Correlated mutations select misfolded from properly
folded proteins
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Main objective:
Indication of a better structure among properly folded and misfolded variants of a protein with residue-residue contacts predicted with DCA algorithm.
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CRYSTALLOGRAPHIC STRUCTURE OF A PHOTORECEPTOR PROTEIN AT 2.4

 Two residues are regarded in contact when a distance between their Ca atoms is less than 8 A and when they are
ANGSTROMS RESOLUTION

separated in the sequence by at least 4 positions.

» The list of almost 2500 obsolete and successor pairs was obtained from the PDB.

« Sequences shorter than 40 amino acids and obsolete-successor pairs with the RMSD lower than 1.1 A and a TM-score
[2] above 0.9 were removed (these cut-offs were manually optimized). Pairs for which coordinates were not available in
PDB format were also removed.

» The final dataset consisted of 152 pairs - 42 from X-ray and 110 from NMR. Only the first model was used from each
NMR structure ensemble.

» gpImDCA [3] was used to calculate DCA scores for pairs of residues. Input MSAs for gpiImDCA were created with HHDblits.
 Pairs of positions for each protein were sorted in descending order of the DCA score. The 100 strongest predicted pairs
of residue positions were examined.

 Predicted contacts that were observed as real contacts in either the proper structure or its misfolded alternative (but not
in both) were called differentiating contacts, unless the difference between their contact distances was less than 1 A.

There are almost 2500 obsolete
structures in the PDB [1]. Most of
them were superseded and replaced
by a successor structure. Usually a
successor structure is a further
refined version of the previous one
and does not differ much from the
superseded PDB entry. Occasionally,
the obsolete structure was misfolded,
and got replaced by a more correct
version. One example Is a
photoactive yellow protein deposited
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|1PHY was obsoleted on 1995-10-15 and superseded by 2PHY
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Textual Comparison
1PHY 2PHY
Title ﬁ CRYSTALLOGRAPHIC STRUCTURE OF & PHOTORECEPTOR PREOTEINM AT 2.4 ANGSTROMS PHOTOACTIVE YELLOW PROTEIN, DARK STATE
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Mcree, DLE., Tainer, 1.A., Getzoff, E.D.
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none

Polymer 1: n/a
¥-RaY DIFFRACTION

{UNBLEACHED)

Borgstahl, G.E.O., Getzoff, E.D.

A 125

1079

HC4

Polymer 1: Halorhodospira halophila
X-RAY DIFFRACTION

In 1989 as a beta-clam (1PHY). After
Six years, the misinterpretation of
electron density was discovered and
structure became entry 2PHY, which
Is an alpha/beta-fold.
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0.2 Conclusions
e « DCA can be used successfully to discriminate between misfolded protein structures and their

properly folded successor structures.

e Proper structure indication IS more accurate for protein structures determined with X-ray
crystallography than NMR spectroscopy. This is probably related to the fact that NMR structures are
on average twice shorter than X-ray structures.

* Differentiating contacts not only indicate the proper structure but also are usually related to the
functionally significant sites of proteins such as active sites or hydrophobic cores.
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(right figure) Contacts predicted for 1PHY (left) and 2PHY (right) structures. Proper and wrong
contacts were shown in green and red, respectively.
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