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Folding and Flexibility
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Figure 6.2 The molten globule state is an
important intermediate in the folding pathway
when a polypeptide chain converts from an
unfolded to a folded state. The molten globule
has most of the secondary structure of the
native state but it is less compact and the
proper packing interactions in the interior

of the protein have not been formed.

Molten globules are intermediates in folding
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! native state. The conversion from the molten
globule state to the folded state is slow and
passes through a high energy transition
state, T.
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Figure 6.3 The unfolded state is an ensemble
of a large number of conformationally
different molecules, Uy...U,, which undergo
rapid interconversions. The molten globule is
an ensemble of structurally related molecules,
Mj...M,, which are rapidly interconverting
and which slowly change to a single unique
conformation, the folded state F During the
folding process the protein proceeds from a
high energy unfolded state to a low energy

FIGURE 6.38 Amodel for the stps imvolved in the fold-
ing of globular proteins. The funnel represents a free energy
surface or energy landscape for the folding process. The
protein folding process is highly cooperative. Rapid and re
wersible formation of local sscondary strudures is fllowed
by a dower phase in whidh establishment of partially falded
irterme diates leads fothe final beriary strudure. Substarkial
exdusion of water ecours very early in the Folding process.
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Many proteins can fold spontaneously in vitro,
although some appear to fold more slowly/less accu-
rately than they do in vivo. Although the primary
sequence ultimately dictates tertiary structure, sev-
eral obstacles to correct folding exist, including;:

* aggregation of partially folded intermediates via
intermolecular hydrophobic interactions;

* isomerization of proline residues;

e formation of disulfide linkages between incorrect
pairs of cysteine residues.
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Figure 6.9 (a) Peptide units can adopt two
different conformations, trans and cis. In the
trans-form the C=0 and the N-H groups point
in opposite directions whereas in the cis-form
they peint in the same direction. For most
peptides the trans-form is about 1000 times
more stable than the cis-form. (b) When the
second residue in a peptide is proline the
trans-form is only about four times more stable

than the cis-form. Cis-proline peptides are
found in many proteins.
Isomerization of proline residues can be a rate-limiting step

in protein folding
Cis—trans isomerization of proline peptides is intrinsically a slow
process and in vitro it is frequently the rate-limiting step in folding for those
molecules that have been trapped in a folding intermediate with the wrong

isomer.
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FIGURE 6.37 (a) The natural right-handed twist exhibited by polypeptide chains, and (b) the types of connec-
tions between g-strands.
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Some Proteins
Are Intrinsically
Unstructured

FIGURE 6.0 Intrnsically unstructured proteins (IUPs)
contact their target proteins over a large surface area. (a)
P27 (yellow) complexed with cyclin-dependent kinase 2
(Cdk, blue) and cycin A (Cych, green). (b) The transacti-
vator domain CBD of TCF3 (yellow) bound to B-caterin
(blue). Note: Part of the 3-catenin has been removed for
a dear view of the CBD. (¢) Bob 1 transcriptional coactiva-
tor (yellow) in contact with its four partners: TAFy105
(green oval),the Oct 1 domains POU SD and POU HD
(green), and the I promoter (blue). (From Tompa, P,
2002, Intrinsically unstructured proteins. rends in Bio-
chemical Sciences 27:527-533. (d-g) Some intrnsically
unstrudured proteins (in red and yellow) bind to their tr-
gets by wrapping around them. Shown here are (d) SNAP-
25 bound to BoNT/A, (e) SARA SBD bound to Smad 2
MH2, (f HIF-1c interaction domain bound to the TAZI
domain of CBP, and (g) HIF-1 interaction domain bound
toasp A, (From in Biochei.
cal Sciences, Vol. 27, No. 10, page 530. October 2002.)
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FIGURE 6.42 Isologous and heterologous associations between protein subunits. (2) An isclogous interaction be-
tween two subunits with a twofold axis of symmetry perpendicular to the plane of the page. (b) A heterologous inter-
action that could lead to the formation of a long polymer. (¢} A heterolagous interaction leading to a closed
structure—a tetramer. (d) A tetramer formed by two sets of isologous interactions.
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Hydrophobic residues are
buried between layers

(a) Cytochrome ¢

(b) Phosphoglycerate kinase (c) Phosphorylase
(domain 2) (domain 2)
FIGURE 6.38 Examples of protein domains with different numbers of layers of backbone structure. (a) Cyto-
chrome ¢” with two layers of a-helix. (b) Domain 2 of phosphoglycerate kinase, composed of a g-sheet layer be-
tween two layers of helix, three layers overall. () An unusual five-layer structure, domain 2 of glycogen
phosphorylase, a 3-sheet layer sandwiched between four layers of a-helix. (d) The concentric “layers” of 3-sheet
(inside) and c-helix (outside) in triose phosphate isomerase. Hydraphobic residues are buried between these con.

centric layers in the same manner as in the planar layers of the other proteins. The hydrophobic layers are shaded
yellow. (Original art courtesy of Jane Richardsan.)

(d) Trioscphosphate isomerase




