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Abstract

COMPOSER is an automated procedure, developed at Birkbeck College,
that facilitates the construction of a protein model based on a comparison of
known homologous protein structures. This procedure depends upon the
analysis of both tertiary and primary structures and selection of those
structures that have the closest relationship with the protein to be modelled,
determination of the conserved protein core based on a “family framework,"
the search and selection of vai'.ble regions, and the construction of
sidechain geometries. Here we ave applied this methodology to the
construction of two different mo¢ s. First, a model was derived for human
plasma kallikrein and based on e comparison of six mammalian serine
proteinases. In the second case, a model for human neutrophil defensin
NP-3 was obtained using information derived from published solution-NMR
distance constraints for rabbit neutrophil defensin NP-5.

I. Introduction

In the early 1960’s, Zuckerkandl and Pauling (1965) suggested that amino
acid sequence data could be used to chart evolution among homologous
proteins. Given a roughly constant rate of change for the same protein
within different species, fewer amino acid changes will be observed in
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amino acid sequences (includes the sequence to be modelled), the
trees are mapped onto one another, and the structures which bracket
the "unknown" are selected for study (Johnson et al., 19892,b).

2. Identification and construction of a three-dimensional framework
representing the unknown. Selected structures are simultaneously
aligned with a procedure that treats the structures as rigid bodies and
seeks to provide the best global superposition (Sutcliffe et al., 1987a).
Equivalent positions over each of the structures are identified: Those
aligned positions from these structures, which also lie within a specified
distance of each other, are considered a part of the structurally conserved
core — which most often consists of a set of discontinuous fragments.

3. Alignment of the unknown with the conserved core fragments. The
sequence of the unknown is aligned with templates derived from the
fragments that are deemed structurally equivalent. This alignment allows
the delineation of the structurally more variable regions, generically
called "loops,” that connect these fragments of the conserved core.

4. Building of the mainchain for the structurally conserved regions. The
mainchain coordinates for the discontinuous conserved-core fragments
are constructed from those corresponding portions of the actual
structures having the lowest RMS deviation from the average of the
superposed structures. These regions are then fitted to the average
framework for the family.

5. Construction of the regions that connect portions of the conserved core.
Loops are selected based on a search for substructures that meet distance
criteria, as well as features thought 10 play a key role in a particular loop
structure. The selected structural fragments are melded to the mainchain
pieces that comprise the structurally conserved core. This leads to a
single continuous set of mainchain coordinates for the model, which
extend from the amino-terminus to the carboxyl-terminus.

6. Sidechain coordinates. Sidechain coordinates are built using information
obtained from topologically equivalent sidechains across the family or,
when necessary, the most probable conformations are used (Sutcliffe et
al., 1987b).

7. Manual modelling. Models are inspected on a graphics display for
atom-atom clashes and any obvious corruptions of the model structure
that might inhibit energy refinement.

8. Energy refinement. Energy refinement is conducted using the programs
of the SYBYL graphics package (TRIPOS Associates).

Human plasma kallikrein: The sequence of human plasma kallikrein was
obtained from the original source (Chung et al., 1986). The position of the
amino-terminus of the serine proteinase domain in the mature protein
was determined by the clear homology to other known serine proteinase
amino-termini. The carboxyl-terminus shows a ten-residue insertion relative
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10 ‘the structurally known proteins and the sequence was truncated to
residue 246 (chymotrypsinogen A numbering). The sequences and tertiary
structures of the mammalian serine proteinases used in the construction of
this {nodel include bovine a-chymotrypsin (4CHA), bovine trypsin (2PTN),
porcine glandular kallikrein (2PKA), rat mast cell proteinase I (3RP2), rat
tonin (1TON), and porcine elastase (3EST). All coordinates and sequences
were obtained from the April 1989 release of the Brookhaven Protein Data
Bank (Bernstein et al., 1977).

Human neutrophil defensin: Distance constraints (set C; Pardi e al.,
1988) for the solution-NMR structure of rabbit neutrophil defensin NP-5
(Pardi et al., 1988) was used to generate ten structures with the program
DISGEO (Havel et al., 1983). These structures were then input to
COMPOSER where the average structure was determined in order to give
a framework (the average RMS of the individual structures to the
framework was about 3 A). The distances between each structure and the
framework at each position were then examined to aid the disection of the
molecule into a number of rigid bodies. These fragments were fitted to the
framework to assemble the mainchain of the model. The sidechains were
built using an analysis of the observed conformations determined from the
NMR constraints. The appropriate disulfide linkages, as determined for the
closely related human neutrophil defensin NP-2 (NP-3 differs only in having
an amino-terminal aspartic acid residue; Selsted and Harwig, 1989), were
incorporated into the model using SYBYL prior to energy refinement.

Analyses were conducted on a IRIS 4D/20 graphics workstation under
the UNIX operating system (Silicon Graphics), a microVAX II running
VAX-VMS (Digital Equipment Corporation) and with an 80386-based
personal computer under the XENIX operating system (SCO version 3.2).

ITON {TON
2PKA 2PKA
3EST 2PTN
:g{’: 4CHA

3EST
3RP2 v

‘% ——— ISGT 3RP2
25GA . 1SGT
2ALP 2SGA

2ALP

Fig. 1. Phylogenetic trees determined for (Ieft) the serinc proteinases structurcs and (right)
the serine prolcinase scquences, which also includes the scquence of human plasma
kallikrcin (KAL). Codes for the protcins arc: 1TON (rat tonin); 2PKA (porcinc glandular
kallikrein A); 2PTN (bovinc trypsin); 4CHA (bovine a-chymotrypsin); 3EST (porcinc
clasla_sc); 3RP2 (rat mast cell protcinusc H); 1ISGT (S. griseus trypsin}; 28GA (S. griseus
protcinase A); 2ALP (L. enzymogenes o-lytic protcinasc).
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L. Results and Discussion

Human plasma kallikrein: The three-dimensional structures of the serine
proteinase family were compared structurally. Besides the six mammalian
structures listed above, three microbial structures were also considered: The
e-lytic proteinase of Lysobacter enzymogenes (2ALP), trypsin from
Streptomyces griseus (1SGT), and the proteinase A from Streptomyces griseus
(2SGA). The sequence of plasma kallikrein was then added to the nine
serine proteinase sequences to progressively align the whole family
according to the procedure of Feng and Doolittle (1987). A comparison of
structure-based and sequence-based trees generated from the two data sets
(Fig. 1) suggests that all of the mammalian serine proteinases should be
included in the construction of a model for plasma kallikrein.

An analysis of the structural data by the three-dimensional comparison
program, COMPARER (Sali and Blundell, 1989; Johnson et al., 1989b),
leads to the structural alignment displayed in Figure 2. Those positions
which were structurally equivalenced by COMPOSER and comprise the
structurally conserved core fragments are indicated. One can see from an
examination of the conserved and variable regions in Figure 2, Figure 3A,
and the conserved-core fragments shown in Figure 3B, that most of the
structural variation and all of the insertions/deletions occur between these
structurally-conserved core regions.
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Flg. 2. Structural alignment computed by COUMPARER (8ali and Blundell, 1989) for the
mammalian scrinc prolcinases used in .hc modclling of human plasma kallikrein.
Structural details were incorporated into the slignment with the program JOY (Overington
et al., 1989). Sce Fig. 1 for identification of the structures, Kcy to symbols: UPPERCASE,
solvent inaccessible, Jowercase, solvent accessible (defined as morc than 7% relative
sidechain accessibility); ftalic, positive phi angle; beld, sidechain hydrogen bond to
mainchain nitrogen; underline (_), sidechain hydrogen bond to mainchain oxygen; tilde
(") sidcchain-sidechain hydrogen bond. Structural cquivalences across all structures as
dctermincd by COMPOSER arc marked using the cquality symbol (=).



Fig. 3. Alpha-carbon tracing of (A) thc cntire superposed structurcs of the scrine
proteinases used to construct the model, (B) the fragments from the mammalian serine
proteinases that form the structurally conserved core regions, (C) the constructed core for
plasma kallikrein, and (D) the final model of kallikrein,

The alpha-carbon ribbon for the complete core of the plasma kallikrein
model is displayed in Figure 3C. Once the loops had been selected and
melded to the core, sidechains were constructed, the model inspected and
then subjected to energy refinement. The alpha-carbon trace of the final
model is shown in- Figure 3D. Although no x-ray structure for plasma
kallikrein is yet available, some reasonable estimates on the reliability of the
model can be made. The mainchain coordinates for the highly-conserved
core regions are likely to have average errors no larger than 0.6 A, whereas
the more variable loop regions, many times less well defined by x-ray
analysis due to inherent flexibility along the surface of proteins, may be in
error by, on average, 1 A

A mr:udel for l_tuman neutrophil defensin: As a contribution towards the
Protein Modelling Workshop, organized by Doug Rees as a part of the third

A

symposium of The Protein Society (Seattle, Washington; July 29-August 2,
1989), a model for human neutrophil defensin NP-3 was predicted.
Structural information was available for only one protein in the family and
consisted of 2D-NMR distance constraints for rabbit defensin NP-5.

Sequences of nearly a dozen members of the defensin family have been
published. In an alignment, which includes both the rabbit and human
defensins, no insertions or deletions of residues occur between the half-
cystine closest to the amino-termini and the adjacent half-cystines at the
carboxyl-termini; the spacing of residues between each of the half-cystines is
exactly preserved in each of the aligned defensins (Selsted and Harwig 1989).
A loss or gain of residues is only seen at the extreme termini of the
sequences.

In the construction of this model, the ten structures calculated by distance
geometry for the rabbit defensin were input to COMPOSER. Figure 4A
displays the alpha-carbon trace for all of these structures, derived from the
NMR constraints and superposed as rigid bodies. In Figures 4B and 4C, the
model-built core of human defensin, as well as the the final minimized
model, including sidechains, is shown.

The errors in this model are likely to be at least as large as the average
RMS observed for the NMR structures input into the program, in this case
about 3 A. It should also be considered that a human defensin x-ray
structure will reflect a crystalline environment, whereas this model was built
from solution data. This effect will be especially noticeable for sidechain
conformations, which in the crystal may be affected by constraining
intermolecular contacts.

Fig. 4. Alpha-carbon tracc for (A) representative structures gencrated for rabbit defensin
NP-5 by DISGEQ (filted over all alpha-carbon atoms) and (B) the alpha-carbon atoms
co_ns.tructcd for human dcfensin NP-3. All atoms (C) of the defensin model after encrgy
minimization,
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