIC-53 is a mammalian calcium-dependent lectin that serves
as a glycoprotein-sorting receptor between the endoplasmic reti-
culum (ER) and the Golgi complex. It is a type I transmembrane
protein with two lumenal domains, one of which is a carbohydrate-
recognition domain (CRD) and homologous to leguminous lectins.
The CRD of p58, the rat homologue of human ERGIC-53, was
overexpressed in insect cells and Escherichia coli, purified and
crystallized using Li,SO, as a precipitant. The crystals belong to space
group 1222, with unit-cell parameters a = 49.6, b = 86.1, ¢ = 128.1 A,
and contain one molecule per asymmetric unit, corresponding to a
packing density of 2.4 A’Da™". Knowledge of the structure of
pS8/ERGIC-53 will provide a starting model for understanding
receptor-mediated glycoprotein sorting between the ER and the
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Golgi.

1. Introduction

Secretory proteins undergo multiple rounds of
quality control within the endoplasmic reti-
culum (ER) to ensure that only correctly
folded proteins reach their final destinations in
eukaryotic cells (Ellgaard et al., 1999). Trans-
port vesicles that bud from the ER initially fuse
or mature into the ER-Golgi intermediate
compartment (ERGIC), where segregation
between resident and secretory proteins takes
place (Aridor et al., 1995; Bannykh & Balch,
1997). Growing evidence suggests that export
of secretory proteins from the ER is selective,
at least for some proteins (Klumperman, 2001;
Mitsuno & Singer, 1993). The exit step there-
fore appears to require transmembrane cargo
receptors. These proteins should have a cyto-
plasmic tail recognized by COPII coatomer
proteins, a transmembrane domain and a
cargo-binding domain in the ER Ilumen
(Herrmann et al., 1999). ERGIC-53 (human),
and its rat homologue p58 (Saraste et al., 1987;
Lahtinen et al., 1996), is a mannose-selective
lectin (Itin et al, 1996) and is the most
commonly used marker for the ERGIC
compartment (Saraste & Svensson, 1991;
Hauri & Schweizer, 1992; Hauri et al., 2000). It
has been shown to act as a cargo receptor for
some glycoproteins (Appenzeller et al., 1999;
Hauri et al., 2000). Mutations in ERGIC-53
lead to a bleeding disorder known as combined
deficiency of coagulation factors V and VIII
(Nichols et al., 1998). p58/ERGIC-53 is an
unglycosylated type I transmembrane protein
with lumenal, transmembrane and cytoplasmic
domains. The lumenal domain consists of a

carbohydrate-recognition domain (CRD),
which displays weak homology to leguminous
lectins, and a putative oligomerization domain,
which is responsible for the formation of
dimers and hexamers of this protein (Lahtinen
etal.,1999; Hauri et al., 2000). Other genes with
low but significant sequence homology to p58/
ERGIC-53 have recently been identified,
suggesting that these proteins define a new
family of animal lectins involved in quality
control in the secretory pathway (Fiedler &
Simons, 1994, 1995). In the following, we use
the name p58 as a synonym for ERGIC-53.

Here, we describe the purification, crystal-
lization and preliminary X-ray diffraction
analysis of the CRD of p58. Knowledge of the
three-dimensional structure of p58 will allow a
better understanding of its function in the
secretory pathway.

2. Methods and results
2.1. Protein production in insect cells

The CRD of p58 (residues 1-285) was
defined by a combination of sequence align-
ment, secondary-structure prediction and
limited proteolysis of a longer construct which
also contained part of the oligomerization
domain and consisted of residues 1-428 of the
p58 sequence (Fig. 1). We used the same
expression and purification protocol for both
the CRD and this longer construct. Residues
1-285 of p58, corresponding to the putative
CRD (Fig. 1) and including an insertion of a
Hisq tag between residues 34 and 35, were
amplified by PCR using the p58 cDNA
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Figure 1

Different constructs of p58 used for protein production/crystal-
lization. Residue numbers are indicated for domain borders. (a) that the
CRD expressed in E. coli. (b) CRD expressed in insect cells. (¢) The
initial construct, containing part of the oligomerization domain,
used for crystallization attempts and determination of the CRD
boundaries. The wild-type form of the protein (d) is shown for
carbohydrate-recognition
domain; H, Hise tag; S, signal sequence; O, putative oligomerization
domain; TM, transmembrane domain; C, cytoplasmic tail.

comparison. Abbreviations: CRD,

(Lahtinen et al., 1996) as a template. Resi-
dues 1-30 constitute the native signal
sequence for translocation through the ER
membrane and are cleaved upon the secre-
tion of the protein into the medium. BamHI
and HindIII sites were introduced upstream
and downstream of the fragment, respec-
tively. The PCR-generated fragment was
cloned into  BamHI/HindIII-restricted
pFASTBacl transfer plasmid (Life Tech-
nologies). The recombinant pFASTBac-
plasmid was transformed into DH10Bac
cells and recombinant bacmid DNA was
isolated. Sf-9 cells (600ml) at 2 x 10°
cellsml™' were infected with high-titre
baculovirus stocks. 4 d after infection the
cells were removed by centrifugation and
the culture medium was concentrated using
an Ultrasette ultrafiltration device (Pall
Gelman Laboratories, Ann Arbor, MI,
USA). The concentrated medium was incu-
bated in the presence of Ni-NTA beads
(Qiagen) for 120 min. The beads were
washed three times with 20 mM Tris-HCl
pH 8.0, 0.3 M NaCl, 10% glycerol, 5 mM
CaCl, and once with 10 mM imidazole in the
same buffer. The protein was eluted with the
same buffer containing 100 mM imidazole,
concentrated to 10mgml~', dialyzed
against 10 mM Tris pH 7.5, 2 mM CaCl, and
stored at 193 K.

2.2. Protein production in E. coli

Residues 31-285 of p58, corresponding to
the putative CRD, were amplified by PCR,
with the insertion of Ncol and Hindlll

restriction sites upstream and
downstream of the gene,
respectively. The resulting frag-
ment was cloned into the corre-
sponding restriction sites of the
vector PET-28 (Novagen), which
was then transformed into BL-21
Codon Plus E. coli cells (Strata-
gene). Protein production was
induced with the addition of
1 mM IPTG to cells grown at
310 K when the OD reached a
value of 0.6-1.0. The product was
purified as inclusion bodies using
previously described protocols
(Garboczi et al., 1992; Reid et al.,
1996), but slightly modified in
washing  buffer
contained 1% deoxycholic acid.

The protein was refolded by
rapid dilution as described
previously (Boyington et al.,
2000). Briefly, the inclusion
bodies were diluted into 1M
L-arginine, 0.5 M NaCl, 0.1 M
Tris-HCI pH 7.5, 1 mM NiCl,, 5mM DTT
with vigorous stirring and allowed to refold
for 72 h. The protein solution was then
concentrated 20-fold and dialyzed against
0.1 M Tris-HCl pH 7.5, 150 mM NaCl for
48 h with three buffer changes, before being
concentrated to 4.0 mg ml™! and applied to
a Superdex 75 XK16/60 gel-filtration column
(Amersham Pharmacia Biotech) equili-
brated with 25mM TrissHCl pH 7.5,
150 mM NaCl. Two major peaks were
observed in the gel-filtration profile (Fig.
2a): one was in the void volume of the
column (50 ml), corresponding to aggre-
gated protein, and the other was at around
75 ml, corresponding to the CRD of pS58.
The fractions corresponding to this peak
were pooled, concentrated to 10 mg ml™"
and stored at 193 K.

2.3. Crystallization

Initial crystallization attempts used the
construct containing residues 1-428 of p58
(Fig. 1), which was expressed in insect cells.
However, this construct failed to crystallize
and suffered from proteolytic degradation
(Fig. 2a). Limited proteolysis of this
construct, followed by N- and C-terminal
peptide sequencing and mass spectrometry,
identified a trypsin/chymotrypsin-resistant
fragment that basically comprised the
sequence of the CRD (data not shown). We
therefore chose to continue crystallization
attempts with the CRD constructs produced
both in E. coli (residues 31-285) and in
insect cells (residues 1-285). Following

overexpression and purification of the CRD
(Fig. 2b), initial crystallization attempts were
carried out using sparse-matrix sampling kits
(Hampton Research). Crystals were initially
grown by vapor diffusion at 293 K from
hanging drops containing 2 pl 10 mg ml™
protein solution in 10 mM Tris—HCI pH 7.5,
1 mM CaCl, and 2 pl well solution (100 mM
Na HEPES pH 7.25 and 1.6 M Li,SO,)
equilibrated against 1 ml of well solution.
The first crystals obtained grew within a
week and were up to 0.5 mm in the longest
dimension, but were polycrystalline. Addi-
tion of 10 mM EDTA to the crystallization
drop resulted in a single crystals with typical
dimensions of 0.5 x 0.3 x 0.1 mm (Fig. 3)
which diffracted well. Therefore, all subse-
quent crystallizations employed EDTA as an
additive. The CRD domains produced in
insect cells and in E. coli both crystallized
under these conditions.

2.4. Data collection

Crystals grown from the CRD produced
both in insect cells and in E. coli belonged to
the same space group, with similar unit-cell
parameters. Since the crystals from the
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Figure 2

Purification of p58. (a) Gel-filtration profile of the
refolded CRD on a Superdex 75 XK 16/60 column.
The peak at around 50 ml corresponds to aggregated
proteins eluting in the void volume of the column,
whereas that at around 75 ml contains the refolded
CRD. (b) SDS-PAGE analysis of purified p58
constructs. Lane 1, molecular-weight marker (sizes
in kDa indicated); lane 2, longer construct (residues
31-428) containing part of the putative oligomeriza-
tion domain and used for initial crystallizations; lane
3, CRD (residues 1-285) expressed in insect cells;
lane 4, refolded CRD produced in E. coli (residues
31-285).

Acta Cryst. (2002). D58, 536-538

537

Velloso et al. + p58/ERGIC-53



crystallization papers

(a) (b)

Figure 3

Crystals of the carbohydrate-recognition domain of
p58 produced (a) in E. coli and (b) in insect cells. The
scale bar is 0.2 mm long.

protein produced in insect cells grew to a
larger size, they were chosen for data
collection with synchroton radiation. X-ray
data were collected at beamline 7-11 at
MAX-laboratory (Lund, Sweden). For
cryoprotection, crystals were transferred
into a solution of 1.6 M Li,SO,, 0.1 M Na
HEPES pH 7.25, 20% ethylene glycol for
around 10 s and frozen in a liquid-nitrogen
stream. The crystals diffracted to better than
1.46 A. Data were collected on one crystal at
a wavelength of A =1.0326 A on a MAR 345
image-plate detector in two passes, a low-
resolution (25-2.44 A) and a high-resolution
(1.46-10 A) run. Data were processed using
DENZO and SCALEPACK (Otwinowski &
Minor, 1997) (Table 1).

Space-group determination was per-
formed using the autoindexing routine of

Table 1

Data-collection statistics for p58.

Values in parentheses refer to the outer resolution shell
(1.49-1.46 A).

Resolution (A) 1.46
Unique reflections 44706
Redundancy 4.5

Ilo(I) 222 (7.3)
Rierget 4.1 (11.9)
Completeness 95.6 (84.6)

T Ruerge = 25 22 i — D/ 200 23 T

DENZO (Otwinowski & Minor, 1997) and
pseudo-precession photographs generated
with the program PATTERN (Lu, 1999).
The crystals belong to the orthorhombic
space group 222, with unit-cell parameters
a=49.6,b=286.1,c=128.1 A. The presence
of a monomer in the asymmetric unit gives a
crystal packing parameter of 2.4 A’Da™!
and a solvent content of 48%.

Since p58 displays only very limited
sequence homology to other proteins,
including leguminous lectins, we are
currently screening for heavy-atom deriva-
tives for structure determination by MIR.
The structure of the CRD of p58 will provide
insights into how this protein interacts with
its ligands and thereby facilitates glyco-
protein trafficking from the ER to the Golgi.
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