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Co-chaperonins from diverse organisms exhibit mobile loops which fold into a b hairpin
conformation upon binding to the chaperonin. GroES, Gp31, and human Hsp10 mobile loops
exhibit a preference for the b hairpin conformation in the free co-chaperonins, and the
conformational dynamics of the human Hsp10 mobile loop appear to be restricted by nascent
hairpin formation. Backbone conformational entropy must weigh against binding of co-
chaperonins to chaperonins, and thus the conformational preferences of the loops may
strongly influence chaperonin-binding affinity. Indeed, subtle mutations in the loops change
GroEL-binding affinity and cause defects in chaperonin function, and these defects can be
suppressed by mutations in GroEL which compensate for the changes in affinity. The fact
that high-affinity co-chaperonin binding impairs chaperonin function has implications for the
mechanism of chaperonin-assisted protein folding.

1. Structure and Dynamicsin Co-chaperonin Mobile Loops

1.1 The GroEL/GroES Complex

The co-chaperonin mobile loop provides an extraordinary example of a disordered
ligand-binding site in a protein. In the chaperonin complex, aring of seven mobile
loops displayed on one side of the co-chaperonin binds to aring of seven apical
domains on the ATP-bound chaperonin, thereby closing the protein-folding
chamber. In the free co-chaperonin, the mobile loops are nearly as disordered as
expected for arandom coil polypeptide, yet substantial evidence pointsto a highly
specific and sensitive interaction with the chaperonin.

NMR and crystallographic studies of the Escherichia coli co-chaperonin GroES
and chaperonin GroEL show that the mobile loop binds to GroEL in awell defined
hairpin conformation. The NMR structure was obtained by molecular dynamics and
simulated annealing constrained by internuclear distances derived from transferred
nuclear Overhauser effects (trNOES) in a synthetic mobile loop peptide’. The
crystallographic study reveded the complete GroES-GroEL-ADP, complex®.
Although the conformations differ in detail, both studies show the GroEL -bound
loop as forming a hairpin turn centered on a conserved glycine residue and bound to
GroEL by three hydrophobic residues on one side of the hairpin.
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Figure 1. Alignment of an N-terminal Portion of Co-chaperonin Sequences. Residues
identified as mobile by NMR are underlined. Three residues conserved as hydrophobic and
implicated in GroEL binding are highlighted. A glycine residue immediately preceding the
hydrophobic tripeptide also is conserved.

1.2 Conservation of Disorder in Co-chaperonin Mobile Loops

Mobility has been conserved in the chaperonin-binding loops of co-chaperonins
from divergent species. The three-dimensional structure of E. coli GroES’,
bacteriophage T4 Gp31* and human Hsp10 (Hsp10) (J.F. Hunt, B.J. Scott, L.
Henry, J. Guidry, S.J. Landry and J. Deisenhofer, unpublished) is conserved
throughout their roughly 100-residue lengths. Nevertheless, only a few features of
mobile loop primary structure are universally conserved (Fig. 1). Thelength of the
mobile loop is exactly
conserved in all known co-
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recorded as described. indicate that the mobile loop of
the human co-chaperonin is highly dynamic, experiencing motion on timescales
consistent with fluctuations of large amplitude®. In the co-chaperonin crystals,
mobile loops generally are disordered unless trapped by lattice contacts.

1.3 Nascent Sructure in the Mobile Loop

































