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Coiled coils are formed by two or morehelices that align in
a parallel or an antiparallel relative orientation. In spite of the
growing biological importance of antiparallel coiled coils, the
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However, the modest antiparallel preference of this coiled coil is
likely to preclude its use in applications for which the heterologous
domains do not influence helix orientation preference.
Coiled-coil sequences are characterized by a heptad repeat of
amino acid residues, denotee-g.° The residues at positiores
andd are predominantly apolar, with charged residues occurring
frequently at thee and g positions? Residues at these four
positions participate in interhelical hydrophobic and Coulombic
interactions® The relative positions of residues expected to
engage in Coulombic interactions are known from the three-
dimensional structures of coiled coft&? In parallel coiled coils,
residues at the position can interact witly' residues on the
opposite strand. In antiparallel coiled coitg residues interact
with ¢ residues, whilee residues can interact witdl residues.

study of this class of molecules has been hampered by the lackPotentially attractive and repulsive Coulombic interactions be-
of a suitable model system. We report here the successful designtween residues at these positions have been shown to influence

of a well-behaved antiparallel coiled-coil heterodimer. The
antiparallel helix orientation preference for this model coiled coil
is similar in magnitude to the parallel preference of naturally
occurring leucine zipper peptides, providing a useful tool for
controlling the relative orientation of heterologous protein sub-
domains.

Coiled coils are found both as the dominant motif in fibrous
proteins and as oligomerization domains in a variety of globular
proteinst The a-helices of naturally occurring coiled coils have

partner strand specificiti. Similarly, such interactions have been
reported to affect orientation preference in disulfide-linked model
coiled coils'? However, the extent to which a single or pair of
differential interactions can contribute to helix orientation prefer-
ence is unknown.

Because Acid-al contains only Glu residues and Base-al only
Lys residues at both the and g positions] only potentially
attractive interhelical Coulombic interactions are expected in either
orientation. We substituted a single residue gfpsition in each

generally been assumed to be parallel. However, a growing peptide such that all potentially attractive interactions are expected

number of proteins have been shown to contain antiparallel coiled-

coil domaing’®

The discovery that the basic regioteucine zipper class of
transcription factors contains short coiled-coil dimerization
domain$ has provided an invaluable, tractable model system for
parallel coiled-coil formation. These parallel coiled coils also have

in the antiparallel orientation. In contrast, two potentially repulsive
Coulombic interactions are expected in the parallel orientation.
The buried polar interaction between interior Asn residues can
occur only in the antiparallel orientation (Figure 1).

An equimolar mixture of the resulting peptides, Acidrind
Base-Hg, forms a stable heterodimer, as demonstrated by CD

been used to assemble complexes of heterologous domains foyrigure 2A) and equilibrium sedimentation studies (data not

structural and functional studié€sin contrast, no naturally
occurring coiled coil has proven suitable as an antiparallel
counterpart to the leucine zipper peptides.

shown). To probe the relative helix orientation in this heterodimer,
three additional peptides with flexible Cys-containing tripeptides
at the N- or C-terminus were synthesized: AcighK Base-BN,

It has been shown recently that a single buried polar interaction angd Base-§C. CD studies show that both the antiparallel,

can confer an antiparallel preference of approximately 2.3 kcal/
mol to the model coiled coil Acid-aiBase-aT.A similar coiled

covalently linked heterodimer, AcidgN—Base-BC, and its
parallel counterpart, Acid-gN—Base-EN, are highly helical at

coil has been used to reassemble the N- and C-terminal domains °c. Nonetheless, the antiparallel heterodimer is substantially

of the green fluorescent protein into a functional comglex.
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more stable to thermal denaturation than its parallel counterpart
(Figure 2B), strongly suggesting that the antiparallel orientation
is preferred.

The preference for an antiparallel helix orientation under
equilibrium conditions was monitored with use of a thiol
disulfide exchange assay (Figure 3). Acid-KgN—Base-EN (10
uM) and Base-BC (11uM) were mixed (PBS buffer, pH 7) and
allowed to equilibrate (Figure 3C). The observed equilibrium
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Acid-Kg Base-Eg

Figure 1. Helical wheel representation of the antiparallel Acid-Base-

Eg heterodimer. The sequences of the peptides are the following: Acid-

Kg = Ac-AQLEKELQALEKKLAQLEWENQALEKELAQ-NH , and
Base-H = Ac-AQLKKKLQANKKELAQLKWKLQALKKKLAQ-NH .
The view is shown looking down the superhelical axis from the
N-terminus of Acid-Kg and from the C-terminus of BasegEResidues

involved in differential electrostatic interactions are indicated by boxes.
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Figure 3. (A) Schematic view of the equilibrium thieldisulfide
exchange assay. Acidgspecies are shaded. Basgdpecies are shown
in white. Arrows indicate the direction of the peptide chain from N- to

Pairs of residues connected by dotted lines can participate in interhelical C-terminus. (B-C) HPLC chromatograms showing Basg€E(11 uM)

Coulombic interactions.
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Figure 2. (A) Temperature dependence of the cirular dichroism (CD)
signal at 222 nm for Baseg ®), Acid-Kg (<), and an equimolar mixture
of Acid-Kg and Base-g§ (®) [20 «M total peptide concentration,
phosphate buffered saline (PBS), pH 7]. Baggakd Acid-Kg are largely

and Acid-KgN—Base-N (10 uM) before (B) and after (C) thiot
disulfide rearrangement. (D) HPLC trace showing rearrangement products
of a 3:1 mixture of Base-#fN (12 xM) and Acid-KgN—Base-BC (4

uM). Base-EN and Base-BC have the same retention time under these
conditions. The Base peak has been truncated in trace D for clarity.

the rearrangement reaction (Figure 3A) can be calculated from
the known initial concentrations and the ratio of the antiparallel
and parallel species after rearrangemer@@:4 in the presence
of 3 equiv of Base-BN). The resulting apparent equilibrium
constant of>1700 suggests that the antiparallel orientation is
preferred to the parallel orientation by at least 4.4 kcal/mol.
Sedimentation equilibrium experiments (data not shown)
indicate that the antiparallel heterodimer does not aggregate under
the conditions used in these experiments. In contrast, the apparent
molecular weight of the parallel AcidgN—Base-EBN het-
erodimer in solution is concentration dependent, suggesting

unfolded, but the equimolar mixture undergoes a cooperative thermal higher-order aggregation. A likely explanation for this observation

transition Im ~ 40 °C). (B) Temperature dependence of the CD signal
at 222 nm for Acid-KJN—Base-EC (®) and Acid-KgN—Base-EN (O)

(10 uM peptide, PBS, pH 7, ahl M urea). TheTy of the thermal
unfolding transition is~ 84 °C for the antiparallel species aneb6 °C

for the parallel species.

reflects the relative stabilities of the parallel and antiparallel

disulfide-linked heterodimers. After the rearrangement is com-
plete, the only detectable heterodimer in solution is the antiparallel
heterodimer. Moreover, when the antiparallel heterodimer is

allowed to equilibrate with 3 equiv of BasegH, only a trace

amount of parallel heterodimer is observed. Thus, the antiparallel

orientation is strongly preferred for AcidgBase-E. In contrast,

is the formation of intermolecular, antiparallel coiled coils. Similar
higher-order association has been observed for parallel coiled
coils® that were constrained in an antiparallel relative orientation.
Such behavior is not seen for Acid-aBase-af. Thus, the model
coiled coil Acid-Kg—Base-K appears to have as strong a
preference for an antiparallel arrangement of its helices as the
leucine zipper peptides have for a parallel relative helix alignment.
This model coiled coil should therefore prove useful as a means
to constrain domains and subdomains of protein complexes in
an antiparallel relative orientation for structural and functional
studies.
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