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Structural studies of biomolecular complexes provide important A) ' B)
insight into how each of the component molecules is regulated. In & \) :
many cases an understanding of the mechanism of regulation can LS b D, L‘
only be derived through comparison of a number of different IS 4 /\"’ _"-fl f ona N
complexes. In cases where structures of several complexes have R AT - ‘{_’ S 4
already appeared, detailed and potentially time-consuming three- 2 t( i.“nN ~ r\ h 4
dimensional structural initiatives of additional complexes may not < ("R d -~ | :
be required. In these cases, high-quality structures can be built by *:\C [ % { ¥y C';(f
homology, guided by key pieces of experimental data. o, \ & !' .

One example where this is the case involves structural studies i.. _;_" H, ".", R :_ -

of the protein calmodulin (CaM) and its mechanism of interaction s

with target serine/threonine protein kinases (CaM kinases). CaM \ ¢

is comprised of two domains, each of which binds a pair &"Ca  Figure 1. Ribbon representation of CaMCaMKII* (A) and CaM-

ions! The conformational changes that occur upon metal binding €@MKK® (B) complexes, with target peptides shown in yellow. Figures
. . . . . are generated using Molscriptand Raster3B’

enable the protein to bind to short helical segments in target kinases

with high affinity (K4~ 10-°—10"° M) leading to their activatiofi* undefined in this approach. Here we show that the orientation can

Because of its key role in the &adependent S|gnal transductl_on be rapidly determined from a pair H—15N correlation spectra

pathway in eukaryotes the structures of CaM in complex with a of CaM in complex with a peptide construct containing the three-

number of peptides, such as those derived from CaM kinase Il residue ATCUN (amino terminal CGt(Ni2")-binding) domaif

(CaMKII),* mysoin light chain kinase (MLCK32 and CaM kinase recorded with and without Ct.

kinase (CaMKKj have been solved, establishing three distinct CaM  The utility of paramagnetic agents to study molecular complexes

binding modes. These three classes of structures are referred to apy NMR is well established?12 and the ATCUN domain is a

1-10 (CaM-CaMKll), 1-14 (CaM-MLCK), and 1-16- (CaM— particularly useful probe in this regard because of its small size.

CaMKK), where the numbering denotes the positions of hydro- The ATCUN motif, NH-X1-X2-His, coordinates either Gt

phobic residues in the helical peptide that help anchor it to €aM. (paramagnetic) or Ri (diamagnetic) metal with very high affinity

In each mode, the structures of the domains are preserved, but thei(K, ~ 10-15 M) via the free NH group from residue X1, the

relative orientations diffet.® In addition to the variability in the backbone amides of X2 and His along with the imidazole group of

structures of CaM in different complexes, it has been found that His® Because the electronic relaxation time is long (nanoseconds)

peptide binding can be in one of two orientati@n3Figure 1 shows  and the anisotropy of thg-tensor small, the ATCUN probe when

X-ray-derived structures of complexes of Cal@aMKil* and bound with Cé" effectively broadens nuclear spins without sub-
CaM-CaMKK,? illustrating the differences in both domain and  stantial changes in chemical shitsThis is illustrated in*H—1"N
peptide orientation. spectr&* of N-labeled CaM in complex with the ATCUN-MLCK

There are over 180 distinct CaM binding targets that have been peptide (primary sequence is shown at the top of Figure 2; ATCUN
identified to date, and in some cases the nature of the binding denoted by black ball) in the absence (A) and presence (B) of
interaction can be inferred from the structures in the datablse.  stoichiometric amounts of Gt, Figure 2. Correlations that disap-
other cases, there are several possibilities as to what the anchoringear in Figure 2B, indicated by the open red circles, can be mapped
residues on the target sequence of the kinase might be, and it isonto the structure of the CaMMLCK complex (Figure 2C, red
thus not possible to come up with definitive models of the complex balls). These residues are located in helices | and VI, that are in
in the absence of experimental data. There is thus a need to developroximity to the N-terminal of the MLCK peptide. The results are
the tools to rapidly characterize the binding mode of CaM with a consistent with the binding orientation of the peptide from NMR
query target peptide. We have recently shown tHat'*N residual and X-ray derived structur@dand conclusively establish which
dipolar coupling data recorded on CaM in complex with such a of the two potential orientations of the helix (see Figure 1) is present
target can be used to distinguish between the three binding modesn the complex. It is of interest that the N terminus of the peptide
described abov&However, the orientation of the helix remains  is more basic than the C terminus (blue residues in the sequence at

*To whom correspondence should be addressed. E-mail: kay@pound. the tOp_ of Figure 2). Placement of th_e peptldg In th? complex is

med.utoronto.ca. determined not only by the hydrophobic anchoring residues (labeled

; Division of Molecular and Structural Biology. 1 and 14) but also by the favorable juxtaposition of charge. Indeed,

" Protein Engineering Network Centres of Excellence. . . .
* Departments of Molecular and Medical Genetics, Biochemistry, and Chemistry. superimposing an electrostatic surface onto the structure of CaM
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Figure 2. H—15N HSQC spectra of the CaMMLCK complex without (A) and with (B) stoichiometric amounts of £uCorrelations that are broadened
beyond detection by the addition of Euare identified in red (A, assignments; B open circles). The ATCUN-MLCK peptide sequence is indicated at the
top of the spectra, with basic residues in blue, and the ATCUN domain (Gly-Ser-His) is denoted by the black ball. Residues whose correlatioersede broad
are mapped onto the X-ray structtie the complex in C (red balls). All spectra were recorded on a 600-MHz Varian Inova spectrometefCGit\@izh
samples comprised of 0.9 mMN-labeled protein, 10 mM Bis-Tris, 100 mM KCI, 6 mM CaCpH 6.8. Details of sample production are as described
previouslyl® ATCUN-derived peptides were generated by solid-phase peptide synthesis.

in IH and >N shift values of 0.03 and 0.16 ppm, respectively, are

1 14
CaM-CaMKI complex KSEWKQAFNATAVVRHMREL . . : f
plex © Q Q observed in a comparison of chemical shifts between complexes

3 s g v o
c..2+~ . . ° +Cu3ﬂ"% o : 130 with (—Cu?*) and without the ATCUN tag, with shifts of residues
o ¢ 9 o ® ° g proximal to the tag changing by no more than 0.08 ppiH) @énd
2 . °_. o] Yo ® 1150 0.42 ppm I&N). Finally, it is noteworthy that bi-directional modes
° . 00 ° . ° “Luso E of recognition have also been found in other systems, such as in
‘0o 90 s % % g o 170 g SH3 domain interactions with target proline-rich peptitfek.is
%“ o /) . % % ¢ ¢ 9 150 uj‘ very likely that this approach will be useful, therefore, to rapidly
o’ Rj*# . . o % 9.‘:‘. ‘:' o Fuso survey a wide array of intermolecular interactions.
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Figure 3. H—1N HSQC spectra of the CaMCaMKI complex without Research (CIHR). M.1. is a CIHR Investigator, and L.E.K. holds a
(A) and with (B) stoichiometric amounts of €u Correlations indicated Canada Research Chair

in (A) are those that are completely broadened upon addition 8f,Cu ) o . . .

highlighted by open red circles in (B). Supporting Information Available: Figure showing*H—1N

correlation spectra recorded on a complex of CaM and ATEUN
CaMKK with and without C&" (PDF). This material is available free
of charge via the Internet at http:/pubs.acs.org.

confirms that this orientation is favored over the case where the
peptide is reversed (as in CaMKK, Figure 1B; see also Supporting
Information). References
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