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Model-building Studies of Antigen-binding Sites: 
The Hapten-binding Site of MOPC-315 

E. A. PADLAN, D.R. DAVIES, I. PECHT,* D. GrvoL* AND C. WRIGHTt 

Laboratory of Molecular Bwlogy, Natwnal Institute nf Arthritis, Metabolism and Digestive Diseases, National Institutes of 
Health, Bethesda, Maryland 20014; *Department of Chemical Immunology, The Weizmann Institute of Science, Rehovot. 

Israel; t Laboratory of Molecular Biophysics, Department of Zoology, Oxford University, Oxford, England 

The molecular basis for the structural diversity 
of antibody combining sites has become apparent 
through the recent X-ray diffraction studies on 
several immunoglobulin (lg) fragments (see Davies 
et al. 1975a,b for a review). These structures reveal 
that the combining site is formed by bringing to
gether the three hypervariable regions (Wu and 
Kabat 1970) of V1, and of V H to form a continuous 
complementarity-providing surface. A quantitative 
comparison of the tertiary structures of a number 
of variable domains from both light and heavy 
chains has demonstrated that their nonhypervari
able or framework regions are very similar, with the 
principal differences occurring in the hypervariable 
loops (Padlan and Davies 1975). 

In view of this structural invariance, the im
munoglobulin variable region can be regarded as 
consisting of a rigid framework to which are at
tached the hypervariable loops. These loops are 
not large, generally consisting of at most 17 resi
dues; in addition, the configurations of a number of 
different hypervariable loop regions are already 
known from X-ray diffraction. Thus it might be 
possible to construct by model building new loop 
regions (and hence the lg binding sites) from a 
knowledge of the sequences alone. Since it is clearly 
impractical to determine by X-ray diffraction the 
structures of all the interesting antibodies, this 
model-building method offers an attractive alter
native approach when sequence data are available. 
We have examined the potential usefulness of this 
possibility by attempting to build the V regions of 
the rabbit anti-type-III polysaccharide antibody 
(Davies and Padlan 1976) and of protein MOPC-
315, a mouse immunoglobulin with dinitrophenyl 
(DNPl-binding specificity (Eisen et al. 1968), 
based on the known three-dimensional structure 
of McPC-603 Fab' (Padlan et al. 1973, 1974; Segal 
et al. 1974a,b) together with the amino acid se
quences of these immunoglobulin Fab's. 

In this paper, we describe the results of two 
independent attempts to construct the model of 
MOPC-315, one at the National Institutes of 
Health and the other at the Weizmann Institute. 
The two models were ultimately merged to give a 
final model that is presented and is discussed in 
terms of the known binding specificity, the kinetic 
mapping of the binding site (Pecht et al. 1972a,b; 

627 

Haselkorn et al. 1974), and the results of affinity 
labeling with various reagents (Goetz! and Metzger 
1970a,b; Givol et al. 1971; Haimovich et al. 1972). 
We discuss some of the limitations and the potential 
of this method of model building, the assumptions 
that have to be made, and some of the additional 
information that will be needed to put this tentative 
approach on a firmer footing. 

MATERIALS AND METHODS 

Sequence Alignment 

The amino acid sequences of the V 11 domains of 
proteins McPC-603 (Rudikoff and Potter 1974) 
and MOPC-315 (Francis et al. 1974; L. Hood, 
M. Margolies, D. Givol and R. Zakut, unpubl.) 
were aligned for maximum sequence homology 
and structural analogy, as presented in Table la. 
The sequence of New V H (Poljak et al. 1974) is 
included for comparison. A similar alignment of 
the 603 (Segal et al. 1974a) and 315 V1, (Dugan et al. 
1973) sequences is given in Table lb. However, 
only the sequence of the first 49 residues is known 
for 603, and the residues given for the rest of the 
sequence are those which most frequently occur in 
mouse kappa chains (McKean et al. 1973). Included 
in Table lb are the sequences of the V L domains of 
REI (Epp et al. 1974), Meg (Fett and Deutsch 
1974), and New (Chen and Poljak 1974) proteins. 

The sequence numbering schemes used in these 
tables are those obtained from the original refer
ences. Whenever a residue position is referred to in 
the text, however, the quoted number corresponds 
to the 315 sequence. The hypervariable regions of 
the light chain are: Ll, residues 23-36; 12, residues 
52-58; and L3, residues 91-99; and those of the 
heavy chain are: Hl, residues 31-36; H2, residues 
49-66; and H3, residues 99-104. 

Model Building 

Model 1 was constructed at the Weizmann Insti
tute from Nicholson molecular models (Labquip, 
Reading, England), which have a scale of 1 cm c= 1 
A, and CPK space-filling models (1.25 cm = 1 AJ. 
Model 2 and the final model were constructed at 
the National Institutes of Health from Kendrew 
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(2 cm = 1 Al molecular models (Repetition Engi
neers, Cambridge, England). 

The general principle used for model building was 
to construct first the framework part of the variable 
region, based on the structure of 603 Fab'. The 
hypervariable loops were then constructed, leaving 
the structure as little changed as possible except 
when forced by amino acid insertions and deletions. 

An attempt was made to maximize the structural 
stability within each loop by forming hydrogen 
bonds whenever possible and maintaining the phi 
and psi peptide angles within reasonable limits 
(Ramakrishnan and Ramachandran 1965 ). The 
interactions between loops were then maximized, 
leaving no large holes in the domain interior, while 
minimizing steric hindrance between groups. 

The Ll regions in the kappa chains 603 and REI 
are simple loops, whereas the corresponding re
gions are helical in New (Poljak et al. 1974) and 
Meg (Schiffer et al. 1973), which are both lambda 
chains. Since the light chain of protein 315 is of the 
lambda type and since this region has the same 
number of residues as New and Meg with no gross 
differences in the nature of the amino acid side 
chains, it is most likely that this region in 315 will 
have a similar configuration to that found in New 
and Meg. Accordingly, the Ll loop in 315 was built 
to conform as closely as possible to the correspond
ing region in the lambda chains with the aid of the 
atomic coordinates of the Meg backbone kindly 
provided by M. Schiffer and coworkers (pers. 
comm.). 

L2 was built by assigning to it the same back
bone conformation as in protein 603. In this region, 
603 and REI are not significantly different (Padlan 
and Davies 1975). Moreover, kappa and lambda 
light chains have the same number of residues in 
this part of the molecule (Dayhoff 1972); an excep
tion is New (Table lb), which has a seven-residue 
deletion in this part of the molecule. The L2 region 
in Meg appears to have the same structure as 603 
(Edmundson et al. 1974). Thus it is reasonable to 
assume that 315 L2 will have the same configura
tion as that of 603. 

L3 was built essentially as in 603, the main dif
ference being the possibility of forming more hy
drogen bonds in 315. The L3 loop in 315 was built 
as two, fully antiparallel, segments, the loop in 603 
being less regular. Although the sequence of 603 
is not known in this region, the six mouse kappa 
chains sequenced so far (McKean et al. 1973) all 
have a proline at position 94. The possible occur
rence of this residue in 603 could explain the fewer 
hydrogen bonds formed in 603 L3. 

Protein 315 has one more residue than 603 in Hl 
(Table la). Originally, the sequence of 315 Hl con
tained a lysine in position 35 (Francis et al. 1974). 
Structurally, this residue is analogous to Met 34 
of 603 since both occur two positions from the struc
turally invariant Trp 37. In 603, Met 34 is buried in 

the domain interior. Its replacement by a lysine 
side chain would cause a significant rearrangement 
of the Hl backbone in order to expose the charged 
amino group to solvent. A reexamination of the 
sequence of this part of 315 led to the assignment of 
a Trp instead of the Lys in position 35 ( L. Hood, 
M. Margolies, D. Givol and R. Zakut, unpubl.). 
A Trp side chain can easily be accommodated in the 
domain interior without significantly changing 
the configuration from that observed in 603. 

The alignment shown in Table la leads us to con
clude that the additional residue in Hl of 315 can 
be best accommodated in the exposed loop at the 
beginning of Hl. The glycine at position 32 permits 
the construction of a sharp turn in this part of 315. 

H2 has three more residues in 603 than in 315, 
whereas 315 and New are of the same length in this 
region. An initial model of 315 H2 was built by 
simply excising three residues from the end of the 
603 H2 loop. Minor adjustments were then made to 
make the 315 H2 loop resemble as closely as possi
ble the corresponding region in New (Poljak et al. 
1974). 

Basically the same procedure was employed in 
building the 315 H3 region, which has the same 
length as New and which is two residues shorter 
than 603. Here, however, the C-terminal segment 
of 315 H3 was made to approximate the correspond
ing region in 603, rather than in New. The differ
ence between 603 and New, aside from the two
residue insertion in 603, is the configuration of the 
segment immediately preceding the phenylalanine 
at position 105, which almost always contains a 
large hydrophobic residue (Dayhoff 1972). In 603, 
the side group of Trp 104a, which is structurally 
analogous to Leu 103 of 315, projects into the 
hapten-binding cavity. On the other hand, the back
bone of this segment in New appears to be different 
(Poljak et al. 1974). In view of the greater structural 
similarity of residues 103-105 of 315 (Leu-Tyr
Phe) to those of 603 (Trp-Tyr-Phe) rather than to 
those of New (Gly-Cys-Ile), the configuration of 
603 was followed in building this segment of 315. 
However, it should be kept in mind that an alterna
tive configuration might be that observed in New. 

As soon as a tentative model of the .binding site 
was completed, a likely site for DNP-binding was 
located using the criteria that the nitro groups of 
the DNP moiety must be hydrogen-bonded to the 
protein and that the stacking van der Waals inter
action between the DNP ring and the side group of 
Trp 93 (LJ must be maximal. The model was then 
adjusted to accommodate the DNP-hapten while 
maintaining the general stability of the various loop 
structures. Further adjustments were then made to 
ensure the feasibility of labeling Tyr 33 (L) and 
Lys 52 (H) by specific affinity reagents (Givol et al. 
1971; Haimovich et al. 1972). The adjustments 
made to the tentative model to accommodate the 
ligand were minor and involved only slight displace-
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Table I. Amino Acid Sequences of V H Domains of Proteins McPC-603 
and MOPC-315 

McPC-603 
MOPC-315 
New 

(a) Alignment of V11 Sequences 

0 2 0 4 0 2 0 4 0 0 
1 Glu-Val -Lys - Leu-Val-Glu-Ser-Gly-Gly -Gly 
1 Asp-Val -Gln-Leu-Gln-Glu -Ser -Gly-Pro -Gly 
1 Pea -Val -Gln-Leu-Pro - Glu -Ser -Gly-Pro -Glu 

0 4 0 0 0 0 0 4 0 4 
11 Leu-Val -Gin-Pro -Gly - Gly - Ser -Leu-Arg -Leu 
11 Leu-Val -Lys-Pro -Ser-Gin - Ser -Leu-Ser -Leu 
11 Leu-Val -Ser-Pro -Gly- Glx - Thr-Leu-Ser -Leu 

0 4 0 4 0 1 4 0 4 0 
21 Ser -Cys -Ala-Thr-Ser - Gly-Phe-Thr-Phe -Ser 
21 Thr -Cys -Ser - Val -Thr -Gly -Tyr -Ser -Ile -Thr 
21 Thr-Cys -Thr-Gly-Ser - Thr- Val-Ser -Thr -Phe 

0 4 2 4 2 4 c 3 c 
31 Asp- - Phe-Tyr -Met - Glu -Trp-Val -Arg -Gin 
31 Ser -Gly -Tyr-Phe-Trp-Asn-Trp-Ile -Arg -Gin 
31 Ala- -Val-Tyr-Ile -Val-Trp-Val-Arg-Gln 

2 0 0 0 0 c 2 c 4 4 
40 Pro -Pro -Gly-Lys -Arg-Leu -Glu-Trp-Ile -Ala 
40 Phe-Pro - Gly-Asn-Lys-Leu -Glu-Trp-Leu -Gly 
40 Pro -Pro - Gly - Arg-Gly-Leu -Glu-Trp-Ile -Ala 

1 4 2 0 0 0 0 0 2 0 
50 Ala -Ser -Arg-Asn-Lys-Gly -Asn-Lys-Tyr -Thr 
50 Phe-Ile -Lys-Tyr -Asp-Gly - -Ser 
50 Tyr -Val -Phe-Tyr -His - Gly - -Thr 

2 0 3 1 0 0 4 0 0 1 
58bThr-Glu -Tyr-Ser -Alii-Ser -Val-Lys -Gly -Arg 
57 Asx -(Tyr , Gly) Asx - Pro - Ser -Leu- Lys -Asn -Arg 
57 Ser -Asp -Thr- Asp-Thr-Pro -Leu-Arg-Ser -Arg 

4 0 4 0 2 0 0 0 0 3 
68 Phe -Ile - Val -Ser-Arg -Asp-Thr-Ser -Gin -Ser 
68 Val -Ser -Ile -Thr-Arg-Asp-Thr-Ser -Glu -Asn 
68 Val -Thr -Met-Leu-Val-Asn -Thr-Ser -Lys -Asn 

0 4 1 4 0 4 0 0 4 0 
78 Ile -Leu -Tyr-Leu-Gln-Met-Asn-Ala - Leu -Arg 
78 Gln-Phe -Phe-Leu-Lys-Leu -Asp-Ser -Val -Thr 
78 Gin -Phe -Ser-Leu-Arg-Leu-Ser -Ser -Val -Thr 

0 0 2 3 4 c 4 c 4 c 
88 Ala -Glu -Asp-Thr-Ala-Ile -Tyr-Tyr-Cys -Ala 
88 Thr-Glx -Asx-Thr-Ala-Thr -Tyr-Tyr-Cys -Ala 
88 Ala -Ala -Asp-Thr -Ala- Val -Tyr -Tyr -Cys -Ala 

3 3 2 c 0 0 cc cc 
98 Arg-Asn-Tyr-Tyr-Gly-Ser -Thr-Trp-Tyr -Phe 
98 Gly -Asp -Asn-Asp-His - -Leu-Tyr -Phe 
98 Arg-Asx -Leu-Ile -Ala- -Gly-Cys -Ile 

1 4 c 4 0 4 2 0 4 0 
106 Asp-Val -Trp-Gly -Ala-Gly -Thr-Thr-Val -Thr 
106 Asp-Tyr -Trp-Gly -Gln-Gly -Thr-Thr-Leu -Thr 
106 Asx-Val -Trp-Gly-Gln-Gly-Ser-Leu-Val -Thr 

4 0 0 
116 Val -Ser -Ser 
116 Val -Ser -Ser 
116 Val -Ser -Ser 

(a ) Above each residue in the McPC-603 sequence is its structural location designated 
by: 0, complete ly exposed to solvent; 1, mainly exposed; 2, partly exposed, partly buried 
in the domain interior; 3, mainly buried; 4, completely buried; or C, in contact with the 
homologous domain. The numbers at the left alongside the sequences correspond to the 
sequence number of the first residue in each row as obtained from the origina l publica
tions. 
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