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Abstract

A complex of the periplasmic chaperone FimC and the
mannose-binding adhesin FimH from the Escherichia coli type
1 pilus system has been crystallized from ammonium sulfate
solution using the hanging-drop vapour-diffusion method. The
crystals diffract to a minimum Bragg spacing of 2.7 A and
belong to the space group P4,2,2 or P4;2,2 with cell
dimensions a = b =97.7, c = 215 9A at room temperature.
Data to 3.0 A have been collected from a single crystal frozen
to T = 100K.

1. Introduction

All living cells interact with other cells in one way or another.
For example, within multicellular organisms, cells interact
with similar types of cells to form the organ tissues of the
body. Bacterial cells interact with each other (e.g. conjuga-
tion) and, in the case of commensal or pathogenic bacteria,
with target host cells.

Pathogenic bacteria utilize a number of strategies to
recognize and colonize target tissues. The common theme is
that proteins on the bacterial surface called adhesins recognize
surface elements, often carbohydrates, on the surface of the
target cells. Binding to the target cells (adhesion) is the first,
crucial step in colonization and may trigger a cascade of
chemical signalling processes between the bacterium and the
target cell (Bliska, Galan & Falkow, 1993). The specific
stereochemical fit between the bacterial adhesin molecule and
the receptor determines the host range, tissue and cell tropisms
of the bacteria, and allows colonization of tissue where the
bacteria would otherwise not adhere.

Bacterial adhesins are often assembled into hair-like fibers
called fimbriae or pili (Hultgren er al., 1993). Such fibers are
usually comprised of structural proteins that have the apparent
function of serving as a pedestal for adhesin presentation.
Often the adhesins are components of specialized structures
called tip fibrillae that are joined to the distal ends of thicker
pilus rods. Some proteins serve as both the structural
component of the pilus fiber and the adhesin. Adhesive pili
range in diameter from 20 to lOOA whereas other adhesive
organelles are very thin (< 20 A) fibrillar structures. Such thin
fibers tend to coil up into a fuzzy adhesive mass (referred to as
a capsular antigen, thin aggregative pili, or curli) on the
surface of the bacterium. In addition, there are also many
examples of adhesins that are not part of any known
oligomeric structures. These adhesins are typically referred
to as non-pilus associated adhesins.

A general feature of many attachment organelle systems
from Gram-negative bacteria is that they require a two-
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component assembly system for their development (Jacob-
Dubuisson, Kuehn & Hultgren, 1993). These highly con-
served assembly systems consist of periplasmic immunoglo-
bulin-like chaperones (Holmgren, Kuehn, Brandén &
Hultgren, 1992; Hultgren er al., 1993; Hung, Knight,
Woods, Pinkner & Hultgren, 1996) and outer membrane
associated ushers (Dodson, Jacob-Dubuisson, Striker &
Hultgren, 1993). The usher molecules are large proteins that
are involved in export of organelle subunits and may also
function as platforms for organelle assembly. Periplasmic
chaperones bind to interactive surfaces on nascent subunit
proteins to promote their correct folding and to prevent their
non-productive aggregation in the periplasm. Chaperone-
subunit complexes are targeted to the usher where subunits are
dissociated from the chaperone and incorporated into pili in a
defined order. The structure of the chaperone from the E. coli
P pilus system, PapD, has been determined by X-ray
crystallography (Holmgren & Briandén, 1989), and is the
prototype member of a growing family of periplasmic
chaperones. The molecule is folded like two immunoglobin
domains oriented at an angle to each other forming a deep cleft
between the domains. The highly conserved cleft was shown
by mutagenesis studies to contain the subunit binding site
(Slonim, Pinkner, Briandén & Hultgren, 1992). Subsequent
crystallographic investigations of the chaperone cocrystallized
with peptides corresponding to the COOH terminus of pilus
subunits established parts of the molecular basis of chaperone-
subunit interactions (Kuehn er al., 1993; Hung et al., 1996).
However, no structure of a chaperone-subunit complex has so
far been determined.

Type 1 pili which mediate binding to mannose-containing
glycoproteins on eukaryotic cell surfaces are produced by
nearly all Enterobacteriaceae (Brinton, 1965). The major
component of type 1 pili is repeating FimA subunits arranged
in a right-handed helix to form a 70 A wide pilus rod with an
axial hole. The adhesin, FimH (Klemm & Christiansen,
1987), is the major component of a thin (30 A) tip fibrillum
joined end-to-end to the distal end of the pilus rod (Jones et
al., 1995). Apart from FimA and the FimH adhesin, type 1 tip
fibrillae also contain small amounts of the minor pilus
components FimF and FimG. Type 1 pili are assembled via
the chaperone/usher pathway with FimC being the chaperone
(Jones er al., 1993) and FimD the usher (Klemm &
Christiansen, 1990). The amino-acid sequences of both
FimC (Jones et al., 1993) and FimH (Klemm & Christiansen,
1987) are known. The mature FimC chaperone comprises 205
amino acids (M, =26kDa) and is 30% identical to PapD.
FimC can thus be expected to have the same general fold as
PapD. FimH, which has a length of 277 amino-acid residues
(M, = 29kDa), may be divided into a C-terminal pilin-like
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