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Abstract 

The three-dimensional structure of the 29-residue designed coiled coil having the amino acid sequence acetyl-E 
VEALEKK VAALESK VQALEKK VEALEHG-amide has been determined and refined to a crystallographic R-factor 
of 21.4% for all data from 10-8, to 2.1-8, resolution. This molecule is called coil-V,Ld because it contains valine in the 
a heptad positions and leucine in the d heptad positions. In the trigonal crystal, three molecules, related by a crystal- 
lographic threefold axis, form a parallel three-helix bundle. The bundles are stacked head-to-tail to form a continuous 
coiled coil along the c-direction of the crystal. The contacts among the three helices within the coiled coil are mainly 
hydrophobic: four layers of valine residues alternate with four layers of leucine residues to form the core of the bundle. 
In contrast, mostly hydrophilic contacts mediate the interaction between trimers: here a total of two direct protein- 
protein hydrogen bonds are found. Based on the structure, we propose a scheme for designing crystals of peptides 
containing continuous two-, three-, and four-stranded coiled coils. 
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Alpha-helical coiled coils are a common motif in proteins whose 
roles in cell structure and function have been reviewed (Cohen & 
Parry, 1986, 1990; Lupas, 1996). Coiled coils described so far 
consist of two, three, four, and recently, five a-helical bundles 
(Malashkevich  et al., 1996). Atomic structures are now known for 
several coiled coils that are either synthetic peptides or motifs of 
existing proteins. Beyond their common feature of being coiled 
coils, these structures are varied, including parallel and antiparallel 
orientations. Structures containing parallel two-stranded coiled coils 
include mainly transcription factors such as GCN4  (O'Shea et al., 
1991), human proto-oncogenes fos  and jun (Glover & Harrison, 
1995), and the yeast transcription activator GAL4 (Marmorstein 
et al., 1992). An antiparallel two-stranded coiled coil is found in 
the structure of seryl-tRNA synthetase (Fujinaga et al., 1993). 
Known structures of parallel and antiparallel four-stranded coiled 
coils are a synthetic sequence variant peptide derived from GCN4 
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(Harbury  et  al.,  1993),  the  transcription  regulator ROP (Banner 
et al., 1987), and the tetramerization domain of lac repressor (Fair- 
man et al., 1995; Lewis et al., 1996). Trimeric coiled coils include 
the oligomerization domains of hemagglutinin (Wilson et al., 198 I ) ,  
C-type mannose binding protein (Weis & Drickamer, 1994), a sec- 
ond sequence variant of the GCN4 peptide whose a and d positions 
within the heptad repeat (which are normally mostly valines and leu- 
cines) are replaced with leucines and isoleucines, respectively (Har- 
bury et al., 1993), and the recent structure of the envelope domain 
of Moloney murine leukemia virus (Fass et al., 1996). Examples of 
antiparallel trimeric coiled coil structures are the repeating unit of 
spectrin (Yan et al., 1994) and the de novo designed peptide coil- 
Ser (Lovejoy et al., 1993) whose structure is the basis for the cur- 
rent design, coil-V,Ld. 

Coiled coils have been the subject of extensive protein design 
studies because of their abundance in nature and their relative 
structural simplicity. Hodges et al. (1972) identified a repeating 
pattern of hydrophobic residues extending along the protein chain 
of rabbit skeletal a-tropomyosin.  This led to the proposal that 
a-helical coiled coil proteins are stabilized by the interaction of 
hydrophobic residues at positions a and d of a repeating heptad 
sequence designated (abcdefg), (McLachlan & Stewart, 1975). It 
was also observed that mostly polar or charged residues occur at 

80 




