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The α9-helix of GBP-1 mediates suppression of proliferation
by the interaction with the Hippo transcription factor TEAD
B. Unterer1, V. Wiesmann2, M. Gunasekaran3, M. Leone4, N. Britzen-Laurent1, E. Naschberger1, T. Wittenberg2, J. Behrens3, F. Engel4, M. Stürzl1
1 Division

of Molecular and Experimental Surgery, Department of Surgery, University Medical Center Erlangen
² Fraunhofer-Institut. Integrierte Schaltungen IIS, Bildverarbeitung und Medizintechnik

³ Institute of Experimental Medicine II, University Medical Center Erlangen
of Nephropathology, University Medical Center Erlangen

4 Department

Background: Role of IFNγ in gastrointestinal diseases
In Inflammatory Bowel Disease (IBD) interferon‐gamma (IFNγ) is associated with an
increased vessel permeability and a repressed angiogenesis (Haep et al., 2015). Also in
Colorectal Cancer (CRC) IFNγ correlates with a repressed angiogenesis (Guenzi et al., 2003;

independent prognostic factor of increased cancer‐related 5‐year survival (Naschberger et al.,
2008) in this disease.
This is due to the angiostatic activity of GBP‐1. GBP‐1 expression leads to a repressed
proliferation in endothelial as well as tumor cells. Furthermore we demonstrated that
GBP‐1 acts as an tumor suppressor in CRC (Britzen‐Laurent et al., 2013). However, the
molecular mechanism of this suppression of proliferation remains to be elucidated.

Weinländer et al., 2008).

GBP‐1 is among the major IFNγ induced factors. We have shown previously that GBP‐1 is
closely associated with an intratumoral Th1 tumor microenvironment in CRC and is an
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Figure 2. A. GBP-1 mutants
containing alanine substitutions.
Seven mutants starting in the beginning
of the α7 and ending after α13 were
generated. In each mutant were seven
amino acids within the α9-helix
substituted to alanines. All mutants
contain a N-terminal flag-epitope, which
was used for immunodetection in B+C.
B. A1-7/α mutants are expressed on
protein level. Protein expression of all
seven mutants was confirmed in whole
cell lysates of transiently transfected
HeLa cells by western blot analysis.
C. First seven amino acids of the
α9-helix may contribute to the
suppression
of
proliferation.
Proliferation rates were determined on
single cell level corresponding to Fig.
1D. A1/α mutant, in which the first
seven amino acids of the α9-helix were
substituted by alanines, showed a
significant higher proliferation rate in
comparison to all other mutants
(A2-7/α) and wt helical domain.
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Figure 1. A. Structure of GBP-1. GBP-1 consists of an globular domain harboring GTPase-activity (magenta) and an elongated α-helical domain (blue) including the α-helices 7-13. The α-helix 9 is highlighted in green. The
CAAX isoprenylation motif at the very C-terminus regulates membrane association. B. Helical domain was sufficient for suppression of proliferation. The proliferation of cells expressing GBP1-WT, GBP1-helical domain,
GBP1-∆CAAX and a GTPase deficient mutant (D148N) was suppressed in comparison to control cells and cells expressing the globular-domain (Fig. Guenzi et. al, 2001). C. Generated GBP-1 variants were expressed on
protein level. Several GBP-1 variants were cloned an transiently expressed in DLD1 cells. Protein expression was confirmed with western blot analysis via flag-epitope. D. All variants containing the α9-helix showed
decrease in proliferation. Proliferation rate was determined in transiently transfected DLD1 cells on single cell level using EdU. EdU got incorporated within the DNA during replication and was stained in a click-it reaction with
Alexa555 in red. Transfected variants were detected via flag-antibody and Alexa488 in green. All cell nuclei were counterstained with DAPI in blue (left pictures). Proliferation rate was determined by automatic cell counting,
therefore at least 1000 transfected cells were evaluated for each variant. All GBP-1 variants containing the α9-helix (green) showed a decreased proliferation rate in comparison to variants without α9 or controls (grey) (right
picture). D. The α9-helix mediated suppression of proliferation. Stable transfected single cell DLD1 clones expressing the α9-helix were generated. Protein expression of the α9-helix was confirmed with
immunofluorescence stainings (left). The α9-helix expressing clones showed same suppression of proliferation as GBP-1-WT expressing clones. Proliferation of clones stable transfected with empty vector (Ctrl.) or
untransfected cells is depicted as controls (grey).
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GBP-1 interacts with Hippo transcription factor TEAD
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Putative α9 interaction partner (Y2H)
double-strand break repair protein
MRE11A
scaffold attachment factor B2
eukaryotic translation initiation factor 4
filamin-C
vesicle-associated membrane proteinassociated protein A
beta-tubulin
homeodomain-interacting protein kinase 2
StarD7: START domain containing 7
TEAD (transcription factor):
clones #44+45+55 (aa 18-190), #58
(aa53-253), #64 (aa 39-144)
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Figure 3. A. GBP-1 is located within the midbody in a GTPase dependent
manner. In transient transfected HeLa cells GBP-1-wt (α-flag antibody, green) is
localized within the midbody (arrow), which is localized in the middle of the
cytokinesis bridge (α-acetylated alpha tubulin antibody, red). Neither the whole
helical domain containing the CAAX-isoprenylation (causing increased granular
pattern) motif nor one of the α-helical subdomains without this motif (α10-13
exemplarily depicted) were localized within the midbody. Furthermore two
GTPase deficient GBP-1 mutants (K51A and D184N) also failed to localize within
the midbody. All pictures were taken with a confocal microscope. Cell nuclei were
stained with DAPI (blue).

Figure 4. A. Schematic picture of the Yeast-two-Hybrid Assay (Y2H). Only if the α9-helix of GBP-1, which was used as bait, interacted with a prey
(mouse mRNA library), reporter gene transcription was activated. As reporter genes a lac-reporter and the yeast histidine-gene was used. B. Putative
α9-helix interaction partners. List of candidates interacting with α9-helix resulting from the Y2H assay (left). Grey ones could not be confirmed in yeast
using retransformation and beta-gal assays. For TEAD five overlapping clones were identified. C. StarD7 shows weak interacting with GBP-1 in human
HEK293 cells. After co-immunoprecipitation (co-IP) only weak StarD7 signal was detected in GBP-1 expressing cells. Furthermore some background
signal was detected with GFP or empty vector control (Ctrl.). D. TEAD strongly interacts with GBP-1 in DLD1 and HeLa cells. After co-IP strong TEAD
signal was detected in the present of GBP-1 and no unspecific signal in untransfected (UT) cells. E. TEAD interacts also in human cells most likely
with GBP-α9-helix. TEAD shows interaction with GBP-1 WT and α7-11 but not with α12-13 or globular domain. C-E. Method Co-IP. All used GBPvariants and controls (GFP, empty vector) contained flag-epitopes. Therefore precipitation was performed using beads coupled with mouse-α-flag
antibodies. Binding of flag-tagged variants to the beads were controlled in lower blots. These were also stained with an α-mouse antibody resulting in the
detection of the IgG heavy chain (HC) and light chain (LC) of the antibody coupled to the beads. Interaction of transfected GBP-1 and endogenous StarD7
or TEAD is detected in upper blots. Due to the use of an α-rabbit antibody, only LC can be detected. For detection of TEAD a pan-antibody was used,
detecting all four TEAD family members.
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