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Biological context

The cyclase-associated protein (CAP) of Dictyostelium
discoideum is an actin binding protein that is involved
in the microfilament reorganization at anterior and
posterior plasma membrane regions (Gottwald et al.,
1996). CAP was first isolated from Saccharomyces
cerevisiae as a component of the adenylyl cyclase
(Cyr1p) complex (Field et al., 1990) and the pro-
tein is believed to act as one of the bridging proteins
that link nutritional response signaling and changes
in the actin cytoskeleton (for a review see Hubber-
stey et al., 2002). Dictyostelium CAP is a bifunctional
protein as well. While the actin sequestering activity
has been localized to the carboxy-terminal 210 amino
acids, the N-terminus seems to mediate this activity
in a PIP2-regulated manner (Gottwald et al., 1996).
The amino-terminal domain has also been shown to
localize the whole protein to the membrane (Noegel
et al., 1999). In general Dictyostelium CAP follows
the domain organization of all CAP-homologues as
given by Gerst et al. (1992): it consists of an amino-
terminal domain encompassing residues 1–215 and a
carboxy-terminal domain encompassing residues 255–
464, separated by a proline-rich linker domain of 39
residues.

Our NMR characterization of two amino-terminal
constructs revealed a different domain structure
though. Investigations including linewidth analysis,
mass-spectrometry and sequencing proved the struc-
tured amino-terminal domain of Dictyostelium CAP to
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exclude a serine-rich stretch at the N-terminus and to
encompass the 176 residues from positions 51–226.

Methods and results

The cDNAs encoding the amino-terminal 226 residues
of CAP plus a C-terminal His-tag (CAP-N′Px) or the
176 residues from position 51–226 (CAPN151-678)
were cloned into the NdeI and BamHI restriction sites
of the pT7-7 expression vector (Tabor, 1996). E. coli
BL21 harboring the plasmids were grown at 30 ◦C
(CAP-N’Px) resp. 37 ◦C to an OD600 of 0.6–0.8. For
expression of the protein IPTG was added to a final
concentration of 0.5 mM and cells were further incu-
bated over night. After lysis and centrifugation in both
cases the 100,000 × g supernatants were then purified
on DE52 (Whatman) anion exchange, phosphocellu-
lose (P11, Whatman) cation exchange, hydroxyapatite
(Bio-Rad) and Ni-NTA (Qiagen) columns following
standard procedures. The samples were finally con-
centrated in a Centriprep-10 concentrator (Amicon).

Uniformly 15N-13C and 15N isotopically enriched
protein samples were prepared by growing the bacteria
in minimal media containing 15NH4Cl, either with or
without 13C-glucose, respectively. For selectively en-
riched samples, defined media (Senn, 1987) were used
that contained 100 to 800 mg l−1 of the isotopically
enriched amino acids and all other amino acids.

The following samples were available in concen-
trations ranging from 0.8 to 1.2 mM at pH 7.3: Uni-
formly 15N labeled CAP, as well as selectively 15N-
Ala, 15N-Phe, 15N-Gly, 15N-Ile, 15N-Lys, 15N-Leu,
15N-Val and 15N-Gly/15N-Ser labeled samples and a
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Figure 1. The 1H-15N-HSQC spectrum of CAP from Dictyostelium
discoideum at 300 K and pH 7.3. The residue specific resonance
assignment is indicated by the one letter amino acid code next to the
corresponding signal; several are omitted for clarity.

15N-13C double labeled sample. All samples contained
10% D2O. NMR spectra were recorded on Bruker
DRX 600 and DMX 750 spectrometers equipped with
triple resonance probeheads and pulsed-field gradient
units. The backbone resonances were assigned using
a pair of HNCA and CBCA(CO)NH triple-resonance
spectra with the help of 15N-HSQC spectra recorded
from the selectively labeled samples. Furthermore a
HNCO and two 3D 15N-NOESY-HSQC spectra with
mixing times of τm = 120 ms and τm = 40 ms and
a 13C-NOESY-HSQC with a mixing time of τm =
50 ms were used. Assignment was accomplished using
the software package Sparky (Goddard and Kneller,
2000).

Extent of assignment and data deposition

Figure 1 shows the 1H-15N-HSQC spectrum of CAP
from Dictyostelium discoideum. Resonances of all
backbone amide groups were assigned with the excep-

tion of the N-terminal residues S1 through L3, which
could not be identified in the NMR spectra. Further-
more in the backbone 95% of Hα and 93% of Cα and
C′ were assigned as well as about half of the side
chain atoms, including 95% of Cβ and 81% of Hβ.
This assignment is sufficient to determine the struc-
ture of the protein and to analyze its dynamics. A
table of the 1H, 15N, 13C chemical shift assignment of
CAP has been deposited in the BioMagResBank data-
base (http://www.bmrb.wisc.edu) under the accession
number 5393.
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