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This work presents a protein structure that has been designed purely for aesthetic reasons, symbolizing
decades of coiled-coil research and praising its most fundamental model system, the GCN4 leucine zip-
per. The GCN4 leucine zipper is a highly stable coiled coil which can be tuned to adopt different oligo-
meric states via mutation of its core residues. For these reasons it is used in structural studies as a
stabilizing fusion adaptor. On the occasion of the 50th birthday of Andrei N. Lupas, we used it to create
the first personalized protein structure: we fused the sequence ANDREI-N-LVPAS in heptad register to tri-
meric GCN4 adaptors and determined its structure by X-ray crystallography. The structure demonstrates
the robustness and versatility of GCN4 as a fusion adaptor. We learn how proline can be accommodated
in trimeric coiled coils, and put the structure into the context of the other GCN4-fusion structures known
to date.

� 2014 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.
1. Introduction

Coiled coils are ubiquitous protein domains that are found in a
vast range of functional contexts. They are bundles of a-helices
that are wound around each other into superhelical structures
and held together by a mostly hydrophobic interface in the core
of the bundle. Predominantly, they have a heptad periodicity –
they are built upon a simple, seven-residue sequence repeat, where
the seven positions are labeled a–g, with positions a and d in the
core and therefore mostly hydrophobic. Due to their simple, repet-
itive nature, the coiled coil is the only protein structure that can be
modeled from sequence using simple parametric equations (Lupas
and Gruber, 2005). Most naturally occurring coiled coils are di-
meric, trimeric or tetrameric bundles, whereby the oligomerization
specificity is governed to a large extent by the composition of the
core residues.

Much of the basic research on coiled-coil structure and oligo-
merization specificity has been done using the coiled-coil domain
of the yeast transcription factor GCN4 as a model system (Gonzalez
et al., 1996; Harbury et al., 1993, 1994; O’Shea et al., 1991). This
domain, known as the GCN4 leucine zipper, is a dimer by nature,
but can be switched to higher oligomeric states by mutations in
the a- and d-positions (Harbury et al., 1993). As the GCN4 leucine
zipper is highly stable, it can serve as a stabilizing fusion partner
for structural studies on otherwise hard to tame oligomeric pro-
teins. The first reported crystal structures of proteins stabilized
by such fusions were those of the trimeric viral glycoproteins
HIV-1 GP41 (Weissenhorn et al., 1997) and Ebola virus GP2
(Weissenhorn et al., 1998). Here an N-terminal GCN4pII adaptor
was employed, a trimeric GCN4 leucine zipper variant with the
a- and d-positions changed to isoleucine. The first dimeric
fusion structures were those of fragments of alpha-tropomyosin
(Li et al., 2002) and vimentin (Strelkov et al., 2002), both with an
N-terminal GCN4 adaptor based on the wild-type sequence.

About the time when the first crystal structure of the GCN4 leu-
cine zipper was reported (O’Shea et al., 1991), Andrei N. Lupas pub-
lished a landmark paper on the prediction of coiled coils from
sequences (Lupas et al., 1991). Ever since he has steadily made sig-
nificant contributions to the field, eventually adding a line of
experimental coiled-coil research in his own department, amongst
others with the authors of this paper. One major focus in the lab
are Trimeric Autotransporter Adhesins (TAA), fibrous proteins in
the outer membrane of gram-negative pathogens, a protein family
with a seemingly inexhaustible diversity of trimeric coiled-coil
motifs (Linke et al., 2006). As an important tool for studying TAA
fragments, we developed a special variant of an expression vector
for the construction of N- and C-terminal fusions to GCN4pII adapt-
ors (Hernandez Alvarez et al., 2008). To date, we have solved more
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than 30 crystal structures of trimeric constructs using this vector,
as well as several dimeric constructs with a modified version of
the vector.

Now, for the occasion of Andrei’s 50th birthday, which hap-
pened shortly before the 6th Alpbach workshop on coiled coils in
2013 – the year of the 60th anniversary of the structural model
of the coiled coil proposed by Crick (1953) and by Pauling and
Corey (1953) – we aimed to demonstrate the aesthetic potential
of GCN4 fusions: we fused the sequence ANDREI-N-LVPAS to
Andrei’s own GCN4 adaptors and solved its (his) structure by
X-ray crystallography.

2. Materials and methods

2.1. Cloning, expression and purification

In this work we used an improved version of our original
pIBA-GCN4tri vector (Hernandez Alvarez et al., 2008). Firstly, the
Fig.1. The structure of ‘‘ANDREI-N-LVPAS fused to GCN4 adaptors’’. The Ca traces of th
chains highlighted in grey: at the beginning of the insert, the asparagine of ANDREI in a d-
the insert, the proline of LVPAS is causing major disturbances to the helices of the coiled c
N-LVPAS are highlighted in dark grey. (A) The whole structure is aligned with its sequenc
rise per residue and the coiled-coil periodicity stay constant at values expected for hept
severe glitch of these parameters is observed: A drop in the periodicity to 3.3 residues/t
consequence of the accommodation of the proline, which disturbs the backbone hydro
GGGSG preceding the N-terminal adaptor was not resolved in the electron density and is
N-LVPAS, viewed from the N-terminus, highlighting the coordination of the bromide ion
(left, yellow) compared to the proline in 1ZTM with a preceding p-turn (right, green). Fo
superimposed on a helix from an unperturbed trimeric canonical coiled coil (transparent
in the shaded areas the i + 4 ? i hydrogen bonding pattern of a-helices is broken. Highlig
hydrogen bond of the p-turn in 1ZTM is highlighted yellow. The direct comparison o
circumvented in 1ZTM by the p-turn, which allows the helix to solve part of the sterica
aspartate in position 6 of the C-terminal GCN4pII adaptor was
replaced by tryptophan to allow for an improved quantification
of fusion inserts without tryptophan residues via UV absorption at
280 nm. Secondly, the corresponding aspartate of the N-terminal
GCN4pII adaptor was replaced by methionine to allow for a more
efficient seleno-methionine labeling of the fusion protein, if
needed. Thirdly, a hexa-histidine tag followed by a TEV (tobacco
etch virus) protease cleavage site and a GGGSG-linker now
precedes the N-terminal GCN4pII adaptor.

The DNA fragment encoding the coiled-coil construct shown in
Fig. 1A was synthesized (Eurofins MWG). Restriction sites BamHI
and XhoI were inserted at the ends of the synthetic gene and
used for directed cloning. The gene sequence was verified by
sequencing.

The protein was expressed in Escherichia coli TOP 10 cells at
37 �C. Expression was induced with 0.2 lg/ml anhydrotetracycline
in the logarithmic growth phase. After incubation for another 4 h
cells were harvested by centrifugation.
e three chains are colored individually. Residues of special interest have their side
position (N@d) is coordinating a bromide ion in the core of the bundle; at the end of
oil. Additionally, in the yellow chain, the side chains of the insert sequence ANDREI-

e and plots of its structural parameters. Throughout the GCN4 adaptors the a-helical
ad coiled coils (1.5 Å and 3.5 residues/turn, respectively). However, in the insert, a
urn is accompanied by an increase in the rise per residue to almost 2 Å. This is the
gen bonding pattern of the a-helices in the shaded area. The N-terminal sequence
omitted from the sequence in the figure. (B) The structure of the sequence ANDREI-
by the N@d residues. (C) The accommodation of the proline in the present structure
r both structures, the backbone of a single helical segment containing the proline is
grey). The backbone hydrogen bonds of the helices are represented by dashed lines –
hted in red is the bond that would involve the proline nitrogen. The single i + 5 ? i
f the two modes of accommodation shows how an over-winding of the helix is
l problem by providing more space for the proline side chain.
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The cell pellet was resuspended in lysis buffer containing
20 mM Tris/HCl, pH 7.6, 150 mM NaCl, 4 mM MgCl2, DNase I and
cOmplete Protease Inhibitor Cocktail (Roche). After lysis using a
French press, guanidinium hydrochloride and NaCl were added to
the lysate to final concentrations of 6 M and 500 mM, respectively,
followed by stirring for 1 h at room temperature. The denatured
cell extract was centrifuged and the supernatant was loaded on a
NiNTA column equilibrated with 20 mM Tris/HCl, pH 8, 500 mM
NaCl, 6 M guanidinium hydrochloride. The bound histidine tagged
protein was eluted by a linear gradient from 0 to 500 mM imidaz-
ole. Protein containing fractions were pooled and dialyzed against
20 mM Tris/HCl, pH 7.7, 150 mM NaCl for refolding. The hexa-his-
tidine tag was removed by TEV cleavage at 4 �C for 12 h. The
cleaved tag and the histidine tagged TEV protease were removed
by running a second NiNTA column in 20 mM Tris/HCl, pH 7.5,
150 mM NaCl. Although the untagged protein was found to be
bound to the column it could be separated from the TEV protease
using a gradient from 0 to 500 mM imidazole for elution. The pro-
tein was dialyzed against 50 mM sodium acetate buffer, pH 4.0,
50 mM NaCl and subsequently concentrated to 6.7 mg/ml.
2.2. Crystallization, data collection and structure determination

Crystallization trials were performed at 295 K. Sitting drops
containing 300 nl of protein solution and 300 nl of reservoir solu-
tion were prepared on 96-well plates with a reservoir volume of
50 ll. Crystals grew only in conditions containing bromide salts.
The best diffracting crystal was harvested after a week from a con-
dition containing 1.75 M sodium bromide and 100 mM HEPES, pH
7.5. It was transferred into a drop containing 30% (v/v) glycerol in
addition to the reservoir solution, loop-mounted, and flash-cooled
in liquid nitrogen. Diffraction data were collected at 100 K and a
wavelength of 1 Å on a PILATUS 6 M detector at beamline PXII of
the Swiss Light Source (PSI, Villigen, Switzerland). Data were in-
dexed, integrated and scaled to a resolution of 1.95 Å in space
group P21 using XDS (Kabsch, 1993). The unit cell parameters (Ta-
ble 1) suggested a single trimer in the asymmetric unit with a sol-
vent content of about 40%. Molecular replacement was carried out
with MOLREP (Vagin and Teplyakov, 2000) and a trimeric GCN4pII
adaptor cut from the structure 2YNY as a search model. Both the N-
and C-terminal GCN4 adaptor of the single trimer were found in a
single translation search using the pseudo translation vector (3.5,
Table 1
Data collection and refinement statistics.

Data collection

Space group P21

Unit cell parameters a = 42.00 Å, b = 41.60 Å,
c = 64.14 Å, b = 95.84�

Resolution range (Å) 36.6–1.95 (2.07–1.95)
Completeness (%) 98.7 (97.5)
Redundancy 3.28 (3.33)
I/r(I) 11.3 (1.94)
Rmerge (%) 5.7 (57.5)
Refinement
Resolution range (Å) 36.6–1.95 (2.0–1.95)
Rcryst (%) 23.8 (34.5)
Rfree (%) 27.5 (44.8)
# atoms protein/bromide/water 1755/1/72
Mean B value protein/bromide/water

(Å2)
43.6/39.1/48.8

Bond length/angle RMSD (Å/�) 0.016/1.72
Residues in the core region of the

Ramachandran plot
100%

Values in parenthesis refer to the highest resolution shell; Ramachandran statistics
were determined by PROCHECK (Laskowski et al., 1993).
0, 26.4 Å) of a very strong (36% of origin) Patterson peak. After ini-
tial rigid body refinement using REFMAC5 (Murshudov et al.,
1999), the insert between the adaptors was clearly traceable in
the electron density so that the structure could be completed by
cyclic manual modeling with Coot (Emsley and Cowtan, 2004)
and refinement with REFMAC5. Data collection and refinement sta-
tistics are summarized in Table 1. The structure was deposited in
the Protein Data Bank (PDB) under accession code 4C46.
2.3. Bioinformatics

The coiled-coil and alpha-helical parameters shown in Fig. 1A
were determined using TWISTER (Strelkov and Burkhard, 2002)
and plotted using Gnuplot. All molecular depictions were prepared
using MolScript (Kraulis, 1991) and Raster3D (Merritt and Bacon,
1997).

For a survey of coiled-coil structures with embedded proline
residues we employed the CC+ database as of 26th April, 2013, a
relational database of coiled coils of known structure compiled
from the Protein Data Bank (Testa et al., 2009). CC+ was configured
to return all structures with proline residues embedded in parallel,
homo-oligomeric coiled-coil assignments of any length. Filtering at
50% sequence identity yielded 2 hits for trimers (1ZTM and 3RRT)
and 6 hits for dimers (1LJ2, 1WZ8, 2R9A, 2V4H, 3DV8 and 3SR2).
These structures were manually inspected to exclude instances
where proline is found only at coiled-coil N-termini, which re-
duced the list for dimers to 4 instances (1LJ2, 2R9A, 2V4H and
3SR2).

To collect all known GCN4 fusion structures we did a BLAST
search with the sequence MKQLEDKVEELLSKNYHLENEVARLKKL
of the GCN4 dimerization domain against the PDB as of 30th Octo-
ber, 2013. The full-length sequences of hits with an E-value lower
than 1.0 were collected and filtered manually to contain only true
fusion proteins with a minimum length of 40 residues. As the only
exception, the wild-type GCN4 structure 2DGC was kept for illus-
trative purposes. The resulting set contained 36 sequences includ-
ing ‘‘ANDREI-N-LVPAS fused to GCN4 adaptors’’. This set was
enriched by the sequences of 10 unreleased fusion structures that
we presented at the 6th Alpbach meeting and which are currently
to be published, yielding 46 sequences. These were clustered in 2D
using CLANS (Frickey and Lupas, 2004) at a P-value cut off of 9.0e-
20 with default settings. (A very illustrative example of this clus-
tering approach is given in Alva et al. (2010).) Details of the se-
quences are described in Table 2. It should be noted that the
actual number of GCN4 fusion structures is higher than the num-
ber of GCN4 fusion constructs, as for some constructs there are
multiple structures deposited.
3. Results and discussion

3.1. The structure of Andrei N. Lupas fused to GCN4 adaptors

For the design of the fusion construct, we tried to find a register
for the insert sequence that is most suitable for trimeric coiled
coils. Therefore, the sequence ANDREI-N-LVPAS was fused such
that the isoleucine occupies an a-position, and that the valine
and the first asparagine occupy d-positions. The asparagine in d
(N@d) seemed especially attractive, as it can serve as a trimeriza-
tion determinant and coordinates an anion in the core of the trimer
(Hartmann et al., 2009). With this assignment, the insert would
start with a c-position and end with a g-position. To maintain a
continuous heptad register of the fusion protein, two amino acids,
isoleucine (in position a) and glutamate, were added to the N-ter-
minus of the insert sequence, and then the whole 14-residue insert
was fused to N- and C-terminal GCN4pII adaptors, yielding the



Table 2
Description of the 46 sequences in the cluster map and associated PDB codes. Only one PDB code is listed for sequences with more than one PDB entry. The column ‘‘N or C’’ details
whether GCN4 was fused N- and/or C-terminally.

Seq# PDB N or C Fused to: References

Trimers
1 4C46 N + C ANDREI-N-LVPAS This work
2–7 – N + C Short inserts (<10 aa) Hartmann et al. (in preparation)
8 – N + C The a/b coiled coil
9 – N + C TAA fragment from actinobacillus
10 2XZR N + C E. coli immunoglobulin-binding protein EibD fragment 391–438 Leo et al. (2011)
11 2WPR N + C Salmonella enterica SadA fragment 483–523 Hartmann et al. (2009)
12 2WPQ N + C Salmonella enterica SadA fragment 479–519
13 2YO3 N + C Salmonella enterica SadA fragment 1185–1386 Hartmann et al. (2012)
14 2YO0 N*+C Salmonella enterica SadA fragment 1049–1304
15 2YNY N + C Salmonella enterica SadA fragment 255–302
16 2YNZ N Salmonella enterica SadA fragment 823–947
17 2YO2 N + C Salmonella enterica SadA fragment 255–358
18 3ZMF N + C Salmonella enterica SadA fragment 303–358 Hernandez Alvarez et al. (2008)
19 1CZQ N HIV-1 gp41 fragment Eckert et al. (1999)
20 3L35 N HIV-1 gp41 fragment Welch et al. (2010)
21 1FAV N HIV-1 gp41 fragment Zhou et al. (2000)
22 1ENV N HIV-1 gp41 fragment Weissenhorn et al. (1997)
23 2VNL C Headbinding domain of phage P22 tailspike To be published
24 2VKY C Headbinding domain of phage P22 tailspike
25 3S6X N * Reovirus attachment protein sigma1 fragment Reiter et al. (2011)
26 1EBO N Ebola virus GP2 ectodomain Weissenhorn et al. (1998)
27 4G2K N Marburg virus GP2 ectodomain Koellhoffer et al. (2012)
28 2B9B C Parainfluenza virus 5 F protein fragment Yin et al. (2006)
29 4GIP C* Parainfluenza virus 5 F protein fragment Welch et al. (2012)
30 2R32 N Human GITRL variant Chattopadhyay et al. (2007)
Tetramer
31 3NAF N* Gating ring of human high-conductance Ca2 + gated K + Channel Wu et al. (2010)
Dimers
32 2D3E N C-Terminal fragment of rabbit skeletal alpha-tropomyosin To be published
33 2Z5H N/C Head-to-tail junction of tropomyosin Murakami et al. (2008)
34 1KQL N C-terminal region of striated muscle alpha-tropomyosin Li et al. (2003)
35 2EFR N + C C-terminal tropomyosin fragment To be published
36 2B9C C Tropomyosin’s mid-region Brown et al. (2005)
37 1GK6 N Human vimentin coil 2b fragment Strelkov et al. (2002)
38 1NKN C N-terminal segment of the scallop myosin rod Li et al. (2003)
39 3P8M C In vitro evolved peptide Rapali et al. (2011)
40 3I5C N GGDEF domain of WspR from Pseudomonas aeruginosa De et al. (2009)
41 – N Poly-HAMP construct with 4 HAMP domains Ewers et al. (in preparation)
42 – N Poly-HAMP construct with 6 HAMP domains
43 2WG5 N Proteasome-activating nucleotidase (PAN) N-domain fragment Djuranovic et al. (2009)
44 2WG6 N Proteasome-activating nucleotidase (PAN) N-domain fragment, mutant
45 1LLM C Transcription factor Zif268 fragment Wolfe et al. (2003)
46 2DGC – No fusion: GCN4 basic domain, leucine zipper complexed with DNA Keller et al. (1995)

* The corresponding GCN4 adaptor is not resolved in the structure.

S. Deiss et al. / Journal of Structural Biology 186 (2014) 380–385 383
sequence shown in Fig. 1A. The construct was expressed in E. coli,
purified, and set up for crystallization. After one week we obtained
well-diffracting crystals that led to a dataset with a resolution of
1.95 Å. We could solve the structure via molecular replacement
using a GCN4pII adaptor as a search model.

As anticipated, the overall fold of the structure appears to be a
continuous trimeric coiled coil with heptad periodicity (Fig. 1A).
The helices of the GCN4 adaptors pass seamlessly into the helices
of the insert, and at the beginning of the insert, the N@d layer coor-
dinates an anion in the core of the bundle. The anion is enclosed in
a cavity bounded by the N@d layer on one side and by the isoleu-
cines in the preceding a-position on the other side. In the majority
of the known instances, N@d layers coordinate chloride ions
(Hartmann et al., 2009). Here, due to a large excess of sodium
bromide in the crystallization condition, the N@d layer sequesters
a bromide ion instead (Fig. 1B). In fact, we did not obtain crystals in
conditions without bromide salts. This might be due to the fact
that bromide-coordinating N@d layers have a larger coiled coil
radius, which might have been crucial for the present crystal
packing. However, the most distinctive feature of the structure
becomes manifest C-terminally to the N@d layer: the remainder
of the insert is not strictly a-helical because the proline residue
causes major perturbations.
3.2. The accommodation of proline in the heptad repeat

Proline is unable to participate in the backbone hydrogen
bonding interactions of a-helices and poses a sterical problem
for the helices. In the present structure it occupies an e-position
and Fig. 1C illustrates how its side chain is literally stuck in the
helical backbone, severely distorting the geometry of the preced-
ing helical turn. Strictly speaking, this turn is no longer a-helical;
it is effectively over-wound, with a helical rise per residue corre-
sponding to a 310 helix. This is especially evident in sharp peaks
in the plots of the a-helical rise per residue and the coiled-coil
periodicity in Fig. 1A. Interestingly, we have observed a compara-
ble behavior for the insertion of 3 residues (a stammer) into a
heptad repeat coiled coil, which leads to a similar over-winding
and steeper rise per residue of the helices (Hartmann et al.,
2009). All together, the proline in the present structure impairs
the formation of 5 backbone hydrogen bonds within the helix
(Fig. 1C).

A search for other instances of proline embedded in coiled
coils of known structure using CC+ (Testa et al., 2009) yielded 2
more structures of trimeric coiled coils, 1ZTM (Yin et al., 2005)
and 3RRT (McLellan et al., 2011), both of viral fusion proteins.
In these two proteins the proline is found in an f-position and



Fig.2. Cluster map of all reported GCN4-fusion structures with non-identical sequence, created with CLANS (Frickey and Lupas, 2004). The map contains 45 sequences
including ‘‘ANDREI-N-LVPAS fused to GCN4 adaptors’’, plus the wild-type GCN4 structure 2DGC. It shows an equilibrated state after a force-directed clustering procedure in
which the sequences are treated as point masses in a virtual 2D space that attract or repel each other according to their pairwise sequence similarity. The 22 encircled and
annotated constructs originate from Andrei’s lab. Of these, ‘‘ANDREI-N-LVPAS fused to GCN4 adaptors’’ was not conceived by Andrei.
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an over-winding of the helices is avoided by the formation of a p-
turn N-terminal to the proline, as exemplified for 1ZTM in Fig. 1C.
A p-turn results from the incorporation of an additional residue
into a helix, resulting in a wider turn. This provides more room
for the accommodation of the proline by departing from the hep-
tad repeat.

For dimeric coiled coils we found 4 structures. One of them,
1LJ2 (Groft and Burley, 2002), has the proline (in position b)
embedded in the heptad repeat and a similar mode of accommoda-
tion as in the present structure. In two others, 2R9A (Andres et al.,
2007) and 3SR2 (Hammel et al., 2011), the proline (in position c) is
accompanied by a p-turn as in the trimers described above. How-
ever, the fourth example, 2V4H (Grubisha et al., 2010), shows an
interesting peculiarity: The proline is found right after an insertion
of 3 residues (a stammer) into the heptad repeat. It occupies a b-
position when the resulting decad is written in heptad notation
as [abc]abcdefg (where the brackets delimit the stammer), which
is structurally equivalent to the proline in the e-position in the
present structure. As mentioned above, the effect of a stammer is
similar to that of a proline in heptad repeat. What is special about
this structure is that it combines a stammer and a proline such,
that their effects are not cumulative: depending on the point of
view, one could either argue that the proline sits in a position
where it is structurally tolerated due to the over-winding and stee-
per rise per residue caused by the stammer, or that the stammer is
located where an over-winding and steeper rise per residue is re-
quired by the proline.

The available set of instances is very small, so that general con-
clusions are hardly possible. However, one interesting observation
is that an accommodation via p-turns is only found for prolines in
position f or c. These are, together with position b, the positions on
the outer face of the coiled coil. As the p-turns bulge out the helices
on the face on which the proline is located, it is conceivable that
this accommodation mode is generally restricted to prolines in
these outer positions. On the contrary, an accommodation within
the heptad repeat as in the present structure should be possible
in any position.
3.3. Andrei N. Lupas and the rest of the GCN4-fusion world

This paper presents a worthwhile opportunity to compile an
overview of all GCN4 fusion structures that have been reported
to date. For this purpose we did a BLAST search with the GCN4 leu-
cine zipper sequence against the Protein Data Bank. After filtering
the hits as detailed in the methods section we counted 35 struc-
tures with non-identical sequence. To these we added the unre-
leased fusion structures that we presented at the 6th Alpbach
meeting in 2013: 2 dimeric constructs of consecutive HAMP do-
mains (Ewers et al., in preparation) and 8 trimeric constructs
including the a/b coiled coil (Hartmann et al., in preparation).
We then calculated a sequence cluster map for the resulting
45 structures, plus the wild-type GCN4 reference structure 2DGC
(Fig. 2 and Table 2).

The 45 sequences of fusion proteins in the map contain 14 di-
mers, 30 trimers and 1 tetramer. Although many of the fusion pro-
teins have nothing in common apart from their GCN4 adaptors, the
map shows a clear separation into dimers and trimers. Highlighted
and annotated are the structures originating from the Lupas lab: 4
dimers and 18 trimers. When these are omitted, the map becomes
much sparser: the trimeric half, with one exception, consists only
of viral (9) and phage (2) proteins, and the dimeric half is domi-
nated by muscle and filamental proteins (7 out of 10). In contribut-
ing a large number of TAA fragments and other trimeric coiled-coil
motifs, as well as some dimeric constructs as esoteric as GCN4
fused to the N-domain of the proteasomal ATPase PAN, Andrei
has clearly brought a lot more diversity into the GCN4 fusion
world. With ‘‘ANDREI-N-LVPAS fused to GCN4 adaptors’’ he ex-
tends this contribution, literally. Depending on your name, You
too could contribute to the world of GCN4 fusions with your own
personalized protein structure.
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