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Abstract
Transient Receptor Potential (TRP) channels are rapidly gaining attention as important receptors
and transducers of diverse sensory and environmental cues. Recent progress in the field has
provided new insights into the structure and function of the ankyrin repeat motifs present in the N-
terminal cytosolic domain of many TRP channels. The topics addressed in this review include the
structural features of canonical ankyrin repeats, new clues into the functions these repeats perform
in cells, and how this information can be applied to develop further experiments on TRP channels
and other proteins containing ankyrin repeats.

TRP proteins form a large family of ion channels particularly important in animals from
worms to man, with more than 30 members in mammals.1 The founding family member, the
Drosophila trp gene - named for the “transient receptor potential” phenotype its mutation
causes in light perception by photoreceptors - was first cloned in 1989.2 The functions
assigned to TRP channels in physiology are constantly expanding. They are key transducers
of sensory signals, and are generally important in sensing information about the environment
in both neuronal and non-neuronal cells (see ref. 3 for comprehensive reviews). Some TRP
channels are found in excitable cells of the sensory nervous system, while others are
expressed in various other tissues and organs. TRP channels have been implicated in many
physiological processes, including calcium and magnesium homeostasis, neuronal growth,
temperature sensation and pain perception, to name a few. For example, TRPV1 senses
painfully hot temperatures, low extracellular pH and the capsaicin of “hot” chili peppers,
while TRPA1 senses many painful chemical stimuli, including the pungent compounds in
wasabi and cinnamon. TRPV1 and TRPA1 are expressed in partially overlapping sets of
nociceptor neurons that transmit pain signals to the brain.

At a molecular level, TRP channels assemble as tetramers through a channel domain that
spans the membrane six times and has sequence similarity to voltage-gated ion channels.
TRP channels also have large N- and C-terminal cytosolic domains that flank the
transmembrane channel domain. These cytosolic domains participate in channel gating and
regulation and sense information about the cellular state - ion and metabolite levels, for
example. The TRP channel family is divided into seven subfamilies based on sequence
similarity1: TRPA (ankyrin), TRPC (canonical), TRPM (melastatin), TRPML (mucolipin),
TRPP (polycystin), TRPV (vanilloid), and TRPN (NOMPC). Several of these subfamilies -
TRPA, TRPC, TRPN and TRPV - have ankyrin repeat sequence motifs in their N-terminal
cytosolic domains. Recent work from my lab and others has taken a structural biology
approach to elucidate the roles of these ankyrin repeats in TRP channel function.4–9 The
emerging structural and functional features of these TRP channel ankyrin repeats are the
focus of this short review.
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Ankyrin repeats and their structure
Ankyrin repeats were first identified as repeating sequence motifs in two transcription
factors - yeast Swi6/Cdc10 and Drosophila Notch10 - and acquired their moniker when it
was discovered that the cytoskeletal ankyrin protein contains 24 such repeats.11 Ankyrin
repeat motifs have now been found in thousands of proteins from every branch of the tree of
life, although they are most common in eukaryotes. In fact, ankyrin repeat-containing
proteins are the ninth most common InterPro family in the human genome, with nearly 300
genes containing ankyrin repeats.12 Ankyrin repeats are found in many types of proteins
besides TRP channels, including several large families of transcription factors (e.g. NFκB
and Notch) and regulatory proteins (e.g. cyclin-dependent kinase inhibitors) for example.
The ankyrin repeat motif is a short sequence, typically 33 amino acid residues, which forms
an anti-parallel helix-turn-helix structure followed by a β-hairpin loop (Fig. 1A). At least
three repeats, often more, are found in tandem and stack together to yield a hand-shaped
domain with a concave palm surface formed of the inner helices and fingers, and a convex
surface analogous to the back of the hand (Fig. 1). The structural features of ankyrin repeats
and their consensus sequences have been extensively reviewed.13,14

Ankyrin repeat domains fit broadly into two categories. Many proteins have a small set of
approximately four to seven ankyrin repeats forming a structural domain. Within the TRP
channel family, that includes the TRPC proteins which likely have four or five repeats, and
the TRPV channels which have six repeats (although a few invertebrate TRPV channels may
only have five). Some proteins have highly regular repeats with sequences close to the
consensus motif; an example is Gankyrin, an oncogenic protein associated with the
proteasome, with seven regular repeats (Fig. 2A). In contrast, others have a number of
deviations from consensus, such as insertions, deletions or kinks in the domain. MYPT1, a
phosphatase regulatory subunit, is one example.15 MYPT1 has eight ankyrin repeats with a
sharp kink in the middle of the domain that allows it to wrap around the C-terminus of the
PP1δ phosphatase. The ankyrin repeats of TRPV ion channels provide another example of
irregular repeats, with several small insertions leading to elongated fingers and outer helices,
and altered packing causing a pronounced twist between the fourth and fifth repeat (Fig. 2C;
see refs. 6,8,9 for detailed descriptions). A second category of domains have a very large
number of ankyrin repeats. The cytoskeletal component ankyrin, with 24 repeats, certainly
fits in this category. The TRPA1 and TRPN-subfamily channels also fit in this second
category, with 17–29 repeats.16,17 Most proteins with a large number of repeats tend to have
sequence motifs very close to consensus. This leads to a very regular domain structure (Fig.
2D), the implications of which are discussed below.

Ligand binding properties of ankyrin repeats
To date, no enzymatic activity has been linked to ankyrin repeats, and they are generally
labeled as protein-protein interaction motifs. Several structures are available for ankyrin
repeats of various cellular proteins interacting with their protein targets (Table 1; also see
earlier review14). Some of these interactions are dependent on covalent modifications, like
the interaction of the ankyrin repeat domain of the methylated lysine 9 of histone H3 with
the histone methyltransferases G9A and G9A-like protein (GLP).18 The structures and
functions of ankyrin repeat-interacting proteins are very diverse, and have no shared
properties. The only commonality is the binding site on the ankyrin repeat, which generally
includes the surface formed by the concave surface of the palm and fingers (Fig. 2).

Less well known is that non-proteinaceous ligands have also been identified for ankyrin
repeats. The ankyrin repeats of RNase L regulate its activity through the interaction with
oligoadenylates (Fig. 2B).19,20 More recently, a bound ATP molecule was observed when
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the structure of the TRPV1 ankyrin repeats was determined by x-ray crystallography (Fig.
2C).7 The palm surface of the TRPV1 repeats forms an atypical nucleotide binding pocket.
Biochemical studies demonstrated that ATP and calmodulin bind competitively to the same
site. ATP prevents desensitization to repeated applications of capsaicin, while calmodulin is
required for desensitization. These findings contribute to a model for the calcium-dependent
regulation of TRPV1 channel sensitivity through ligand binding to its ankyrin repeats.7 A
third example is TRPA1, which is activated by many pungent compounds like
isothiocyanates in wasabi and mustard, or cinnamaldehyde.21 These compounds have very
different structures, but two groups noted that they all are electrophiles and determined that
the compounds covalently modify intracellular cysteines in the ankyrin repeat domain and
adjacent linker region of TRPA1.22,23 Two sets of cysteines were identified as important in
the response to these agents - cysteines 414 and 421 on the predicted palm surface of repeat
11, and cysteines 621, 641 and 665 on the most C-terminal predicted repeat and adjacent
linker (numbering follows the human sequence; Fig. 3A–B).22,23 These results implicate the
TRPA1 ankyrin repeats in the channel’s sensing and gating functions, although how the
covalent attachments lead to channel activation is still unclear. TRPA1 is also directly gated
by calcium, and residues in the finger loop of predicted ankyrin repeat 12 have been
implicated in this mechanism (Fig. 3).24 The sequence motif important for calcium gating of
TRPA1 has similarity to an EF-hand motif, a common calcium-binding motif.24 However,
structural comparisons of an EF-hand motif of calmodulin and the ankyrin repeat finger
suggest that these two structures are mutually exclusive (Fig. 3C–E). However, finger loop
12 and adjacent finger loops contain several negatively-charged residues, suggesting that the
TRPA1 ankyrin repeat could form a non-EF-hand calcium-binding site. In summary, the
TRPA1, TRPV1 and RNase L data broaden the definition of ankyrin repeat function to that
of ligand-interaction motif. Therefore, when seeking to identify potential ligands, one
should keep in mind that ankyrin repeat binding partners are clearly not restricted to
proteins.

As mentioned above, no common features can readily be detected from such broad diversity
of ankyrin repeats ligands. Still, a few generalizations can be drawn from the ankyrin repeat-
ligand interactions that have been characterized to date. First, as noted above, all interactions
for which structures are available involve the palm surface of the ankyrin repeats. Some
structures with larger ligands also include additional adjacent interfaces, such as the loops
connecting inner and outer helices. But the palm and fingers remain a significant element of
the binding site in all cases for which structures are available. Second, in all cases where
structures have been determined both in the presence and absence of ligand, the ankyrin
repeats essentially do not change conformation. Some ankyrin repeat domains, notably the
NFκB regulator IκBα, are partially disordered until they bind their target ligand.25 But in
general, information about the ligand-binding state of the ankyrin repeats is transmitted to
the rest of the functional macromolecular complex through some other mechanism than a
conformational change within the ankyrin repeats. Finally, there is no example yet of
oligomerizing ankyrin repeat domains. Earlier reports on the TRPV5 and TRPV6 ion
channels provided tantalizing evidence suggesting that their ankyrin repeats did in fact
tetramerize.26 However, biochemical and structural studies with the isolated ankyrin repeat
domains of TRPV5 and TRPV6 have failed to show any evidence of oligomerization.9

Ankyrin repeats as springs?
Domains with a large tandem array of ankyrin repeats are intriguing for at least two reasons:
(i) the shape of a domain with many ankyrin repeats resembles a coil (Fig. 2D) and (ii)
several TRP channels with a long ankyrin repeats domains - TRPA1 and the TRPN
subfamily - have been implicated in mechanosensation (see ref. 27 for a recent review). In
Drosophila, the TRPN-subfamily “no mechanoreceptor potential C” (NOMPC) channel is
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essential for the fly’s mechanosensory physiology.16 Furthermore, C. elegans TRPN1 and
Drosophila NOMPC are both found in mechanosensory organs,16 and TRPN1 is a critical
component in hearing and mechanosensation in zebrafish.28 TRPN proteins all have 29
ankyrin repeat motifs, and the predicted elongated coil shape of their ankyrin repeat domain
led to the hypothesis that it acts as a spring that directly senses mechanical stimuli.29 But
mice and humans do not have any TRPN-subfamily channel, and the identity of the
mammalian mechanosensitive channel involved in hearing remains unknown. The TRPA1
channel, which has 17 ankyrin repeats, is expressed in mammalian inner ear hair cells,
making it a tantalizing candidate for the mechanosensitive channel responsible for hearing.30

However, the TRPA1 knock-out mice are not hearing-impaired,31,32 although the knock-out
strategies, which eliminated the pore segment, leave open the remote possibility that other
portions of the protein (including the ankyrin repeats) are the essential parts for TRPA1
function in hearing. Although interest in TRPA1 as the potential mechanotransducer channel
in hearing is waning, TRPA1 is clearly implicated in mechanosensation in mice and C.
elegans.31,33

Molecular dynamics calculations5 and experimental evidence from atomic force
microscopy4 have in fact demonstrated the elastic properties of ankyrin repeats in response
to pulling on both ends of the domain. As expected for a mechanical spring, both studies
have found that: (i) ankyrin repeat domains pulled from both ends stretch reversibly with
forces on the order of 100 pN; (ii) the inferred spring constants of ~2–20 pN/nm are
consistent with spring constants of biological mechanoreceptors; and (iii) increasing the
number of repeats decreases the measured or calculated stiffness.4,5 These studies therefore
support the hypothesis that long ankyrin repeat domains function as springs when pulled
from both ends. In summary, although there is still no physiological evidence that the
ankyrin repeats are directly involved in sensing mechanical stimuli, the hypothesis is
certainly worth pursuing experimentally.

An additional question that arises from this hypothesis is whether these long ankyrin repeat
domains have ligands, and whether ligand binding would impact the mechanical properties
of the domain. For such a domain to sense mechanical stress as a spring requires both ends
to be tethered. This could be done through a covalent link at one or both ends of the ankyrin
repeat domain - for instance, with the transmembrane domain of the TRPA1 or TRPN
channels C-terminal to the ankyrin repeat domain. A tether could also be formed through a
non-covalent interaction with the ankyrin repeat domain. Moreover, these tethers have to
provide a way to sense mechanical stimuli. For example, if a non-covalent interaction tethers
the N-terminal end of a TRPN channel to the cytoskeleton, movement of the plasma
membrane relative to the cytoskeleton attachment could cause stretch of the ankyrin repeats
and be relayed to the transmembrane domain to cause channel opening. Alternatively, a non-
covalent tether of the ankyrin repeat domain to the membrane could also allow the channel
to sense changes in membrane tension between the ankyrin repeat anchor and the
transmembrane domain. In addition, ligands interacting through the palm surface could
influence or modulate the mechanical properties of the ankyrin repeat domain. Thus far, few
ligands have been identified for TRPA1 and TRPN channels and their ankyrin repeats, aside
from the covalent cysteine-modifying agents and calcium ions that gate TRPA1. But
experimental tests of the mechanical spring hypothesis will need to include the identification
of ankyrin repeat ligands as potential tethers and modulators of mechanical properties.

Experimenting with ankyrin repeats
It is clear that much remains to be discovered about the functions of ankyrin repeats in
sensing and signaling by TRP channels. The abundant knowledge base about ankyrin repeat
structure can and should be leveraged when designing experiments to identify new ligands
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and functions for ankyrin repeat domains in TRP channel biology. A few examples of how
this information can be applied are described below.

The folding of ankyrin repeats is highly cooperative,34 requiring the presence of at least two
or three consecutive repeats to generate a stable fold.35 For example, two missense
mutations in the ankyrin repeats of the C. elegans osm-9 gene, a TRPV channel, result in a
phenotype very similar to the null phenotype.36 Both mutations substitute the conserved
glycine that precedes an inner helix with an acidic residue (position 2 in Fig. 1A), and likely
disrupt the sharp turn linking an ankyrin repeat finger to the following inner helix (Fig. 1B).
Therefore, in generating recombinant protein constructs containing ankyrin repeats, one
should generally avoid breaking up a domain, or mutating ankyrin repeat consensus
residues, because this would probably result in an unstable protein. However, identifying the
N- and C-terminal boundaries of ankyrin repeat domains can be challenging. The terminal
capping repeats are less well conserved than internal repeats since they have to pack against
only one, rather than two, adjacent repeat. As a result, hydrophobic residues important for
packing of adjacent repeats - particularly at positions 6, 8, 10, 17, 20, 21 and 22 (Fig. 1A) -
are often substituted with solvent-interacting polar residues in capping repeats.14,37 These
substitutions often prevent terminal repeats from being identified by sequence motif search
algorithms. Supplementing sequence motif searches with secondary structure predictions
and detection of sequence conservation using protein sequence alignments can be helpful in
identifying terminal repeats. Using secondary structure predictions algorithms like NPS@,38

additional pairs of predicted helices adjacent to recognized repeats can be identified, which
may correspond to capping repeats. Also, regions with low probability of secondary
structure often mark domain boundaries. Similarly, domain boundaries can sometimes be
identified as locations where the sequence conservation changes drastically. To this end,
several multiple sequence alignments can be generated with different groupings of
sequences using algorithms like ClustalW.39 Comparing alignments of orthologs from
different species to alignments of homologs - subfamilies, families or superfamilies - can be
particularly useful in identifying breaks in sequence similarity. Such an approach was used
to determine that the TRPV proteins have six ankyrin repeats,6,40 although only three or four
are recognized by motif search algorithms like Prosite41 and SMART.42

Properly folded ankyrin repeats form a very stable scaffold. Libraries of designed ankyrin
repeat proteins (DARPins) have been generated using consensus residues in most positions,
but varying residues on the palm surface (colored red in Fig. 1A).37 The resulting DARPins,
containing four, five or six ankyrin repeats, are very stable, with melting temperatures
ranging from 66 °C to 85 °C.37 Such libraries can then be screened to identify DARPins that
bind and/or inhibit targets of interest. DARPins have been isolated that act as potent
inhibitors of kinases, proteases and drug export systems, and the structures of several of
these complexes have been determined (Table 1; see ref. 43 for a recent review). DARPins
could become favorable alternatives to antibodies in some situations, and are often easier
and less expensive to produce in large quantities. The successful use of DARPins highlights
the fact that ankyrin repeats can, in principle, evolve - in nature or in the lab - to form stable
protein domains that interact with just about any possible target.

The work on DARPins also serves to illustrate methods that can be used to ascertain that an
isolated ankyrin repeat domain construct is stable and properly folded - short of determining
its three-dimensional structure. Circular dichroism (CD) spectroscopy requires small
amounts of purified protein samples to assess the secondary structure content of a protein as
well as its thermal stability. Reviews listed in ref. 44 provide an excellent primer on CD
methods and protocols. Many published spectra are available for both natural and designed
ankyrin repeats (see ref. 37 and references therein). These spectra can serve as benchmarks
because ankyrin repeat domains are expected to have similar secondary structure content,
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and therefore similar CD spectra. Size exclusion chromatography and other hydrodynamic
measurements such as light scattering and analytical ultracentrifugation can also be used to
determine the aggregation state of these recombinant proteins. A similar battery of tests was
performed on recombinant ankyrin-B in the atomic force microscopy studies of its spring-
like behavior.4 These techniques are therefore valuable tools to validate recombinant
ankyrin repeat domains constructs generated from natural proteins. Most of these techniques
do require purified proteins. Fortunately, many (although not all) ankyrin repeat domains
can readily be purified from an E. coli-based overexpression system. Ref. 45 provides
information on expression and purification of protein protocols based on the integrated
experiences of structural genomics groups, while ref. 46 is an excellent primer on protein
characterization and structural biology. Especially once validated, ankyrin repeat domain
constructs are powerful research tools and could be used, for example, as baits in two-hybrid
screens and pull-downs to identify new ligands. The validation process is likely to reduce
the risk of finding false positive hits because of misfolding or aggregation problems, for
example. Again, the ligand search should not be limited to proteins. New techniques
involving chemical screens and metabolomics will likely be an important component in
future research on TRP channels and ankyrin repeats. Many of these techniques (recently
reviewed in ref. 47) have so far been applied to proteins with enzymatic activity, but a
challenge for the future is to apply them to other biochemical activities such as regulatory
binding interactions, as is the case for ankyrin repeats.

Another strategy in investigating the role of ankyrin repeats in TRP channels and other
proteins is to disrupt the interactions of ankyrin repeats with their targets by mutagenesis,
and determine the effect of such mutations on protein function. However, for many ankyrin
repeat domains, the ligands and/or their binding sites remain unknown. In those cases, the
generalizations about ankyrin repeats described above can be helpful in choosing which
residues to mutate. The ankyrin repeat consensus motif is derived from the residues
conserved to maintain the stable ankyrin repeat fold; that is, they are conserved for form
(Fig. 1). In contrast, surface residues are particularly variable, underscoring the malleability
of different ankyrin repeat surfaces to evolve interactions with distinct targets. Residues at
positions 1, 3, 11, 12, 31 and 33 within each ankyrin repeat (Fig. 1A, D and E), which
largely shape the palm surface, are good mutagenesis targets: variations at these positions,
which were used to generate DARPin libraries, have little effect on protein stability,43 and
since they form the palm surface, these residues are likely to be involved in interactions with
the ligand(s). Furthermore, mutating residues conserved in orthologs across species but
predicted to be exposed at the surface could be particularly effective: if they are not
conserved to maintain the protein fold, then they are likely performing an important
function, such as interacting with a ligand. For example, the TRPV1 ATP-binding site is
formed by palm surface residues highly conserved across species.8 Another example is the
patch of aromatic residues on ankyrin repeat fingers 2 and 3 that is particularly striking on
TRPV2 but also conserved in other TRPV ion channels.6 In sum, the general strategy should
be to use the current knowledge about ankyrin repeat structure and stability to select
residues that are unlikely to affect protein folding and its intrinsic stability, but rather affect
the ligand-binding function of the ankyrin repeats.

Conclusions
Recent progress in TRP channel research is shinning the spotlight on the structure and
function of their ankyrin repeats. The ankyrin repeats of TRP channels offer a broad
sampling of the diverse features of ankyrin repeat-containing proteins: a variety of ligand
types; some long and regular domains and other shorter domains; and insertions, deletions
and other irregularities in some repeats. Just like the ankyrin repeat domains of proteins like
Notch, Gankyrin or IκB share more similarity within protein families than across, the
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ankyrin repeats of TRPA, TRPC, TRPN and TRPV each have their own characteristic
features. Although much remains to be learned, a wealth of information is available on
ankyrin repeat structure that can and should harnessed to design better experiments. It is
hoped that the information and sources provided here will prove helpful to biologists in their
studies of ankyrin repeats in TRP channels and beyond.
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Fig. 1.
Structure of ankyrin repeats. (A) Consensus ankyrin repeat sequence motif, with the
resulting secondary structure above, and the repeat position number underneath. Consensus
residues form the hydrophobic core as multiple repeats stack to form a domain, as well as
the twists and turns through residues such as glycine and proline, leaving the protein surface
highly variable. Red dots represent variable residues in DARPin libraries.37 (B) Ribbon
diagram of the six ankyrin repeats of TRPV1 with an N- to C-terminal rainbow coloring.
The inner helices and fingers form the concave palm surface, while the outer helices form a
convex surface. (C) The shape of an ankyrin repeat domain is often likened to a hand, and
analogously, the palm and fingers are the most commonly used interaction surfaces. (D–E)
Structure of a five-repeat DARPin,37 with the variable residues in red, represented as a
ribbon (D) or surface (E).
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Fig. 2.
Function of ankyrin repeats: beyond protein-protein interaction. (A) Structure of Gankyrin
bound to the S6 ATPase of the 26S proteasome (grey).48 (B) Structure of the ankyrin repeats
of RNase L bound to an oligoadenylate trimer (spheres).20 (C) Structure of the ankyrin
repeats of TRPV1 bound to ATP (spheres).7 (D) Model of a 24-repeat domain, such as that
of ankyrin, with the arrows indicating the direction of the possible spring (based on ref. 49).
All ankyrin repeat domains have an N- to C-terminal rainbow coloring.
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Fig. 3.
The ankyrin repeats of TRPA1. (A) Sequence of the ankyrin repeats of human TRPA1
(accession number O75762) aligned against the ankyrin repeat consensus (top). Similar and
identical residues are shaded grey and black, respectively. The EF-hand-like sequence motif
is boxed. Colored cysteines are important in activation of TRPA1 by electrophiles as
identified by the Patapoutian (red)22 or Julius group (cyan)23 or both (magenta). (B) The
structure of four canonical ankyrin repeats is used to illustrate the position of important
TRPA1 cysteines either in internal repeat 11 (red) or terminal repeat 17 (magenta and cyan).
The cysteines are colored as in (B). (C) The structure of five canonical ankyrin repeats is
used to illustrate the position of the EF-hand-like sequence motif in repeat 12 of TRPA1.
Positions 467 and 481, which are adjacent to highly conserved ankyrin repeat residues, and
therefore predicted to closely match this canonical structure, are 25.6 Å apart (dotted line).
Note that the finger loop of TRPA1 repeat 12 contains three additional residues compared to
the canonical finger loop illustrated here. (D) The structure of calcium-bound calmodulin
(PDB ID Code 3CLN) with four calcium ions in green and the first EF-hand motif colored
gold. The black dotted line represents a 9.1 Å distance between residues 20 and 34 (10.7 Å
separate these residues in apo-calmodulin; PDB ID Code 1DMO). (E) The sequences of
TRPA1 and calmodulin are aligned at their EF-hand sequence motifs (box), along with the
corresponding EF-hand and ankyrin repeat consensus sequences and secondary structures
(ss; L = loop, H = helix, S = sheet). In the EF-hand consensus, capital letters indicate
conserved negatively charged residues; small letters, residues that fit the consensus; x, any
residue; and Φ, hydrophobic residues. Segments in yellow are illustrated in parts C and D,
and residues in green provide coordinating groups to the calcium in an EF-hand structure.
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Table 1

Structures of ankyrin repeats

Proteins (number of repeats)
Interacting partner in the
structure(s) Species and PDB ID Codes

Ankyrin repeat domains from natural proteins

Ankyrin-R (12) Human (1N11)

Bcl-3 (7) Human (1K1A 1K1B)

Myotrophin (4) Rat (1MYO 2MYO)

PAPβ (4) Mouse (1DCQ)

Q5ZSV0 (9) L. pneumophila (2AJA)

SWI6 (5) S. cerevisiae (1SW6)

TRPV2 (6) Human (2F37), rat (2ETA 2ETB 2ETC)

UPLC1 GAP domain (4) Human (2B0O)

P15INK4B (4) Mouse (1D9S)

Ankyrin repeat domains from natural proteins in complex with protein target

53BP2 (4) P53 Human (1YCS)

GABPβ1 subunit (5) GABPα subunit Mouse (1AWC)

IκBα (6) and IκBβ (6) NFκB Human IκBα (1IKN 1NFI), mouse IκBβ (1K3Z 1OY3)

MYPT1 (8) Phosphatase PP1δ Human (1S70)

Ribonuclease L (8) Oligoadenylate trimer Human (1WDY)

TRPV1 (6) ATP Rat (2NYJ 2PNN)

Ankyrin repeat domains from natural proteins with and without protein target

Without With

Gankyrin or Nas6p (7) S6 ATPase of the 26S proteasome Human (1QYM 1TR4
1UOH)

Mouse (2DVW 2DWZ)

S. cerevisiae Nas6p (1IXV
1WG0)

S. cerevisiae Nas6p (2DZN
2DZO)

Notch/Notch-1/Lin-2 (4–8) CSL/Lag-1 and MAML/Lag-3 Human (2F8Y 1YYH 2HE0) Human (2F8X)

Drosophila (1OT8), Mouse
(1YMP),

C. elegans (2FO1)

P16INK4A (4) Cyclin-dependent kinase (CDK) 6 Human (1A5E 2A5E 1DC2) Human (1BI7)

P18INK4C (5) CDK6 Human (1BU9 1IHB;
mutants 1MX2 1MX4
1MX6)

Human (1G3N)

P19INK4D (5) CDK6 Human (1BD8), mouse
(1AP7)

Human (1BI8), mouse (1BLX)

G9A-like protein (7) Histone H3 tail methylated at K9 Human (3B7B) Human (3B95)

Artificial ankyrin repeat domains

3ANK (3) 1N0Q

4ANK (4) 1N0R

E3_19 (5) 2BKG

DARPin against HER2 (4) 2JAB

NI3C (5) 2QYJ

SANK E3_5 (5) 1NK0
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Proteins (number of repeats)
Interacting partner in the
structure(s) Species and PDB ID Codes

Artificial ankyrin repeat domains bound to their protein targets

DARPin (5) AcrB 2J8S

DARPin (5) Caspase-2 2P2C

DARPin (5) Maltose binding protein 1SVX

DARPin (5) APH (3′)-IIIA 2BKK
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