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Preface

This volume marks the second bilateral conference between the Peoples
Republic of China and the United States dealing with Proteins in Biology and
Medicine. The conference was held June 11-13, 1983 in Oklahoma City,
Oklahoma, and dealt with several aspects of protein chemistry to which both
Chinese and American scientists have made important contributions. Both the
presentations and the resulting papers underscore the continued importance of
research on proteins which has been clearly enhanced by the technologies of
recombinant DNA analysis and monoclonal antibodies.

The meeting was held under the auspices of the Oklahoma Medical Research
Foundation and was cosponsored by the Chinese Academy of Science and the
Chinese Academy of Medical Science. The editors gratefully acknowledge the
contribution of Dr. William G. Thurman, President of the Oklahoma Medical
Research Foundation, and Professor Wang Ying-lai, past President of the
Shanghai Institute of Biochemistry and the Shanghai Branch of the Chinese
Academy of Sciences, who were responsible in large part for bringing this
endeavor to fruition. The invaluable support of the staff of the Oklahoma
Medical Research Foundation was also essential for the success of the conference
as were the scientific contributions of the American and Chinese delegations.
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SYNTHETIC MODELS OF THE METASTABLE BINDING SITES OF ALPHA-2
MACROGLOBULIN AND COMPLEMENT COMPONENTS C3 AND C4

Bruce W. Ericksonl
Shabbir A. Khan

The Rockefeller University
New York, New York

The complement system of serum proteins comprises a major
element of the immune defense against infection by micro-
organisms. Complement components C3 and C4 facilitate the
lysis and phagocytosis of immune complexes. Key steps in
this process are the covalent attachment to immune complexes
of C3 and C4 through their metastable binding sites (Tack
et al., 1980; Harrison et al., 1981). Alpha-2 macroglobulin,
a serum protein that inhibits a large variety of proteases,
covalently attaches to a protease through a similar metas-
table binding site (Swenson & Howard, 1979, 1980; Sottrup-
Jensen et al., 1980a,b). These three serum proteins contain
a common pentapeptide segment (Gly-Cyx-Gly-Glu-Glx) at their
metastable binding sites. The gamma-carbonyl group of the
Glx residue is chemically activated to nucleophilic attack
and the beta-thiol of the Cyx residue is either sterically
inaccessible or covalently masked.

STRUCTURES PROPOSED FOR THE METASTABLE BINDING SITE

Two chemical structures proposed for the metastable
binding site are illustrated in Figure 1. Structure A4,

lphis research was supported by U.S. Public Health
Service grants AI 18362 awarded by the National Institute of
Allergy and Infectious Diseases, DHHS, and CA 28571 and CA
33168 awarded by the National Cancer Institute, DHHS.
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4 Bruce W. Erickson and Shabbir A. Khan

which contains an internal residue of pyroglutamic acid (Glp,
5-oxoproline), was initially proposed to account for the
spontaneous fragmentation of the metastable binding site
(Howard et al., 1980; Swenson & Howard, 1980; Howard, 1981).
Under denaturing conditions, all three proteins undergo
spontaneous fragmentation by cleavage of the Glu-Glx peptide
bond. In the case of alpha-~2 macroglobulin, one fragment
bears an N-terminal Glp residue (Howard et al., 1980).
Structure A shows Cyx as Cys and Glx as Glp. For structure
A to represent the metastable binding site, the Cys thiol
group would have to be inaccessible to the thiol reagents.
Alternatively, structure B shows Cyx and Glx as novel vari-
ants of Cys and Glu in which their side chains are covalently
joined by a thioester bond (S-C=0). The gamma-carbonyl group
of the Glx residue in structure B is activated because it is
a thiocester carbonyl group. In turn, the thiol group of the
Cyx residue in structure B is covalently masked by being
bound to the thioester carbonyl group.

We have synthesized and examined the chemistry of cyclic
hexapeptide models of these metastable binding sites (Khan &
Erickson, 1981, 1982; Erickson & Khan, 1983; Erickson et al.,
1983). Mercapto lactam I and thiolactone 2 of Figure 1 mimic
the proposed structures A and B, respectively. In particu-
lar, the linear amino acid sequence present in these peptide
models, Gly-Cyx-Glu-Glu-Glx-Asn, is also present at the
metastable binding sites of both C3 and alpha-2 macroglobu-
lin.

INTERCONVERSION OF THE SYNTHETIC PEPTIDE MODELS

Under physiologic conditions (phosphate-buffered saline,
pH 7.3, 37°C), mercapto lactam I and thiolactone 2 exist in
dynamic equilibrium (Figure 2). Since their ratio at equi-
librium is 1/2 = 11, lactam I is about 1.5 kcal/mol more
stable than thiolactone 2 (Khan & Erickson, 1982). Thus,
the equilibrium mixture contains 92% of I and 8% of 2. Part
of the chemistry of the metastable binding sites can be
explained by the interconversion of protein structures A and
B. The lactam ring of A may be important in the biosynthesis
of the thiolactone ring of B. Upon activation or denatura-
tion of the protein, the thiolactone could either bind
covalently to a receptive surface (Law et al., 1979) or
isomerize to the lactam, which could undergo spontaneous
fragmentation.

On the basis of studies of space-filling molecular
models, Davies and Sim (1981) have speculated that the side-
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