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We solved the x-ray crystal struc-
ture of the repeat protein CTPRa8, 
which contains eight identical TPR 
repeats, at 2.05¡ resolution, us-
which contains eight identical TPR 
repeats, at 2.05¡ resolution, us-
which contains eight identical TPR 

ing single wavelength anomalous 
diffraction data from cadmium. 
The structure of CTPRa8 (Figure 
1) reveals that each repeat is 
comprised of two helices, which 
are arrayed to form a super helix. 
A key feature of CTPRa8, and of 
repeat proteins in general, is that, 
in contrast to globular proteins, 
there are no sequentially distant 
amino acid contacts. This 
pattern of local contacts 
suggests that a theoreti-
cal description based on 
the classical one-dimen-
sional Ising model might 
be an appropriate way to 
understand the folding/
unfolding behavior of 
repeat proteins, with the 
repeating units cast as 
Ising spins.

How can we test this 
hypothesis? Because 
the variation in behavior 
for different numbers 
of coupled subunits is 
a textbook signature of 
collective effects, the 
possibility of creating 
CTPRs in any multiplic-
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ity desired renders them an ideal 
system in which to test this model 
of repeat protein stability. Accord-
ingly, we synthesized a series of 
CTPRs, for which the number of 
helices varied from five to 21. 
The stability of these proteins as a 
function of guanidine hydrochloride 
(GuHCl) concentration (GuHCl is an 
agent used to induce protein un-
folding) is shown in Figure 2. The 
rapid change in each proý le with 
increasing GuHCl concentration 
corresponds to the transition from 

the folded to the unfolded state. 
The best ý ts of the Ising model to 
these data are shown as the solid 
lines in Figure 2. Clearly, the mod-
el provides an excellent description 
of the folding/unfolding for all of 
the proteins studied. 

We believe that several aspects of 
this work are particularly exciting. 
First, the Ising model is predictive: 
Because thermodynamic data from 
just two different CTPRs in a series 
are sufý cient to predict the behav-

ior of all additional CTPRs 
in that series, we may 
view four of the model 
profiles in Figure 2 as 
predictions. These are 
the first examples of 
successfully predicting 
the stabilities of proteins 
and the shapes of their 
unfolding curves.

Second, the Ising model 
requires a new micro-
scopic picture: In the 
usual two-state transi-
tion, a protein is essen-
tially always completely 
folded or completely 
unfolded with only brief 
transient behavior. In 
contrast, the Ising de-
scription implies that 

Determining how a proteinôs amino acid sequence speciý es its structure 
and properties stands as a grand challenge for biology in the post-
genomic era. Repeat proteins, composed of tandem arrays of a basic 
structural motif, account for more than 5% of metazoan proteins in the 
Swiss-Prot database. It is therefore surprising that the folding of repeat 
proteins has been little studied, especially because their modular struc-
tures promise a more tractable folding problem than globular proteins. 
Our approach has been to design a consensus tetratricopeptide repeat 
(CTPRa) and from this construct a series of proteins that contain from 
two to 20 tandem copies of this repeat. We have shown that the fold-
ing of this family of TPR proteins can be described and predicted by the 
classical one-dimensional Ising model of statistical mechanics, which 
thus represents a new folding paradigm for repeat proteins.
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