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The crystal structure of the Fab fragment of a rat monoclonal
antibody against the main immunogenic region of the human

muscle acetylcholine receptor
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The crystal structure of the Fab fragment of a rat monoclonal antibody, number 192, with a very high affinity
(K4 = 0.05 nm) for the main immunogenic region of the human muscle acetylcholine receptor (AChR), has been
determined and refined to 2.4 A resolution by X-ray crystallographic methods. The overall structure is similar to
a Fab (NC6.8) from a murine antibody, used as a search model in molecular replacement. Structural comparisons
with known antibody structures showed that the conformations of the hypervariable regions H1, H2, L1, L2, L3
of Fab192 adopt the canonical structures 1, 1, 2, 1, and 1, respectively. The surface of the antigen-binding site is
relatively planar, as expected for an antibody against a large protein antigen, with an accessible area of 2865 A2,
Analysis of the electrostatic surface potential of the antigen-binding site shows that the bottom of the cleft formed
in the center of the site appears to be negatively charged. The structure will be useful in the rational design of very
high affinity humanized mutants of Fab192, appropriate for therapeutic approaches of the model autoimmune

disease myasthenia gravis.
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The nicotinic acetylcholine receptor (AChR) of mammalian
muscle is a ligand gated cation channel, composed of five
homologous subunits in a stoichiometry o,B3yd or o,Bed [1].
AChR is the target of an antibody-mediated autoimmune
response, which causes the disorder myasthenia gravis (MG).
Anti-AChR autoantibodies act mainly by causing AChR loss
through antigenic modulation and complement activation, both
mechanisms being dependent on the bivalent nature of the
antibodies, resulting in failure of the neuromuscular transmission
[2].

The majority of the anti-AChR antibodies in experimental
rats and in sera of MG patients compete for binding to a region
in the extracellular surface of the a-subunit of the AChR, called
the main immunogenic region (MIR) [3,4]. The approximate
location of the MIR on the intact AChR has been determined,
by electron microscopy, to be at the extreme synaptic end of the
a-subunit of the AChR [5]. The MIR seems to consist of a
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group of overlapping epitopes. Although anti-MIR antibody
binding is conformation dependent, some anti-MIR monoclonal
antibodies (mAbs) bind weakly but detectably to denatured
AChR fragments and have been used to localize a major loop of
the MIR between residues 67—76 of the a-subunit [6,7]. The
conformation of the a67—76 decapeptide has been studied by
2D-NMR spectroscopy [8,9]. Yet, the anti-MIR mAbs with
high affinity for human AChR do not bind to denatured AChR
fragments, therefore their precise epitopes are still unknown.

Anti-MIR mAbs cause AChR loss when added to cell
cultures [10,11] and AChR loss and symptoms of experimental
MG when injected into rats [12]. Contrary to the intact anti-
MIR antibodies, their Fab fragments, being univalent, do not
cross-link the AChR molecules, and thus they do not cause
AChR loss nor MG symptoms [12]. In fact it has been shown in
muscle cell cultures [10,11] that these Fabs are capable of
efficiently protecting the AChR against loss induced by human
MG patients sera. Furthermore, it has been recently shown that
such anti-MIR Fabs are also capable of protecting experimental
rats against passively transferred experimental MG (D. Papa-
nastasiou, C. Poulas and S. J. Tzartos, unpublished results),
suggesting that they may be therapeutically useful.

Despite thorough investigation of the MIR, little is known
about the structural characteristics of the anti-MIR antibodies.
Detailed knowledge of the structure of anti-MIR Fabs will help
to elucidate the molecular basis of the interaction between the
AChHR and anti-MIR antibodies. Furthermore this structure will
be helpful in the construction of high affinity humanized
mutants of the available antibody fragments for use as efficient
protectors of the AChR against the pathogenic activity of
anti-AChR antibodies, in trials for MG treatment.

Here, we present a structural analysis at 2.4 A resolution of
the Fab fragment of the anti-MIR mAb 192. This Fab fragment
has a high affinity (K4 = 0.05 nm) for human AChR [13] and
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Table 1. Diffraction data statistics for Fab192 at 100 K. Merging R, is
defined as Ry, = (-2 | <Iy> — L, )/3- 2L, where <I > and [, are
the mean and ith measurement of intensity for reflection A, respectively.
(/) is the standard deviation of I. Angle brackets denote average values.

Parameter Value
Space group C222,
No. of images (degrees) 213 (159.75)

Unit cell dimensions a=1797 A, b =110.1 A, c=1995A

Solvent content (%) 43.8
Resolution 20-24 A
No. of observations 118,352
No. of unique reflections 26,381
I/o(I) (outermost shell) 25.45 (9,12)

76.1% (51.9%)
0.087 (0.232)

Completeness (outermost shell)
R, (outermost shell)

Multiplicity 4.1
Outermost shell 25-24 A
Mosaicity 0.35

together with the recombinant scFv fragment, are very efficient
in protecting human AChRs against binding of sera from MG
patients.

MATERIALS AND METHODS

Data collection and processing

The preparation, purification and crystal growth conditions of
Fab192 have been described previously [13]. The Fab fragment
was purified with anion exchange chromatography and chromato-
focusing and crystallized at a concentration of 12 mg-mL™".
The crystallization conditions were 18% w/v poly(ethylene
glycol) 6000, 150 mm NaCl, 100 mm bis-Tris/HCl pH 7.5,
2 mM EDTA, at 16 °C. Diffraction data to 2.4 A resolution
were collected using the synchrotron radiation at Elettra
Sinchrotrone (Trieste, Italy) at 100 K. The crystals were
cryoprotected by equilibration for 1 min in mother liquor
with 25% (w/v) poly(ethylene glycol) 400. Data were inte-
grated, scaled and merged using MARXDS and MARSCALE [14].
The crystals belong to orthorhombic space group C222; with
unit cell dimensions a = 79.7 A, b = 110.1 A, ¢ = 199.5 A,
with two Fab molecules per asymmetric unit and 43.8% of
solvent in the crystal. Crystallographic data was collected at
100 K and processing statistics are shown in Table 1.

Crystal structure determination

The structure of Fab192 was determined by molecular replace-
ment, using the murine anti-sweetener Fab (PDB entry 2cgr;
anti[2N-( p-cyanophenyl)-N’-(diphenylemethyl)-guanidineacetic
acid] Fab NC6.8, 1gG2b, kappa) [15], as a search model. This
Fab structure was chosen on the basis of sequence similarity
(62% identity, 77% homology) and because it was solved in,
relatively, high-resolution (2.2 A).

XPLOR 3.8 [16] was used for molecular replacement searches,
using data from variable resolution ranges (15.0-5.0, 10.0-4.0,
and 10-3.5 A). The elbow angle of the search model was
varied from the starting value in increments of 5° from —17 to
20° and the peaks of each search were subjected to Patterson
correlation refinement, as described by Brunger [18], to obtain
the final rotation angles. The entire molecule, the two domains
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(variable and constant) and, finally, the individual heavy and
light chains in each domain, were treated as independent rigid
bodies in the Patterson correlation refinement. This procedure
produced an unambiguous solution, a peak 60 above back-
ground level, corresponding to a change in the elbow angle of
+10° from the original model. A second rotation solution was
not found in the cross rotation search, even when other Fab
structures were used as search models, and a self-rotation
search did not reveal any significant peak apart from those
determined by the crystallographic symmetry. Therefore, the
direct rotation function subroutine ino XPLOR [19] was
employed, using data from 10.0 to 3.5 A. The search probe
was constructed by increasing the elbow angle of the model
(2cgr) by 10°, truncating the side chains at the CB atoms for all
its residues and omitting all hypervariable regions. The peaks of
this search were again subjected to Patterson correlation
refinement. Under these conditions, two peaks became apparent
(80 and 30, respectively, above background level), correspond-
ing to the two Fab192 molecules of the asymmetric unit.

Translation searches were carried out indepedently for the
two molecules, using the properly oriented and Patterson
correlation refined model and data from 10.0 to 3.5 A.
Significant peaks emerged for both molecules (90 and So,
respectively, above the mean) and finally, the relative y
translation for the second molecule with respect to the first,
was found by one-dimensional traslation searches.

Structure refinement

All crystallographic refinement and electron density map
calculations were carried out using the program XPLOR 3.8
[16]. After placing the two molecules in the asymmetric unit
with molecular replacement, the overall orientation of the
structure was subjected to a rigid body minimization in eight
rigid groups, refining against data from 10 At 30A
resolution. The packing of the structure was inspected visually,
using the interactive computer graphics program o [20]. No
steric clashes were observed, that could not be corrected by
minor structural adjustments. The crystallographic R factor
after this stage was 0.48 (Rpee = 0.49), at which point the
Fab192 amino-acid sequence was applied to the model.
Calculated phases obtained from the rigid-body refined
structure were used to determine a SIGMAA-weighted [20]
2Fo-Fc electron density map. Careful examination of this map
and using the amino-acid sequence of Fab192 [21] allowed the
replacement of all truncated side chains in the model and the
building of the misssing loops, using the program o [20].
Appropriate density was observed for most of the omitted
residues.

Several alternating cycles of manual rebuilding, conventional
positional refinement, and the simulated annealing method, as
implemented in XPLOR [22] improved the quality of the model.
Simulated annealing refinement was performed starting from
2500 K, using ideal structure factor amplitude weights as
determined by XPLOR. Individual B factor refinement was
carried out before computing electron density maps for
interpretation. Extension of the refinement from 3.0 A (where
the data are 89% complete) to 2.4 A resolution was performed
in 0.1 A resolution steps, although data from 2.9 to 2.4 A were
68% complete. The inclusion of the higher resolution data in
refinement allowed individual B factor refinement and addition
of 209 water molecules to the model. A significant improve-
ment of the electron density maps and a drop of approximately
2% in the Ry, value indicated that inclusion of the additional
data improved the model. However, the resolution of the final
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Fig. 1. Stereo diagrams of residues of the
light chain of Fab192 in the vicinity of the
disulphide bond between Cys23 and Cys88 (a)
and residues from the CDR3 loop of the heavy
chain (b) and electron densities from 2Fo-Fc
maps. The contour levels correspond to

0.13 e:A7? (e, electrons). The figures were
produced using the program BOBSCRIPT [43].

structure is nominally 2.4 A as data were 68% complete
between 2.9 A and 2.4 A. Bulk solvent correction, as imple-
mented in XPLOR [23] and all observed reflections, including
low-resolution data to 20 A (a total of 26 381 reflections for the
final cycles with no sigma cutoff) were used. The refinement
process was monitored by the use of both the conventional
R factor and the Rg.. value (based on 5% of the reflections
ommited from all refinement steps) [24]. Tight noncrystallo-
graphic symmetry (NCS) restraints were used at the beginning
of the refinement and they were gradually released at the final
stages. Due to a small difference in the elbow angle of the two
molecules of the asymmetric unit, individual NCS matrices had
to be used for each of the four domains. The switch regions,
connecting the variable and constant domains of either chain,
were not restrained by NCS. During the final stages of
refinement, water molecules were inserted into the model
only if there were peaks in the Fo-Fc electron density maps
with heights greater than 30 and they were at hydrogen bond
forming distances from appropriate atoms. 2Fo-Fc maps were
also used to check the consistency in peaks. Water molecules
with a temperature factor higher than 60 A2 were excluded
from subsequent refinement steps. Residues where overall
average B factor values exceed 60 A? include HI101-102,
H132-139, H162-165 (first molecule), and L126, L141-158,
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L189-205, L208-213, HI1, H131-140, H162-166, H175,
H187-194, H212-214 (second molecule). Portions of the
final electron density map in the region of the disulphide bond
between Cys23 and Cys88 and in the region of the CDR3 loop
of the heavy chain (H3) are shown in Fig. 1.

The program PROCHECK [25] was used to assess the
stereochemical quality of the intermediate and the final models.
The solvent accessible area of the CDRs was calculated using
the program SURFACE (cCP4) [26], with a 1.7-A probe radius
and standard van der Waals radii. The structure was analyzed
with the graphics program o [20]. Hydrogen bonds were
assigned if the distance between the donor (D) and the acceptor
(A) atoms was less than 3.3 A and if the angle D-H-A was
greater than 90°. Van der Waals interactions were assigned for
nonhydrogen atoms separated by less than 4 A. The protein
structures were compared using either the subroutine LsQ of the
o package [20] or LsSQKAB (ccp4) [26]. Surface curvature and
electrostatic calculations were performed using the program
GRASP [27,28].

Coordinate sets for comparison were: murine antisweetener
Fab [15] (PDB code 2cgr); antibody D1.3 [29] (PDB code
1vfa). Coordinates for Fab192 (PDB code 1C5D) have been
deposited with the RCSB Protein Data Bank (http://
www.rcsb.org/pdb/).
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Table 2. Refinement statistics. Crystallographic R factor is defined as R = 3, | IF,| — IF, | /S IF,|, where IF,| and IF,| are the observed and calculated
structure factor amplitudes, respectively. Ry is the corresponding R value for a randomly chosen 5% of the reflections that were not included in the

refinement.

Parameter

Value

No of reflections used (free)
Completeness

Residues included

No of protein atoms

26 381 (1288)

76.1

1-213 (light chain), 1-214 (heavy chain)
6509

No of water molecules 209
Final R (Rfee) 19.6% (30.4%)
rmsd in bond lengths (A) 0.010
rmsd in bond angles (°) 1.6
rmsd in dihedral angles (°) 30.8
rmsd in improper angles (°) 0.8
rms error in coordinates (1&)a 0.32
Average B (A?) for residues
Molecule 1

Molecule 2

light chain (L)

heavy chain (H) light chain (A) heavy chain (B)

Overall 27.9 37.0 43.8 39.5
Main chain 27.5 375 43.8 39.5
Side chain 28.2 36.5 41.1 38.8
Average B (/o\z) for water molecules 36.6

* See [45].

RESULTS AND DISCUSSION

Description of the structure

The final model comprises all 213 residues of the light (L)
chain and 214 residues of the heavy (H) chain. The model also
includes a total of 209 water molecules, a number consistent
with the resolution and the data collection temperature (100K).
The model has a final conventional R value of 0.196 and last
recorded Ry, value of 0.304. The Ry.. value, used as a
statistical cross-validation diagnostic for assessing improve-
ment during refinement, is 0.304, a value which is consistent
with values found for other proteins at this resolution [30]. The
refinement statistics of the final model of Fab192 are sum-
marized in Table 2. The geometry of the model is good, with
rms deviation from ideality of bond lengths and bond angles of
0.01 A and 1.64°, respectively. The Ramachandran plot [31]
showed 78.7% of residues in the most favoured regions, 17.2%
of residues in the additional allowed regions, 2.7% of residues
in the generously allowed regions and 10 residues, which
represent 1.4% of the total number, in the disallowed regions.
Two of them (residue Thr51 of the CDR-L2 for both molecules
of the asymmetric unit) exhibit torsion angle values that are
commonly reported for residues at this position in many
immunoglobulin structures [32]. The others include residues
Asn30 and Glul194 of the light chain and residues Asp99 and
Ser176 of the heavy chain of the second molecule are located in
loops connecting B-strands which are mobile (as shown by the
high B factors of the corresponding regions). Ser201 and
Arg210 of the light chain for both molecules are located in the
C-terminal region of the molecule, which shows high mobility.
Ser138 of the heavy chain of the second molecule is located in
a region poorly supported by electron density. The equivalent
region is also poorly ordered in other Fab structures [33].

Finally, Ala49 of the heavy chain of the first molecule is
located on a [-strand (residues 46-52), which has a well
defined electron density and is not involved in any lattice
contacts, so the reasons for its unfavourable torsion angles are
not clear.

The B factor statistics for each chain is shown in Table 2. In
general there is good correlation between the B factor and the
secondary structure of the chain. The highest temperature
factors in the heavy chain occur at the C-terminus and in
solvent exposed loops involving residues 101-102, 132-139,
and 162-165. Segment 132—139 is rarely ordered in most Fab
crystal structures and has been implicated as a mediator of
flexibility between segments of the antibody molecule [34].
The second molecule of the asymmetric unit has, in general,
higher B factors than the first, indicating that the crystal
packing of this molecule is loose.

A representation of the entire structure is shown in Fig. 2.
Fab192 shows the typical immunoglobulin fold. The molecule
is almost completely extended and there are no contacts
between the variable and constant regions of the sequence.
Superposition of the structure on other Fab structures gives
typical rms deviations, compared to other Fabs. The rmsd
between the Ca atoms in Fab NC6.8 (the molecular replacement
model) and the two molecules of Fab192 is 2.10 A and 1.99 A,
respectively. Based on a pair-wise comparison of the two
crystallographically independent Fab molecules, only small
differences can be seen. The elbow angles differ by about 2°
between the two molecules (163° for molecule 1 and 165° for
molecoule 2). The overall rmsd between the two molecules is
0.99 A, while the rmsds between the light and heavy chains are
0.73 A and 0.97 A, respectively. The rmsds between the
variable domains are 0.52 A and 0.52 A and the rmsds between
the constant domains are 0.79 A and 0.86 A, respectively, for
light and heavy chains. The most significant deviations occur
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Fig. 2. A schematic diagram of the Fab192 molecule. The light chain is
blue and the heavy chain is red. The positions are shown for the CDR loops.
The figure was produced using MOLSCRIPT [44].

near the elbow bend (2.1 A for residues 105-112 of the light
chain and 1.8 A for residues 109117 of the heavy chain) and
in certain regions in the constant domains where the electron
density maps are not well defined (up to 4 A for residues
130-140).

The crystal packing (Fig. 3) of the two crystallographically
independent Fab molecules follows the ‘head-to-tail’ fashion,
which has been observed for many unliganded Fabs. The
dominant interactions are between the binding surface of the
second molecule (mainly residues from loop regions L2 and
H3) and regions of the variable domain of the first molecule
(Table 3). Trp101 of H3 makes a total of 17 van der Waals
interactions (9 nonpolar/nonpolar, 7 polar/nonpolar, and 1
nonpolar/polar). In addition, the side chain of TrplOl is
involved in water mediated interactions with main and side
chain atoms of Ser170 and side chain atom of Ser80.

Antigen binding site

Antigen-binding sites are formed from six loops of polypeptide,
the three loops from the variable domain of the light chain (L1,
L2, L3), and the three loops from the variable domain of the
heavy chain (H1, H2, H3). The relationships between the
amino-acid sequences of the antigen-binding sites and their
structures have been extensively studied [32,35-37]. It was
found that, with the exception of H3 which is very variable in
length and sequence, a canonical structure model can be
established for five of the six loops. In the structure of Fab192,
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the quality of the electron density map in the antigen-binding
region is very good and the six hypervariable loops can all
be traced with high confidence (Fig. 4). A comparison of the
observed conformations with those described by the canonical
structure approach of Chothia et al. [36] shows that the
hypervariable regions L1, L2, Hl and H2 of Fab192 are
consistent with this classification. The hypervariable region L1
belongs to the canonical group 2, as indicated by the presence
of the key residues L2 (Ile), L25 (Ala), L29 (Ile) and L71 (Phe),
with residues 26—28 forming an extended conformation and
residues 29-32 forming a distorted type II turn. The
comparison of the Fabl92 structure with the structure of
antibody D1.3 [29], using the program LSQKAB (CCP4) [26],
showed that the positions of the Ca atoms of the L1 loops
deviate from their mean positions by 0.29 A, indicating that the
two loops are similar in their conformation. The hypervariable
region L2 belongs to the canonical group 1 (key residues L48
(Ile) and L64 (Gly)), a three residue hair-pin turn (L50-L52),
stabilized by two hydrogen bonds between framework residues
L49 (Arg) and L53 (Ile). The superposition of the structure of
Fab192 with the structure of D1.3 over residues of loops L2
gave rmsd of 0.21 A for main chain atoms. In heavy chain, the
hypervariable region H1 follows the conformation of group 1
[key residues H26 (Gly), H27 (Phe), H29 (Leu), H34 (Val) and
H97 (Arg)]. Superposition of the Fab192 and D1.3 structures
over region H1 gave rmsd of 0.41 A for the Ca atoms. The
hypervariable region H2 belongs to the canonical group 1 [key
residue H55 (Gly)] and is three residues long (H53-HS5S5).
These three residues (Ser-Gly-Gly) form the apex of a seven-
residue turn, with the other four residues being part of the
framework region. The structure is stabilized, as expected by
two main-chain hydrogen bonds between H50 (Ala) and H58
(Tyr) and two main-chain hydrogen bonds between H52 (Ser),
H55 (Gly) and H56 (Ser). Superposition of the Fab192 and
D1.3 structures over region H2 gave rmsd of 0.78 A for the Ca
atoms.

The hypervariable loop L3 does not follow any of the
canonical forms proposed for this region, as it is only five
residues long (L91-L95) and lacks the key proline residue at
position L95 or L94. A Fab crystal structure, in which the L3
hypervariable loop also lacks the key proline, has been only
once reported previously in the anti-CD5 Fab CRIS-1 [38].
Four out of the five residues are common between the L3
hypervariable regions of Fab192 and CRIS-1, so it is expected
that the conformation of this loop will be quite similar, although
the CRIS-1 atomic coordinates are not available for a
comparison. The conformation found for L3 in Fab192 can
still be related to the canonical form 1, as observed in D1.3
[29], despite the differences in the amino-acid composition,
with rmsd values for the Ca atoms of 0.80 A (the rms devi-
ations for canonical forms 2 and 3 are 1.54 A and 1.86 A,
respectively). The only L3 key residue present in Fab192 is L90
(Gln), which stabilizes the conformation with the formation, as
expected, of four hydrogen bonds through its amide group:
three with main-chain atoms from residues L92 (Gly), L93
(Asn), L94 (Leu) and one with O from the sidechain of 1.96
(Thr).

The H3 hypervariable region of Fab192 is 10 residues long,
which is considered a moderate length. Shirai ef al. [39] have
shown that the H3 loop conformation is influenced by the
presence of a partially buried ion-pair H97 (Arg) and H105
(Asp), located at the base of a cleft in the antigen combining
site. This ion pair is also present in Fab192 H3, therefore it
adopts the expected bulged structure described by Morea et al.
[37]. Five out of 10 residues in Fab192 H3 loop are aromatic. A
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Fig. 3. A schematic diagram showing the spatial arrangement of the
two molecules of Fab192 in the asymmetric unit. The first molecule is
colored yellow and the second molecule red. The figure was produced using
the program o [20].

study of the antigen—antibody complex structures has shown
that aromatic residues play a dominant role in antigen binding
[40]. Two of the aromatic residues in Fab192 hypervariable
region H3 [H103 (Tyr) and H107 (Trp)] are important for
hydrophobic packing against aromatic residues in the light
chain, while the side-chains of the other three project into the
cavity formed by the six CDR loops and may form part of the
interaction of the antibody with the receptor.

Analysis of the correspondence between the observed
canonical structure repertoire in immunoglobulin sequences
and the types of antigen recognized has shown that there are
two different sets of canonical structure classes: one with
preference for a specific type of antigen and one with multi-
specific binding capabilities [41]. The combination of the
canonical structures of the hypervariable loops of Fab192 for
H1,H2,L1,L2,L31is 1 121 1, respectively. Vargas-Madrazo
et al. [41] have found that this is a specific canonical class: 56%
of antibodies belonging to it recognize protein antigens, 25%
nucleic acid and 19% haptens.

The surface of the antigen-binding site (Fig. 5) is relatively
planar, which is expected for an antibody against a large protein
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Table 3. Intermolecular van der Waals contacts between molecule 1
and molecule 2 of Fab192. L and H, and A and B represent the light and
heavy chains of molecule 1 and molecule 2 of Fab192, respectively.

Molecule 1 Molecule 2

L-Leul5 CG A-Ile53 CD1

CD2 A-Arg49 CZ,NH2,NH1, A-1le53 CG1,CD1,
B-Trpl01 CZ2

L-Asn77 ODI1 A-Ile53 CD1, A-Leu54 O

ND2 A-Leu54 N

L-Ala79 CB A-Leu56 CD1

L-Glu81 CD A-Leu56 CD2

OE2 A-Leu56 CG,CD1,CD2

L-Lys106 O B-Trp101 CZ2,CH2

L-Argl07 CA B-Trp101 CZ2,CH2

CG B-Trp101 CG,CD2,CE2,CD1,NE1

CZ B-Trp101 CB

NHI1 B-Trp101 CDI

NH2 B-Trp101 CB

L-Alal08 N B-Trp101 CD2,CE3,CZ3

CB B-Gly100 O; B-Trp101 CE3

H-Ser138 CB B-Ser74 O

oG B-Ser74 O

antigen [42], with an accessible area of 2865 A? (calculated
using the program SURFACE, cCP4 [26]). There is a cleft formed
in the center of the antigen combining site which is bounded by
the side chains of residues H27 (Phe), H29 (Leu), H101 (Trp)
and H104 (Phe). The bottom of this cleft, formed by the side
chains of residues H98 (Glu) and H99 (Asp), appears to be
negatively charged. The known decapeptide of the AChR
sequence that participates in the epitopes of several anti-MIR
mAbs (67-76 (WNPDDYGGVK) contains two acidic and one
basic residues. mAb192 does not bind to this decapeptide, nor
to any other denatured AChR fragment. On the other hand, the
basic K76, is followed by four more basic residues (K77, H79,
K84, and R87) in the sequence of residues a77-87 (KIHIPSE-
KIWR). Hence, the possibility that some of these residues may

Fig. 4. Superposition of the main-chain atoms of the six hypervariable
regions of Fab192 L1, L2, L3 (top) and H1, H2, and H3 (bottom),
coloured yellow, to the equivalent atoms of the hypervariable regions of
antibody D1.3 [29], coloured red. The figure was produced using the
program o [20].
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Fig. 5. View of the surface topology of antigen binding site of Fab192
molecule. The protein surface is colored according to the electrostatic
potential ranging from blue (= 10kt-e~', positive) to white (neutral) and red
(= —10kt-eil, negative), where k is the Poisson—Boltzmann constant at
temperature ¢ per electron (e). The negative region created by residues from

the CDR loop H3 is apparent. The figure was drawn using the program
GRASP [27,28].

play critical parts of the epitope for mAb192 cannot be ruled
out.

In conclusion, the structure of the Fab192, the first crystal
structure of an antibody against AChR, a large membrane
autoantigen, provides information on structural properties
required for specific recognition of the MIR of the AChR.
Fab192 is very appropriate for use in therapeutic approaches of
MG, after genetic manipulations. It binds at the MIR of the
human AChR with an unusually high affinity [13] and very
efficiently protects the AChR against binding of sera for MG
patients [21]. Its recombinant scFv fragment has been
constructed and it is similarly efficient in protecting the
AChR [21]. Experiments are under way to construct the
humanized mutant of this antibody fragment and increase its
affinity based on the presently acquired knowledge of its
antigen binding site. Although Fab192 does not bind to
synthetic peptides nor to denatured AChR subunit fragments,
we recently found that it binds to a refolded polypeptide
corresponding to the extracellular part of the human AChR
a-subunit (T. Tsouloufis and S. J. Tzartos, unpublished results).
The structural determination of the complex of Fab192 with the
refolded polypeptide should further facilitate the rational design
of therapeutic mutant molecules.
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