
PROTEIN DYNAMICS

Proteins acting out of (dis)order
A disordered region at the N-terminus of the glucocorticoid receptor

can fine tune how cells respond to a hormone via an allosteric

mechanism.

DAVID ELIEZER

F
or a long time it was thought that pro-

teins only worked after folding into

specific three-dimensional shapes (Anfin-

sen, 1973). However, disordered proteins – flex-

ible proteins that lack a well-defined shape or

structure – are found in almost all organisms,

and our understanding of how protein disorder

is coupled to protein function continues to

evolve.

Disordered proteins can bind to other well-

folded proteins and fold around them, thus gain-

ing structure while executing their functions.

Alternatively, disordered proteins can attach to

other proteins via short, typically linear motifs,

influencing the target protein while remaining

largely flexible and unstructured (Mittag et al.,

2010; Babu et al., 2012; Van Roey et al.,

2014). However, it was commonly assumed that

disordered proteins were unable to exhibit allo-

stery, or “action at a distance”. Now, in eLife,

Vincent Hilser and colleagues at Johns Hopkins

University and the University of Houston report

that disordered proteins can show allostery, and

that alterations in the disordered regions of a

protein can tune this effect to regulate the pro-

tein’s function (Li et al., 2017).

Allostery involves a change made at one loca-

tion in a protein (the so-called allosteric site)

exerting a functional effect at a distant region of

the same protein (the functional site). Intuitively,

we like to think of allostery as being transmitted

via a physical connection between the allosteric

site and the functional site: that is, pulling or

pushing at the initial site is ‘felt at the distant

site. In order for such a signal to be transmitted,

we also assume that the connection between the

sites must be rigid (Figure 1A and B). If the con-

nection is instead flexible and dynamic, as in a

disordered protein, it would seem that perturba-

tion at one site cannot be effectively communi-

cated to a distant location. As is often the case,

however, our intuition based on the macroscopic

physical world can lead us astray when consider-

ing things on the molecular scale.

Hilser’s earlier work has shown that it may be

difficult or impossible to understand the behav-

ior of a protein in the context of a single direct

link between sites of action and effect. Instead,

it must be understood in terms of a constantly

changing ensemble of different protein struc-

tures, in which changes in the stability of one

site influence the entire ensemble in a way that

can alter the likelihood of changes at a distant

site (Hilser et al., 1998). The beauty of this the-

ory is that it applies equally to well-structured

proteins and to disordered proteins. Indeed,

over 10 years ago, Hilser used this approach to

predict that disordered protein regions could

exert allosteric effects on other protein domains

(Figure 1C and D; Hilser and Thompson,

2007).

Since this original prediction, a handful of high

profile reports have documented allostery in dis-

ordered proteins, including in the oncoprotein

Copyright Eliezer. This article is

distributed under the terms of the

Creative Commons Attribution

License, which permits unrestricted

use and redistribution provided that

the original author and source are

credited.

Related research article Li J, White JT,

Saavedra H, Wrabl JO, Motlagh HN, Liu K,

Sowers J, Schroer TA, Thompson EB, Hilser

VJ. 2017. Genetically tunable frustration

controls allostery in an intrinsically disor-

dered transcription factor. eLife 6:e30688.

DOI: 10.7554/eLife.30688

Eliezer. eLife 2017;6:e32762. DOI: https://doi.org/10.7554/eLife.32762 1 of 3

INSIGHT

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://doi.org/10.7554/eLife.30688
https://doi.org/10.7554/eLife.32762
https://creativecommons.org/
https://creativecommons.org/
http://elifesciences.org/
http://elifesciences.org/
http://en.wikipedia.org/wiki/Open_access
http://en.wikipedia.org/wiki/Open_access


E1A (Ferreon et al., 2013), and in a bacterial

antitoxin (Garcia-Pino et al., 2010). Now, Hilser

and colleagues, including Jing Li as first author,

have focused on a protein known as the gluco-

corticoid receptor, a critical transcription factor

that controls how cells respond to steroid hor-

mones. Under different conditions, cells will pro-

duce versions of this receptor that differ only in

the length of a disordered region at one end of

the protein. Li et al. show that these different

forms of the glucocorticoid receptor also alter

the strength of the hormonal response to differ-

ing extents. This is possible because the disor-

dered region enhances the hormonal response

by enhancing DNA binding at a site located in an

entirely different part of the protein. Paradoxi-

cally, the same disordered region also inhibits

the hormonal response by directly regulating

another domain, the F-domain. Depending on

the specific form of the N-terminal disordered

protein region, the sum of these two opposing

effects is different, allowing the cell to fine tune

its response to the presence of the hormone.

These findings imply that disordered proteins

may have certain advantages for allosteric regu-

lation compared with well-structured proteins.

Producing different forms of well-structured pro-

teins is challenging, because splicing new pro-

tein segments into an existing structure, or

excising segments out of one, may be difficult to

do while maintaining the protein’s architecture.

In contrast, disordered proteins are essentially

unconstrained by structure. As such, they can

easily tolerate the insertion or removal of seg-

ments to generate distinct forms (Romero et al.,

2006). Li et al. show that cells producing distinct

forms of a specific disordered protein region,

featuring different allosteric properties, exhibit

different hormonal responses. More broadly,

their work implies that altering a disordered

region of a protein is a particularly flexible

approach by which cells and organisms can fine

tune allosteric regulation of critical biological

processes. It can therefore be expected that this

mechanism will prove to be widespread and

important throughout biology.
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that makes binding at the functional site more favorable. In this illustrative case, we simulate
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