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Abstract

Synthetic oligomeric integrin5p1 ligands, specifically immobilised to surfaces, facilitate increased
fibroblast cell spreading compared with that associated with the monomer. These ligands consist of
a N-terminal fibronectin domain pair, a spacer and a di-, tri- or tetrameric coiled coil. However, it
is not yet clear what effect fusion of the fibronectin domains has on the predicted oligomerisation of
the coiled coils. Using analytical ultracentrifugation we show that the predicted tetrameric and
trimeric coiled coils facilitate a corresponding ligand oligomerisation with half-dissociation at 0.7
and 0.2uM, respectively. In contrast, the predicted dimeric coiled coil formed both dimers and
trimers. Under non-reducing conditions, the unique C-terminal thiol-facilitated inter-oligomer
dimerisation of the trimeric species, generating hexameric ligands. Disulphide bonding also
increased helical stability during thermal unfolding. The work allows the cellular response to these
clustered integriu5p1 ligands to be more accurately interpreted, and has wider implications with

respect to the utility of coiled coils as tools to facilitate protein oligomerisation.

Keywor ds: coiled coil, fibronectin, integrin, analytical ultracentrifugation, thermal unfolding.



Introduction

Coiled coils provide versatile fusion partners for oligomerisation since they are small domains with
predictable quaternary structure [1]. They are supercoiled bundles of two teHalees with a
packing geometry of core residues, termeubbs-into-holes, resulting in a strong sequence
periodicity called the ‘heptackpeat’ [2]. A coiled-coil protein that has been used frequently and
successfully in such fusions is the GCN4 leucine zipper [3]. The oligomeriofdhis coiled coil

can be altered between di-, tri- or tetramer by mutating the branched, hydrophobic residues and
positionsa andd of the heptad repeat [4]. While coiled coil motifs have been used successfully to
oligomerise proteins (e.g. [5]), data describing effects of the fused protein on the association state
and dissociation constant of the coiled coil peptide are sparse.

For cell adhesion mediated by integrin binding to extracellular matrix proteins, clustering of the
integrin receptors is a key step bringing about ‘adhesion reinforcement’ [6, 7]. Initially, these
studies utilised the RGD motif, in a clustered display, to promote adhesion primarily thaigh
integrin. However, to promote cell adhesion throagfl integrin, the minimal binding domain
includes the synergy site (PHSRN) on tHetgoe 11l FN domain in addition to the RGD on thé"10
type Ill FN domain [8]. Thus, the generation of equivalent clustebgd integrin ligand displays
necessitates the engineering of protein chimeras. Previously, very large chimeras have been studied
employing four type Ill FN domains (FIII7-10), a large spacer of six titin repeats (58 kDa) and
coiled coil [9]. In contrast, we have designed much smaller and more flexible, clusSgied
integrin ligands consisting of: th&'a 0" type 11l FN domain pair (F1119'-10, a L1408P mutant with
increased conformational stability and cell adhesion activity [10]), a spacer derived from the IgG-
hinge (previously shown to be sufficient to prevent steric clashes between bound integrins [11]) and
five heptad repeats based on the GCN4 leucine zipper (with isoleucine and leucine variously placed
in positionsa andd to promote di-, tri- and tetramerisation [4]). For controlled immobilisation of
these chimeras to a substrate or surface a unique C-terminal cysteine was introduced to facilitate
either selective biotinylation via a thioether bond, followed by binding to avidin-coated surfaces, or
direct covalent binding via the free thiol to gold surfaces [12].

Here we present data describing how the fusion of a 183 rediesamdwich domain pair
(FI1119'-10) modulates the oligomerisation state of leucine zippers designed to form dimers, trimers
or tetramers. Analytical ultracentrifugation (AUC) and thermal denaturation were used to measure

the oligomerisation state of the chimeras and probe their thermal stability.



M aterials and methods

Materials
Three chimeras were made: FII9-10-dimer, FIII9-10-trimer and FIII9'-10-tetramer, whose
construction and expression have been described previously [12]. General chemical reagents were

sourced from Sigma-Aldrich, UK, at analytical standard.

Analytical ultracentrifugation (AUC)

Prior to AUC analysis, the proteins were extensively dialysed against NaCl phosphate buffer (10
mM NaHPQ, 500 mM NacCl, pH 7.8) either in the presence or absence of 1 mM DTT. To ensure
complete reduction of the proteins in experiments with DTT, proteins were incubated in 50 mM
DTT for 1 h prior to dialysis against NaCl phosphate buffer with 1 mM DTT. AUC studies were
performed using an Optima XL-1 analytical ultracentrifuge (Beckman Coulter, Palo Alto, CA,
USA) and an An-60 Ti rotor.

Sedimentation velocity (SV) experiments were conducted at a temperature of 293 K and rotor
speed of 49 k rpm. 360 pl volumes of protein (ranging from 0.05 — 5.0 mg/ml) and reference
solvent (dialysate) were loaded into 12 mm charcoal-filled epon double sector centrepieces.
Concentration distributions were recorded every minute over a period of 6 hours using interference
optics. Radial- and time-independent noise were then subtracted from the resultant data using the
program SEDFIT [13] which was then used to model the sedimentation velocity profiles with finite
element solutions of the Lamm equation for a large number of discrete, non-interacting species
resulting in a continuous size distribution (ofg)sus s). Initial fits were conducted over the range
of 0.1 — 20 S to cover all plausible species. High resolution (resolution = 100) fits were then
performed within a narrower range (1 — 10 S).

Sedimentation equilibrium (SE) data for reduced proteins (1 mM DTT) were obtained at a
temperature of 293 K and three rotor speeds (15, 25 and 35 k rpm). 80 ul volumes of protein
(ranging from 0.1 — 1.0 mg/ml) and reference solvent (dialysate) were loaded into 12 mm charcoal-
filled epon double sector centrepieces. Concentration distributions were recorded every 3 hours
using interference optics until equilibrium was satisfactorily attained. Ascertainment of equilibrium
was monitored using the program WINMATCH (written by Jeffrey Lary, University of
Connecticut, Storrs, CT, USA). SE data were analysed with SEDPHAT [14]. FIlI9'-10-trimer and
FI119'-10-tetramer data were fitted with monomer-trimer or monomerer (1 = 4) self-association
models, respectively. Global fits were performed for two concentrations (3.3 ad) Zéd three

speeds.



The partial specific volumeV) of the proteins was estimated from their known amino acid
sequences. This gawe= 0.728 ml/g for all the proteins. The buffer density (1.02012 g/ml in the
presence of DTT; 1.02011 g/ml without DTT) and buffer viscosity (0.010534 Poise in the presence
of 1 mM DTT,; 0.010531 Poise without DTT) were calculated using the freepragram
SEDNTERP [15]. These values were used to correct the experimentally determined sedimentation

coefficients to standard conditions (i.e. a solvent of water at 293 K).

Hydrodynamic modelling

A bead model of the monomeric unit of the chimera was constructed based on the amino acid
sequence of FIII9'-10-dimer (Fig. 1). Homology models of FIII9'-10 and the 5 coiled coil heptad
repeats, based on templates of the wild-tyBd@" type Il FN domain pair (PDB accession code
1fnf) and the GCN4 leucine zipper (PDB accession code 2zta) respectively were predicted using
SWISS-MODEL [16]. Beads representing the remaining three N-terminal residues of the coiled
coil (RIK), the IgG-derived spacer and the 14-residue N-terminal polyhistidine tag were ‘manually’
created and positioned using the program MacBeads (written by Dr Dan Thomas (then at the
National Centre for Macromolecular Hydrodynamics, University of Leicester, UK), downloadable
from http://www.nottingham.ac.uk/ncmhy/).

Since the orientation of FIII9'-10 to the coiled coil domain is unknown, two structural extremes
were modelled and assessed separately: a ‘straight’ model with an angle of 180° between FII19'-10
and the coiled coil, and a ‘bent’ model with an angle of 90° between FIII9'-10 and the coiled coil
(Fig. 2). The IgG-derived spacer between FI119'-10 and the coiled coil was modelled as a rod with
the centre of rotation arbitrarily chosen in the middle of the spacer; this was considered reasonable
since the 1gG hinge is predicted to be highly flexible [17].

Anhydrous sedimentation coefficients (s) for all bead models were calculated using the program
HYDRO [18]. In order to compare the HYDRO output with the values for s obtained
experimentally, a correction was made algebraically for hydration [19] according to the following
formula: §=x (V/(V + (6 x vs)))l’s, where sis the hydrated sedimentation coefficien§jsghe
anhydrous sedimentation coefficient (as computed by HYDROJs the partial specific volume,

Vs is the specific volume of the solvent (which approximates to its reciprocal density)isitide

level of hydrodynamic hydration. A hydration level of 0.4 gDy protein was assumed.

Circular dichroism (CD)
CD measurements were carried out on a Chirascan spectropolarimeter (Applied Photophysics, UK).
Temperature measurements were recorded at 2 °C increments from 20 to 90 °C. Proteins were

diluted to a concentration of 1.0 mg/ml and equilibrated in 6 M guanidine hydrochloride (GdnHCI),

5



10 mM NaHPQ, 300 mM NacCl, pH 7.0. Quartz cells with a path length of 0.2 mm were used
(Hellma, UK) and background CD readings for the 6 M GdnHCI buffer above acquired. Data for
the thermal melts were collected at 222 nm using an equilibration time of 2.5 min at each
temperature step and a data averaging time of 1 min. Data for the reduced proteins were measured
after at least a 1 h incubation of the protein in ImM DTT in the 6 M GdnHCI buffer above. The
melting temperature ¢J) of the proteins obtained by CD was taken from the inflection point of a

plot of the fraction unfolded at 222 nm (corresponding-telix) versus temperature.



Results and discussion

Variables affecting the oligomerisation state of the ligands
To elucidate the self-association behaviour of the FII19'-10-dimer, FIl19'-10-trimer and FI119'-10-
tetramer under non-reducing conditions, SV experiments were performed for each over a series of
concentrations. The corresponding size distribution profiles are shown in Fig. 3. The FIII9'-10-
dimer yielded a complex profile, with three main species with sedimentation coefficiens of s
2.7, 3.3 and 4.9 S. The FIII9-10-trimer showed a major species wiglF.9 S and a minor
species with g, = 3.3 S. The FIII9'-10-tetramer resulted in one major peak with=s3.9 S.
Minor peaks were also observed at higher sedimentation coefficients; amyrrd=5 S for the
FI119'-10-tetramer and > 6 S for the FIII19'-10-dimer and FIII9'-10-trimer. These may represent
higher order oligomers (discussed below) but remain a minor component.

The finding that the main species of FIl19'-10-trimer had a higher sedimentation coeffigignt (s
=4.9 S) than FII19'-10-tetramen{s = 3.9 S) was initially puzzling. Additionally, species withs
= 3.3 and 4.9 S were observed in the c(s) analysis of SV data for both the FIl19'-10-dimer and
trimer. These two initial observations made it necessary to first assign the peaks to plausible
species in these systems (i.e. from dimeric to pentameric coiled coil assemblies). The calculated,
theoretical sedimentation coefficients, computed for the bead-models, are summarised in Table 1,

compared with experimental values corrected to standard conditions and extrapolated to infinite

dilution (sgovw). The first point of note is that the FI119'-10 coiled coil constructs appear to be rather

anhydrous in solution: agreement with the experimentally deternﬁg}g\g (1.77, 1.80 S) is not

particularly sensitive to the conformation of the monomer (i.e. straight or bent) but occurs only for
the anhydrous values. This trend is observed throughout the rest of Table 1, therefore comparison

will henceforth be made between the values computed foarttygrous bead models andgolw.

The predicted hydrophobicity of the constructs can be inferred from fluorescence studies of FIII9'*-
10, which demonstrate the presence of hydrophobic patches in aqueous solution, and a conditional
hydrophobic accessible surface area (CHASA [20]) of 5432 4.

The calculated sedimentation coefficient of the straight FIl19'-10-tetramer model (s = 4.7 S)
matches the experimental sedimentation coefficients (4.40, 4.28 S) quite well. The main species
found by the SV experiments for FIII9'-10-dimer (2.94, 2.86 S) can be reasonably assigned to the
“straight” dimeric form with a calculated s of 2.7 S. The sedimentation coefficient of 3.9 S
calculated for the ‘straight’ bead model of the trimeric species, corresponds to the species found
experimentally for the FII19'-10-trimer (3.83, 3.69 S). The major FIII9'-10-trimer species observed

(5.44, 5.36 S) match the value calculated for a pentameric species, generated from straight
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monomers (5.6 S). However, the existence of a pentameric species for FIII9-10-trimer is
inconsistent with the gel filtration experiments previously performed [12]. An alternative
hypothesis is that this species is a homodimer of two FIII9'-10-trimeric species, interacting either
via the polyhistidine tags [22] or an inter-oligomer disulphide bond via oxidation of two C-terminal
cysteines. Interaction between FIII9'-10 domain pairs and/or the IgG-derived spacer is highly
unlikely since such interaction would have been previously observed during differential scanning
calorimetry and gel filtration experiments for FI119'-10 [23] and high resolution structural studies of
the immunoglobulin [17]. Since no higher order oligomers were observed for the FI119'-10-dimer
or FIII9'-10-tetramer, interaction via the polyhistidine tag is also unlikely. In contrast, inter-
oligomer disulphide bond formation between two FIII9'-10-trimeric species is plausible because, on
considering an individual trimeric coiled coil assembly, a free thiol would always be retained
following oxidation.

Modelling the sedimentation coefficient for two disulphide-bridged FI119'-10-trimeric species
was problematic since it was necessary to estimate the angle between the two trimers. As a result, a
single simple straight, end-to-end model was used (Fig. 2). This yielded a calculated sedimentation
coefficient of 5.0 S, not far from the experimental value (5.44 S), especially given the assumptions
made about the orientation between the trimers. In order to more convincingly demonstrate that
two FI19'-10-trimeric species could dimerise via inter-oligomer disulphide bridge, SV experiments

were performed under reducing conditions. In 1 mM DTT, the FIlI9'-10-trimer sediments as one

major species£0,W = 3.69 S) which agrees well with the calculated sedimentation coefficient of

3.9 S for the trimer (Fig. 4). The main species observed under non-reducing conditions (5.44 S)
was almost entirely absent under reducing conditions, confirming that this species is likely to be a
hexamer composed of two trimers linked via a disulphide bond.

Similarly, under reducing conditions, the profile for the FIII9'-10-dimer showed a near complete

loss of the same hexameric specie%),(v = 5.35 S), with a concomitant increase in the species

matching that of a trimers@O’W = 3.72 S). Thus, the FIlI9'-10-dimer self-assembles to not only the

expected dimer but also a trimeric species, and in non-reducing conditions the trimeric species are
subject to inter-oligomer oxidation and formation of hexamers, as for FIII9'-10-trimer. This
strongly suggests that the mutated GCN4 coiled domain employed here to facilitate dimerisation
[4], when conjugated to FIII9'-10 at least, self-assembles into both dimeric and trimeric oligomers.
Thus, the fusion partner of the dimeric coiled coil would appear to influence its oligomerisation
state since this transition is not observed for the same series of GCN4-derived peptides alone [4].
An additional explanation is that the pattern of salt-bridges over the heptad repeat at the salt

concentrations used here drives oligomerisation of FII19'-10-dimer towards the trimer. This would
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be consistent with work showing that the stability of a particular oligomeric state for synthetic
coiled coils can be improved by consideration of the ionic interactions [24] and modulated

according to the salt concentration of the buffer [25].

The ligands self-assemble to form stable oligomers
Only the oligomerisation state of the FII19'-10-dimer was significantly influenced by the protein

concentration over the range examined (Fig. 3). At 5 mg/ml protein, approximately half of the

protein was in the dimeric state(z)(),W =2.94 S), with the remainder being largely trimesigog,v =

3.85 S), with a trace amount of the monomer. With decreasing protein concentration, the ratio of
dimer to trimer was shifted towards the dimer. The appearance of the monomeric species under
non-reducing conditions was only evident for the FIII9-10-dimer and FIII9'-10-trimer at
concentrations> 3 mg/ml. For the FIII9'-10-tetramer, no monomer was detected at any
concentration investigated. The absence of the monomer at lower concentrations was somewhat
surprising; although under reducing conditions for the FIII9'-10-dimer at 0.1 mg/ml, a shoulder
consistent with monomer was observed in the c(s) profile (Fig. 4).

To properly elucidate the dissociation constant for each of the chimeras, sedimentation
equilibrium experiments were performed in presence of 1 mM DTT. Fitting of these SE data
yielded a dissociation constantyKs for FIII9-10-trimer of 0.03 UM (Ka@,z = [molar
concentration of monoméfjmolar concentration of trimer]). The dissociation constagt 4Kfor
the tetramer was estimated as 0.3 3p(Md(1,4) = [molar concentration of monom&fpnolar
concentration of tetramer]). That is, the FIII9'-10-trimeric species is equimolar with the monomer
at 0.2 uM and the FI19'-10-tetrameric species is equimolar with the monomer @0.Bince
FI119'-10-dimer appeared to form both dimers and trimers it was not possible to calculate the K
using this model. These values agree well with the dissociation behaviour inferred from cell
adhesion data for a related tetrameric polypeptide assembly (equimolar concentrations at
concentrations < 0.5M) [11]. However, precise Kvalues for coiled coils cannot always be
easily assigned as we have also noted for the dimer [26]. Initial SE data for GCN4 peptides yielded
Kq < 10uM [27], whereas exceptionally stable GCN4-derived heterodimers with & B.O3uM
have also been characterised [28]. Nevertheless, the oligomeric ligands in this study appear to have
stability at least equivalent to the wild type GCN4 peptide. Importantly, the ligands would
therefore remain in their oligomeric form over the range of concentrations used in cell adhesion and

spreading assays [12].



The oligomerised ligands are further stabilised by disulphide bonding

The far-UV CD spectrum for the isolated FIII9-10 domain pair shows-helical contribution

[23]. Therefore, the appearance of anlelical bands in the CD spectra for the ligands will be
purely result of the coiled coil. However, the intensity of dreelical band will be compromised

by the unusual positive CD signal of FIII9'-10 at 226 nm, representing aromatic contributions in the
far-UV [29]. (CD scans for the ligands in the far and near UV regions in denaturing and non-
denaturing buffer have been described previously [12].) To avoid contribution from FIII9'-10
aromatic residues in the far-UV, all experiments were performed in the presence of 6 M GdnHCI.
Under these conditions both domains of FIII9'-10 are unfolded ([GdaH®I]FIII9" = 2 M, and

for FIlI10 = 4.5 M [10]), with the local environment of aromatic residues in the ligands being
unordered [12], and therefore will not contribute to the CD signal at 222 nm.

The stability of the helical structure of the coiled coil domains of the ligands was therefore
assessed by thermal unfolding profiles recorded by CD at 222 nm in 6 M GdnHCI (Fig. 5). For the
reduced FIII9'-10-dimer and FI19'-10-trimer the thermal unfolding profiles exhibited a sigmoid
shape, indicating that unfolding of the helical structure was complete over the temperature range
investigated. In contrast, the reduced FIII9'-10-tetramer appeared to be far more stable since no
plateau was observed above 80 °C (the fraction unfolded therefore could not be calculated: raw CD
data are shown in Fig 4, insert). Interestingly, a two-step unfolding curve could be discerned for
FI119'-10-dimer: the first step between 25-45 °C and the second step approximating unfolding of
FI19'-10-trimer between 45-75 °C. While it would be tempting to speculate that this two-step
unfolding curve represents unfolding of dimeric followed by trimeric FIII9'-10-dimer species, this
would require further experimental corroboration. Thefdr FI119'-10-trimer was 63 °C, with the
T for FI19'-10-dimer being similar (though not calculated due to the two-step curve) and tifie T
the FIII9'-10-tetramer being > 80 °C. These values are comparable to the equivalent, isolated
GCN4-derived peptides, albeit for thermal unfolding in 3 M GdnHCI [4], suggesting that fusion
with FI119'-10 does not destabilise the helical structure of the coiled coil.

Under non-reducing conditions, only small changes to thefRsignal were observed above
70 °C and no plateau was reached for any of the ligangls @0 °C, data not shown). Therefore,
disulphide formation between individual helices of the coiled coils confers stability during thermal
unfolding, presumably since the helices are covalently linked at their C-termini. This is consistent
with the similar increase inJobserved for disulphide-bonded helices in the GCN4-derived coiled
coils [27]. Compared to the FIII9-10 domain pair, whoged&termined by differential scanning

calorimetry at pH 7 in non-denaturing buffer was 56 °C [23], the coiled coil is therefore an
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extremely stable oligomerisation partner. With respect to cell culture experiments performed at

37 °C the conformational stability and oligomerisation state of the ligands remains entirely intact.

In conclusion, this study fully characterises the oligomerisation state and stability of a series of
novel oligomeric integriru5p1 ligands in solution. This will be of importance to design of cell
supports and biomaterials if we are to quantitatively relate the cell spreading response to integrin-
ligand cluster size. In a wider context, we show that for fusion of GCN4-derived oligomerisation
domains to protein domains, the tetrameric coiled coil is the most stable and well defined, with the
predicted dimeric coiled coil being poorly defined and strongly dependent upon protein

concentration.
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Table 1. Sedimentation coefficients calculated (s) for hydrodynamic models of FIII9'-10 coiled

coils. For comparison, experimentally determined vaI@@V\Q are given: an explanation of their

assignment to particularmeric species is given in the text.

Model Conformation s (S) So.w (S)
Anhyd® Hyd"
Monomer Straiglfit 1.7 1.4
1.77, 1.80
Benf 1.8 1.5
Dimer Straight 2.7 2.3
2.94, 2.86
Benf 2.5 2.2
Trimer Straight 3.9 3.3
3.85, 3.83, 3.72, 3.69
Benf 3.1 2.6
Tetramer Straigfit 4.7 4.0 . .
4.40, 4.28
Benf 3.7 3.2
Pentamer Straight 5.6 4.8
Benf 4.3 3.7
Dimerised trimer Straight 5.0 4.3 5.35, 5.44

The corresponding bead models, except the pentamer, are shown in Fig. 2.

®Anhydrous value

PCorrected for hydration (assuming 0.4 g water/g protein), details in Materials and methods.

‘Linear monomeric unit

d9Q° angle between coiled coil and FN module (see methods)
°F1119'-10-dimer (in the absence of DTT)
"FI19'-10-trimer (in the absence of DTT)
9F1119'-10-dimer (in the presence of DTT)
"F1119'-10-trimer (in the presence of DTT)
'FI119'-10-tetramer (in the absence of DTT)
JFI119'-10-tetramer (in the presence of DTT)
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Figurelegends

Figure 1. Design of FIII9'-10 constructs. Amino acid sequence of FIl19'-10-dimer (A), N-terminal

polyhistidine tag and C-terminal glycine-cysteine are shown in bold font; the FIl19'-10 domain pair
in normal font; the IgG-derived spacer underlined and the coiled coil italicised. The trimer and
tetramer differ in the coiled coil (B); all other amino acids being the same as for the FIII9'-10-

dimer.

Figure 2. ‘Straight’ (i) and ‘bent’ (ii) bead models for the FII19'-10-monomer (A), FI119'-10-dimer

(B), FI9-10-trimer (C) and FII19'-10-tetramer (D). The disulphide-linked dimerised trimer was
modelled as the straight form only (E). The individual peptide domains (N-terminal polyhistidine
tag, FIII9'-10 domain pair, IgG-derived spacer and coiled coil) are indicated by demarcation in A(i)
and B(i). The same peptide domains were used to build the bent model, which has a 90° turn at the
centre of the spacer and the other straight models. Images C(ii) and D(ii) are shown as the elevated

plan.

Figure 3. Size distributions (c(sgrsus s) for the FIII9-10-dimer (A), FIII9'-10-trimer (B), and
FI119'-10-tetramer (C) in 10 mM NaHRO500 mM NaCl, pH 7.8, for protein concentrations as
shown. For ease of comparison across the concentration range, the distributions were normalised to

the major peak in each case.

Figure 4. Size distributions (c(sgrsus s) for the FII19-10-dimer (A), FIII9'-10-trimer (B), and
FI19'-10-tetramer (C) in 1 mM DTT, 10 mM NaHRO500 mM NaCl, pH 7.8, for protein
concentrations as shown. For ease of comparison across the concentration range, the distributions

were normalised to the major peak in each case.
Figure 5. Thermal unfolding of FIII9'-10-dimer (circles) and FIlI9'-10-trimer (triangles) measured

by circular dichroism at 222 nm. Proteins (1.0 mg/ml) were equilibrated in 6 M GdnHCI phosphate

buffer in presence of 1 mM DTT. Insert shows raw data of thermal melt of FIl19'-10-tetramer.
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Figure 1

A

MRGSHHHHHHGVASGLDSPTG DFSDI TANSFTVHW APRATI TGYRI RHHPEHFSG
RPREDRVPHSRNSI TLTNLTPGTEYWSI VALNGREESPPLI GQQSTVSDVPRDLEV
VAATPTSLLI SWDAPAVTVRYYRI TYGETGGNSPVQEFTVPGSKSTATI SGLKPGVD
YTI TVYAVTGRGDSPASSKPI SI NYRTSKLEPKSSDTPPGSPRSPEPKSSDTPPGSP
RSGRI KQLEDKI EELLSKI YHLENEI ARLKKLI GELEDKI ENLGC

B

construct coiled coill

FI1119'-10 dimer Rl KQLEDKI EELLSKI YHLENEI ARLKKLI GELEDKI ENL
FI1119'-10 trimer Rl KQ EDKI EEI LSKI YHI ENEI ARl KKLI GEI EDKI ENI
FI119'-10 tetramer RLKQ EDKLEEI LSKLYH ENELARI KKLLGEI EDKLENI
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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