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GTPases of Immunity-Associated 
Proteins (GIMAPs) are a family of 

guanine nucleotide binding (G) proteins 
which are implicated in the regulation 
of apoptosis in lymphocytes. GIMAPs 
are composed of an amino-terminal G 
domain and carboxy-terminal extensions 
of varying size. Our recent biochemical 
and structural analysis of a representa-
tive GIMAP family member, GIMAP2, 
revealed the molecular basis of GTP-
dependent oligomerization which 
involves two interfaces in the G domain. 
Whereas the amphipathic helix α7 in 
the C-terminal extension closely folds 
against the G domain in the GDP-bound 
state, it might be released in the GTP-
bound state to assemble interaction part-
ners. We also showed that the GIMAP2 
oligomer functions at the surface of lipid 
droplets in a Jurkat T cell line. Here, we 
review our recent work and discuss the 
GIMAP2 oligomer as a GTP-dependent 
protein scaffold at the surface of lipid 
droplets controlling apoptosis.

GTPases of Immunity Associated Proteins 
(GIMAPs, also known as Immunity-
Associated Nucleotide-binding proteins, 
IANs) comprise a conserved G protein fam-
ily which appears in plants1 and vertebrates.2 
In humans, the seven GIMAP members 
have molecular masses of 33–75 kDa and 
are composed of an amino-(N-)terminal 
guanine nucleotide binding (G) domain 
containing a unique conserved sequence, 
the conserved box, followed by carboxy-
(C-)terminal extensions of 60–130 amino 
acids length. GIMAP1, GIMAP2 and 
GIMAP5 additionally possess one or two 
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predicted helical transmembrane anchors 
at the very C-terminus, whereas GIMAP8 
contains three consecutive GIMAP-
specific G domains in a single polypeptide 
chain.3 Within the TRAnslation FACtor 
(TRAFAC) class of GTPases, GIMAPs 
together with the Toc (translocon at the 
outer envelope membrane of chloroplasts) 
proteins constitute the paraseptin clade, 
which is related to the septin family.4

Initial insights into a role of GIMAPs 
for lymphocyte maintenance originated 
from the BioBreeding (BB) diabetes-prone 
rat strain, which shows a severe reduction 
in the number of peripheral T cells (T 
lymphopenia),5 and develops spontaneous 
type 1 diabetes.6 A frameshift mutation in 
the gimap5 gene was identified as genetic 
cause of this phenotype.7,8 Subsequently, 
GIMAP5 was discovered as an anti-
apoptotic factor in a human T cell line.9 
Knockout studies in mice further cor-
roborated the central function of GIMAPs 
in the regulation of apoptosis in lympho-
cytes. Conditional knock out of GIMAP1 
in mouse lymphoid tissues results in a 
severe B and T lymphopenia, and the few 
remaining lymphocytes exhibit a reduced 
in vitro survival capacity.10 GIMAP5 
knock out mice show a nine-fold decrease 
in splenic T cells and an increased apopto-
sis tendency in the residual splenocytes.11 
Furthermore, microarray gene expres-
sion studies point to an involvement of 
GIMAPs in human lymphocyte-related 
diseases; almost the whole GIMAP family 
is downregulated in CD4+CD25high regula-
tory T cells of patients suffering from type 
I diabetes,12 and GIMAP2 and GIMAP7 
are within the 15 most downregulated 
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in the presence of GTP. For this construct, 
crystals were obtained in the GTP-bound 
form, in which the G domains oligomer-
ized via two distinct interfaces in the crys-
tal lattice (Fig. 1 and lower part). The 
‘G interface’ involves switch I, the con-
served box, the guanine nucleotide bind-
ing specificity motif (G4) motif and the 
bound nucleotide itself. Switch I becomes 
stabilized in the GTP-bound form and 
mediates nucleotide-dependent interac-
tion with the conserved box of the oppos-
ing molecule. Mutations of single amino 
acid residues in switch I and the conserved 
box abrogated GTP-dependent dimeriza-
tion in solution. The second association 
site, the ‘C interface’, was found both in 
the GDP- and GTP-bound structures of 

Monomeric structures of GIMAP2 in 
the nucleotide-free and in the GDP-bound 
form were solved by X-ray crystallogra-
phy (Fig. 1 and upper part).15 GIMAP2 
exhibits a typical G domain architec-
ture of the TRAFAC class16 composed 
of a central β-sheet and α-helices at both 
sides. The C-terminal extension consti-
tutes two amphipathic α-helices, α6 and 
α7, which bind against switch II of the G 
domain (Fig. 1 and upper part). We were 
not able to crystallize this construct in the 
GTP-bound state; however, our crystallo-
graphic analysis of the nucleotide-free pro-
tein suggested high flexibility of helix α7. 
Surprisingly, a construct lacking α7 was 
already a stable dimer in the presence of 
GDP and tetramerized with low affinity 

genes in anaplastic large cell lymphoma 
patient samples, when compared to their 
progenitor T cells.13

To explore structure and function 
of GIMAPs, we initiated an expression 
screen of the human GIMAPs in E. coli. 
Constructs of GIMAP2 devoid of its two 
C-terminal hydrophobic segments could 
be purified to homogeneity.14 The puri-
fied proteins still contained GTP from the 
expression host which could be removed 
by an additional washing step, attesting 
to the high nucleotide binding affinity of 
GIMAP2 (K

D
 = 40 nM for GTP and K

D
 

= 600 nM for GDP). We did not observe 
any GTP hydrolytic activity, but found 
low affinity GTP-dependent dimerization 
in solution (K

D
 = 250 μM).

Figure 1. GTP-dependent scaffold formation of GIMAP2. (upper part) The structure of the monomeric nucleotide-free GIMAP2 shows a Ras-like G-
domain (in green). Additional secondary structure elements compared to the minimal Ras G-domain are helix α3* and the two amphipathic helices 
α6 and α7 (in orange), which fold against switch II (blue). (lower part) In the absence of α7 and the presence of GTP, GIMAP2 oligomerized via two 
interfaces in the crystal to form a linear oligomer (the direction of the oligomerization axis is indicated by the black arrows). The conversion between 
the monomeric and oligomeric states is regulated by GTP binding or hydrolysis (red arrows).
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of lipids from LDs required for certain 
aspects of apoptosis. Interestingly, an 
increase in lipid droplets during apopto-
sis in the Jurkat T cell line was previously 
observed,21 but the functional significance 
remained unclear. Our future studies will 
address the molecular links between LDs, 
the GIMAP2 scaffold, the Bcl2 family, 
and the induction of apoptosis.
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of cargo, membrane remodeling and the 
recruitment of membrane scission fac-
tors.17 Protein scaffolds also assemble 
components of signal transduction path-
ways and allow modification of the signal 
and/or integration of various signalling 
cascades, e.g., during the assembly of 
MAP kinases by MAP kinase scaffolds.18 
Individual protein-protein interactions 
within such assemblies are often weak. 
However, multiple interactions within 
a two-dimensional matrix create meta-
stable scaffolds by avidity effects, allow-
ing dynamic assembly and disassembly of 
these scaffolds.17

Oligomers of the GIMAP family are 
prime examples for such membrane-asso-
ciated protein scaffolds whose assembly is 
dynamically regulated by GTP binding 
and GTP hydrolysis. The high affinity 
for GTP and the missing GTP hydrolytic 
activity of GIMAP2,15 and GIMAP5 (our 
unpublished data) allow stable assembly 
of these GIMAP scaffolds. Disassembly 
of these scaffolds might be triggered by 
accessory proteins which are able to stimu-
late GTP hydrolysis in a controlled fash-
ion. GIMAP2 is locally concentrated on 
the LD surface and restricted in its mobil-
ity by the two hydrophobic segments, so 
that the affinity for self-association has 
to be low to guarantee dynamic assem-
bly and disassembly of the scaffold. Once 
oligomerized, scaffolds of the GIMAP 
family might assemble pro- and antiapop-
totic B cell lymphoma 2 (Bcl2) family pro-
teins, as shown for GIMAP3, GIMAP4 
and GIMAP5,19 via interaction with their 
amphipathic helix α7. Interestingly, Bcl2 
proteins have a similar domain archi-
tecture to GIMAPs with a cytoplasmic 
domain followed by a C-terminal TM 
region, and they also interact with each 
other via amphipathic helices which are 
bound in a hydrophobic cleft of the accep-
tor protein.20 It is tempting to speculate 
that the GIMAP2 scaffold employs a simi-
lar mechanism to assemble and sequester 
interaction partners of the Bcl2 family at 
the surface of lipid droplets, thereby influ-
encing and modifying apoptotic processes. 
In one scenario, LDs might merely serve 
as an interaction platform for GIMAP2 
to sequester Bcl2 members. Alternatively, 
GIMAP2 might actively contribute to 
apoptotic events by controlling the supply 

the shortened GIMAP2 construct and 
was created by the exposure of hydropho-
bic residues after removal of α7. It involves 
residues from α2, α3 and α6, particularly 
a salt bridge between Arg224 in α6 and 
Glu131 in α3. Further truncations of α6 
including Arg224 abolished stable dimer-
ization via the C-interface.

Significant structural changes induced 
by GTP binding were also observed in the 
switch II region. In the GDP-bound state, 
Glu89 from switch II forms a salt bridge 
to Lys240 in helix α7. Conformational 
changes in switch II upon GTP-binding 
lead to a repositioning of Glu89, so that 
it cannot interact with α7 anymore. 
Accordingly, our data suggest that associa-
tion of the G domain with α7 is weakened 
upon GTP-binding. We propose that in 
the presence of an adequate hydropho-
bic acceptor, such as a lipid membrane or 
an interaction partner exposing a hydro-
phobic surface, α7 is released from the 
G domain in a GTP-dependent fashion, 
allowing oligomerization to proceed via 
the C-interface.

We also showed that overexpressed 
GIMAP2 localized to the periphery of 
lipid droplets (LDs) in the human Jurkat 
T cell line. The two hydrophobic stretches 
at the C-terminus of GIMAP2 were nec-
essary and sufficient for lipid droplet tar-
geting. Furthermore, we observed that 
overexpression of GIMAP2 significantly 
increased the number of LDs, whereas 
single amino acid mutations in both the 
G and C interfaces abrogated this phe-
notype, indicating a function of the 
GIMAP2 oligomer during lipid droplet 
development. The unique architecture 
of the oligomer, with its C-terminal tails 
pointing pairwise in opposite directions, is 
suitable for tethering LDs to each other or 
for the recruitment of interaction partners 
to the LD shell (Fig. 1 and lower part).

It has been recognized in recent years 
that dynamic membrane scaffolds play a 
major role in organizing the underlying 
membrane by orchestrating the recruit-
ment of soluble factors in a spatio-temporal 
fashion. Most importantly, these protein 
scaffolds allow control and modification 
of functional outputs of their associated 
processes. Clathrin-mediated endocyto-
sis is one example where scaffolds of the 
Eps15 family coordinate the recognition 
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