
The proteins that underlie the behaviour of any cell 
type are produced by selective gene expression and 
expanded by alternative RNA splicing. However, a cell 
is not a static entity — it continuously responds to cues 
from its external and internal environments, such as 
growth factors, ligands on the surface of adjacent cells, 
the extracellular matrix, electrical excitation, shear 
stress, cell-cycle checkpoints, DNA damage, oxygen 
tension and nutrient status. The cellular response to 
changing conditions is frequently mediated by the 
reversible covalent modification of existing molecules, 
for which the prototype in eukaryotic cells is protein 
phosphorylation of the hydroxyamino acids Tyr, Ser 
and Thr. However, proteins can be altered by a diverse 
set of post-translational modifications (PTMs), includ-
ing the methylation of Arg residues, the methylation, 
acetylation, ubiquitylation or sumoylation of Lys 
residues, or prolyl hydroxylation, among many others1 
(FIG. 1).

Phosphorylation of a single residue is unitary, 
because only one phosphate moiety can be added to 
an amino acid. However, an individual polypeptide 
chain can potentially be phosphorylated at several sites, 
thereby producing many phosphoisoforms, each of 
which can potentially have a distinct biological act ivity1. 
Other PTMs can be yet more diverse. For example, 
a Lys residue can be mono-, di- or trimethylated, or 
mono- or polyubiquitylated. Furthermore, the same 
polypeptide chain can be modified by different classes 
of PTM, which generates an even larger number of pos-
sible variants1. Such dynamic and combinatorial modi-
fications are not restricted to proteins. For example, 
phosphoinositides are modified by the variable phospho-
rylation of their inositol headgroup, which produces 
several distinct phosphoinositide species in membranes 
that each have different biological properties2.

A crucial issue for understanding cellular regulation 
is to define how this vast and constantly varying spec-
trum of protein and lipid modifications is interpreted to 
produce alterations in cellular phenotype. One mecha-
nism by which PTMs can alter a protein’s function is to 
directly induce a new conformational state, and this is 
exemplified by the phosphorylation of the activation seg-
ment of protein kinases, which reorganizes the active site 
of the kinases into a productive configuration. However, 
such conventional allosteric regulation usually involves a 
highly specialized set of molecular interactions, which 
are specifically tailored to a particular polypeptide, and 
therefore cannot readily be incorporated into one type 
of protein from another during the course of evolution. 
This limits this type of regulation from being a general 
solution to the problem of interpreting PTMs on a 
proteome-wide scale.

Instead, we argue that the cell uses modular protein-
interaction domains as a broad device to decode the 
state of its protein and lipid modifications, with different 
domains being dedicated to the selective recognition 
of distinct PTMs or phospholipids. Consistent with the 
generality of this mechanism, the human proteome has 
many classes of interaction domain that collectively recog-
nize numerous different protein or lipid modifications, 
with each domain being represented tens or hundreds of 
times in cellular proteins3. The cassette-like structure 
of interaction domains provides a simple way of coupling 
a given protein to a particular PTM4 (FIG. 1), and is well 
suited to the coordinated recognition and deciphering 
of several distinct PTMs in combination. Furthermore, 
although these interactions seem simple in isolation, 
they can nonetheless produce complex biochemical 
responses in the context of multidomain proteins and 
multiprotein assemblies. This has prompted an analogy 
to the construction of languages from simpler units of 
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Phosphoinositide
A phosphorylated derivative of 
the glycerolipid phosphatidyl-
inositol.

Allosteric regulation
The regulation of a protein’s 
activity through a 
conformational change that is 
induced by the binding of a 
ligand or the addition of a 
post-translational modification 
at a region other than the 
substrate-binding site.
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Abstract | Proteins are controlled by a vast and dynamic array of post-translational 
modifications, many of which create binding sites for specific protein-interaction domains. 
We propose that these domains, working together, read the state of the proteome and 
therefore couple post-translational modifications to cellular organization. We also identify 
common strategies through which modification-dependent interactions synergize to 
regulate cell behaviour.
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words and phrases, and has engendered the hypothesis 
that protein domains represent a basic syntactic unit of 
cellular organization5. In this article, we briefly discuss 
the common ways in which PTMs and interaction 
domains synergize to regulate cellular processes, and we 
provide specific examples that involve phosphorylation, 
methylation, acetylation, ubiquitylation and sumoylation 
(FIGS 1,2). This is not intended to be a comprehensive 
analysis, but rather aims to highlight the general strategies 
through which PTMs exert their effects.

PTM-dependent interactions: common strategies
In the following subsections we briefly discuss the com-
mon mechanisms by which PTM-dependent interactions 
regulate cellular processes.

PTM-induced interactions. Interaction domains often 
recognize short peptide motifs that are embedded in 
target proteins, but do not bind stably until the pep-
tide has acquired an appropriate PTM (FIGS 1,2a). Such 
domains usually have a conserved binding pocket for 
the modified residue and a more variable surface that 
selectively engages the flanking amino acids, and thereby 
distinguishes between different peptide motifs with the 
same PTM6–9. Both the domains and the peptide motifs 
that they recognize are modular in design and can there-
fore, in principle, be incorporated into many different 
proteins.

Cooperative interactions and multi-site PTMs. PTM-
dependent interactions can be cooperative, such that a 
signal is only generated after two or more sites on the 
same protein have been modified. This can be achieved 
in various ways. First, a doubly modified motif can be 
recognized in an obligatory fashion by two tandem inter-
action domains, as is the case for the recognition of two 
phosphotyrosine (pTyr)-containing motifs by the tandem 
Src-homology-2 (SH2) domains of the ZAP-70 (ζ-chain 
(T-cell receptor)-associated protein kinase 70 kDa) 
protein tyrosine kinase10 (FIG. 2b). This can increase both 
the affinity and the specificity of the interaction. Second, 
a single domain can possess two binding pockets for the 
modified residues. For example, the single SH2 domain of 
the APS protein (adaptor molecule containing pleckstrin-
homology (PH) and SH2 domains protein) binds to two 
pTyr residues in the activation loop of the insulin recep-
tor kinase; furthermore, two APS SH2 domains form 
a non-covalent dimer, which potentially stabilizes the 
activated receptor11. Third, a domain with a single bind-
ing pocket can bind specifically to a protein that carries 
several modifications. For example, the WD40-repeat 
domain of the Saccharomyces cerevisiae protein Cdc4 (cell-
division cycle-4) only binds to its target, Sic1 (substrate 
inhibitor of cyclin-dependent protein kinase-1), 
when the target has been phosphorylated during the 
G1 phase of the cell cycle on at least six Ser/Thr residues 
(FIG. 2c). As Cdc4 is the substrate-targeting subunit of 
an SCF (Skp1–Cul1–F-box) E3 ubiquitin ligase complex, 
phosphorylation of Sic1 leads to its polyubiquitylation 
and degradation by the proteasome. This, in turn, is 
necessary for the onset of DNA synthesis, because Sic1 

Figure 1 | Example post-translational modification reactions and structures of 
protein-interaction-domain–ligand complexes. Various amino-acid side chains 
can be modified by, for example: phosphorylation (a); methylation (b); acetylation (c); 
ubiquitylation (d); and hydroxylation (e). The enzymes that are involved in adding and 
removing these post-translational modifications are shown on the reaction arrows. 
The structures on the far right show examples of protein-interaction domains (pale 
purple) in complex with their respective ligands (red). The structures were obtained 
from the Protein Data Bank (accession codes 1JYR, 1Q3L, 1E6I, 1Q0W and 1LM8 for 
parts a–e, respectively) and were manipulated using Pymol (Delano Scientific). GCN5, 
general control of amino-acid-synthesis protein-5; GRB2, growth-factor-receptor-
bound protein-2; HAT, histone acetyltransferase; HDAC, histone deacetylase; HIF1α, 
hypoxia-inducible factor-1α; HP1, heterochromatin protein-1; Me–Lys, methylated 
lysine; OH–Pro, hydroxylated proline; Pi, inorganic phosphate; P–Tyr, 
phosphotyrosine; SAH, S-adenosylhomocysteine; SAM, S-adenosylmethionine; SH2, 
Src-homology-2; SHC, SH2-domain-containing transforming protein; Ub, ubiquitin; 
UIM, ubiquitin-interacting motif; VHLβ, von Hippel–Lindau protein-β; Vps27, vacuolar 
protein sorting protein-27.
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Src-homology-2 (SH2) 
domain
A 100-residue domain that 
binds to particular 
phosphorylated Tyr sequences 
in proteins.

Pleckstrin-homology 
domain 
(PH domain). The PH domain is 
~120 amino acids. It typically 
interacts with various 
phosphoinositides, and is 
thereby involved in targeting 
proteins to membranes.

WD40-repeat domain
A repeat sequence of 40–60 
amino acids that usually ends 
with Trp and Asp (WD). 
Consecutive repeats fold into a 
circular β-propeller structure.

E3 ubiquitin ligase
An enzyme that functions with 
a ubiquitin-conjugating enzyme 
(E2) to link one or more 
ubiquitin molecules to a target 
protein, which marks the 
protein for subsequent 
recognition by ubiquitin-
binding domains. SCF-type 
ubiquitin ligases are one of the 
principal classes of E3 ligase. 
They are complexes that 
consist of SKP1, cullin and 
F-box proteins.

Proteasome
A large multiprotein complex 
that is responsible for 
degrading intracellular proteins 
that have been tagged for 
destruction by the addition of 
ubiquitin.

Breast-cancer-susceptibility 
protein-1 C-terminal domain
(BRCT domain). The BRCT 
domain is 90–100 amino acids 
and occurs either as a single 
element or as multiple repeats. 
It binds to phosphopeptides in 
several proteins that are 
involved in DNA-damage 
response and DNA repair.

inhibits S-phase cyclin-dependent kinase (CDK) activity. 
The requirement for multi-site phosphorylation of Sic1 
sets a threshold for the level of G1 CDK activity that is 
necessary to promote Sic1 destruction, and it precipitates 
a switch-like entry into S phase12,13.

In a complementary scenario, two tandem domains can 
fold into a common structure that recognizes a singly modi-
fied peptide, as has been seen for tandem BRCT (breast-cancer-
susceptibility protein-1 C-terminal) domains that together 
bind to a phosphoserine (pSer)-containing motif14.

Figure 2 | Examples of the regulatory properties of post-translational modifications and their interaction 
domains. Examples of the regulatory modes that can be achieved using interaction-domain–post-translational-
modification interactions. a | Inducible interactions. A peptide with a phosphorylated (P) Tyr residue is recognized by its 
target Src-homology-2 (SH2) domain. b | Cooperative interactions. Tandem SH2 domains in ZAP-70 (ζ-chain (T-cell 
receptor)-associated protein kinase 70 kDa) bind in an obligatory fashion to two phosphotyrosine (pTyr) sites in ITAMs 
(immunoreceptor Tyr-based activation motifs). c | Multi-site switch. Sic1 (substrate inhibitor of cyclin-dependent protein 
kinase-1) requires phosphorylation on at least six sites before it can bind to the SCF (Skp1–Cul1–F-box) E3 ubiquitin (Ub)-
ligase subunit Cdc4 (cell-division cycle-4), which is a WD40-repeat-containing protein. This switch-like interaction leads 
to Sic1 ubiquitylation and controls cell-cycle progression in Saccharomyces cerevisiae. d | Sequential interactions. The 
recruitment of the SH2 domain of the E3 ubiquitin ligase Cbl (Casitas B-lineage lymphoma proto-oncogene) to a pTyr site 
(step 1) precedes, and is required for, the transfer of ubiquitin to a target protein (step 2). The target protein is subsequently 
recognized by ubiquitin-interacting motif (UIM)-containing proteins (step 3). e | Mutually exclusive interactions. When 
Lys9 of histone H3 is trimethylated (Me), it binds to the chromodomain (Chr) of heterochromatin protein-1 (HP1), whereas 
histone H3 that is acetylated (Ac) at Lys9 and Lys14 binds to the bromodomains (Bromo) of TAFII250 (TATA-binding protein-
associated factor-II250). The acetylation and methylation of Lys9 cannot occur simultaneously. f | Antagonistic 
modifications. Trimethylated Lys9 of histone H3 binds to the HP1 chromodomain, and this interaction is antagonized by 
the phosphorylation of the neighbouring Ser10 residue by Aurora-B kinase. g | Intramolecular interactions. Src kinase is 
autoinhibited through an interaction between its SH2 domain and a pTyr in the C-terminal tail of the protein (‘off’ state). 
The release of this intramolecular interaction by dephosphorylation of the tail, or through the presence of a combination 
of activating ligands (such as Pro-rich or pTyr ligands), results in an active kinase (‘on’ state). h | Convergent interactions. 
A single post-translational-modification can be recognized by different types of protein-interaction domain. For example, 
ubiquitin binds to UIMs and ubiquitin-associated (UBA) domains, as well as to other ubiquitin-binding domains. E2, 
ubiquitin-conjugating enzyme; SH3, Src-homology-3.
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Ubiquitin-binding domains
The collective term that is 
given to modular interaction 
domains that bind to ubiquitin.

Scaffold
A protein that supports the 
assembly of a multiprotein 
complex through interactions 
with other proteins.

Chromodomain
A protein domain that often 
binds to methylated Lys 
residues in target proteins.

14-3-3 proteins
A family of proteins that bind 
to phosphorylated Ser/Thr 
residues in a context-specific 
manner.

Sequential PTM-dependent interactions. One PTM-
dependent protein–protein interaction can be required 
for a subsequent modification and interaction (FIG. 2d). 
Protein phosphorylation, for example, can create a 
binding site for the substrate-targeting domain of an 
E3 ubiquitin ligase13, as noted above. The phosphoryl-
ated protein is then ubiquitylated and is consequently 
recognized by the ubiquitin-binding domain (UBD) of a 
protein that regulates events such as endocytosis or 
proteolysis15 (see later). In the case of human CDC4 
(also known as FBW7), its WD40-repeat domain 
binds to phosphothreonine (pThr)-containing sites on 
cyclin E, a regulatory subunit of the cell-cycle kinase 
CDK2. This leads to cyclin-E polyubiquitylation, 
its recruitment to a UBD on the proteasome and its 
degradation16–18 (FIG. 3). Loss-of-function mutations 
that ablate the binding of CDC4 to phosphorylated 
cyclin E, including substitutions of the Arg residues 
in the WD40-repeat domain that normally coordinate 
the phosphorylated Thr residue, yield aberrantly high 
levels of cyclin E that are associated with some human 
cancers17,19.

Along the lines of sequential interactions, a specific 
type of PTM-dependent interaction (that is, pTyr–SH2-
domain or ubiquitin–UBD) can be used in a reiterated 
fashion to generate more extended signalling networks20. 

For example, signalling downstream of the T-cell recep-
tor (TCR)–ZAP-70 complex involves a network of 
tyrosine kinases, scaffolds and effectors that is assembled 
through numerous interdependent pTyr–SH2-domain 
interactions21.

Mutually exclusive PTMs and interactions. PTMs, and 
the creation of binding sites for protein-interaction 
domains, can be mutually exclusive (FIG. 2e). For example, 
one Lys residue can potentially be acetylated, methylated, 
ubiquitylated or sumoylated. However, these different 
PTMs cannot occur simultaneously, and the binding 
properties of the Lys site therefore vary depending on 
the type of modification that it receives.

Antagonistic PTMs and interactions. A PTM that is 
attached to one amino acid can antagonize the ability 
of an adjacent modified residue to recruit a binding 
partner (FIG. 2f). For example, the trimethylation of 
Lys9 in the N-terminal tail of histone H3 recruits the 
chromo domain of heterochromatin protein-1 (HP1), 
which modifies chromatin structure to repress gene 
expression. During mitosis, the Aurora-B kinase phos-
phorylates Ser10 of histone H3 (a known 14-3-3 protein-
binding site), which displaces HP1 even though Lys9 
remains in a trimethylated state22,23 (FIG. 2f). Dislodging 
HP1 might allow other regulatory proteins that are 
involved in chromosome organization to interact with 
chromatin during mitosis.

Intramolecular PTM-dependent interactions. A protein 
that sustains a PTM can undergo an intramolecular inter-
action if it also contains a protein-interaction domain 
that binds to the modified site (FIG. 2g). This, in turn, 
can block the ability of the protein-interaction domain 
to engage an exogenous ligand, and it can also elicit a 
conformational change that can inhibit the activity 
of a linked catalytic domain24.

Convergent recognition of a PTM. A single PTM is fre-
quently recognized by several different classes of inter-
action domain, as is indicated in FIG. 2h for ubiquitin 
recognition by different UBDs. In another example, there 
are numerous domain classes with entirely different 
folds that selectively recognize pSer/pThr-containing 
motifs25, although they can discriminate between the 
modified sites on the basis of the flanking sequence 
(TABLE 1). The diversity of such binding domains might 
expand the ability of Ser/Thr phosphorylation to control 
regulatory pathways.

Protein phosphorylation
Protein phosphorylation and phosphorylation-dependent 
interactions provide examples of the principles that were 
highlighted in the preceding section, which we summarize 
in the following subsections.

pTyr-dependent interactions. Protein tyrosine kinases 
can activate intracellular pathways through the inducible 
recruitment of proteins with SH2 domains. SH2 domains 
typically bind to pTyr-containing peptide motifs of 5–8 

Table 1 | Phosphoserine/phosphothreonine-binding domains*

Domain/protein Consensus-binding motif Functions

14-3-3 R-S-X-pS-X-P Survival, cell cycle, cytoskeleton,
metabolism, signalling 

TPR repeat pS-Q Nonsense-mediated decay

FHA pT-X-X-D Cell cycle, DNA repair, transport

MH2 pS-X-pS TGFβ signalling

WW pS-P Cis–trans prolyl isomerization

WD40 L-P-pT-P Cell cycle, ubiquitylation

BRCT pS-X-X-Y DNA-damage response, cell cycle

Polo box S-pS-P Cell cycle

FF pS-Y/F/W-pS Transcription, splicing

NT-Cgt1 (Y-S-P-T-pS-P-S)3 RNA 5′-capping

SRI (Y-pS-P-T-pS-P-S)2 Histone methylation

β-arrestin pS/pT…pS/pT…pS/pT GPCR downregulation and 
signalling

Arm repeat pS-pS-L-pS-A-L-pS β-catenin signalling
*Domain families are indicated, together with examples of consensus phosphoserine/
phosphothreonine (pSer/pThr) motifs that specific family members recognize and cellular 
processes that are regulated by these interactions. In the case of 14-3-3, the entire protein is 
composed of the pSer/pThr-binding fold. The indicated consensus motifs are not exhaustive. 
Some families are largely dedicated to pSer/pThr recognition (for example, 14-3-3 proteins), 
whereas others have only a few members that are known to be involved in phosphopeptide 
binding (for example, WW and WD40 domains). In the case of tetratricopeptide repeat (TPR)-, 
WD40-domain- and armadillo (Arm)-repeat-containing proteins, the phosphopeptide-binding 
domains are composed of several peptide repeats. β-arrestin is a scaffolding protein that binds 
preferentially to activated G-protein-coupled receptors (GPCRs) following multi-site 
phosphorylation in the GPCR C-terminal tail. FF domains can also bind to motifs that contain 
acidic residues (phosphorylation is not strictly required for ligand binding). BRCT, breast-
cancer-susceptibility protein-1 C-terminal; FHA, forkhead-associated; MH2, MAD-homology-2; 
NT-Cgt1, nucleotidyltransferase domain of the mRNA-capping enzyme Cgt1 subunit; pS, 
phosphoserine; pT, phosphothreonine; SRI, Set2 Rpb1 interacting; TGFβ, transforming growth 
factor-β; X, any amino acid.
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residues in a manner that depends on ligand phospho-
rylation and the identity of the flanking amino acids26 
(FIG. 2a). Activated receptor tyrosine kinases (RTKs), 
such as the β-platelet-derived growth factor receptor or 
the epidermal growth factor receptor (EGFR), become 
phosphorylated at multiple Tyr sites, and each of these 
sites selectively binds the SH2 domain of one or more 
cytoplasmic signalling proteins, which, in turn, activate 
specific intracellular signalling pathways27–29 (FIGS 3,4a). 
Among the SH2-domain-containing proteins that are 
recruited to an autophosphorylated RTK such as EGFR 
is the Cbl (Casitas B-lineage lymphoma proto-oncogene) 
E3 ubiquitin ligase, which subsequently ubiquitylates the 
activated receptor on Lys residues and forms binding sites 
for proteins with ubiquitin-interacting motifs (UIMs) that 
are involved in receptor endocytosis15 (FIGS 2d,3).

These data show that an activated RTK is modified 
at multiple sites by phosphorylation and ubiquitylation 
to yield motifs that are specifically recognized by the 
interaction domains of cytoplasmic effectors and regu-
lators (FIG. 4a). As is discussed in the following sections, 
this strategy of multi-site protein modification followed 
by the selective recruitment of effectors through PTM-
dependent interaction domains is more widely used by 
key regulatory proteins. For example, this mechanism 
is used by histones to modify chromatin organization 
(FIG. 4b) and by RNA polymerase II to recruit trans-
criptional regulators (FIG. 4c), although in these cases 
the principal PTMs that are recognized by interaction 
domains are acetylated/methylated Lys residues or pSer 
residues, respectively, as opposed to pTyr residues for 
RTKs (FIG. 4a).

Figure 3 | Networks of modification-dependent interactions regulate cellular processes. Networks of 
phosphorylation (P) and ubiquitin (Ub)-dependent protein interactions regulate the cell cycle, as well as growth-factor-
induced signalling and endocytic trafficking. Inducible post-translational modification (PTM)-dependent interactions are 
highlighted by red arrows. Sequential PTM-dependent interactions generate biological pathways, as can be seen in two 
examples. In the first example, mammalian cyclin E activates cyclin-dependent kinase-2 (CDK2) to promote the G1-to-S 
phase transition in the cell cycle. The phosphorylation of cyclin E on a Thr residue is required for its recognition by the 
WD40-repeat domain of the targeting subunit — CDC4 (cell-division cycle-4) — of an SCF (SKP1–CUL1–F-box) E3 
ubiquitin-ligase complex. This interaction leads to the addition of a Lys48-linked polyubiquitin chain to cyclin E, which 
results in its subsequent recruitment to the proteasome by a ubiquitin-interacting motif (UIM) and its destruction. In the 
second example, epidermal growth factor (EGF) receptor autophosphorylation produces phosphotyrosine (pTyr) sites that 
can recruit the Src-homology-2 (SH2) domain of the E3 ubiquitin ligase Cbl (Casitas B-lineage lymphoma proto-
oncogene). Cbl monoubiquitylates the receptor to provide docking sites for UIM-containing proteins such as epsin and 
EPS15 (EGF-receptor-pathway substrate-15), which are involved in endocytic membrane trafficking. The EPS15 UIM also 
undergoes an intramolecular interaction with a monoubiquitylated site, which regulates EPS15 activity (see the ‘closed’ 
and ‘open’ conformations). The binding of the phosphotyrosine-binding (PTB) domain of SHC (SH2-domain-containing 
transforming protein) to a pTyr site on the EGF receptor induces the phosphorylation of a Tyr residue in SHC. This pTyr, 
in turn, recruits the SH2 domain of GRB2 (growth-factor-receptor-bound protein-2) and activates downstream signals. 
The figure also shows the convergence of distinct interaction domains on the recognition of a single PTM (for example, 
SH2 and PTB domains for pTyr) and the modification of the same polypeptide by different types of PTM (for example, 
the multi-site phosphorylation and ubiquitylation of the EGF receptor). AP2, adaptor protein complex-2; E1, ubiquitin-
activating enzyme; E2, ubiquitin-conjugating enzyme; MAPK, mitogen-activated protein kinase.
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Src-family kinases
Kinases that belong to the Src 
family of tyrosine kinases, 
which is the largest of the non-
receptor-tyrosine-kinase 
families. Members include Src, 
Yes, Fyn, Lck, Lyn, Blk, Hck, Fgr 
and Yrk. 

As mentioned above for ZAP-70, SH2 domains can 
bind cooperatively to bisphosphorylated sites (FIG. 2b). 
The tandem SH2 domains of ZAP-70 selectively engage 
doubly phosphorylated ITAMs (immunoreceptor Tyr-
based activation motifs) in the signalling subunits of 

the TCR10. Tyr phosphorylation can also promote the 
intramolecular regulation of SH2-domain-containing 
proteins (FIG. 2g). The prototypic example involves 
Src-family kinases, which are inactivated by the phos-
phorylation of a Tyr residue in their C-terminal tail. 

Figure 4 | The combinatorial use of post-translational modifications. a | The activated epidermal growth factor 
receptor (EGFR) is a tyrosine kinase that autophosphorylates at multiple sites, each of which selectively binds to one or 
more effectors that contain Src-homology-2 (SH2) or phosphotyrosine-binding (PTB) domains. One such protein, the E3 
ubiquitin ligase Cbl (Casitas B-lineage lymphoma proto-oncogene), induces the multi-site ubiquitylation of EGFR, which 
creates binding sites for proteins with ubiquitin-interacting motifs (UIMs) that are involved in endocytosis (for example, 
EPS15 (EGF-receptor-pathway substrate-15)). Representative post-translational modifications and interacting proteins 
are indicated. The N-terminal extracellular and transmembrane regions of the receptor are not shown for clarity. 
b | Histone H3 has a flexible N-terminal tail that contains several sites that can be phosphorylated (P), methylated (Me) or 
acetylated (Ac), which creates binding sites for 14-3-3 proteins, chromodomains (Chr), TUDOR domains, a WD40-repeat 
domain and bromodomains (Bromo). These dynamic interactions determine events such as chromatin remodelling, gene 
expression or gene silencing. c | The C-terminal domain (CTD) of human RNA polymerase II (RNA pol II) contains 52 repeats 
of a heptad sequence (YSPTSPS). This sequence has several potential phosphorylation sites, of which Ser2 and Ser5 are 
best understood. Various phosphorylation patterns allow the CTD to recruit factors that contain WW, BRCT (breast-
cancer-susceptibility protein-1 C-terminal), CID (CTD-interaction domain), SRI (Set2 Rpb1 interacting) or FF domains 
(the FF domains are tandemly arrayed, which might allow contacts with several phosphorylated CTD repeats). The 
guanyltransferase domain of the Candida albicans mRNA-capping enzyme Cgt1 subunit uses its nucleotidyltransferase 
domain to engage the Ser-phosphorylated CTD. GRB2, growth-factor-receptor-bound protein-2; SHC, SH2-domain-
containing transforming protein; SHP2, Src-homology phosphatase-2; Ub, ubiquitin.
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Src-homology-3 (SH3) 
domain
A protein sequence of ~50 
amino acids that binds to Pro-
rich regions of proteins. Some 
SH3 domains have been 
identified that bind to atypical 
non-Pro-based motifs.

Phosphotyrosine-binding 
domain
(PTB domain). A domain of 
100–150 amino acids. Some 
PTB domains bind to specific 
phosphotyrosine sites, which 
usually have the consensus 
sequence Asn-Pro-X-pTyr 
(NPXpY).

Conserved region-2 of 
protein kinase C domain
(C2 domain). A domain that 
was originally found to bind to 
lipids in a Ca2+-dependent 
manner. However, an exception 
has been identified in the C2 
domain of protein kinase Cδ, 
which binds to specific 
phosphotyrosine-containing 
peptides.

WW domain
A protein domain of ~35 
amino acids that binds to Pro-
rich peptide motifs or, in some 
cases, to pSer/pThr-Pro motifs.

FF domain
A protein domain of 50–60 
amino acids. FF domains are 
always arranged in tandem 
repeats and bind to acidic or 
phosphorylated peptide 
motifs.

SRI domain
(Set2 Rpb1 interacting 
domain). An ~100-amino-acid 
domain that is conserved 
among a number of putative 
Set2 homologues. The SRI 
domain of Set2 binds to the 
phosphorylated C-terminal 
domain of RNA polymerase II.

C-terminal-interaction 
domains 
(CIDs). CIDs are domains that 
bind to phosphorylated heptad 
repeats in the C-terminal 
domain of RNA polymerase II.

This creates a binding site for the SH2 domain of Src 
that leads to an autoinhibited conformation, in which 
the kinase domain is locked in an inactive state and the 
SH2 and Src-homology-3 (SH3) domains are masked by 
their binding to internal ligands24.

In addition to SH2 domains, subsets of PTB (phospho-
tyrosine-binding) and C2 (conserved region-2 of protein 
kinase C) domains have converged on pTyr recognition, 
even though they are structurally quite distinct from SH2 
domains30,31. PTB and SH2 domains typically function 
sequentially. Docking proteins, such as IRS1 (insulin-
receptor substrate-1) or SHC (SH2-domain-containing 
transforming protein), bind through their PTB domains 
to pTyr sites on activated RTKs and are then themselves 
phosphorylated at sites that recruit SH2-domain-
containing proteins, which leads to the activation of 
signalling pathways32,33 (FIG. 3).

pSer/pThr-dependent interactions. Ser/Thr phosphoryl-
ation is more prevalent than Tyr phosphorylation, and 
there is a correspondingly larger array of domains that 
selectively bind to pSer/pThr sites25 (TABLE 1). However, 
many of the themes that are noted above can be discerned 
for pSer/pThr-binding proteins, such as 14-3-3 proteins. 
These proteins form non-covalent dimers, which can 
consequently bind to two pSer/pThr-containing pep-
tides that have an appropriate consensus sequence34. As 
a result, 14-3-3 proteins can regulate the conformation 
and catalytic activity of multiphosphorylated enzymes, and 
can control the interactions and localizations of 
phosphorylated ligands35.

Many proteins are phosphorylated at several Ser/
Thr sites, which potentially produces combinatorial or 
cooperative effects. In the context of signal transduc-
tion, the MAD-homology-2 (MH2) domain of SMAD 
transcription factors preferentially binds to motifs that 
contain at least two pSer sites, as can be found in the 
juxtamembrane region of type-I transforming growth 
factor-β receptors or in the tail of receptor-regulated 
SMADs (R-SMADs)36.

Strikingly, the C-terminal domain (CTD) of human 
RNA polymerase II has 52 repeats of a heptad sequence 
(YSPTSPS), each of which can be phosphorylated at Ser2 
and/or Ser5. This yields four possible phosphoisoforms 
per repeat (that is, unphosphorylated, pSer2, pSer5 and 
pSer2–pSer5) (FIG. 4c). The phosphorylated CTD recruits 
factors that couple transcription to RNA modifications, 
such as the 5′-capping enzyme and 3′-processing and 
splicing factors. These proteins can bind to the CTD 
through pSer-recognition modules such as WW, BRCT, 
FF and SRI (Set2 Rpb1 interacting) domains or through 
CTD-interaction domains (CIDs), which preferentially bind 
to phosphorylated repeats but do not directly contact 
the Ser phosphates37. The RNA-polymerase-II CTD 
highlights the dynamic nature of multi-site PTMs and 
attendant protein–protein interactions, because the CTD 
repeats are initially phosphorylated at Ser5 during initia-
tion, but shift to being phosphorylated at both Ser2 and 
Ser5 (and subsequently Ser2 alone) during elongation. 
The CTD can therefore recruit different binding partners 
at distinct stages of transcription owing to the fluctuating 

phosphorylation state of the heptad repeats. For exam-
ple, during initiation, the guanyltransferase domain of 
the mRNA-capping enzyme Cgt1 subunit binds to three 
extended CTD repeats and selectively engages the pSer5 
residues of the flanking repeats, with the central repeat 
being looped out38. As transcription proceeds, the SRI 
domain of the Set2 histone methyltransferase, which 
couples transcriptional elongation to the methylation 
of Lys36 of histone H3, preferentially binds to two con-
secutive heptad repeats in which both Ser2 and Ser5 are 
phosphorylated (REF. 39). Methylated Lys36 of histone 
H3, in turn, might regulate transcription by recruiting 
the chromodomain of a histone deacetylase complex40, 
and this exemplifies a PTM-dependent interaction of the 
type that is discussed in the next section.

Protein methylation and acetylation
Peptide motifs that contain Lys residues can be methyl-
ated or acetylated, which can lead to their recognition 
by chromodomains or bromodomains, respectively. Such 
domains are found in proteins that regulate chromatin 
structure and gene expression. These Lys modifications 
are a particularly prominent feature of the flexible N- and 
C-terminal tails of histones, and they are important for 
coupling histones to changes in chromatin organization 
and the epigenetic control of gene expression (FIG. 4b). 
As with phosphorylation-dependent recognition, these 
interactions are rather simple, in the sense that a single 
chromodomain or bromodomain typically recognizes a 
suitably modified Lys residue in the context of a short 
peptide motif of defined sequence8,41,42. However, there 
are interesting and physiologically important subtleties 
that can be understood in the context of the general 
strategies for PTM-dependent interactions that were 
defined above. For example, similar to the tandem 
SH2 domains of ZAP-70, which bind cooperatively to 
bisphosporylated ITAMs, TAFII250 (TATA-binding 
protein-associated factor-II250) has two adjacent bromo-
domains that bind preferentially to doubly acetylated 
motifs on histone H3 (REF. 43) (FIG. 2e). In addition, 
similar to double BRCT domains, which fold together 
to bind to a single pSer-containing motif, two tandemly 
arranged chromodomains in the human protein CHD1 
(chromodomain–helicase-domain–DNA-binding-
domain protein-1) cooperatively interact with a single 
methylated Lys residue in histone H3 by forming a sin-
gle peptide-binding groove at the interface between the 
domains44.

Recent evidence indicates that some WD40, TUDOR 
and MBT (malignant brain tumour) domains, together 
with chromodomains, have converged on a common 
ability to recognize methylated Lys motifs45. For exam-
ple, the WD40-repeat domain of WDR5 (WD-repeat 
protein-5) — a common subunit of histone H3 Lys4 
methyltransferase — preferentially binds to dimethylated 
Lys4 in histone H3 (REF. 46). The propeller-like WD40-
repeat domain of WDR5 selectively engages both the 
dimethylated Lys and the preceding N-terminal residues, 
notably an Arg residue at the –2 position (that is, the 
second residue N-terminal to the modified Lys) that fills 
the central channel of the domain47. These data illustrate 
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Hydrophobic core of
the SIM forming a
β-sheet with SUMO

IIe44

UIM

a b
Ubiquitin

SUMO

Histone deacetylase
An enzyme that removes acetyl 
groups from Lys residues of a 
histone protein. Histone 
acetyltransferases function in 
the opposite manner to add 
acetyl groups to Lys residues of 
a histone protein.

Bromodomain
An evolutionarily conserved 
protein domain that often 
binds to acetylated Lys 
residues in target proteins.

Epigenetic
Heritable information that is 
encoded by modifications of 
the genome and chromatin 
components, which affect gene 
expression without changing 
the nucleotide sequence.

TUDOR domain
A conserved chromodomain-
like protein domain. Some 
TUDOR domains bind to 
methylated Lys or Arg 
residues.

two more general points. First, different types of inter-
action domain can engage a PTM through distinct 
structural mechanisms, which indicates that they have 
evolved separately to recognize the same modification. 
For example, chromodomains and TUDOR domains use 
conserved aromatic residues to envelop the ζ-methyl 
groups of a methylated Lys residue in a hydrophobic 
cage8,42,48, whereas WD40 domains form non-conventional 
hydrogen bonds with the two ζ-methyl groups of 
dimethylated Lys4 of histone H3 (REF. 47). Second, some 
domain folds are sufficiently versatile that distinct family 
members recognize different types of PTM. For exam-
ple, WD40-repeat domains can use the same surface to 
engage either a pThr-containing motif (as is the case for 
the WD40-repeat domain of Cdc4) or a methylated Lys 
site (as described for WDR5). Together, these findings 
underscore the widespread use of PTMs in generating 
sites for protein–protein interactions.

Histones are a good example of proteins that can 
sustain several modifications of different types, includ-
ing acetylation, methylation, phosphorylation and ubiq-
uitylation. This allows the production of many possible 
combinations of PTM, which can, in turn, be read by 
families of protein-interaction domains (FIG. 4b). These 
interactions can be cooperative (a diacetylated Lys motif 
in histone H3 binds to TAFII250), independent (the 
acetylation of Lys9 and Lys14 of histone H3 does not 
interfere with the binding of a 14-3-3 protein to phospho-
rylated Ser10)49, mutually exclusive (Lys9 of histone 
H3 can be either acetylated or methylated), sequential 
(the phosphorylation of the RNA polymerase II CTD 
promotes the methylation of Lys36 of histone H3), or 
antagonistic (as noted above for the phosphorylation of 
Ser10 of histone H3, which blocks the binding of the HP1 
chromodomain to trimethylated Lys9 during mitosis) 
(FIGS 2e,f,4b). Histone modifications and the resulting 
protein interactions provide a powerful way to rearrange 
chromatin function. For example, the phosphoryla-
tion of Ser139 of histone γH2AX by the ATM (ataxia 
telangiectasia mutated) protein kinase following DNA 
damage provides an optimal binding site for the tandem 
BRCT domains of MDC1 (mediator of DNA-damage 
checkpoint protein-1), which functions as a scaffold to 
recruit factors that are required for the repair of DNA 
double-strand breaks50.

The varied modifications that have been observed for 
histones are also found on other chromosomal proteins 
and transcriptional regulators such as human p53 and CBP 
(cAMP-response-element-binding-protein-binding 
protein), and on virally-encoded polypeptides (for 
example, human immunodeficiency virus (HIV) Tat)51. 
These PTMs, and the molecular interactions they 
induce, probably provide a dynamic interplay between 
chromatin structural changes (or remodelling) and gene 
transcription or silencing.

Protein ubiquitylation
Many proteins are modified by ubiquitin or ubiquitin-like 
proteins such as SUMO (small ubiquitin-like modifier) 
and NEDD8 (neuronal-precursor-cell-expressed develop-
mentally downregulated protein-8). Ubiquitylation is 

inducible (for example, by growth factors, cytokines, DNA 
damage and cell-cycle transitions), reversible, and occurs 
through the regulated function of ubiquitin-activating 
(E1), ubiquitin-conjugating (E2) and ubiquitin-ligase 
(E3) enzymes52,53.

The diversity of ubiquitin interactions. Ubiquitin is a 
76-residue protein that is most often linked through its 
C-terminal glycine to the ε-NH2 group of Lys side chains. 
Variations of this simple mechanism are used to modify 
target proteins in diverse ways. A single ubiquitin can 
be attached to a single site in an acceptor protein (mono-
ubiquitylation) (FIG. 1d) or to several Lys residues in the 
same protein (multiple monoubiquitylation, also known 
as multiubiquitylation54), which is akin to multi-site 
phosphorylation. In addition, ubiquitin contains seven 
Lys residues that can themselves be modified to form 
polyubiquitin chains, which can be built of homotypic 
(Lys48- or Lys63-) or heterotypic (mixed Lys29-, Lys48- 
and Lys63-) linkages55.

Ubiquitin is essentially a transferable interaction 
domain, which, following its attachment to targets, is rec-
ognized by proteins that contain specialized inter action 
modules (UBDs; FIGS 1d,5a). So far, at least 11 families 
of UBD have been identified. These are structurally 
different, but generally bind to the same hydrophobic 
patch on ubiquitin that is centred on Ile44 (FIG. 5a), albeit 

Figure 5 | Comparison of the related folds of ubiquitin 
and SUMO. a | The ubiquitin-interacting motif (UIM) of 
vacuolar protein sorting protein-27 (Vps27) bound to 
ubiquitin (Protein Data Bank (PDB) accession code 1Q0W). 
The UIM peptide (yellow) is shown bound to ubiquitin 
(grey), with the binding site for the UIM on ubiquitin (the 
Ile44 patch) shown in pink. The side chain of Ile44 is shown 
in a stick representation. b | The PIASx (protein inhibitor of 
activated STAT x) SUMO-interacting motif (SIM) bound to 
SUMO (small ubiquitin-like modifier)64,74 (PDB accession 
code 2ASQ). The SIM peptide is shown in blue, with its 
hydrophobic core in yellow. SUMO is in grey, and the 
amino acids of its SIM-binding site are shown in pink. There 
are numerous ubiquitin-binding domains, including UIMs, 
UBMs (ubiquitin-binding motifs), CUE (coupling of 
ubiquitin conjugation to endoplasmic reticulum 
degradation) domains, ubiquitin-associated (UBA) 
domains, GAT (Gga and TOM1) domains, NZF (Npl4 zinc 
finger) motifs, UEV (ubiquitin-conjugating enzyme variant) 
motifs, PAZ (polyubiquitin-associated zinc finger) motifs, 
VHS (Vps27, HRS, STAM) domains and GLUE (GRAM-like 
ubiquitin-binding in Eap45) domains.
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with relatively low affinity (in the micromolar range)56. 
However, some UBDs — such as ubiquitin-binding 
motifs (UBMs) of translesion DNA polymerases and the 
Rabex-5 ubiquitin-binding zinc finger (RUZ) domain 
of Rabex-5, a Rab5 guanine nucleotide-exchange factor 
— bind to sites on ubiquitin that are distinct from the 
Ile44 patch57–59. A single ubiquitin chain might therefore 
recruit several targets through distinct binding surfaces 
for UBDs. Furthermore, many ubiquitin-binding pro-
teins have several UBDs, and can therefore be coupled to 
distinct ubiquitin signals simultaneously. These features 
seem ideally suited to the rapid assembly and disassembly 
of ubiquitin-based protein-interaction networks.

These different types of ubiquitin modification 
and ubiquitin-dependent interaction have numerous 
bio logical effects15. For example, proteins tagged with 
Lys48-linked polyubiquitin chains are degraded follow-
ing their recruitment to the proteasome by ubiquitin-
binding receptors. Lys48-linked chains form a closed 
structure, which can be preferentially recognized by some 
ubiquitin-associated (UBA) domains60. On the other 
hand, monoubiquitin that is attached to an endosomal 
cargo is recognized by ubiquitin-binding proteins of the 
sorting machinery, which direct the trafficking route 
of the monoubiquitylated polypeptide (FIG. 3). In addition, 
the activation of kinases in the nuclear factor-κB signalling 
pathway61, membrane fusion during organelle reassembly 
after mitosis and post-replicative DNA repair62 are also 
governed by the specific recognition of ubiquitin-modified 
sites by different interacting partners. In the case of DNA 
repair, DNA damage promotes the monoubiquitylation 
of Lys164 of PCNA (proliferating cell nuclear antigen), 
a polymerase processivity factor that forms a sliding clamp 
around DNA. This monoubiquitin modification, in turn, 
stabilizes an interaction with Y-family translesion syn-
thesis (TLS) polymerases, which contain UBDs (a UBM 
and a ubiquitin-binding zinc finger (UBZ)), and this leads 
to the efficient bypassing of DNA lesions, which would 
otherwise block replication59.

This paradigm apparently also holds for ubiquitin-
like proteins. For example, SUMO-binding proteins 
contain a SUMO-interacting motif (SIM), which forms 
a β-strand that binds in a parallel or anti-parallel orienta-
tion to the β2 strand of SUMO63,64 (FIG. 5b). A sumoylated 
Lys residue therefore recruits a different set of effectors 
than if the same residue was ubiquitylated. For example, 
the sumoylation — as opposed to the ubiquitylation 
— of PCNA at Lys164 promotes high fidelity replica-
tion by recruiting a helicase (Srs2) that contains a SIM 
to replication forks, thereby preventing inappropriate 
recombinational repair65,66.

In some cases, this type of switch is controlled by 
the phosphorylation of a nearby residue. For example, the 
sumoylation of Lys403 in the transcription factor MEF2A 
(myocyte-specific enhancer factor-2A) represses its trans-
criptional activity, and this is blocked by the acetylation of 
the same residue, which consequently stimulates MEF2A-
mediated transcription67. Phosphorylation of MEF2A at 
Ser408 promotes Lys403 sumoylation, and therefore 
sustains the MEF2A repressed state, which, in cere-
bellar granule neurons, leads to increased post synaptic 

differentiation. However, an activity-dependent rise 
in the intracellular Ca2+ level in these cells leads to the 
dephosphorylation of Ser408 by calcineurin, and a 
consequent switch of Lys403 from a sumoylated to an 
acetylated state, which results in transcriptionally active 
MEF2A that attenuates synapse formation. This system 
uses a combination of the strategies that were outlined 
above — the sumoylation and acetylation of Lys403 
are mutually exclusive, with acetylation blocking the 
repressive influence of sumoylation, and the phospho-
rylation/dephosphorylation of Ser408 functions as a 
switch to allow Lys403 to toggle between its sumoylated 
and acetylated states. Such data emphasize the dynamic 
interplay between different types of PTM.

Intramolecular ubiquitin interactions. UBD-containing 
proteins are themselves often monoubiquitylated in a 
manner that requires their UBD68, and this can result in 
an intramolecular interaction between attached ubiquitin 
and the UBD69 (see, for example, EPS15 (epidermal-
growth-factor-receptor-pathway substrate-15) in FIG. 3). 
The primary consequence of this intramolecular ubiquitin–
UBD interaction is the imposition of a closed confor-
mation, which inhibits the association of the UBD with 
ubiquitylated sites on other proteins. Monoubiquitylation 
therefore has a dual role. It functions as a positive signal to 
recruit ubiquitin-binding proteins (for example, as a sort-
ing tag on trafficking cargoes), but it also provides a ‘switch-
off ’ signal for UBD-containing proteins (for example, 
endocytic adaptor proteins). This ubiquitin-mediated auto-
inhibition might prevent UBDs from binding to free ubiq-
uitin or to ubiquitin that is attached to non-physiological 
targets, and thereby allows the accumulation of an 
autoinhibited pool of UBD-containing proteins that can 
be rapidly mobilized for signalling purposes by being 
targeted to specific ubiquitylated binding partners. This 
mode of autoregulation is similar to the intramolecular 
SH2-domain–pTyr interaction that occurs for Src tyrosine 
kinases (FIG. 2g).

Interaction affinities and specificities
PTMs have varied effects on the stability of protein–
protein interactions and have correspondingly diverse 
biological properties. At one extreme, the association of 
an SH2 domain with a pTyr-containing peptide usually 
obtains about half of its binding energy from recognizing 
the phosphate group, and this association is dominated 
by an Arg residue that is located at the base of a special-
ized pTyr-binding pocket4,70. As a result, the binding of 
an SH2 domain to an unphosphorylated peptide is very 
weak, and the interaction is effectively phosphorylation 
dependent. Optimal SH2-domain–phosphopeptide 
interactions typically have high on and off rates, which 
results in dissociation constants of ~0.1–1 µM. These 
high rates probably contribute to the rapid docking of 
SH2-domain-containing proteins onto activated RTKs 
and the subsequent activation of signalling pathways, as 
well as to the prompt downregulation of these pathways26. 
Various other factors can influence the affinity and spe-
cificity of such phosphorylation-dependent complexes, 
such as the presence of further interaction domains 

R E V I E W S

NATURE REVIEWS | MOLECULAR CELL BIOLOGY  VOLUME 7 | JULY 2006 | 481



(FIG. 2b). The nature of the complexes that actually form 
in cells depends on a combination of the intrinsic affini-
ties and kinetics of potential interacting partners and 
their relative local concentrations. This point has been 
emphasized by a systematic chip-based analysis of SH2 
domains, which were probed with pTyr-containing pep-
tides that were derived from the ERBB family of RTKs. 
This experiment indicated that the overexpression of the 
ERBB2 RTK — as has been observed in some human 
cancers — could lead to the recruitment of SH2-domain-
containing proteins that would not normally bind to the 
activated receptor at physiological expression levels, and 
this recruitment potentially contributes to the oncogenic 
activity of the amplified receptor71.

Bromodomains and chromodomains typically bind 
to acetylated and methylated motifs, respectively, with 
dissociation constants that are equal to or greater than 
10 µM, which is a significantly weaker affinity than for 
SH2-domain–phosphopeptide complexes51. This reflects 
the fact that bromodomains and chromodomains are 
usually components of large, multidomain poly peptides 
that form a series of molecular interactions in the 
nucleus. Their binding to acetylated or methylated sites 
might selectively rearrange protein–protein associations 
in multiprotein complexes, rather than inducing de novo 
recruitment, as is the case for SH2-domain-containing 
proteins binding to pTyr sites. This use of multiple inter-
action surfaces can also be seen in the association of TLS 
polymerases with PCNA. This association is mediated 
in part by a PCNA-interacting peptide that binds to 
PCNA independently of any PCNA modifications and is 
enhanced by PCNA ubiquitylation, which is recognized 
by the TLS polymerase UBDs59. 

A related strategy is used in signalling from G-protein-
coupled receptors (GPCRs). Following activation, 
GPCRs become phosphorylated on multiple Ser/Thr 

sites in the C-terminal tail, which directly contact 
β-arrestin scaffold proteins that are involved in endo-
cytosis and signalling. However, β-arrestin also interacts 
with other, conformation-dependent sites on activated 
receptors, and might thereby preferentially sense a spe-
cific state of the receptor that has undergone both an 
agonist-induced conformational change and C-terminal 
multi-site phosphorylation72.

At the opposite extreme to SH2 domains, the arma-
dillo-repeat domain of β-catenin forms an extended 
interface with 100 C-terminal residues of the E-cadherin 
cytoplasmic region, and this interaction does not require 
phosphorylation. However, phosphorylation of multiple 
Ser residues in an unstructured 15-residue segment 
of E-cadherin results in novel contacts with β-catenin 
(TABLE 1) and a consequent ordering of this region of 
the E-cadherin tail73. In this case, the phosphorylation-
dependent interaction is not necessary for binding per se, 
but it exerts a more subtle effect on the structure of the 
complex. Taken together, these observations indicate that 
the effects of PTM-regulated protein–protein inter actions 
are highly context-dependent. They can be switch-like, 
stabilize weak interactions, function as coincidence 
detectors or reorganize existing complexes.

Conclusion
PTMs provide a dynamic means to modify intracell ular 
proteins and to elicit changes in cellular function. PTMs 
are recognized by a wide array of modular inter action 
domains, which read the state of the proteome. In com-
bination, the large set of PTMs and corresponding inter-
action domains — only a few of which could be mentioned 
here — provide a versatile mechanism to orchestrate cell u-
lar behaviour. Here, we identified some basic attributes of 
combinatorial PTM-dependent interactions that govern 
the assembly of regulatory pathways in cells.
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