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INTRODUCTION. Focal adhesion kinase (FAK) is a nonreceptor tyrosine kinase whose focal
adhesion targeting (FAT) domain interacts with other focal adhesion molecules in integrin-
mediated signaling. Localization of activated FAK to focal adhesions is indispensable for its
function. To help understand the mechanisms of focal adhesion targeting of the FAT domain, we
have elucidated the solution structure of the FAT domain of FAK in the context of the complex
formed by the FAT domain bound to a peptide corresponding to the LD2 sequence (residues 139
to 162) of chicken paxillin, a FAK-binding partner.

METHOD. The cDNA encoding the FAT domain (residues 916-1053) was subcloned into a
PET28a vector. The N-terminal His-tagged FAT domains were subsequently expressed in E. coli.
Sample concentrations for NMR experiments were typically 0.5 to 1.6 mM in 10 mM potassium
phosphate buffer (pH 6.5) and 0.1% NaNs. The molar ratio between the FAT domain and the LD2
peptide) in the NMR samples was 1:10. All NMR data were acquired with Varian Inova 600-Mhz
spectrometers at 37 °C. The program DYANAJ[1] was used to calculate the structures. The 25
structures with the lowest target functions were included in the final families.

RESULTS. The FAT domain has four a-helices and comprises an elongated “right-turn” helical
bundle (Fig. 1). In antiparallel helix packing, all four helices (H1 to H4) are connected by short
“underhand” loops. Apart from helix H4, all helices are relatively straight. The lengths of the four
helices differ, H4 is the longest and contains a kink in the middle (around Leul035). Almost all
the residues sequestered inside the bundle are hydrophobic, and the helix bundle is therefore
mainly stabilized by hydrophobic core. We observed extensive interhelical interactions among
these hydrophobic residues, not only between neighbor helices, but also between cross-diagonal
helices (H1-H3 and H2-H4). However, our examination of the side chains of charged residues
revealed that few inter-helical salt bridges are present. Each of the three "underhand"” loops that
connect the four helices in the FAT domain is short and highly structured.
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FIGURE 1. Ribbon diagram of the structure of the FAT domain.

DISCUSSION. We found that the structure of the FAT domain resembles that of the C-terminal
tail domain of the focal adhesion protein vinculin[2]. The structures of helices H1 to H4 of the
FAT domain are similar to the C-terminal four helices (H2, H3, H4, and H5) of the tail domain of
vinculin. The homology to vinculin is particularly interesting; vinculin is also colocalized in the
focal adhesions, and its tail domain also binds to paxillin. NMR analyses of the structure of the
FAT domain revealed several features that are likely to be important in its function. One
intriguing feature of the FAT domain is that hydrophobic interaction is the chief force that holds
the four helices together. Few salt bridges between the helices are present. Therefore, interrupting
the core hydrophobic interactions by replacing hydrophobic residues with hydrophilic residues
will probably disrupt the 3D structure-completely. Indeed, the structure of dominant-negative
mutant of chicken FAK is substantially altered by the mutation Leu1035Ser (Leul034 in human
and mouse sequence)[3], and this dominant-negative protein cannot localize to focal adhesions.
We hypothesize that the hydrophobic core will collapse and that the structure of the FAT domain
will be completely altered if a hydrophilic residue (e.g., serine) replaces Leul035. Because the
four-helix bundle of the FAT domain is mainly maintained by hydrophobic interactions, the FAT
domain may exist in an "open" form under certain physiologic conditions.
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