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Abstract
Diagnosis of eukaryotic parasitic infection using antibody-based tests such as ELISAs (enzyme-linked
immunosorbent assays) is often problematic because of the need to differentiate between homologous
host and pathogen proteins and to ensure that antibodies raised against a peptide will also bind to the
peptide in the context of its three-dimensional protein structure. Filariasis caused by the nematode,
Brugia malayi, is an important worldwide tropical disease in which parasites disappear from the
bloodstream during daylight hours, thus hampering standard microscopic diagnostic methods. To
address this problem, a structural approach was used to develop monoclonal antibodies (mAbs) that
detect asparaginyl-tRNA synthetase (AsnRS) secreted from B. malayi. B. malayi and human AsnRS
amino acid sequences were aligned to identify regions that are relatively unconserved, and a 1.9 Å
crystallographic structure of B. malayi AsnRS was used to identify peptidyl regions that are surface
accessible and available for antibody binding. Sequery and SSA (Superpositional Structural Analysis)
software was used to analyze which of these peptides was most likely to maintain its native conformation as a synthetic peptide, and its predicted helical structure was confirmed by NMR. A 22-residue
peptide was synthesized to produce murine mAbs. Four IgG1 mAbs were identified that recognized the
synthetic peptide and the full-length parasite AsnRS, but not human AsnRS. The specificity and affinity
of mAbs was confirmed by Western blot, immunohistochemistry, surface plasmon resonance, and enzyme inhibition assays. These results support the success of structural modeling to choose peptides for
raising selective antibodies that bind to the native protein.
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Immunodiagnosis of pathogenic eukaryotic parasites is
often problematic because of the need to differentiate
between cross-reactive antigens. The World Health
Organization ranks 10 human parasitic diseases as priority areas for research that includes the use of genomics to
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discover improved therapeutic and diagnostic agents
(Nwaka and Hudson 2006). Worldwide, the parasitic
disease known as lymphatic filariasis (elephantiasis)
affects over 300 million persons in developing countries.
Adult filarial parasites are inaccessible deep inside the
host lymphatic system, and immature larvae (microfilariae) frequently exhibit a nocturnal periodicity and disappear from the bloodstream during daylight hours (King
and Freedman 2000). Diagnosis of filariasis also is
hampered by a lack of inexpensive, sensitive, and specific
immunoassays that can be used in daytime blood tests.
Recently, it has been shown that the filarial parasite enzyme asparaginyl-tRNA synthetase (AsnRS), an
acknowledged target for new antiparasite drug discovery
(Kron et al. 2003b; Sukuru et al. 2006), also is an abundant
and antigenic protein that is actively excreted/secreted from
adult and larval parasites (Kron et al. 2000). AminoacyltRNA synthetases (AARS) are a family of heterogeneous
enzymes involved in protein biosynthesis, and they are
grouped into two classes in both prokaryotes and eukaryotes based on catalytic site topology and overall protein
fold (Cusack et al. 1990; Ibba and Soll 2001). Within a
class, each AARS exhibits three highly conserved motifs
distributed within a poorly conserved amino-terminal
domain and a more highly conserved carboxy-terminal
region (Weiner 1999; Ibba et al. 2000). Human cytoplasmic
AsnRS is a class II AARS expressed in many human tissues,
particularly in the pancreas, skeletal, and cardiac muscle
(Kron et al. 2005). A wide range of secondary functions of
AARS have been documented in various species, including
roles in transcriptional regulation, mitochondrial RNA
splicing, control of cell growth, and cytokine- or chemokine-like activity (Martinis et al. 1999).
Several approaches have been developed by other groups
for identifying antibody-binding (or ‘‘B cell’’) epitopes on
proteins. The simplest case is when the epitope is a linear
sequence forming a continuous structure bound by the
antibody, e.g., an exposed loop or the edge of a b-strand.
Even an epitope that is part of an a-helix (a continuous
structure) is generally comprised of residues that are not
contiguous in the sequence, because one face of the helix is
solvent exposed and available for antibody binding, while
the other is buried against the protein. A stripe of helical
residues thus forms a conformational rather than linear
epitope. Methods for predicting epitopes (Van Regenmortel
1996; Korber et al. 2006; Greenbaum et al. 2007) generally
focus on either linear or conformational epitopes, and many
use sequence features (predicted secondary structure, hydrophobicity, solvent exposure, protrusion, sequence variability,
and flexibility values) (Alix 1999; Bublil et al. 2007; Joshi
2007), while others use information derived from 3D protein structures and their dynamics (Zvelebil et al. 1993;
Kulkarni-Kale et al. 2005; Haste Andersen et al. 2006;
Gonzalez-Ruiz and Gohlke 2006).
984

Protein Science, vol. 17

The goal of the Sequery/SSA method described below is
to identify sequences in a folded protein that are most likely
to form the same structure as a short peptide in solution.
This increases the likelihood that a mAb raised against the
peptide will be able to recognize, or cross-react with, the
corresponding epitope in the folded protein. This issue of
structural self-determinacy of short amino acid sequences
turns out to be interesting, because some sequences, e.g.,
YXRF, are highly structurally self-determinate and form the
same structure (in this case, a b-turn) (Collawn et al. 1990)
in diverse proteins, whereas other sequences are structurally
plastic (Wilson et al. 1985), and their conformation depends
almost entirely on their three-dimensional structural context
(e.g., the four residue sequence pattern G[R,K][R,K]K,
which is equally distributed between helical, irregular, and
undefined or hyperflexible structures in different proteins).
The Sequery/SSA approach to identify the subset of surfaceexposed peptides that are structurally self-determinate was
validated for myohemerythrin and hen egg-white lysozyme,
in which the selected peptides were shown to elicit antibodies that cross-reacted with the intact proteins (Craig
et al. 1998).
To address the problem of developing a mAb assay to
detect Brugia AsnRS without false positives due to crossreacting with the endogenous human AsnRS, structural
analysis of the Brugia AsnRS was used to select the
Brugia AsnRS peptide most likely to produce parasite
specific murine mAbs. Combining this approach with
selecting epitopes that differ most between the Brugia
and human proteins, four mAbs were generated that are
specific for Brugia AsnRS and intensely stain Brugia
embryos and larvae. Monoclonal antibodies with the
highest affinity for parasite AsnRS have been donated
to Dr. Bernadette Libranda-Ramirez of the Philippines
National Institutes of Biotechnology and Molecular Biology to field test antigen capture assays for daytime
diagnosis of filariasis in the Philippines, where 20 million
persons live in areas where nocturnally periodic filariasis
is actively transmitted (Kron et al. 2000).
Results
Alignment of the B. malayi and human AsnRS amino acid
sequences using BESTFIT (GCG) correctly aligned the
three conserved motifs in class II AARS, while also
allowing identification of several regions that were <50%
identical in amino acid sequence, including the whole
amino-terminal domain (107 residues) and regions flanking the three short highly conserved motifs that are
characteristic of class II AARS (Supplemental Fig. 1).
A 1.9 Å resolution atomic structure of B. malayi AsnRS
lacking the amino-terminal domain, which is inessential
for catalytic function, was provided by collaborator
Stephen Cusack (EMBL Grenoble) (F. Danel, P. Caspers,
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S.C.K. Sukuru, L. Kuhn, T. Crepin, S. Cusack, M. Grotli,
M. Haertlein, M. Kron, C. Berthet-Colominas, et al.,
in prep.) Peptides with low sequence identity between
Brugia and human AsnRS were filtered to identify those
that are solvent accessible, based on molecular graphics
visual inspection of the Brugia structure. Three peptide
sequences were selected for further analysis by Sequery and
SSA.
These regions in the B. malayi AsnRS sequence were
analyzed using the computer software Sequery and SSA.
Sequery (Collawn et al. 1990; Craig et al. 1998) was used
to search for all instances of similar tetrapeptide sequences in a set of 2832 Protein Data Bank chains with
crystallographic resolution of 2.0 Å or better, R factors
of 0.25 or less, and <25% sequence identity with each
other (Wang and Dunbrack Jr. 2003) (http://dunbrack.fccc.
edu/PISCES.php). SSA was used to assign the secondary
structure of each match from the Protein Data Bank, based
on closeness of superposition of the matched tetrapeptide
with a set of a-helix, reverse turn (type 1, 19, 2, 29, etc.),
and b-strand templates. (Note: Sequery and SSA software
packages are available for downloading from http://
www.bmb.msu.edu/;kuhn.) The three surface-exposed
sequences chosen for analysis based on having significant
sequence difference between Brugia and human AsnRS
were: (1) residues 6–19 (yellow) in the amino-terminal
truncated form of AsnRS (RDLVKHRNERVCIK), an
exposed region that is partly an irregular helix followed
by a loop and a b-strand, (2) residues 55–79 (TYDALTVN

TECTVEIYGAIKEVPEG, purple), a helix and a b-strand
linked by a short buried loop, and (3) residues 370–382
(KFDELSKAFKNVE,red), a highly exposed a-helix (Fig.
1). Residue numbers are from the A chain of the crystal
structure of B. malayi AsnRS bound to Asn-sulfamoyladenylate (available upon request from Stephen Cusack,
cusack@embl-grenoble.fr). Because the third peptide forms
an a-helix stabilized by intrapeptide main-chain hydrogen
bonds, it was expected that this region would be more
structurally independent of the surrounding protein.
According to Sequery and SSA, this peptide also showed
the strongest regular secondary structural propensity of
the three peptides, based on sequence matches in diverse
Protein Data Bank entries (Supplemental Table 1). Fifty
percent to 100% of the overlapping tetrapeptide matches in
the central 11 of the 13 residues were found to be helical,
suggesting that this region could fold in a native-like
conformation in solution.
To produce mAbs against Brugia AsnRS, this peptide
was synthesized with blocked, neutral termini chosen
to represent the state of the peptide in the context of
the AsnRS structure. Three flanking residues from the
native sequence were added at the N terminus, and four
were added at the C terminus to compensate for the tendency of peptidyl termini to unravel in solution. The
peptide RIWKFDELSKAFKNVEIDPK was produced on
an Applied Biosystems synthesizer and HPLC purified.
Mass spectrometry analysis confirmed its molecular mass,
showing a strong peak at 1555 m/z. Nuclear magnetic

Figure 1. Ribbon diagram of a monomer (left) of the Brugia malayi asparaginyl-tRNA synthetase dimer. Three surface peptide regions
analyzed by Sequery and SSA are shown in yellow, purple, and red, corresponding to peptides 1, 2, and 3. The core region of peptide 3,
KFDELSKAFKNVE, chosen for antibody production, is shown on the right.
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resonance (NMR) spectroscopy was used to confirm the
existence of a-helical conformation of the synthetic peptide prior to its use for mAb production (Fig. 2). Proton
resonance assignment of the peptide, RIWKFDELSKAF
KNVEIDPK, was achieved by using conventional homonuclear two-dimensional NMR spectroscopy, through the
combined analysis of COSY, TOCSY, and NOESY spectra (Wüthrich 1986). Figure 2A shows the amide proton
(1HN) region of the NOESY spectrum together with the
secondary a-proton (1HN) chemical shifts. The strong
sequential (1HN) correlation and the continuous negative
secondary (1Ha) chemical shifts in the D6–A11 region of
the peptide indicate a significant population of a-helical
conformation.
The peptide RIWKFDELSKAFKNVEIDPK was used
to immunize Balb/C mice for production of mAbs

using three subcutaneous injections with 50 mg of KLHconjugated peptide. Ultimately, three IgG1 mAbs were
identified by strong reactivity with the original synthetic
peptide. Binding kinetics of each IgG1 mAb to the native
63 kDa B. malayi AsnRS were studied by surface
plasmon resonance (SPR) (Hahnefeld et al. 2004). Relative dissociation constants (Kd values) were used to rank
the affinity of each mAb (Fig. 2B). The SPR data revealed
two different patterns of association curves. Although
mAb 3B4 demonstrated the fastest binding, mAb 3D6
exhibited the lowest relative Kd of 140 nM (Table 1), and
thus was chosen for immunohistochemical studies. All
four mAbs were of the IgG1 isotype and reacted strongly
and specifically with full-length (548 amino acids) and
amino-terminal truncated (residues 112–548 remaining)
B. malayi AsnRS, but not with the full-length human

Figure 2. (A) The upper panel is the amide region of NOESSY spectrum with the peptide RIWKFDELSKAFKNVEIDPK. The underlined part indicates
the core region targeted for binding, and the flanking residues were added to allow for the likelihood of terminal residues unraveling in solution. The lower
panel shows the 1Ha secondary chemical shifts (according to residue number within the peptide), which were derived from the a-proton chemical shifts of
the peptide after subtracting the corresponding random-coil values. The amide resonance of residue K20 was not observable, and the preceding residue is a
proline. The 1Ha chemical shift of D18 was modified due to the neighboring proline effects. (B) Surface plasmon resonance studies of the mAbs binding to
full-length Brugia malayi identified two patterns of association curves. (C) Immunoblot representative of four IgG1 mAbs reactive with native B. malayi
AsnRS and 1–110 amino terminus truncated B. malayi AsnRS. Unrelated proteins (control 1: bovine serum albumin, control 2: E. coli protein) and
recombinant human AsnRS were not immunoreactive. (D) Immunostaining of adult Brugia malayi using mAb 3D6. (Upper left) Cross-section of female
worm-negative IgG1 isotype control showing distribution of embryos (center) and poorly visualized muscle cells under the cuticle. (Lower left) Saggital
section of negative control mature female worm. (Upper right) Immunostaining (brown) of intrauterine embryos and larvae with mAb 3D6. (Lower right)
Intense immunostaining of intrauterine structures using mAb 3D6.
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Table 1. Kinetic data from mAb binding to Brugia AsnRS determined SPR
Monoclonal antibody
6B6
5B3
3B4
3D6

Ka (1/ms)
7.2E
2.60E
5.2E
8.10E

+
+
+
+

01
02
01
03

Kd (1/s)
5.40E
5.70E
1.40E
1.10E

04
04
03
03

AsnRS or unrelated proteins in stringent dot blot analysis
(Fig. 2C). Immunohistochemical studies of formalin fixed
B. malayi parasites using mAb 3D6 revealed strong
staining in both adult male and female parasites (Fig.
2D) and in microfilariae (juvenile worms). In addition to
showing specificity and affinity for the filarial AsnRS, the
mAbs also inhibited enzyme activity. A malachite green
pyrophosphatase assay that measures enzyme-generated
phosphate was used to measure the inhibitory activity of
mAbs (Danel et al. 2004; Newton et al. 2006). Purified
mAbs at concentrations of 5 mg per mL, diluted up to
1:10,000, all exhibited significant neutralization of AsnRS
activity (Table 2). Enzyme inhibition can be explained by
the proximity of the KFDELSKAFKNVE peptide to the
active site of AsnRS (Supplemental Fig. 3). Similarly,
monoclonal antibody 3D6 was shown to inhibit AsnRSinduced chemotaxis in HEK293 cells stably transfected with
CXCR2 (Supplemental Fig. 4). AsnRS induced chemotaxis
of human leukocytes via interleukin-8 receptors (CXCR1
and CXCR2) is believed to play a role in the inflammatory
response and/or immunosuppression induced by Brugia
infection in humans (Ramirez et al. 2006).
Discussion
There are many technological and economic challenges
for development of improved immunodiagnostic assays
in developing countries. Relative lack of scientific infrastructure and smaller research budgets focused on
local research compound the problems inherent in diagnosis of immunologically complex tropical diseases. The
so-called ‘‘10/90 gap’’ refers to the fact that 90% of
global medical research is targeted at problems affecting
only 10% of the world’s population (World Health
Organization 2002). In the case of mAb production, while
basic protein production and purification methods could
be reproduced almost anywhere in the world, for the sake
of cost containment there is a need to use production
strategies that minimize the number of antibodies generated for subsequent detailed evaluation. The computational methods described here can potentially make
the generation of species-selective mAbs more successful and cost-efficient. Prior to these efforts to generate
AsnRS specific mAbs, the use of polyclonal rabbit IgG
and chicken IgY against Brugia AsnRS did not yield
antibody with the necessary specificity.

Rmax (RU)
2.40E
6.40E
2.90E
3.00E

+
+
+
+

04
03
05
02

Ka (1/M)
1.30E
4.60E
3.70E
7.40E

+
+
+
+

x2

Kd (M)

05
05
04
06

7.50E
2.20E
2.70E
1.40E

06
06
05
07

8.40E
1.80E
2.10E
1.20E

+
+
+
+

00
00
02
00

The two distinct sets of association curves obtained by
surface plasmon resonance suggest that mAb 3B4 may
bind to a different epitope than 3D6, 6B6, or 5B3, and this
possibility is a focus of current antibody-mediated inhibition competition studies. The Kd of mAb 3D6 was measured using whole IgG1 mAb and confirmed using Fab
fragments of 3D6, which generated the same Kd value of
140 nM. In addition to generating selective mAbs, these
mAbs neutralize two distinct biological activities of
AsnRS: aminoacylation and IL-8 receptor-mediated chemotaxis. Thus, these mAbs can be used to investigate
the biological sequelae of AsnRS inhibition, apart from
their utility for disease diagnosis. The structure-based approach for generating antibodies presented here is expected to facilitate new successes in raising diagnostic
antibodies against the AARS of human pathogens and
against many other protein antigens.
Materials and Methods
Murine mAb production
Balb/C mice received three injections of KLH-conjugated
peptide, KFDELSKAFKNVE, by Washington Biotechnology,
Inc., and were assessed for sufficient titer by ELISA 10 days
after their third injection. Mice with titers >50,000 were chosen
for the myeloma fusion procedure. Myeloma fusions that produced anti-peptide mAb were isolated by limiting dilution and
designated 3D6, 3B4, 5B3, and 6B6. MAbs were purified using
the Millipore Montage Prosep-A spin column kit (Millipore
Table 2. Aminoacylation inhibition assays using monoclonal
antibody 3D6

BmAsnRS without
inhibitor
Positive control
Asn-S-adenylate
3D6
3D6
3D6
3D6
3D6
Control IgG1
a

OD

% Inhibition

0.99 6 0.17

n/a

6
6
6
6
6
6
6

100%
100%
98%
100%
100%
100%
0%

0.21
0.13
0.24
0.18
0.19
0.18
1.35

0.02
0.01
0.01
0.05
0.01
0.04
0.06

Final dilution
of inhibitor
(mg/mL)

0
7.81a
4.98
4.98 3
4.98 3
4.98 3
4.98 3
5.82

10
10
10
10

1
2
3
4

Equivalent to 17 mM.
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#LSK2AGA20), and the isotype was identified using a mouse
mAb isotyping kit (GE Healthcare # RPN29).

was used to identify the distribution of the 3D6-anti-mouse IgG
complex.

Western blot assays

NMR spectroscopy

One microgram of test antigens (recombinant B. malayi AsnRS
wild type, an amino-terminal truncated B. malayi AsnRS
missing residues 1–111, bovine serum albumin [BSA], and
E. coli extract proteins) were spotted onto nitrocellulose membranes. After blocking filters with 3% BSA, a 1:1000 dilution of
each one of the mAbs was incubated with the membrane for 3 h
at 4°C, washed, and incubated with 1:100 dilution of mouse
anti-IgG conjugated to HRP. Diaminobenzidine (DAB) substrate was used to localize the secondary antibody-bound mAb
complex.

All NMR spectra were recorded on a Varian INOVA 600 MHz
spectrometer at 20°C. NMR raw data were processed with the
NMRPipe (Delaglio et al. 1995) package and analyzed with the
NMRView (Johnson 2004) software. The cross-relaxation mixing time of the NOESY experiment was set to 300 ms. The 1H
isotropic mixing time of the TOCSY experiment was set to
75 ms. Peptide powder was directly solved in 90%/10% H2O/
D2O solution without any buffer because phosphate buffer was
found to decrease the solubility of the peptide. The NMR sample
concentration was about 0.5 mM at pH 5.5. A trace amount of
2,2-dimethyl-2-silapentane-5-sulfonate sodium salt (DSS) was
added into the solution as the inner 1H chemical shift reference.

Surface plasmon resonance (SPR)
Affinities between B. malayi AsnRS and each of the three
IgG1 mAbs were measured by biosensor technology using the
BIAcore 3000 (GE Healthcare) and CM5 sensor chips. B. malayi
AsnRS was amine coupled using 1-ethyl-3-(3-dimethylaminoproply) carbodiimide (EDC) and N-hydroxysuccinimide (NHS)
to bind/immobilize the protein onto the CM5 sensor chip. Sensorgrams were obtained using five concentrations and were fit locally
to the 1:1 model of interaction by using the Fit Kinetics:Separate
Ka /Kd program in the BIA evaluation software for flow cell 3-1, to
allow for analytical integration in each one of the separate
association and dissociation phases. Resonance units (RU) are a
measure of bound protein in a given experiment, and one RU
represents ;1 pg of protein per square millimeter of sensor chip
surface. The dissociation constant was calculated by using 50 s of
data points to calculate a global-fit Kd value. In the association fit,
the Kd value from the dissociation fit was used as a global
parameter, and Ka and Rmax were fit globally using 50 s of data
points (Johnsson et al. 1991).
The CM5 sensor chip was activated by injection of a 1:1 ratio
of NHS/EDC, 50 mL of 0.05 M N-hydroxysuccinimide and 0.2 M
1-ethyl-3-(3-dimethyl-aminoproply) carbodiimide followed by
injection of 210 mL of a 1.5 mg/mL solution of Brugia malayi
AsnRS diluted in 10 mM sodium acetate (pH 4.5), providing a
high density surface. The uncoupled/unreacted ester groups on the
CM5 chip were blocked by injection of 50 mL of 1 M ethanolamine–
HCl (pH 8.5). All steps were performed at a flow rate of 5 mL/min.
Flow cell one of each chip did not contain B. malayi AsnRS, and
was used for reference correction. Monoclonal antibodies were
diluted in flow buffer and injected at a flow rate of 20 mL/min for
2.5 min using the Kinject program, followed by a dissociation phase
of 2 min in running buffer.

Immunohistochemistry
Adult male and female B. malayi were obtained from the
laboratory of Dr. John McCall (Athens, Georgia) under an
NIH supply contract. Parasites were fixed in 0.1% buffered
formalin and embedded in paraffin blocks for sectioning. Thin
sections were used for both hematoxylin and eosin staining for
morphology, as well as immunochemical staining using mAb
3D6. Brugia sections were blocked with 3% BSA, then incubated with 1:1000 dilution of 3D6 in phosphate-buffered saline,
pH 7.4, and bound primary antibody was localized using antimouse IgG conjugated to horseradish peroxidase. DAB substrate, which gives a brown coloration under light microscopy,
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Aminocylation inhibition assays
Stock solutions of mAb 3D6 were diluted 10-fold to 1:10,000
using HEPES-buffered saline. Enzyme inhibition studies were
conducted using a malachite green-based assay that measures
the production of phosphate via the release of pyrophosphate as
a by-product of AsnRS activity (Danel et al. 2004; Newton et al.
2006). Equal volumes of diluted AsnRS and mAb or control
inhibitor were incubated in 96-well microtiter plates at 4°C for
2 h, after which 24 mL of a mixture containing 6 mL 0.5 M
HEPES, 0.6 mL 0.2 M magnesium acetate, 7.5 mL L-cysteine,
3 mL 0.125 M dithiothreitol, and 1.5 mL deonized water was
added to each well. Thirty microliters of a mixture of 1.5 mL
10 mM L-aspartate b-hydroxamate, 0.75 mL 100 U/mL pyrophosphatase (Roche, catalogue #10108987001), 1.5 mL 0.5 M
HEPES, 1.5 mL 0.2 M Mg acetate, 1.5 mL 50 mM ATP pH 7.0,
and 23.35 mL water were added to each well and incubated at
37°C for 4 h. Sixty-four microliters of malachite green solution
were added to each well and mixed for 10 min at room
temperate in the dark. The OD was measured at 620 nm using
a PowerWave XS Universal Microplate Spectrophotometer
(BioTek, catalogue #MQX200R).

Chemotaxis assays
An HEK293 cell line stably transfected with CXCR2 (a gift
from Dr. O.M. Zack-Howard, National Cancer Institute) was
resuspended in RPMI 1640 binding media at 1–5 3 106 cells/
mL, enriched with 1% bovine serum albumin, 25 mM HEPES,
pH 8.0. Chemotaxis assays were conducted in 48-well Neuroprobe Boyden chambers using 10 mM polycarbonate membranes
pre-coated with 50 mg/mL of rat tail collagen type I (BD
Bioscience) at 37°C for 2 h. Monoclonal antibody 3D6 and
human IgG, normal serum (Bethyl Laboratories, Inc.) were
diluted in binding media containing 10 ng/mL BmAsnRS and
placed in the lower wells of a chemotaxis chamber. Fifty
microliters of HEK293-CXCR2 suspension (cell density) were
placed in the upper wells. The filled chemotaxis chambers were
incubated in a humidified CO2 incubator for 5 h. HEK293CXCR2 transfected cells were also pre-incubated with 10 mg/
mL of anti-CXCR2 antibody (R&D) for 30 min at 37°C. The
CXCR2 antibody was used in this study as a positive control for
a blocking chemotaxis activity. After the incubation membranes
were removed from the chemotaxis chamber assembly, the cells
from the upper side of the membrane were gently removed by
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rinsing in PBS solution, whereas the cells from the lower side of
the membrane were fixed and stained using Rapid Stain
(Richard-Allen Scientific). Cells that crossed membrane were
counted under a microscope using 2003 magnification.

Electronic supplemental material
Supplemental Table 1: sequery and SSA analysis for Brugia
AsnRS; Supplemental Figure 1: alignment of the amino acid
sequences of Brugia and human AsnRS; Supplemental Figure 2:
NMR data analysis of synthetic peptide RIWKFDELSKAFKN
VEIDPK; Supplemental Figure 3: model of how monoclonal
antibody neutralizes enzymatic activity of Brugia AsnRS; and
Supplemental Figure 4: chemotaxis inhibition assays using
comparing mAb 3D6 to anti-CXCR2.
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