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Preliminary Refinement and Structural Analysis of the Fab
Fragment from Human Immunoglobulin New at 2.0

Resolution*

(Received for publication, July 7, 1977)

FrepERICK A. SAuL, L. MArRIO AMZEL, AND RoBERTO J. PoLJAK}
From the Department of Biophysics, The Johns Hopkins University School of Medicine, Baltimore,

Maryland 21205

The three-dimensional structure of the Fab fragment
from human myeloma IgG New has been refined using
“model building” and “real space” procedures. By these
techniques, the correlation between the amino acid se-
quences and the 2.0 A resolution multiple isomorphous
replacement Fourier map has been optimized. The average
shift of all atoms during real space refinement was 0.62 A. A
list of the refined atomic coordinates for the 440 amino acid
residues in the structure is given. Ramachandran plots
prepared using the refined coordinates show a distribution
of ¢, ¢ angular values which corresponds to the predomi-
nant B-pleated sheet conformation present in the structure.

The structures of the homology subunits Vg, V;, Cyl, and
C. were superimposed by pairs and quantitatively com-
pared. The closest similarities were observed between Vy
and V;, and between Cyxl and C;. Amino acid sequence
alignments obtained from this structural superposition are
given. The closest sequence homology in Fab New is ob-
served between Cyxl (y heavy chain) and C;, (A light chain).
In addition, there is considerable homology between the
variable and constant regions.

The distances of close contacts between the homology
subunits of Fab New have been determined. The closer
contacts, those between atoms at a distance < 1.2 times their
van der Waals radii, are analyzed in relation to the constant,
variable, and hypervariable nature of the immunoglobulin
sequence positions at which they occur. Most of the residues
which determine the closer contacts between Vy and Vi, and
between Cyxl and C;, are structurally homologous and highly
conserved or conservatively replaced in immunoglobulin
sequences.

The relation between idiotypic determinants, antigen
combining site and hypervariable regions, is discussed in
terms of the refined model.

In this paper we present the results of a preliminary
crystallographic refinement and a list of atomic coordinates of

* This work was supported by Research Grant AI 08202 from the
National Institutes of Health and by Research Grants NP-141B and
IM-105C from the American Cancer Society. The costs of publication
of this article were defrayed in part by the payment of page charges.
This article must therefore be hereby marked “advertisement” in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

i Recipient of United States Public Health Service Research
Career Development Award AI-70091.

Fab New.! Some features of the refined structure are discussed
in relation to the genetic control and physiological function of
immunoglobulins.

It is generally accepted (see review in Ref. 1) that electron
density maps calculated by multiple isomorphous replacement
techniques contain significant errors which may lead to impre-
cise determination of structural details such as the location of
amino acid side chain atoms, bond angles, ¢ and ¢ values, cis
or trans character of proline residues, etc. This refinement
project was undertaken with the aim of obtaining more
accurate coordinates which can be applied to structural studies
of other immunoglobulins and Fab - hapten complexes (2). The
starting atomic coordinates were those of the structure previ-
ously described (3, 4) obtained using multiple isomorphous
heavy atom replacements. Since the complete refinement of
the structure of Fab New is a complex undertaking, we
present here initial results obtained after application of two
consecutive refinement techniques. In the first step we have
applied a “model building” procedure (5) in which the mea-
sured atomic coordinates were adjusted to impose standard
bond lengths and bond angles. In a second step a “real space”
procedure (6, 7) was used to optimize the correlation between
the Fab New model and the multiple isomorphous replace-
ment, electron density Fourier map.

The coordinates obtained by these procedures have provided
an improved model which has been used to compare the
tertiary structure of the homology subunits, to calculate
interatomic contacts that define the quaternary structure of
Fab, and to re-examine the conformation of the combining
site.

METHODS

Measurement of Model Coordinates —Atomic coordinates were
measured on the 2 A (nominal) resolution model previously de-
scribed (4). A two-pointer device was used for this purpose: a
horizontal pointer (50 inches long) was brought to touch atom
centers by displacing the device on the base of the model, adjusting
the height of the pointer along a graduated scale (z coordinate)
while a second, parallel, fixed pointer of equal length gave the x, y
coordinates on a grid at the base of the model. The use of a level and
leveling screws at the base of the two-pointer device was essential
for obtaining reproducible coordinates. While these measurements
were made, the image of the model and the atom centers were

! The abbreviations used for immunoglobulins, their polypeptide
chains, and fragments are as recommended in (1964) Bull. W H O
30, 447.
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586 Structural Refinement of Fab New

projected on the corresponding sections of the Fourier map using an
optical comparator (8) to verify that their location and the coordinate
values corresponded with the Fourier map.

Model Building Procedure —The set of measured coordinates for
the 3185 non-hydrogen atoms in the structure provided the starting
point for this procedure. In general, these coordinates are subject to
errors due to measurement uncertainty and to mechanical deforma-
tions of the skeletal brass model. Consequently, the mathematical
model building procedure of Diamond (5) programmed for a digital
computer was used in order to impose standard bond lengths and
bond angles in the model. The measured coordinates were used to
provide a guide point for each (non-hydrogen) atom in the structure.
Some conditions used in this part of the refinement process are given
in Table I. All the varied angles are dihedral; the 7,(7y_c.c) angle
was allowed to vary since this condition gave a much closer correla-
tion with input coordinates without introducing large distortions in
the idealized, model-built geometry of the molecule. Residues for
which the model-built coordinates differed considerably from the
input coordinates or which had an abnormal 7, value were remeas-
ured and checked for correspondence with the Fourier map. These
discrepancies could always be traced to errors in the measurement
of coordinates or to distortions of the brass model. When necessary
the coordinates were measured again after rebuilding distorted
regions and the remeasured coordinates were submitted to the model
building procedure as guide points. The final average value of
Ar(Ary = |ro — 109.3°]) for the 440 residues in the model-built
structure was 5.43°. Pro 151 in Cy1 was built and refined in the cis
conformation. The root mean square shift from the initial coordi-
nates for all non-hydrogen atoms in the structure was 0.2

Real Space Refinement —The model-built coordinates were used
as a starting set for real space refinement (6). The 2.0 A electron
density map used for the automatic fitting of the atomic coordinates
was calculated using multiple isomorphous replacement phases as
described before (3, 4). The electron density function was calculated
at intervals of 1/160 along x, (a = 111.43 A), 1/80 alongy (b = 56.68
A), and 1/130 along z (c = 90.30 A) in sections of constant y. A
computer program incorporating a fast-Fourier transform algorithm
was used for this calculation. Five cycles of real space refinement
were carried out using the conditions defined in Table II. Values of
atomic radii for carbon, nitrogen, oxygen, and sulfur that gave
fastest convergence in trials using a small part of the structure were
adopted and kept constant during refinement. Progress in the
refinement process was followed by inspection of the root mean
square shifts in coordinates, shifts in the coordinates of individual
atoms, and adjustments of amino acid scale factors. Unusually large
shifts in coordinates were checked using the optical comparator and
the Fourier map. All refinement calculations were carried out using
computer programs implemented at the Brookhaven National Lab-
oratories.

RESULTS AND DISCUSSION

The root mean square shifts of atomic coordinates after five
cycles of real space refinement converged to an average value
of 0.09 A. The values after each cycle were: 0.46 A, 0.20 A, 0.13
A, 0.10 A, and 0.09 A. The average shift of all atoms during
real space refinement was 0.62 A. In most parts of the
molecule, the coordinates after refinement are in very good
agreement with the features of the electron density map (Fig.

TaBLE I
Conditions of model building refinement®
Parameters varied were: ¢, ¢, x, 7(N Ca C). Flexible proline
residues were used. In addition, 7(Ca C8 Cy) was allowed to vary in
Cys, His, Phe, Trp, and Tyr residues. A list of the sources of the
amino acid groups used in model building is given in Table I of
Diamond (7).

Filter constants
Length
Probe (residues) c, C,
1 1 0.1 10
2 2 0.1 10+
3 3 0.1 10
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TasLE 11

Conditions of real space refinement”

Zone length: 5

Margin width: 6

Fixed atomic radii: 1.4 A

Relative atomic weights; C:6, O:7, N:8, S:16

Relative softness of angular parameters that were allowed to vary:
b, v 4.0
x: 3.2

Filter levels:

Amin }‘"ﬂr\/)‘mu
Scale factor and background 0.0001 0.01
Translational refinement 0.001 0.01
Rotational refinement® 0.001 0.001
Electron density map grid; 111.43/160, 56.68/80, 90.30/130 along cell

edges

@ See Diamond (6, 7) for definition of terms.
® Nonlinear constraints were used to preserve chain continuity.

1). Many carbonyl groups of the main polypeptide chain can
be reliably positioned (Fig. 2). In general, coordinates of atoms
in regions of strong, well defined electron density converged
rapidly in the first cycle of refinement and moved very little
in subsequent cycles. Atoms in regions of lower density
converged more slowly. A few residues in poorly defined
regions of low density showed little convergence, although
their total shift from the starting coordinates was small. The
movement of main chain atoms tended to be smaller than
those of side chains, presumably due to their better defined
electron density and to greater constraints on their positions.

The progress of refinement was checked after each cycle by
inspecting the fit of atoms whose shifts were substantially
greater than the average. Some side chain groups which had
been shifted by the Diamond model building procedure were
moved back to their original positions by real space refine-
ment. In the fifth cycle of refinement, an average shift greater
than 1 A occurred for three consecutive amino acid residues
(Gly 166, Val 167, and His 168) in the Cy1 region. Inspection
of the position of these atoms showed that they had moved to
a conformation that appears to be in better agreement with
the electron density map than the original model. The coordi-
nates for all atoms of Fab New after refinement, given in the
“Appendix,” are filed with the Protein Data Bank at Brook-
haven National Laboratory. No major features of the map
remain unexplained, although a number of possible solvent
molecules are found on the surface of the molecule. The
conventional R factor,? based on F. obtained with the coordi-
nates in “Appendix” and an overall temperature factor® (B =
18.0), is R = 0.46. This value is reasonable given the refine-
ment approximations outlined in Table 11 and the fact that no
solvent atoms were included in the model. Further refinement
using observed structure factors and calculated phases is
currently underway.

The S—S distances in the five Fab disulfide bonds were
allowed to vary without constraints. At the end of the refine-
ment these distances were found to be: Vy;, 2.00 A; V,, 2.46 A;
Cul; 2380 A: Gy, '2:30 A: Cpl-Cry 2:43 A,

Ramachandran Plots
The Ramachandran plots of the V, and C, homology sub-
*R = X|F, — F.|/3F,, where F, is observed structure amplitude

and F, is calculated structure amplitude. )
3 The isotropic temperature factor (B) used in the expression exP
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