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Abstract Glycoproteins play important roles in various cel-
lular events and their presence in appropriate locations in
proper active conformations is essential for many biochem-
ical functions. Recent evidences suggest that some glyco-
proteins may require sorting receptors for efficient exit from
the endoplasmic reticulum. These receptors need the pres-
ence of calcium or other metal ions for their native ac-
tivity. The three-dimensional structure of such a receptor,
pS8/ERGIC-53, has been recently solved by x-ray crystal-
lography, which is a mannose-selective lectin and contains
two Ca?* ions. Homology search in the sequence databases
indicates a large number of proteins which bear varying de-
grees of homology in a wide spectrum of species with this re-
ceptor. In this study we have systematically searched for such
genes which are potential candidates for acting as mannose-
mediated glycoprotein receptors in various species as ini-
tially inferred from their amino acid sequence homology.
Structures of a number of proteins have been predicted using
knowledge-based homology modeling, and their ability to
act as the glycoprotein receptor has been explored by exam-
ining the nature of sugar-binding site. Tetramer of mannose
was docked in the binding pockets of the modeled structures
followed by energy minimization and molecular dynamics
to obtain most probable structures of the complexes. Prop-
erties of these modeled complexes were studied to examine
the nature of physicochemical forces involved in the com-
plex formation and compared with p5S8/ERGIC-53-mannose
complex.
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MOLMOL Molecule analysis and molecule display
PDB protein data bank

RMSD root mean square deviation
Introduction

Animal lectins, a family of sugar-binding proteins, partici-
pates in a number of different functions such as the endocyto-
sis of glycoproteins, regulation of cell adhesion, cell migra-
tion, sorting and distribution of microsomal enzymes [1-9].
Mannose-binding lectins are thought to be able to recognize
mannose groups on bacteria and mediate the destruction of
theses pathogenic invaders. They appear to have a signifi-
cant influence on the course of certain chronic diseases like
rheumatoid arthritis and cystic fibrosis. They also have a role
in providing some protection at an early stage of life since
newborns have yet to develop a robust antibody system. Ex-
port of many proteins from endoplasmic reticulum(ER) in
eukaryotic cells is a highly regulated and selective process
[10]. Recent evidence suggests that some glycoproteins may
require sorting receptor for efficient export from the ER.
p58/ERGIC-53, a calcium-dependent mannose-selective
animal lectin, that recycles between the ER and Golgi
complex, appears to act as a sorting receptor for a subset
of soluble glycoproteins exported from the ER [11]. Re-
cently, the structure of the carbohydrate recognition domain
(CRD) of p5S8/ERGIC-53 in its calcium-bound form has been
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determined [12]. It has a tetrameric structure of four identi-
cal subunits, each of them containing two calcium ions. The
overall structure of the calcium-bound form of the CRD of
p58/ERGIC-53 is quite similar to that of the calcium-free
form [11] with a RMSD of 1.0 A with respect to all the Co
atoms. Large conformational changes between the calcium-
bound [12] and calcium-free [11] structures are limited to
two regions of the protein that contain all the calcium ion-
coordinating residues present in two calcium-binding loops.
This large change in the conformations between the two
forms highly modulates the carbohydrate binding ability of
the receptor. The CRD comprises one concave and one con-
vex B-sheet packed into a f-sandwich. pS8/ERGIC-53, a
highly conserved protein in the animal kingdom, mediates
secretion of coagulation factors V and VIII and two addi-
tional glycoproteins, cathepsin C and cathepsin Z-like pro-
teins [13—16]. Mutations in the gene coding for this protein
cause a rare hereditary bleeding disorder in humans due to
a combined deficiency of coagulation factors V and VIII in
the circulation.

One major task of structural bioinformatics is to explore
the functions of various genes based on their structures
predicted by theoretical tools of modern molecular mod-
eling techniques. In the present study our aim is to iden-
tify mannose-binding environment in other proteins which
may have structures similar to that of the p5S8/ERGIC-53
among the newly discovered gene sequences. Using BLAST
search we have identified several sequences in a wide range
of species which are homologous to this class of mannose-
containing glycoprotein-sorting receptor implicating their
potential function as receptors. Primary structure informa-
tion points to their calcium- and mannose-binding ability,
but 3-D tertiary structures can provide insight into their sur-
face complimentarity to mannose-binding and proximity of
relevant amino acid residues to form coordination to cal-
cium ions. We have selected seven sequences from different
species, namely, three from Homo sapiens, one from each
of the species Mus musculus, Newrospora crassa, Tetraodon
nigroviridis and Anopheles gambiae to examine in details
the calcium binding loops and mannose-binding abilities in
comparison with pS8/ERGIC-53. Sequences with identities
in the range from 30 to 50% were selected (except one with
89% identity from Homo sapiens) because higher identities
would always lead to very similar structure. 3-D structures
of these proteins have been predicted by homology model-
ing and the mannose molecule has been docked to arrive at
the structures of the complexes using computer-aided mod-
eling techniques. Analysis of these structures allowed us to
examine the feasibility of the formation of calcium-binding
loops and the nature of interaction of mannose with these
proteins. We have also studied the binding affinities of the
protein-sugar complexes in presence and absence of calcium
in order to analyze the role of calcium in sugar binding. We
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calculated the electrostatic potentials of all the modeled pro-
teins and examined their nature in the vicinity of the calcium-
and sugar-binding pockets.

Methods
Protein structure predition by homolgy modeling

Three-dimentional structures of the mannose-binding glyco-
protein receptors were predicted by knowledge-based homol-
ogy modeling. The starting scaffold for the homology mod-
eling was the x-ray crystallographically determined struc-
ture of pS8/ERGIC-53 (PDB ID: 1R1Z). The initial struc-
tures were predicted using our in-house software package of
ANALYN and MODELYN [17]. These structures were re-
fined using the Insight I1 2000.1 of Accelrys (San Diego, CA)
equipped with DISCOVER as the energy minimization and
molecular dynamics module. Distorted protein structures are
produced at the places where insertion, deletion, and loop
grafting were done during the automated structure genera-
tion from the starting scaffold and target sequences. These
areas needed special attention in the process of structure re-
finement. Optimization of these regions involved the energy
minimization (100 steps each of steepest descent and conju-
gate gradient methods) using cff91 force field followed by
dynamics simulations. At the end of the dynamics simula-
tion, the conformation with the lowest potential energy was
picked for the next cycle of refinement. This combination
of minimization and dynamics was repeated until satisfac-
tory conformational parameters were obtained. Special care
was taken in the structural zones where major insertion and
deletions were made. Energy minimizations were performed
with a convergence criterion of 0.001 Kcal/mol. Molecular
dynamics simulations were carried out using a time step of
1 femto second for a total period of 1 pico second with 100
steps of equilibration and a conformation sampling interval
of 1 in 10 during both equilibration and dynamics processes.
During the regularizations of a selected segment, positional
constraints were applied to the rest of the molecule in order
to expedite the minimization and dynamics processes.

Prediction of structures of complexes

At present there is no crystal/NMR structure of the com-
plex of the pS8/ERGIC-53 with any carbohydrate, therefore,
we applied molecular modeling techniques for predicting the
structures of the complexes. Structures of the complexes of
mono-, di-, tri- and tetra saccharides were built by scan-
ning the complimentary surfaces of the x-ray structure of
the pS8/ERGIC-53 suitable for sugar binding. Structures of
the complexes of the modeled proteins were obtained by the
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superposition of the modeled protein structures with the
structure of pS8/ERGIC-53 docked with the appropriate
oligomer of mannose followed by optimization with re-
peated energy minimization and dynamics simulations. Po-
sition constraints were applied to the atoms which were more
than 10 A away during energy minimization and molecular
dynamics simulation; and also the distance between calcium
ions and the atoms which are involved in co-ordination with
the calcium ions was kept constant by applying ‘Generic Dis-
tance Constraints’ from DISCOVER module of InsightII.

Software and computation platforms

Our in-house molecular modeling software package of
MODELYM and ANALYN was used for semi-automated
structures prediction based on the existing homologous struc-
tures obtained from protein data bank (PDB). ANALYN was
used for the analysis of the pre-aligned sequences of the tar-
get and scaffold proteins leading to the creation of auxiliary
files suitable for MODELYN to use in the automated pro-
tein building mode and was run on an IBM compatible PC.
MODELYN was used for automated prediction of the target
structure and their structural analysis after refinements, and
it was run on both an IBM compatible PC in the Windows
environment and FUEL workstation of Silicon Graphics Inc.
in the UNIX environment. InsightIl was run on FUEL work-
station of Silicon Graphics, Inc. in the UNIX environment.
CLUSTALW [18] was run through the Internet for multiple
alignment of the AA sequences. The electrostatic potential
surfaces of the proteins were determined by MOLMOL [19].
PROCHECK [20] was used for checking the structural pa-
rameters. Both MOLMOL and PROCHECK were run on
FUEL in the UNIX operating system. Hydrogen bonding
patterns of the modeled and x-ray structures were obtained
by adding hydrogen followed by optimization of the com-
plex by energy minimization and molecular dynamics. Pro-
tein BLAST [21] was used through the Internet for finding
homologous sequences.

Results and discussions
Selection of target protein sequences

BLAST search with the sequence of the mannose selective
animal lectin, pS8/ERGIC-53, as query in the non-redundant
(nr) data base gave 63 hits with a expect value below 1.0 x
10~?* and an amino acid (AA) identity above 30%. Most of
the highly significant BLAST matches were with the pro-
teins from higher mammals including human. Homologous
proteins of higher eukaryotes with high amino acid iden-
tity (> 50%) with the corresponding higher positive scores
(67%) are expected to produce structures very similar to the

mannose-selective receptor protein. However, proteins show-
ing amino acid identities between 30-50% are expected to
give rise to similar structures and may provide similar func-
tions of mannose-selective glycoprotein transporters. There-
fore, the selection of target sequences for structure predic-
tion and analysis was confined mostly to this range of AA
identity. There are at least 9 distinct human proteins with
more than 30% AA identity. We selected three proteins from
Homo sapiens (Accession No - AAH00347, AAQ89086,
CAAS5065,) with AA identities of 34%, 46%, and 89%,
of which the highest was only the sequence with an AA
identity greater than 50% used in this study, which served
as a positive control in model building for examining the
calcium- and mannose-binding environments akin to those
of the mannose selective receptor, pS8/ERGIC-53. In addi-
tion to these three human proteins, four additional sequences,
one from each of the species, were selected from Mus mus-
culus (Accession No - BAB29313), Newrospora crassa (Ac-
cession No - XP_326097), Tetraodon nigroviridis (Acces-
sion No - CAG12563) and Anopheles gambiae (Accession
No - XP_313693) which showed reasonable homology with
p58/ERGIC-53. Multiple alignment of all these sequences is
shown in Fig. 1 (partial region from AA No 61 to 180 span-
ning calcium- and sugar-binding regions) along with the se-
quence of pS8/ERGIC-53 using 1R1ZA-A as the sequence
identifier.

Prediction of homologous structures

Initial three-dimensional structures of the target proteins
were predicted by the combinations MODELYN and ANA-
LYN. Most effected segments during insertion, deletion and
loop grafting were regularized by energy minimization and
molecular dynamics. General structural characteristics of the
predicted models were checked by measuring all the bond
distances and bond angles and calculating the deviation of
these parameters from the standard values for appropriate
types of bonds and angles. The quality of backbone confor-
mations were checked by calculating the phi and psi dihedral
angles and drawing Ramachandran’s plots for all the struc-
tures. Table 1 presents the RMSD of bond lengths and bond
angles of the predicted structures along with the percentages
of backbone Phi-Psi angles in different areas of Ramachan-
dran’s plots obtained just after an initial prediction. RMSD
of the bond lengths around 0.02 A and those of bond an-
gles around 3 degrees from the respective standard values
indicate good general structural parameters of the modeled
structures. The overall values of above 95% Phi-Psi pairs in
the core and allowed areas of Ramachandran’s plot indicate
good quality of the backbone conformations of the modeled
structures. These Phi-Psi plots were calculated with the struc-
tures of targets just after the initial set of regularization; fur-
ther refinement was done to reduce the number of backbone
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1R1ZA-A RIAPSLKSQRGSVWTKTKAAFENWEVEVTFRVTGRGRIGADG--LAIWYTENQG------
CAA50653 RVAPSLKSQRGSVWTKTKAAFENWEVEVTFRVTGRGRIGADG--LAIWYAENQG------
AAQ89086 RLTPSMRNRSGAVWSRASVPFSAWEVEVQMRVTGLGRRGAQG--MAVWYTRGRG------
BAB29313 RLTPDERSKEGSIWNHQPCFLKDWEMHVHFKVHGTGKKNLHGDGIALWYTRDRL---- -~
XP 313693 RLTPDLQSKNGAIWNHVPCTSINWELQVNFKVHGKGK-DLYGDGFALWYSRDRL---- -~
AAHO00347 RLTPDMQSKQGALWNRVPCFLRDWELQVHFKIHGQGKKNLHGDGLAIWYTKDRM- - - - - -
CAG12563 RLTPDLQSRQGAVWSRVPLFLRDWELKVHFKIHGVGKKNFNGDGLAIWLTKDRM- - - - - -
XP_ 326097 RLTSDRPSQMGNLWSKVPLTATNWEIEVEFKIS--GKNQLYGDGFAMWLTKERG---- -~
EAK90085 VLVPGVKNRTGQFWNKSPLNTSHFEITFTFEVVGTPNSSQEGEGFAFWFVSEAYGSIYPK

HE kL * A ] . * HE
61 80 100 120
1R1ZA-A = ----- LDGPVFGSADMWNGVGIFFDSF - - -DNDGKKNNPAIVVVGNNGQINYDHQNDGAT
CAA50653 ----- LEGPVFGSADLWNGVGIFFDTF - - -DNDGKKNNPAIVIIGNNGQIHYDHQNDGAS
AAQ89086 ----- HVGSVLGGLASWDGIGIFFDSP---AEDTQ-DSPAIRVLASDGHIPSEQPGDGAS
BAB29313 - --- VPGPVFGSKDNFHGLAIFLDTYPNDE - TTERVFPYISVMVNNGSLSYDHSKDGRW
XP_313693 ----- QTGPVFGSKDNFMGLAIILDTYSNHNGPHNHQHPYISAMVNNGSLSYDHDRDGTH
AAHO0347 ----- QPGPVFGNMDKFVGLGVFVDTYPNEEKQQERVFPYISAMVNNGSLSYDHERDGRP
CAG12563 ----- QNGPVFGNMNQFTGLGVFVDTYPNADRLHDRSYPYVSVMLGNGTLSYDHDRDGRP
XP_ 326097 ----- REGPVFGNQDKFEGLGIFFDTYKNNR - - PGVVFPYVMAMVGDGRTSYDKDTDGKN
EAK90085 SNEDLELWNLLGYKNAPKGLGVMFSFLD- - - -RNNKKNPSISLLLSDGEKTFSSHTDIP-
HER LI I * N . *
121 140 160 180

Fig. 1 The Clustal W multiple alignment of the partial sequences tak-
ing the calcium and sugar binding regions (AA No 61 to 180) of the
modeled proteins and the starting scaffold (1R1Z). AAs involved in the

conformations falling outside the core and allowed areas of
the plot. These deviated backbone Phi-Psi pairs could be re-
moved from almost all the structures after proper refinement.

All the modeled structures were structurally superposed
with respect to the Co atoms of the common core of the
structures and shown in Fig.2. The sugar-binding site of
pS8/ERGIC-53 is not known as the structure of any complex
between this receptor with any carbohydrate or glycoprotein
is yet to be solved. But it is known that the calcium-mediated
sugar binding takes place near the calcium-binding loops
so that the binding affinity is modulated by their conforma-
tional changes [22]. The location of the mannose tetramer
in the modeled complex with the x-ray structure is shown in
Fig. 2 in balls-and-sticks representation. It may be noted that
the major variations of the target structures occur in the two
calcium-binding loops. These structural variations may give

co-ordination with the two calcium atoms. The conserved set of AA
in all the sequences are identified by a * and semi-conserved AAs are
marked with : or . (last-but-one line above numbers)

rise to the altered specificity and affinity for sugar binding
by different proteins of this homologous class.

Calcium binding environment

Both calcium ions in the x-ray structure of pS8/ERGIC-53
are hepta co-ordinated [12]. Five co-ordination positions are
satisfied from the residues of proteins and two from wa-
ter molecules. Calcium atoms were added to our modeled
structures by superposing them with the x-ray structure with
respect to a set of Ca atoms which showed RMSD less
than 0.3 A followed by the transfer of the pair of calcium
ions. Equivalent AAs were identified on the modeled struc-
tures and distant constraints were applied in order to ob-
tain a co-ordination shell of similar geometry. Energy min-
imization and molecular dynamics were performed to get a

Table 1 General and backbone structural parameters of the modeled structure of the target sequences as well as the x-ray structure of the

p5S8/ERGIC-53 in its calcium-bound form (PDB ID: 1RIZ)

RMS deviation in

% of Phi-Psi pairs in the area

Identity Bond (Angtrom) Angle (Degree) Core

Allowed Generously allowed Dis-allowed

% of AA

Species Accession no

Rattus norvegicus PDB ID: 1R1Z 100 0.018
Homo sapiens CAA50653 89 0.017
Homo sapiens AAQ89086 46 0.017
Mus musculus BAB29313 35 0.018
Anopheles gambiae XP_313693 35 0.019
Homo sapiens AAHO00347 34 0.018
Newrospora crassa XP_326097 33 0.018
Tetraodon nigroviridis CAG12563 33 0.019

2.44 86.3 12.8 0.5 0.5
2.39 86.4 12.6 0.5 0.5
3.02 86.1 12.8 0.5 0.5
2.63 81.7 16.0 1.9 0.5
2.50 80.6 16.2 1.9 1.4
2.63 80.3 16.8 1.0 1.9
2.53 78.0 17.7 24 1.9
2.53 80.8 15.9 23 0.9
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Fig.2 Ribbon representations of superposed structures of pS8/ERGIC-
53(X-ray, red) and modeled proteins. Position of the bound tetramer of
mannose is shown by balls-and-sticks and calcium ions by space-filling
representations

regularized structure of the calcium-binding environment
similar to the x-ray structure. The atoms of the residues in-
volved in coordination are presented in Table 2. The struc-
tures of calcium co-ordination in pS8/ERGIC-53 and one of
the modeled proteins from Homo sapiens which have 46%
AA identity with the starting scaffold are shown in Fig. 3.
For most of the modeled proteins we found that five equiva-
lent atoms of the protein are involved in ligand co-ordination
of calcium ions. In addition, two water molecules could be
placed in the similar positions as those of the x-ray structure.

The usual divalent ion binding site, named S1, present
in leguminous lectins is absent in pS8/ERGIC-53; but the
other metal binding site, named S2, is found in this class
of mannose-containing glycoprotein receptor. However, an-
other calcium binding site was found at a different location
6.4 A away from the S2 site which is unique for this class
of receptors [12]. This distance is considerably greater than
that between the S1 and S2 sites of the leguminous lectins
(4.2-4.5 7).

Complexes with carbohydrates

The crystal structure of the carbohydrate recognition domain
of pS8/ERGIC-53 does not provide the co-ordinate position
for mannose or any other sugar molecule. It is known that this
receptor is a calcium-dependent mannose-selective animal
lectin and the carbohydrate-binding site is close to the Ca-
binding loops which help to maintain proper conformation of
the loops required for sugar binding. We have docked man-
nose oligomers near the Ca-binding site of pS8/ERGIC-53

starting from monomer, dimer, trimer, and tetramer and se-
lected the most probable structures, one for each oligomeric
form, based on their empirical energies of binding (Fig. 4).
The binding energies of complexes of momomer to tetramer
of mannose along with their hydrogen bonding patterns are
given in Table3. It contains empirical energies, both van
der Waals and electrical components, of the complex for-
mation and the pattern of hydrogen bonding between the
protein and the sugar. The most stable complex (—147.23
kcals/mole) in this series is formed with tetramer of man-
nose, and the least stable complex (—77.11 kcals/mole) is
formed with monomer of mannose. The contribution of the
van der Waals interactions for all the complexes range from
—24to —65 kcals/mole, and the electrical contributions show
much variation ranging from —52 to —101 kcals/mole. The
electrical energies are composed of hydrogen bonding as well
as dipole-dipole interactions. In the complex with trimer of
mannose higher numbers of hydrogen bonds are formed but
tetramer forms the most stable complex due to much greater
contribution in electrical energy (Table 3). Binding strength
of the complexes increases from monomer to tetramer of
mannose.

Tetramer of mannose has been docked into the binding site
of the modeled proteins and the binding affinities are stud-
ied. The empirical energies of binding of the complexes of
modeled proteins with tetramer of mannose along with their
hydrogen bonding partners are given in Table 2. The contribu-
tion of the van der Waals interactions are very close for all the
complexes ranging from —34 to —51 kcals/mole while the
electrical contributions show much variation ranging from
—66 to —101 kcals/mole. In terms of binding energy, the
most stable complex (—130.19 kcals/mole), is formed be-
tween a hypothetical protein of Homo sapiens (Accession
No. AAQ89086) and tetramer of mannose. In this case a
higher number of hydrogen bonds is formed between the pro-
tein and sugar residue contributing more to the electrostatic
interactions. The least stable complex (—109.17 kcals/mole)
in this series is formed between a protein of Newrospora
crassa and tetramer of mannose because it may contain only
one calcium ion binding site. The binding strength of the
other complexes falls in between.

Electrostatic potential surfaces

Finally we have calculated the electrostatic potential sur-
faces of the modeled proteins as well as those of the start-
ing scaffold. The electrostatic potential environment of the
calcium binding site is extensively negative due to the pres-
ence of acidic residues required for calcium-binding except
for a hypothetical protein of Newrospora crassa, which con-
tains coordinating residues only for one calcium ion. Electro-
static potential surfaces of pS8/ERGIC-53 and a few modeled
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Table 2 Empirical binding energies of some complexes of proteins with tetramer of mannose along with their hydrogen bonding partners and

residues involved in co-ordination with calcium ions

Species

Accession No

% ldentity

Residues involved in

Co-ordination with

Binding Energy
(Kcals/mol)

210 Calcium

215 Calcium

VdW Elect Total

Residues involved in
H-bonding

p58/ERGIC-53

Homo sapiens

Homo sapiens

Mus musculus

Anopheles gambiae

Homo sapiens

NEWVOSPOVG crassa

Tetradon nigroviridis

PDB ID: 1IR1Z

CAA50653

AAQ89086

BAB29313

XP_313693

AAHO00347

XP_326097

CAG12563

100

89

46

35

35

34

33

33

Asp-129(0OD1)
Asp-129(0D2)
Phe-131(0)

Asn-133(0OD1)
Asp-158(0D2)

Asp-129(0OD1)
Asp-129(0OD2)
Phe-131(0)

Asn-133(0D1)
Asp-158(0D2)

Asp-129(0OD1)
Asp-129(0D2)
Pro-131(0)

Glu-133 (OE1)
Asp-158(0D2)

Asp-129(0D1)
Asp-129(0D2)
Tyr-131(0)

Asn-133(0D1)
Asp-158(0D2)

Asp-129(0OD1)
Asp-129(0D2)
Tyr-131(0)

Asn-133(0D1)
Asp-158(0D2)

Asp-129(0OD1)
Asp-129(0D2)
Tyr-131(0)

Asn-133(0D1)
Asp-158(0D2)

Asp-129(0D1)
Asp-129(0D2)
Tyr-131(0)

Asn-133(0D1)
Asp-158(0OD2)

Asp-129(0OD1)
Asp-129(0D2)
Tyr-131(0)

Asn-133(0D1)
Asp-158(0D2)

Asp-132(0OD1)
Asp-134(0OD1)
Asn-138(0OD1)
Asn-139(0D1)
Asp-158(0D1)

Asp-132(0OD1)
Asp-134(0OD1)
Asn-138(0D1)
Asn-139(0D1)
Asp-158(0OD1)
Asp-134(0OD1)
Asp-134(0D2)
Asp-138(0D1)
GlIn-136(0OE1)
Asp-158(0OD1)

Asp-134(0OD1)
Asp-134(0D2)
Glu-136(0E1)
Glu-136(0E2)
Asp-158(0OD1)

Asn-135(0D1)
Asn-136(0OD1)
GIn-138(0OE1)
Asp-158(0OD1)

Glu-134(0E1)
Glu-135(0E1)
Gln-138(0E1)
Glu-139(0E1)
Asp-158(0OD1)

Asn-134(0OD1)
Asp-158(0D1)

Asp-135(0D1)
Asp-139(0D1)
Asp-158(0OD1)

—46.07
—101.15
—147.23

—47.02
—66.20
—113.22

—34.05
—96.15
—130.19

—51.11
—66.36
—117.46

—47.30
—76.74
—124.04

—45.96
—73.49
—119.46

—35.90
=73.27
—109.17

—47.51
—80.19
—127.71

Asp-129(0OD1)-C3H:H6
Asp-129(0D2)-C2H:02(H)
Asp-160(0D2)-C3H:03(H)

Asp-98(0OD1)-C3H:H7
Asp-98(0D2)-C2H:04(H)
Phe-115(NH)-C3H:02
Asp-129(OD1)-C3H:03(H)
Asn-133(0OD1)-C3H:04(H)

Leu-115(NH)-C3H:03
Glu-133(0E2)-C3H:04(H)
Glu-133(0E2)-C3H:H7
Glu-154(0E2)-C1H:03(H)
Glu-154(0E2)-C1H:04(H)
Tyr-229(NH)-C3H:06
Tyr-229(0G1)-C4H:03(H)
Arg-64(HE)-C4H:03
Arg-64(HH21)-C4H:03,04
Glu-67(0E1)-C1H:01(H)
Glu-67(0E2)-C1H:01(H)
Asp-98(0OD1)-C3H:H7
Phe-115(NH)-C3H:02
Gly-116(NH)-C2H:02
His-155(ND1)-C3H:03
His-155(ND1)-C3H:03(H)
Asn-67(HD21)-C2H:05
Asp-98(0D1)-C2H:04(H)
Asp-98(0D1)-C3H:H7
Asn-133(0D1)-C3H:04(H)
Asn-133(0D1)-C3H:03(H)
Asp-229(0D1)-C4H:H7
Asp-98(0D1)-C3H:04(H)
Asp-98(0D1)-C3H:H7
Asp-98(0D2)-C3H:H7
Pro-113(0)-C3H:02(H)
Asn-133(ND2)-C3H:04
His-155(ND1)-C1H:03(H)
His-155(ND1)-C1H:03
Asp-98(0D2-C3H:03(H)
Lys-155(NZ1)-C3H:02
Glu-226(0E2)-C2H:02(H)
Glu-229(0E1)-C2H:04(H)
Glu-229(0OE1)~C4H:04(H)
Asp-98(0D2)-C3H:02(H)
Phe-115(NH)-C3H:03
Tyr-153(0H)-C3H:04(H)
Asp-229(NH)-C4H:06
Asp-229(0D2)-C4H:04(H)
Asp-229(0D2)-C4H:H7
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Fig. 3 Residues of protein involved in co-ordination with calcium ions
are depicted in balls-and-sticks representation and calcium ions in pink
spheres. (A) p58/ ERGIC-53 [calcium ions are hepta co-ordinated: five

proteins are shown in the Fig. 5. The mannose-binding site is
mostly negatively charged with a small patch of a positively
charged region in case of modeled proteins from Homo sapi-
ens (Accession No. CAA50653), Newrospora crassa, and
p58/ERGIC-53. The mannose-binding site is totally nega-
tively charged in case of modeled protein from Homo sapiens

(b)

from the residues of protein and two from water molecule]. (B) a hypo-
thetical protein of Homo sapiens [same pattern of calcium co-ordination
with the starting scaffold]

(Accession No. AAQ89086). The highly negative potential
surface around the positively charged calcium ion-binding
site is necessary for the neutralization of the positive charge
asisobserved in other calcium-binding lectins. The mannose-
binding site being very close to the calcium-binding sites also
has the high negatively charged environment.

Table 3 Empirical binding energies of the complexes of pS8/ERGIC-53 with monomer to tetramer of mannose

along with their hydrogen bonding partners

Bindings Energies in Kcals/mol

Structure Vdw

Elect

Total Residues involved in H-bonding

pS8/ERGIC-53 in complex with monomer  —24.74

pS8/ERGIC-53 in complex with dimer —45.45

p58/ ERGIC-53 in complex with trimer —65.50

p58/ ERGIC-53 in complex with tetramer ~ —46.07

—101.15

—5237  —77.11  Asp-129(0D2)-02(H)
Phe-146(NH)-03
Asp-160(0D1)-04(H)

Asp-160(0D2)-H6
Asp-160(0D1)-C1H:02(H)
Asp-164(0D1)-C2H:01(H)
Asp-185(0)-C2H:04(H)
Asp-129(0D1)-C1H:04(H)
Asn-169(HD21)-C3H:06
Asn-170(ND2)-C2H:O1(H)
His- 186(HE2)-C 1H:06
Asp-189(0)-C2H:02(H)
Asp-189(0D2)-C1H:H6
Ser-197(HG)-C3H:02
Ser-197(HG)-C3H:03
Asp-129(0OD1)-C3H:H6
Asp-129(0D2)-C2H:02(H)
Asp-160(0D2)-C3H:03(H)

—52.54 —-97.99

—61.60 —124.10

—147.23

*VwD = van der Waals & Elect = electrical energies.
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Fig. 4 Ribbon representation of the structure of pS8/ERGIC-53 (yel-
low) in complex with monomer to tetramer of mannose. Calcium ions
are denoted as pink spheres and oligomers of mannose are depicted in
stick representation. Top left: monomer; Top right: dimer; Bottom left:
trimer; Bottom right: tetramer

Conclusions

We have modeled the structures of some proteins from
various species based on the experimental structure of
pS8/ERGIC-53, and mannose (from monomer to tetramer)
was docked into the sugar-binding sites of these structures to
study the physico-chemical forces involved in such binding.
Calculation of empirical energies of binding of the complexes
of p5S8/ERGIC-53 with different oligomers of mannose in-
dicates the binding strength increases monomer to tetramer.
Similar type of homology modeling and docking studies was
done by Wang et al. [23] for selective Histone deacetylase
inhibitor design, who estimated the free energy of binding
in the docked structure and found to agree with the exper-
imental observation. Electrostatic potential environment of
the calcium-binding site is extensively negative due to the
presence of acidic residues required for calcium binding ex-
cept for a hypothetical protein of Newrospora crassa, which
contains coordinating residues only for the 1st calcium ion.
Empirical binding energy calculation of the complexes of
tetramer of mannose with these proteins revealed that a pro-
tein of Homo sapiens (Accession No. AAQ89086) would
bind most strongly (—130 Kcals/mol) due to the formation
of a large number of hydrogen bonds between the protein
and mannose. The least binding energy (—109.17 Kcals/mol)
was found with the protein of Newrospora crassa because it
may contains only one calcium ion-binding site. In summary
it may be stated that three-dimensional structure prediction
of putative receptors identified by homology search using
molecular modeling techniques could identify the calcium-

@ Springer

Fig. 5 Electrostatic potential surfaces of a few modeled proteins. Blue
region represents positively charged environment, red for negatively
charged, and white for hydrophobic surroundings. The calcium-binding
site is shown by yellow bands and mannose-binding site by black
bands. Top left: p58/ERGIC-53; Top right: a hypothetical protein of
Homo sapiens (46%); Bottom left: a hypothetical protein of Homo
sapiens (89%); Bottom right: a hypothetical protein of Newrospora
crassa

and mannose-binding sites allowing structural analysis at the
molecular level of this structurally unique class of glycopro-
tein receptors.
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