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Abstract

By using a quantitative method for yeast two-hybrid analysis, we tried to identify
interacting regions of ArfGAP1, a GTPase activating protein for Arf, and FinGER7 and
FinGERS, family members of five span transmembrane proteins localizing in the Golgi
apparatus and ER. The N-terminal region (1-152) containing a GTPase activation domain,’
and the C-terminal region (256-406) of ArfGAP1 was dispensable and the central region
(153-257) reported to function for sensing membrane curvature and also for targeting to
the Golgi apparatus was necessary and enough for the interaction with FinGER7 or
FinGERS. A mutation of 211th tryptophan of ArfGAP1 to alanine that disrupts the Golgi
targeting and lipid curvature sensing abolished the interaction with FinGER7 or FinGERS
suggesting the role of FinGER7 and FinGERS for the targeting of ArfGAP1 to the Golgi
apparatus. The severe reduction of the interaction was observed by deletion of the N-
terminal 31st to 41st residues of FinGER7 showing the importance of this region (31-41)
for the interaction. Deletion of any parts of the C-terminal transmembrane segments
completely abolished the interaction. Replacement of the cytoplasmic region or the
transmembrane region of FinGER7 by FinGERS did not recreate the original higher-level
interaction suggesting that the cytoplasmic region and the transmembrane region

cooperate for the interaction with ArfGAP1.
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Introduction

The Golgi apparatus is situated at the center of the vesicular transport pathway. It
receives secretory and transmembrane proteins from the ER, processes, sorts and sends -
out to the final destinations. Transport vesicles are produced by COPII, COPI and
clathrin coat at the ER, the Golgi apparatus and plasma membrane, respectively. Coat
proteins after recruitment on to the membrane by activated Arfl/Sarl, deform flat
membranes into spherical buds that finally pinch off the membrane forming transport
vesicles. Activation of Arf is mediated by Arf specific guanine nucleotide exchange
factor (GEF). Two subfamilies of large Arf-GEFs operate at the Golgi complex, BIGs
(Brefeldin inhibited GEFs) and GBF1 (Golgi specific Brefeldin A resistance factor 1). In
vesicular transport mediated by COPI coat, the GTPase activity of Arfl is stimulated by
ArfGAP1, a GTPase activating protein, that catalyzes the prerequisite step of uncoating
of vesicles. ArfGAPs canstitute a large family of proteins containing a highly conserved
(from yeast to inammals) catalytic domain of ~130 residues (GTPase activation or GAP
domain). A central region of ArfGAP1 (residue 192-231) termed as ALPS domain acts as
a lipid-packing sensor and helps anchor ArfGAP1 at the surface of the highly curved
membraﬁe, thus allowing GTP hydrolysis on Arfl. Ypt/rabs are known to regulate vesicle
budding and/or fusion at the various steps of vesicular transport pathway. In mammals,
rabl regulates ER to Golgi and intra-Golgi protein transport whereas rab6 is involved in
transport processes between endosomes and trans-Golgi network (TGN) and Golgi to ER
transport. In yeast, Yptlp is thought to play a key role in the tethering of ER- derived
transport vesicles to the Golgi apparatus. Yiplp is an Yptlp-interacting protein required
for transport through the early secretory pathway and Yiplp like FinGER family proteins
has been identified in bumans which are five-span transmembrane proteins localizing in
the ER and Golgi. Eight family members were found in human (FinGER1~FinGERS)
and they are all expressed widely in various tissues. It was reborted previously that the

Golgi apparatus is fragmented by the over expression of FinGER1, 2, 3, 4 and 7
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suggesting their function in the maintenance of the Golgi structure and/or the transport
between the ER and the Golgi apparatus. Yiplp is a putative yeast orthologue of
FinGER4 and FinGERS. Yiflp is that of FinGER3, FinGER7, FinGERS. Yiplp and
Yiflp are essential yeast gene products localized in the Golgi apparatus. The loss of
function of these proteins causes a block of the ER to Golgi transport and accumulation
of ER membranes. These proteins interact with Yptlp and Ypt31p, suggesting their
involvement in vesicle docking and fusion. Supporting this possibility, it was reported
that Yiplp and Yiflp were necessary to form vesicles competent for fusion with the
Golgi apparatus. On the contrary, it was also reported that Yiplp functions in vesicle
budding from the ER but not in the fusion with the Golgi apparatus. Therefore, it remains
obscure whether Yiplp and Yiflp function in vesicle budding and/or fusion steps.
Results

To explore the function of FinGER proteins in the secretory pathway, it was tried to
identify their interacting partner(s). A quantitative method of yeast two-hybrid analysis
was developed and using this approach, the interaction of all the FinGERs with rab1, rab6,
GBF1, ArfGAP1 was checked. No significant level of interaction was detected for all
those FinGERs with rabl, rab6 and GBF1 (unpublished observation). Interestingly,

ArfGAP1 showed reproducible interaction signal with FinGER7 and FinGERS (Fig 1).
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Figure 1 Specific interaction of ArfGAP1 with FinGER7/FinGERS

Quantitative yeast two-hybrid analysis was performed and the mean activities of triplicate
assays are shown (bars) with SD (error bars).
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In the deletion mapping experiments, the region containing the 153rd to 257th residues
found necessary and sufficient for the interaction of ArfGAP1 with FinGER7 or
FinGERS (Fig 2). Since AN192-AC231 (ALPS domain only), A136 ArfGAP1 (without
the GAP domain) did not show interaction with either FinGER7 or FinGERS. Therefore,
GAP domain is dispensable and the ALPS region only is not enough for the interaction.
ALPS as well as ~ 40 residues upstream of ALPS and 20 residues downstream of ALPS
have a pivotal role in this protein-protein interaction. A mutation of 211th tryptophan of
ArfGAP1 to alanine that disrupts the Golgi targeting and lipid curvature sensing
abolished the interaction with FinGER7 or FinGERS8 suggesting the role of FinGER7 and

FinGERS for the targeting of ArfGAP1 to the Golgi apparatus.
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Figure 2 Interaction of ArfGAP1 mutants with FinGER7/FinGERS

(A) Schematic representation of ArfGAP1 mutants. A GTPase activation domain (GAP)
and ALPS domains are shown in the top full length ArfGAP1, the W211A mutation is
indicated by the letter A. (B) Quantitative yeast two-hybrid analysis was performed and
the raw activity is shown. Triplicate assays were performed and the mean activities are
shown (bars) with SD (error bars). (C) The results after subtraction of the background

activity are shown. The propagation of error (SD) was calculated and is shown (error
bars).

The result of deletion analysis of FinGER7 showed severe reduction of the interaction by

deletion of the N-terminal 31st to 41st residues implying the importance of this region

(31-41) for the interaction with ArfGAP1 (Fig 3). Deletion of any parts of the C-terminal
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transmembrane segments completely abolished the interaction suggesting the importance

of transmembrane region for the interaction.
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Figure 3 Interaction of FinGER?7 deletion mutants with ArfGAP1

(A) Schematic representation of FinGER7 mutants. Putative transmembrane segments are
shown in the top full length FinGER7. (B) Quantitative yeast two-hybrid analysis was
performed as above. Triplicate assays were performed more than three times and the
mean activities are shown (bars) with SD (error bars).

It is possible that deletion of any parts of the transmembrane region could prevent
FinGER?7 from properly inserting into the membrane, take. a proper conformation or
topology, or be transported to the éorrect sub cellular destination for the interaction.
Therefore, it was then tried to replace the whole transmembrane domain of FinGER7
with that of other FinGER proteins (FinGERS, FinGERS, FinGER3) but replacement of
the putative cytoplasmic region or the transmembrane region of FinGER7 by FinGERS8
did not recreate the original higher-level interaction suggesting the co-operation of

cytoplasmic and transmembrane domains for the interaction with ArfGAP1 (Fig 4).
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Figure 4 Interaction of chimeric mutants of FinGER7 and FinGERS or FinGERS or
FinGER3 with ArfGAP1

Putative cytoplasmic (1-111) or transmembrane regions (112-293) of FinGER7 were
swapped with homologous regions of FinGERS8 (1-126, 127-311) or FinGERS (1-112,
113-257) or FinGER3 (1-138, 139-350). Quantitative yeast two-hybrid analysis was
performed as above. Triplicate assays were performed and the mean activities are shown
(bars) with SD (error bars).

Conclusion

It is therefore implicated that FinGER7 and FinGERS8 are involved in the COPI vesicle
formation or cargo sorting into a COPI vesicle. In this aspect, the fact that FinGER7
interacts with ArfGAP1 at the lipid curvature sensing domain overlapping with the Golgi
targeting domain appeals for its significance. It is possible that FinGER7 and

FinGERS control the activity of AIfGAP1 to modulate the activation of Arfl leading to

the stimulation or inhibition of the COPI coat assembly on Golgi membranes.
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