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Design, synthesis and characterization
of a peptide able to bind proteins of the KCTD
family: implications for KCTD – cullin 3
recognition‡
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Pox virus Zinc/Bric-à-brac, Tramtrack and Broad (POZ/BTB) is a widespread domain detected in proteins involved in a variety
of biological processes. Human genome analyses have unveiled the presence of POZ/BTB domain in a class of proteins (KCTD)
whose role as important players in crucial biological processes is emerging. The development of new molecular entities able
to interact with these proteins and to modulate their activity is a field of relevant interest. By using molecular modeling and
literature mutagenesis analyses, we here designed and characterized a peptide that is able to interact with submicromolar
affinities with two different members (KCTD11 and KCTD5) of this family. This finding suggests that the tetrameric KCTD11 and
the pentameric KCTD5 are endowed with a similar cavity at the subunit–subunit interface deputed to the Cul3 binding, despite
their different oligomeric states. Copyright c© 2011 European Peptide Society and John Wiley & Sons, Ltd.
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Introduction

The Pox virus Zinc/Bric-à-brac, Tramtrack and Broad (POZ/BTB)
domain is a module that has been found in a large number
of functionally unrelated proteins [1–3]. The domain has been
originally identified as a conserved motif present in the Drosophila
melanogaster BTB complex transcription regulators, and in many
POZ finger proteins [1–3]. Proteins containing the POZ/BTB
domain are involved in diversified biological processes, which
include transcription repression [4], cytoskeleton regulation [5],
mediators of oligomerization and gating of ion channels [6]
and protein ubiquitination/degradation [7–9]. It is commonly
assumed that this domain plays a major role in protein–protein
interactions. Structural characterizations of POZ/BTB domains
isolated from different proteins have revealed the occurrence
of variations on a common theme [1]. In all structures of POZ/BTB
domains, so far reported it is possible to identify a common
motif characterized by the presence of a three-stranded β-sheet
and five α-helices [1]. Recent human genome investigations
have highlighted the presence of the POZ/BTB domain in a
new class of human proteins. The POZ/BTB domain of these
proteins share a significant sequence identity (∼30%) with the
tetramerization domain of the K+ voltage-gated channel T1 (T1-
Kv) proteins (http://btb.uhnres.utoronto.ca/index.html). On this
basis, this class of proteins has been denoted as KCTD (K+

channel tetramerization domain containing proteins). Although
KCTD proteins share a common POZ/BTB domain in their
N-terminal regions, they present diversified C-terminal domains
[10]. Although the biological role of these proteins is yet to be
determined, recent investigations suggest that they are involved in

important biological processes. It has been shown that a missense
mutation of KCTD7 is linked to neurodegeneration and progressive
myoclonic epilepsy [11]. Moreover, KCTD15 variants have been
associated with adult obesity risk [12]. Very recently, it has been
shown that KCTD12, previously identified as an important factor
involved in the maturation of ear neurons, along with KCTD8 and
KCTD16, plays a role in the pharmacology and kinetics of the
gamma-aminobutyric acid (GABA(B)) receptor response [13,14].
The two members of the family that have been characterized in
details are KCTD5 and KCTD11. KCTD5, the only member of the
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family whose three-dimensional structure has been determined
experimentally, interacts with human Golgi reassembly stacking
protein 55 (GRASP55) [10,15]. It has also been shown that KCTD5
also interacts with cullin 3 (Cul3) and is potentially involved in the
E3 ubiquitin ligase complex [15].

KCTD11, a tumor suppressor, is an important antagonist of
the Hedgehog pathway which is frequently deleted in human
medulloblastoma [16–19]. Very recent studies have shown that it
is widely downregulated in other human cancers [20]. KCTD11
is involved in the deacetylation and activation of Gli1 and
Gli2, two key transcription factors of Hh signaling. Indeed, Gli1
is deacetylated by histone deacetylase 1 (HDAC1), which is
ubiquitined for degradation by the E3 ubiquitin ligase, formed
by Cul3 and KCTD11 [21].

Taking into account the role played by KCTD in important
biological processes, the development of new molecular entities
able to interact with these proteins and to modulate their activity
is a field of relevant interest. We here report the design and the
characterization of a Cul3-based peptide that is able to interact
either with the pentameric KCTD5 or with the tetrameric KCTD11.

Experimental

Materials

All amino acids, Rink-amide 4-methylbenzhydrylamine (MBHA)
resin, HBTU, HOBt and HATU were purchased from Novabiochem.
DIPEA, TFA, piperidine, N-(+)-biotinyl-6-aminocaproic acid, acetic
anhydride and scavengers were supplied from Fluka. The solvents
used in the synthesis, purification and characterization of the
peptides were from Romil.

Peptide Synthesis

Cul3wt pep and Cul3KK pep derived from Cul3 sequence (see
below) were obtained by Fmoc solid-phase strategy (0.1 mmol).
To mimic the charge status of the fragment within the parent
protein, the N-terminus and the C-terminus of the peptides were
acetylated and amidated, respectively. The syntheses were carried
out with Rink-amide MBHA resin (substitution 0.51 mmol g−1),
using all standard amino acids. Coupling reactions were performed
by using 10 equiv of Fmoc protected amino acids activated in situ
with HBTU (9.8 equiv)/HOBt (9.8 equiv)/DIPEA (20 equiv) in DMF
for 1 h.

Fmoc protecting group was removed by treatment with 30%
piperidine in DMF two times for 10 min. Before the cleavage from
the resin, both peptides were acetylated or biotinylated at N-
terminus to obtain the corresponding derivatives. The acetylation
reaction was carried out two times for 10 min using a solution of
acetic anhydride (0.5 M)/DIPEA (0.015 M)/HOBt (0.125 M) in DMF
(4.7 : 4 : 91.3 v/v/v). Biotinylated peptides were obtained using a
solution of N-(+)-biotinyl-6-aminocaproic acid (2 equiv)/HATU
(1.9 equiv)/DIPEA (4 equiv) in DMF overnight.

All peptides were cleaved off the resin by treatment with a
mixture of TFA/H2O/Ethanedithiol (EDT)/Triisopropylsilane (TIS)
(94 : 2.5 : 2.5 : 1 v/v/v/v) for 2 h at room temperature. The resins
were filtered and the crude peptides were precipitated with diethyl
ether, dissolved in a H2O/CH3CN (1 : 1) solution and lyophilized.

The peptides were purified by preparative RP-HPLC on the
Shimadzu system equipped with a UV-Vis detector SPD10A using
a Phenomenex Jupiter Proteo C12 column (21.2 × 250 mm; 4 µm;
90 Å) and a linear gradient of H2O (0.1% TFA)/CH3CN (0.1% TFA)

from 20 to 70% of CH3CN (0.1% TFA) in 20 min at flow rate of
5 ml/min. The collected fractions containing the peptides were
lyophilized. The identity and purity of the peptides were assessed
by an ESI-LC-MS instrument (ThermoFinnigan, NY, USA) equipped
with a diode array detector combined with an electrospray ion
source and ion trap mass analyzer using a Phenomenex Jupiter

Proteo C12 column (150 × 2 mm; 4 µm; 90 Ǻ) and a linear gradient
of H2O (0.1% TFA)/CH3CN (0.1% TFA) from 20 to 80% of CH3CN
(0.1% TFA) in 20 min at flow rate of 200 µl/min.

CD Spectroscopy Studies

Far-UV CD spectra were registered in the 190–260 nm range
on a Jasco J-810 spectropolarimeter at 25 ◦C using a quartz
cell with a 0.1-cm path length. The peptides were dissolved in
10 mM phosphate buffer (pH = 7.1). The final concentrations of
Cul3wt pep and Cul3KK pep were 5.56 × 10−5 and 5.05 × 10−5 M,
respectively.

Expression and Purification of POZ/BTB domains of KCTD11
and KCTD5

Expression and purification of the KCTD11 BTB were performed as
described elsewhere [22]. Briefly, the His tag recombinant domain
was expressed as a recombinant fusion protein with thioredoxin
A (TrxA). A homogenous product was obtained upon purification.

The recombinant plasmid containing the POZ/BTB sequence of
KCTD5 was a gift of Prof. Goldstein (Department of Pediatrics and
Institute of Molecular Pediatric Sciences, University of Chicago).
The His-tag recombinant protein was expressed and purified as
already reported [10,22].

ELISA Assays

For ELISA assays, 5 µg/ml streptavidin in phosphate/citrate buffer
pH 5.0 was incubated overnight at 37 ◦C for coating. First, binding
was executed with 0.8 µM biotinylated Cul3 peptide in Phosphate
Buffered Saline (PBS) 1X for 1 h at room temperature. Second,
binding was performed with different concentrations of His-
TrxA/KCTD11 BTB or His/KCTD5 BTB (0.8, 1.5, 3.8, 7.6 and 15.6 µM)
in PBS 1X. His-TrxA was used as negative control in the same
concentrations. As blocking solution 1% BSA, 0.05% Tween-20
in PBS 1X was used for 1 h at room temperature. To reveal
the occurred interaction mouse anti-His monoclonal antibody
was incubated in 1 : 1000 dilution at room temperature for 2 h;
then, horseradish peroxidase-conjugated anti-mouse antibody
(Pierce) was diluted 1 : 10 000 in PBS 1X and incubated at room
temperature for 1 h. The colorimetric reaction has been carried out
with SIGMAFAST OPD reagent (Sigma Aldrich), according to the
manufacturer’s instructions. Finally, a Model 680 Microplate Reader
(Bio-Rad, Hercules, CA-USA) has been used for readings at 490 nm;
data were processed by a Microplate Manager 5.2 program. The
reported data are mean values of triplicate experiments.

Results and Discussion

Design of a Cul3-Based Peptide as a Potential KCTD11 Binder

Previous modeling and mutagenesis studies have provided some
clues on the regions that mediate the recognition between Cul3
and KCTD11 BTB [21,22]. The complex is stabilized by a cluster
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Figure 1. Location of the 49–68 region (red), corresponding to the
sequence of the Cul3wt pep, in the three-dimensional structure of Cul3.
Side chains of the residues Tyr58 and Tyr62 directly involved in KCTD11
are also shown.

Table 1. Analytical data of synthesized peptides obtained by ESI-LC-
MS

Peptide Tr (min)
Theoretical
mass (Da)

Found mass (ESI-MS)
(Da)

Ac-Cul3 wt 15.24 2412.2 2413.1

Biotin-Cul3 wt 15.40 2709.3 2711.8

Ac-Cul3 KK 11.51 2342.2 2343.6

Biotin-Cul3 KK 13.06 2639.4 2640.9

of aromatic residues which include Tyr58, Ty62 and Tyr125 of
the cullin and Phe102 and Tyr103 of KCTD11 BTB. It has been
shown that mutations of these residues inhibit the formation of
the complex. An important role in Cul3-KCTD11 interaction is
played by the helix 55–65 of Cul3 that is tightly bound at the
interface of KCTD11 tetramer. Although other Cul3 residues are
involved in KCTD11 recognition, we focused our attention on the
role played by this region. A Cul3-based peptide as a potential
KCTD11 binder was therefore designed by considering the peptide
NSGLSFEELYRNAYTMVLHK, corresponding to the 49–68 region in
Cul3 sequence (designed as Cul3wt pep hereafter). The location
of this fragment within Cul3 three-dimensional structure is shown
in Figure 1.

Synthesis, Purification, and Characterization of the Cul3-Based
Peptides

To verify the effectiveness of the designed peptide, a biotinylated
form of Cul3wt pep was synthesized on Fmoc solid-phase
and then purified by RP-HPLC. To check the role of aromatic
side chains in Cul3 – KCTD11 recognition, a Cul3wt pep variant
(Cul3KK pep) in which Tyr58 and Tyr62 were substituted with
Lys residues, was also prepared. Cul3KK pep was synthesized and
purified following the same procedures used for Cul3wt pep. The
identities of the obtained compounds were assessed by ESI-LC-MS
(Table 1).

The CD spectra of both peptides, dissolved in a phosphate
buffer (pH = 7.1), show a deep minimum at ∼202–203 nm, a
second minimum at ∼222 nm, a cross over at ∼192–193, and
a maximum at a wavelength lower than 190 nm (Figure 2). The
general features of the spectra are indicative for both peptides of
the presence of a low, but significant, helical secondary structure
content. The ratio between the CD signal at 222 nm and the signal
of the other minimum at lower wavelength, which is often used as
a mean to confirm the presence of helical content [23], is 0.48 and

Figure 2. CD spectra of Cul3wt pep ( ) and Cul3KK pep (- - - - )
registered in phosphate buffer at pH = 7.1. θ is expressed as mean residue
molar ellipticity [(θ )].

Figure 3. Binding curves obtained from ELISA assays on the proteins
KCTD11 BTB (continue line) and KCTD5 BTB (dashed line) using the
peptides Biotin Cul3wt pep (diamond) and Biotin Cul3KK pep (circle).

0.42 for Cul3wt pep and Cul3KK pep, respectively. These values,
although much smaller than those observed for samples with
elevated helical contents (close to the unity), are indicative of the
presence of helical conformations. To quantify the helical content,
we performed spectral deconvolution analysis using CDNN and
CDPRO programs. The estimation of the helical content provided
by these analyses was ∼13% for both peptides.

Cul3 Peptide Interacts with POZ/BTB Domains
with Different Oligomeric Organization

The ability of biotinylated Cul3wt pep to bind the recombinant
KCTD11 BTB domain, expressed as a fused protein with TrxA, was
investigated by ELISA assay, following the procedure illustrated
in the Methods section. The binding of the peptide to TrxA was
monitored as negative control. As shown in Figure 3, the trend
of the binding curve demonstrates that Cul3wt pep specifically
binds KCTD11 BTB with an apparent affinity constant of 0.8 µM.
Similar results were obtained either coating KCTD11 BTB or
the biotinylated peptide through streptavidin. The inability of
the peptide variant Cul3KK pep (Figure 3) to bind KCTD11 BTB
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corroborates the indications provided by the modeling on the
important role of the aromatic residues in the recognition
process.

It has been reported that, in addition to KCTD11, another
member of the KCTD, KCTD5, is able to bind Cul3. Intriguingly, the
BTB domain of KCTD11 and KCTD5 exhibit different oligomeric
states, being KCTD11 and KCTD5 tetrameric and pentameric,
respectively. In this framework, we checked the binding of
Cul3wt pep to KCTD5 BTB. The binding curve (Figure 3) indicates
that the peptide is also able to bind to KCTD5 BTB with an apparent
affinity constant that is similar to that observed for the association
with KCTD11 BTB.

Conclusion

We here show that a rather small peptide derived from a Cul3
fragment is able to interact with BTB domains of KCTD proteins
despite their different oligomeric states. As KCTD are involved
in crucial biological processes, the development of peptides
able to interact with these proteins has important potential
applications. Present findings also suggest strategies for future
peptide optimization. Indeed, we here show that Cul3wt pep only
partially retains the helical state that the fragment assumes in the
parent protein. It is likely that an increase in the helical propensity
of Cul3wt pep variants may be associated with an increased affinity
for KCTD proteins. Several literature successful examples on other
systems conducted using this strategy provide an indirect support
to this approach [24,25].
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