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COVER chr) Three-dimensional structure of an antigen-antibody complex.
The antigen is lyzozyme (green, with a protruding residue, glutamine-121 in red).
(Lower) The antigen and the antibody have been pulled apart to reveal their
complementary contacting surfaces. See pages 747 and 755. [A. G. Amit et al.,
Institut Pasteur, Paris, France]

761  Equatorial Pacific Seismic Reflectors as Indicators of Global Oceanographic
Events: L. A. MAYER, T. H. SHIPLEY, E. L. WINTERER
765  Two Magnetoreception Pathways in a Migratory Salamander: J. B. PHILLIPS
767  Molecular Cloning of the Chicken Progesterone Receptor: O. M. CONNEELY,
W. P. SuLLivAaN, D. O. Torr, M. BIRNBAUMER, R. G. Cook, B. L. MAXWELL,
T. ZARUCKI-SCHULZ, G. L. GREENE, W. T. SCHRADER, B. W. O’MALLEY
770  Distinct Pathways of Viral Spread in the Host Determined by Reovirus S1 Gene
Segment: K. L. TyLER, D. A. McPHEE, B. N. FIELDS
774  Psychotomimesis Mediated by k Opiate Receptors: A. PEEIFFER, V. BRANTL,
A. HErz, H. M. EMRICH
776  Transplantation of Fetal Hematopoietic Stem Cells in Utero: The Creation of
Hematopoietic Chimeras: A. W. FLAKE, M. R. HARRISON, N. S. ADZICK,
E. D. ZaNjANI
778  Amplification of an Esterase Gene Is Responsible for Insecticide Resistance in a
California Culex Mosquito: C. MoUCHES, N. PASTEUR, J. B. BERGE,
O. HYRIEN, M. RAYMOND, B. ROBERT DE SAINT VINCENT et 4l.
780  Occult Drosgphila Calcium Channels and Twinning of Calcium and
Voltage-Activated Potassium Channels: A. WEI and L. SALKOFFE
783 A Protein Induced During Nerve Growth (GAP-43) Is a Major Component of
Growth-Cone Membranes: J. H. P. SKENE, R. D. JACOBSON, G. J. SNIPES,
C. B. MCGUIRE, J. J. NORDEN, J. A. FREEMAN
786  Chromosome Y-Specific DNA Is Transferred to the Short Arm of X
Chromosome in Human XX Males: M. ANDERSSON, D. C. PAGE,
A. DE 1A CHAPELLE
788  Active Human-Yeast Chimeric Phosphoglycerate Kinases Engineered by Domain
Interchange: M. T. Mas, C. Y. CHEN, R. A. Hrrzeman, A. D. RiGGs
\AAS Meeti ngs 793  Annual Meeting: Call for Contributed Papers
ook Reviews 794 A Cycle of Outrage, reviewed by H. Molotch ® Les Fourmis et les Plantes,
R. C. BUCKLEY ® Geology of Sedimentary Phosphates, V. E. MCKELVEY ®
; Some Other Books of Interest ® Books Received
‘roducts & Materials 797  Benchtop Gas Chromatograph Mass Spectrometer @ Mathematics Software for
w Personal Computer ® Electrophoresis Blotting Apparatus ® Bibliographic
Software ® Peptide Synthesizer ® Programmable Viscometer ® Database for
Chemists ® Literature
d of Directors Robert McC. Adams Editorlal Board Board of Reviewing Stephen P. Goff Frederic M. Richards
- L it T N
President, A - Bri Al atricia S. Goldman-Rakic mas C. Schelling
ence Bogorad Donald N. Langenberg L oani L N ez Gloria Heppner Otto T. Solbrig
e Dorothy Nelkin Jmnesw D. Id:I. Jr. él:ogLIA'."’"”‘. ) Eric F. Johnson Robert T. N. Tjian
la E. Widnall Linda S. Wilson sq,m’(m”mjw e B Konrad B. Krauskopf Virginia Trimble
d ect William T. Golden Walter Floyd E. Bloom Karl L. Magleby Geerat J. Vermeij
Treasurer Oliver E. Nelson Charles R. Cantor R e
William D. Carey Asteqilenvey dames 1, Olark Alton Meister George M. Whitesides
Executive Officer Ruth Patrick Bruce F. Eldridge Mortimer Mishkin Owon N. Wite
David V. Ragone Stanley Falkow Pitat Ol WIIP B w:od
Vera C. Rubin Theodore H. Geballe Botdon HGetans H;:e';‘ e
Howard E. Simmons Roger I. M. Glass Uoh 8. Pasrse Dran
Pobort . Solow Yeshayau Pocker
Jean Paul Revel

oY vor — o

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Three-Dimensional Structureoof an Antigen-
Antibody Complex at 2.8 A Resolution

A. G. AmrT, R. A. MARr1UuzzA, S. E. V. PHiLLIPS, R. ]J. PoLjAK

The 2.8 A resolution three-dimensional structure of a
complex between an antigen (lysozyme) and the Fab
fragment from a monoclonal antibody against lysozyme
has been determined and refined by x-ray crystallographic
techniques. No conformational changes can be observed
in the tertiary structure of lysozyme compared with that
determined in native crystalline forms. The quaternary
structure of Fab is that of an extended conformation. The
antibody combining site is a rather flat surface with
protuberances and depressions formed by its amino acid
side chains. The antigen-antibody interface is tightly
packed, with 16 lysozyme and 17 antibody residues
making close contacts. The antigen contacting residues
belong to two stretches of the lysozyme polypeptide
chain: residues 18 to 27 and 116 to 129. All the comple-
mentarity-determining regions and two residues outside
hypervariable positions of the antibody make contact with
the antigen. Most of these contacts (10 residues out of 17)
are made by the heavy chain, and in particular by its third
complementarity-determining region. Antigen variability
and antibody specificity and affinity are discussed on the
basis of the determined structure.

structures on the surface of B and T lymphocytes represents

the initial step in the sequence of events leading to activation
of the immune system. The receptor molecule on the surface of B
lymphocytes responsible for antigen recognition is membrane
immunoglobulin. A mature B cell produces and inserts into its
plasma membrane only limited amounts of a single kind of immuno-
globulin. Contact with antigen results in the expansion of B cell
clones specific for that antigen and in their differentiation into
plasma cells capable of producing and secreting large amounts of
antibody of the same specificity (monoclonal antibody).

Antibody molecules of the immunoglobulin G (IgG) class, the
most abundant in normal serum, are composed of two identical light
(L) and two identical heavy (H) polypeptide chains. The amino
terminal regions of the H and L chains, termed Vy and V|, are each
about 110 amino acids long and have variable (and homologous)
amino acid sequences. The constant (C) half of the L chain, C, and
the constant regions Cyl, Cy2, and Cy3 of the H chain, each about
100 amino acids long, have homologous sequences that belong to
one of a few classes (k and A for L chains; p, 8, v, €, and a for H
chains). The Vi and V| regions each contain three hypervariable or
complementarity-determining regions (CDR1, CDR2, and CDR3)
responsible for antigen recognition. These are flanked by less
variable (FR1, FR2, FR3, and FR4) “framework” regions (I).

Present understanding of the three-dimensional structure of
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antibody combining sites is based on x-ray diffraction studies of
myeloma immunoglobulins as reviewed (2). These have shown that
the conformation of combining sites is determined by the amino
acid sequences, unique to each different antibody, of the CDR’s.
The structures of two complexes of antigen-binding fragments
(Fab) of myeloma immunoglobulins with small ligands have also
been determined (3, 4). Although these studies resulted in useful
models for ligand-antibody interactions, they are insufficient to
establish unequivocally the precise size and shape of antibody
combining sites, the nature and extent of antigen-antibody interac-
tions, and the occurrence of possible conformational changes (if
any) in the antibody after antigen binding. In addition, the precise
structure of antigenic determinants on protein molecules remains to
be determined (5). Equally important are questions concerning the
nature of possible conformational changes in the complexed antigen
and the effect of single amino acid substitutions on antigenic
specificity and antigen recognition by the antibody.

We have recently determined the three-dimensional structure of
an antigen-antibody complex, one between lysozyme and the Fab
fragment of a monoclonal antlbody to hen egg white lysozyme, at 6
A resolution (6). We have since extended the resolution of the x- ray
structure determination to 2.8 A, and now present a complete
description of antigen-antibody interactions in the complex.

Structure determination. The production of hybrid cell lines
secreting murine monoclonal antibody to hen egg white lysozyme,
and the purification, crystallization (7), and 6 A resolution crystal
structure determination (6) of the complex between Fab D1.3 and
lysozyme have been described. Crystals grown from solutions
containing 15 to 20 percent polyethylene glycol 8000 at pH 6.0 are
monoclinic, space group P2,, with a = 55.6, b = 143.4, ¢ = 49.1
A, B = 120.5° and one molecule of complex per asymmetric unit.

Three heavy atom isomorphous derivatives were prepared with
(NHy4),PtCly, K3FsUO,, and p-hydroxymercuribenzenesulfonate.
X-ray intensities were measured to 2.8 A resolution with the use of a
four-circle automatic diffractometer. Heavy atom sites were refined
in alternate cycles of phasing and refinement (8); isomorphous
phases, including anomalous scattcrmg contributions (92), were
calculated. The mean figure of merit (10) to 2.8 A resolution was
0.47 for 15592 reflections. The electron density map calculated
from these data was not readily interpretable, presumably because of
lack of isomorphism of the heavy atom derivatives affecting phase
determination at high resolution. The phases were further refined by
a density modification technique (11) with a molecular envelope
traced from the Fab-lysozyme model determined at 6 A resolution
(6). The resulting phases depend only on the observed data and the
overall shape and position of the complex, but are independent of
the detailed conformation of the previous model (6). The resulting

A. G. Amit, R. A. Mariuzza, and R. J. Poljak are in the Département d’Tmmunologie,
Institut Pasteur, 75724 Paris Cedex 15, France. S. E. V. Phillips is in the Astbury
Department of Biophysics, University of Leeds, Leeds, United Kingdom.
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Fig. 1. Stereo diagram of the Ca skeleton of the
complex. Fab is shown (upper right) with the heavy
and light chains with thick and thin bonds, respec-
tively. The lysozyme active site is the cleft containing
the label HEL. Antibody-antigen interactions are
most numerous between lysozyme and the heavy
chain CDR loops.

electron density map was much improved, and an atomic model was
fitted to it on an Evans and Sutherland PS300 interactive graphics
system with the use of the program FRODO (12). The amino acid
sequence of Fab D1.3 was derived from the corresponding light and
heavy chain complementary DNA (cDNA) sequences (13). Of the
562 amino acid residues in the complex, 24 of those in the constant
regions could not be located in the initial map. The atomic
coordinates were submitted to alternate cycles of restrained crystal-
lographic least-squares refinement (I4) and model building. The
model was checked in the later stages of refinement by sequentially
omitting segments of the polypeptide chain (up to 20 percent of the
total) and rebuilding them in maps phased from the remainder of
the structure in combination with isomorphous replacement data
(15). All residues have now been located, and the current crystallo-
graphic R factor is 0.28 for all data in the 20 to 2.8 A resolution
range. (R = 3 | |Fol—|Fcl | / ZIFol, where Fo, Fc are the observed
and calculated structure factors of x-ray reflections.) No attempt was
made to locate solvent molecules. Two isotropic temperature factors
were used for each residue, one for the main chain atoms, and
another for the side chain atoms. Stereochemical restraints were
adjusted to give a standard deviation in C-C bonds of +0.03 A. No
restraints were applied between residues across the antibody-antigen
interface. Atomic coordinates will be deposited at Brookhaven Protein
Data Bank after higher resolution and crystallographic refinement.
Conformation of the complexed antigen and of the Fab. The
overall structure of the complex at 2.8 A resolution (Fig. 1) confirms
the results of the 6 A resolution study (6). The assignment of the H
and L polypeptide chains of Fab is unchanged. The closely packed B
sheets are seen in Fab as are the helical and B-sheet structures
surrounding the active site in lysozyme. The Fab appears in an
almost fully extended conformation, with a definite separation
between the variable (V) and constant (C) domains. With the
exception of this difference in quaternary structure, Fab D1.3
compares closely to other known Fab’s (4, 16), except in the CDR
loops. Predicted structures for D1.3 (17) based on other Fab’s also
agree well with the determined structure in the framework B-sheet
regions and in some, but not all, of the CDR loops. The relative
disposition of the variable subunits of the H chain (Vy) and of the L
chain (V), is unaltered, indicating no change in quaternary struc-
ture in the V domain resulting from antigen binding. Since the
crystal structure of the unliganded Fab D1.3 has not been deter-
mined, detailed changes in antibody conformation remain to be
verified. However, the similarity with other Fab structures suggests
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that possible conformational changes would be small. This observa-
tion is in agreement with that made by nuclear magnetic resonance
(NMR) on the unliganded and hapten-liganded (dinitrophenol)
mouse myeloma protein MOPC315 (18).

A least-squares fit of Co atoms of lysozyme in the complex and
native lysozyme refined at 1.6 A in its tetragonal crystal form (19) gives
a root-mean-square (rms) deviation of 0.64 A between the two (see
Fig. 2). Since the error in atomic positions in the complex can
be estimated (20) to be approximately 0.6 A, the difference is not
significant. Furthermore, the largest changes (up to 1.6 A) occur in
regions remote from antibody contacts. Similar comparisons of
native tetragonal lysozyme with other crystal forms gave rms
deviations of 0.88 A with triclinic lysozyme refined from x-ray and
neutron diffraction data (21) and 0.46 A for orthorhombic lysozyme
determined at physiological temperature (22). Some differences in
side chain conformation are observed between tetragonal and
complexed lysozyme, but close examination with computer graphics
revealed these to be similar to differences observed between different
crystal structures of native lysozyme. Thus, complex formation with
antibody D1.3 produces no more distortion of the structure of
lysozyme than does crystallization.

The antigen-antibody interface. The interface between antigen
and antibody extends over a large area with maximum dimensions of
about 30 by 20 A (Figs. 3 and 4). The antibody combining site
appears as an irregular, rather flat surface with protuberances and
depressions formed by the amino acid side chains of the CDR’s of
Vy and V. In addition, there is a small cleft between the third
CDR’s of Vy and V, corresponding to the binding site character-
ized in hapten-antibody complexes (3, 4). The cleft accepts the side
chain Gln 121 of lysozyme although this is not the center of the
antigen-antibody interface (Fig. 3).

The lysozyme antigenic determinants recognized by D1.3 are
made up of two stretches of polypeptide chain, comprising residues
18 to 27 and 116 to 129, distant in the amino acid sequence but
adjacent on the protein surface. All six CDR’s interact with the
antigen and in all, 16 antigen residues make close contacts withll7
antibody residues (Tables 1 and 2). Two antibody contacting
residues, Vi, Tyr49 and Vy Thr 30, are just outside segments
commonly defined as CDR’s [sequence numbers are as in Kabat ¢%
al. (1) except for Vi CDR3; see Tables 2 and 3]. Vi Thr 30 is 2
constant or nearly constant residue in mouse H chain subgroups I
and II, as is Vi, Tyr 49 in mouse kappa chains. While the interaction
of Vi Tyr 49 with antigen is relatively weak (one van der Waals
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