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Aggregation in the spotlight
New findings clarify apparently conflicting results about how molecular

agents that preserve protein integrity prevent harmful, dense

aggregates from forming.
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F
rom bacteria to plants to humans, all

organisms carry a group of molecular

chaperones dedicated to helping cells

withstand various stressors such as heat,

drought, aging or injury. These small heat shock

proteins (or sHsps) help cells adapt to stress by

associating with damaged proteins. Without this

help, the proteins may form insoluble, harmful

aggregates such as amyloid fibrils, which are

associated with aging and disease.

Yet, seemingly conflicting evidence has made

it difficult to understand how sHsps work. Tradi-

tionally, they are thought to prevent proteins

from aggregating; however, in some cases sHsps

seem to actually promote protein accumulation

(Haslbeck and Vierling, 2015; Escusa-

Toret et al., 2013; Mymrikov et al., 2017;

Walther et al., 2015). Intuitively inconsistent,

this picture suggests that the sHsp mechanism is

yet to be fully pieced together (Mogk et al.,

2019). Now, in eLife, Florian Stengel and col-

leagues from institutions in Germany and Italy –

including Edgar Boczek and Julius Fu€rsch as first

co-authors – report how this apparent contradic-

tion might be reconciled (Boczek et al., 2021).

The team built on observations from 35 years

ago that sHsps are found in membrane-free

structures that often form in cells under stress

(Collier and Schlesinger, 1986). Now under-

stood to be droplet-like, these ‘condensates’

store select proteins and other biological mole-

cules, keeping them safely huddled together

until the cell recovers (Wallace et al., 2015). But

proteins being present in such high concentra-

tions can also be dangerous. If they become

unstable and misfold in the condensates, there is

an increased risk that they will start to form amy-

loid fibrils (Alberti et al., 2017; Zbinden et al.,

2020). In this perilous environment, sHsps may

be key to protect protein stability.

This possibility inspired Boczek et al. to study

how a sHsp present in the human brain and

muscles (HspB8, also known as HSP22) interacts

with an RNA-binding protein that readily enters

condensates and can form aggregates. Muta-

tions within this protein – which is known as FUS,

short for Fused in sarcoma – can lead to the

motor neuron disease known as amyotrophic lat-

eral sclerosis (ALS).

Boczek et al. developed a new approach that

allowed them to map how the two proteins

interact under different conditions. This was

accomplished by combining chemical crosslink-

ing (where compounds are used to permanently

link proteins that briefly interact) and mass spec-

trometry (which gives a ‘snapshot’ of proteins by

measuring their parts). Linking the proteins

before collecting the snapshots allowed for

structural insight, enabling the team to
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determine which parts of HspB8 and FUS were

in contact inside and outside of the

condensates.

The approach showed that the presence of

HspB8 inside condensates containing FUS

slowed down the hardening of the droplets by

preventing amyloid fibrils from forming. By ana-

lysing crosslinks, Boczek et al. were able to iden-

tify which regions of the proteins are responsible

for this protective mechanism. This revealed that

structural changes in the segment of FUS which

allows the protein to recognise RNA underlie

hardening. However, when this motif is bound

by a section of HspB8 known as the a-crystallin

domain — an interaction that only occurs within

condensates — FUS cannot turn into aggre-

gates. In turn, a mutant version of HspB8 where

the a-crystallin domain is altered was not able to

protect FUS condensates against amyloid

formation. This mutation in HspB8 is associated

with a distal motor neuropathy, which, like

amyotrophic lateral sclerosis, causes muscle

weakness.

Further results showed that the disordered

‘N-terminal domain’ of HspB8 was necessary for

its recruitment to FUS condensates, a mecha-

nism also observed in a related chaperone called

HspB1 (Liu et al., 2020). Comparing how HspB8

and HspB1 interact with FUS helps to better

understand how these chaperones work in gen-

eral. In particular, unlike HspB8 which functions

inside condensates, HspB1 can protect FUS both

inside (if the chaperone carries a chemical modi-

fication) and outside of these structures

(Liu et al., 2020). HspB8 and HspB1 are some-

times present in the same small groups of pro-

teins, raising the question of how co-operation

Figure 1. Hypothesis for a coherent mechanism of sHsp chaperone function. Chaperones known as sHsps

(colourful dots) can bind to proteins destabilised under stress conditions (‘substrates’; grey dots). They either

encourage other proteins to gather with them in large protective complexes known as co-aggregates (‘aggregase’

activity; red, left); or they keep the proteins they bind apart from each other (‘holdase’ activity; blue, right) to stop

these substrates from transitioning into toxic aggregates such as amyloid fibrils (grey arrows). These apparently

incompatible models of chaperones’ activity can be reconciled by considering that they both aim to stop

destabilised proteins from coming together in specific ways that are harmful to the cell. Sometimes, this aim is

achieved by forming reversible liquid condensates requiring both aspects of sHsp function: there, the chaperones

help to sequester the proteins and prevent them from becoming amyloid fibrils.
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amongst sHsps benefits the cell (Sun et al.,

2004).

A coherent picture of the sHsp mechanism is

therefore gradually emerging, aided substan-

tially by the findings of Boczek et al. It appears

that, whether alone or together, sHsps can

ensure that proteins do not form insoluble struc-

tures during stress. The chaperones may seem

to both promote and prevent protein aggrega-

tion, but this apparent contradiction can be rec-

onciled by considering that what researchers

previously called ‘aggregation’ in fact encom-

passes different ways that molecules can come

together. When required by the cell, sHsps help

to gather proteins into condensates in which

they are more densely packed than before but

remain dynamic. There, the chaperones prevent

proteins from forming harmful aggregates such

as amyloid fibrils (Figure 1). Obtaining data on

sHsp interactions in vivo across the tree of life is

now needed to confirm whether this mechanism

occurs in the diverse organisms that host these

enigmatic chaperones.
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