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Two studies in this issue, Kristariyanto et al. (2015) and Michel et al. (2015), describe innovative ways to
produce large quantities of atypical K29 and K33 ubiquitin chains and report structures and mechanisms
of chain-specific recognition.
Ubiquitin research has come a long way

since the discovery of this small modifier

protein 40 years ago. Enzymatic mech-

anisms have been unraveled, Nobel

prizes awarded, and the huge physiolog-

ical importance of this most versatile

posttranslational modification is widely

acknowledged. Curiously, after four de-

cades of research, one aspect of ubiquitin

biology is still barely understood: the role

of atypical polyubiquitin chains. We do

know a great deal about K48 and K63

chains, and details are emerging on K11

and linear chains, but knowledge of other

chain types is lagging behind. In this issue

ofMolecular Cell, Kulathu and colleagues

(Kristariyanto et al., 2015) and Komander

and colleagues (Michel et al., 2015) focus

the attention on K29 and K33 chains.

Atypical chains almost certainly have

a distinct physiological role, considering

that all possible ubiquitin chain types

occur in cells (Peng et al., 2003), and there

are selective enzymes specific for making

(E3 ligases) and breaking (DUBs) these

chains. Yet so far most studies do not

separate out individual chain types,

but rather study chains in bulk or focus

on mono- and di-ubiquitin modification.

However, to understand the importance

of a specific chain, it helps to start looking

at the right type and at more than one link.

What keeps researchers from doing that?

One reason is the historical importance

of K48 and K63 chains, partially due

to their high abundance, which left the

other types largely overlooked (Phu

et al., 2011). But the major issue has

been the lack of selective tools to study

atypical ubiquitin chains. There are no

good chain-specific antibodies, no way

of recognizing, labeling or binding them,

and no way of making large amounts of
atypical ubiquitin chains in isolation for

in vitro studies. The work of Kristariyanto

et al. and Michel et al. provides us with

new tools to do just that, and they use

these tools to provide a first glimpse into

the biology of rare ubiquitin chains (Kris-

tariyanto et al., 2015; Michel et al., 2015).

Both groups describe an elegant enzy-

matic method to assemble large amounts

of K29 and K33 ubiquitin chains. They

exploit the preference of HECT E3 ligases

UBE3C and AREL1 for assembling K29

and K33 chains, respectively, to produce

thesechains in vitro.However, since these

E3 ligases are not exclusive for K29 or K33

chains, different chain types are still pre-

sent. How to clean them up? The authors

find a very elegant solution: they use

chain-specific DUBs to disassemble all

the other chains and leave K29 and K33

chains untouched (Figure 1). Make them

and break them, but only in the way you

want. This provides a valuable tool for

future studies of atypical ubiquitin chains,

showing in a very neat way how the

intrinsic specificity of the ubiquitin system

can be exploited and fine-tuned to ‘‘cap-

ture’’ one of its otherwise elusive players.

Kristariyanto et al. andMichel et al. then

characterize their newly acquired ubiqui-

tin chains. They solve the crystal structure

of K29 (Kristariyanto et al., 2015) and K33

(Michel et al., 2015) di-ubiquitin. Both

chains adopt an extended conformation,

not very different from K63 chains (Datta

et al., 2009). However, since NMR studies

(Michel et al., 2015) indicate a certain

amount of flexibility, this conformation

may vary in solution.

More exciting are the first insights into

the binding by these chains as seen in the

structure of K29 di-ubiquitin (Kristariyanto

et al., 2015) and K33 di-ubiquitin (Michel
Molecular
et al., 2015) with the NZF1 domain of

TRABID. TRABID is a DUB specific for

K29/K33 ubiquitin chains (Licchesi et al.,

2012), and both groups identify an N-ter-

minal NZF domain (NZF1) as crucial for

substrate binding. Different NZF domains

are known to bind specifically to different

chain types (Kulathu et al., 2009; Sato

et al., 2009), but how such a small peptide

can achieve specificity is still a mystery.

The crystal structures of K29 and K33

ubiquitin in complexwith theNZF1 domain

of TRABIDpresentedbyKristariyanto et al.

and Michel et al. begin to explain this. So

how is specificity achieved? NZF1 uses a

conserved motif to interact with the I44

patchon thedistal ubiquitin (the ‘‘modifier’’

ubiquitin that donates its C terminus),

which is a generic binding mode among

NZF domains (Kulathu et al., 2009; Sato

et al., 2009). As in other NZF domains,

specificity is achieved through unique in-

teractions with the proximal ubiquitin (the

‘‘target’’ ubiquitin that donates the lysine)

for K29 and K33 di-ubiquitin with its a helix

and two adjacent loops, but other chain

types are recognized differently (Kulathu

et al., 2009; Sato et al., 2009). This

conserved, two-pronged NZF recognition,

with a generic ‘‘target’’ binding and selec-

tive chain-specific recognition of themodi-

fying proximal ubiquitin, is of possible in-

terest for future protein design studies,

serving as a blueprint to tailor specific

ubiquitin binding domains to one’s liking.

Kristariyanto et al. andMichel et al. both

report another, rather curious feature of

this complex between binding domain

and ubiquitin chain. In the crystal, the di-

ubiquitin-NZF complex forms a seemingly

infinite helical filament where each ubiq-

uitin binds two NZF1 domains and each

NZF1 domain makes contact with distal
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Figure 1. Assembly, Cleavage, and Recognition of K29 and K33 Ubiquitin Chains
K29 and K33 ubiquitin chains are assembled by linkage-specific E3 ligases, and undesired chain types are
removed by linkage-specific DUBs. Both chain types are recognized by the NZF1 domain of TRABID.
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and proximal ubiquitin, presenting a

possible scaffold for longer K29/K33

chains. Moreover, binding of NZF1 reor-

ganizes the relative orientation of the

distal and proximal ubiquitin toward

each other, basically remodeling the

chain. Michel et al. explain how this helical

arrangement could attract additional

NZF domains, overcoming the notoriously

low affinities in the ubiquitin system by

increasing avidity.

More intriguingly, an ubiquitin chain

that acts as a scaffold would provide

several ‘‘docking stations’’ for specific

UBDs through its linkage type and thus

would allow the recruitment and assembly

of multi-protein complexes through those

UBDs. In the case of branched ubiquitin

chains, this would even generate different
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docking stations that would be present

in distinct positions, allowing a particular

spatial organization of multi-protein com-

plexes. Additionally, by binding to the

docking station, the UBDs could stabilize

a certain conformation of the chain, re-

modeling the scaffold. In theory and in a

test tube, this seems like a very nice sys-

tem, but does it actually happen in cells?

The authors begin to address this ques-

tion by showing the importance of an

intact NZF1 domain for cellular localiza-

tion (Michel et al., 2015). Kristariyanto

et al. use linkage-specific DUBs and

UBDs to show that K29 chains in cells

are actually present in mixed chains also

containing K48 linkages, showing that

the basic building blocks of such possible

docking scaffolds occur in cells (Kristar-
vier Inc.
iyanto et al., 2015). However, if they actu-

ally form in cells and serve the proposed

function remains to be studied.

There are other open questions to be

addressed, such as the role of atypical

chains in vivo, the dynamics of chain as-

sembly and disassembly in response to

different stimuli (cell-cycle phase, stress

responses), and the identification of E3

ligases and DUBs specific for each chain

type. The work published here allows a

first glimpse into the complex signaling

networks of atypical ubiquitin chains,

and the tools presented will certainly

help in studies addressing these and

other questions in this exciting field.
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