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FYCO1 RUN domain was determined at 1.3 A resolution. The overall structure
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1. Introduction

Autophagy is an intracellular degradation process that is
found in all eukaryotes from yeast to humans. During this
process, unnecessary or damaged cytoplasmic components are
delivered to the lysosome for degradation (Klionsky & Emr,
2000; Mizushima, 2007; Mizushima & Komatsu, 2011; Mackeh
et al., 2013). Since autophagy is essential for the maintenance
of intracellular homeostasis, its dysregulation is involved in
various human diseases such as cancer, neurodegenerative
diseases, infectious diseases and metabolic diseases
(Mizushima & Komatsu, 2011; Jiang & Mizushima, 2014). In
macroautophagy (hereafter referred to as autophagy), unique
double-membrane vesicles called autophagosomes containing
the target proteins or organelles are transported along
microtubules to fuse with lysosomes and mature into auto-
lysosomes, where the targets of autophagy are degraded
(Klionsky & Emr, 2000; Mizushima, 2007; Mizushima &
Komatsu, 2011; Mackeh et al., 2013). In this process, FYVE
and coiled-coil domain-containing protein 1 (FYCO1), which
has been identified as an autophagy adaptor protein, mediates
microtubule plus-end-directed autophagosome transport by
simultaneously interacting with kinesin motor proteins and
autophagosomal membrane components such as Rab7,
microtubule-associated protein 1 light chain 3 (LC3) and
phosphatidylinositol 3-phosphate (PI3P) (Pankiv et al, 2010;
Mackeh et al., 2013)

FYCO1 has an N-terminal RUN domain (an acronym for
RPIP8, UNC-14 and NESCA), a central coiled-coil region, a
C-terminal FYVE domain (an acronym for Fabl, YOTB/
7K632.12, Vacl and EEAL1), an LC3-interacting region (LIR)
motif and a Golgi dynamics (GOLD) domain (Fig. 1a). The
central coiled-coil region, which is required for homo-
dimerization of FYCOI, interacts with kinesin and Rab7. The
© 2020 International Union of Crystallography FYVE domain and LIR motif are responsible for anchoring
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human 1MASTNAESQLORIIRDLODAVTELSKEFOEAGEPITDDSTSLHKFSYKLEYLLOFDOKEKATLLGNKKDYWDYFCACLAKVKGANDGIRF90
chimpanzee  MASTNAESQLQORIIRDLQDAVTELSKEFQEAGEPITDDSTSLHKFSYKLEYLLQFDQKEKATLLGNKKDYWDYFCACLAKVKGANDGIRF
orangutan MASTNAESQLQRI IRDLQDAVTELSKEFQEAGEPITDDSTSLHKFSYKLEYLLQFDQKEKATLLGNKKDYWDYFCACLAKVKGANDGIRF
gorilla MASTNAESQLQRI IRDLQDAVTELSKEFQEAGEPITDDSTSLHKFSYKLEYLLQFDQKEKATLLGNKKDYWDYFCACLAKVKGANDGIRF
baboon MASTNAESQLQRI IRDLQDAVTELSKEFQEAGEPITDDSTSLHKFSYKLEYLLQFDQKEKATLLGNKKDYWDYFCAGCLAKVKGANDGIRF
bovine MASTSAESQLQRI IRDLQDAVTELSRESKEAGEPITDDSTNLHKFSYKLEYLLQFDQKEKATLLGNKKDYWDYFCACLAKVKGANDGIRF
horse MASSSAESQLQRIIRDLQDAVTELSQEFKEAGEPITDDSTSLHKFSYKLEYLLQFDQKEKATLLGSKKDYWDYFCACLAKVKGANDGIRF
sheep MASTSGESQLQRIIRDLQDAVTELSRESKEAGEPITDDSTNLHKFSYKLEYLLQFDQKEKATLLGNKKDYWDYFCACLAKVKGANDGIRF
rabbit MASSSAESQLQRI IRDLQDAVTELSSEFREAGEPITDDSSSLHKFSYKLEYLLQFDQKEKATLLGSKKDYWDYFCACLAKVKGANDGIRF
rat MASSSTETQLGRI IRDLADAVTEL SNEFKEGGEP I TDDSTSLHKFSYKLEYLLQFDQKEKASLLGSKKDYWDYFCACLAKVKGANDGIRF
mouse MASSSTETQLGRI IRDLADAATEL SHEFKEGGEP I TDDSTSLHKFSYKLEYLLQFDGKEKASLLGSKKDYWDYFCACLAKVKGANDGIRF
® (e ([e6) Moz I a8 ]
human 91VKSISELRTSLGKGRAFIRYSLVHORLADTLQQCFMNTKVTSDWYYARSPFLOPKLSSDlVGQLYELTEVQFDLASRGFDLDAAWPTF178
chimpanzee  VKSISELRTSLGKGRAFIRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLQOPKLSSDIVGQLYELTEVQFDLASRGFDLDAAWPTF
orangutan VKSILELRTSLGKGRAFIRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLQPKLSSDIVGQLYELTEVQFDLASRGYDLDAAWPTF
gorilla VKSTSELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLQPKLSSDIVGQLYELTEVQFDLASRGFDLDAAWPTF
baboon VKSITSELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTS THSDWYYARSPFLQPKLSSDIVGQLYELTEVQFDLASRGYDLDAAWPTF
bovine VKSISELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTKYVTSDWYYARSPFLKPKLSSDIVGQLYELTDVQFDLASRGYDLDAAWPTF
horse VKSISELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTRVTSDWYYARSPFLKPKLSSDIVGQLYELTDVQFDLASRGYDLDAAWPTF
sheep VKSITSELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLKPKLSSDIVGQLYELTDVQFDLASRGYDLDAAWPTF
rabbit VKSITSELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLKPKLSSDIVGQLYELTEVQFDLASRGYDLDAAWPTF
rat VRSISELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLKPKLSSDIVGQLYELTEVQFDLASRGYDLDAAWPTF
mouse VRSISELRTSLGKGRAF IRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLKPKLSSDIVGQLYELTEVQFDLAPRGYDLDAAWPTF
()
Figure 1

Domain structure and amino-acid sequence of FYCOI. (@) Schematic representation of the domain structure of human FYCO1. The RUN (RPIPS,
UNC-14 and NESCA) domain, coiled-coil region, FYVE (Fabl, YOTB/ZK632.12, Vacl and EEA1) domain, LIR (LC3-interacting region) motif and
GOLD (Golgi dynamics) domain are shown in green, blue, orange, purple and yellow, respectively. (b) Sequence alignment of FYCO1 RUN domains
from mammals. The secondary-structural elements are indicated above the alignments. Nonconserved residues are highlighted in blue.

FYCOL1 to the autophagosome membrane by interaction with
PI3P and LC3, respectively (Gaullier et al., 1998; Birgisdottir
et al., 2013). The GOLD domain is also thought to be involved
in membrane anchoring (Anantharaman & Aravind, 2002).
However, the function of the N-terminal RUN domain in
autophagosome transport has not previously been defined.
RUN domains are found in proteins which are involved in
signalling pathways of small GTPases of the Ras superfamily.
Moreover, specific interactions between the RUN domain and
small GTPases have been reported (Callebaut et al., 2001): for
example, between RPIP8 (Rap2-interacting protein 8) and
Rap2 (Kukimoto-Niino et al., 2006), between Rab6IP1 (Rab6-
interacting protein 1) and Rab6 (Recacha et al, 2009),
between RUSC2 (RUN and SH3 domain-containing protein
2) and Rab35 (Fukuda et al, 2011) etc. Therefore, the RUN
domain is thought to be a specific effector of small GTPases,

but in the case of many of RUN domains their specific part-
ners and their roles need to be determined.

To understand the structural features of the FYCO1 RUN
domain, we determined its crystal structure. The overall
structure of the FYCO1 RUN domain was similar to those of
other RUN domains, but with some structural differences. In
addition, detailed structural analyses and docking studies
suggested a possible interaction interface of the FYCO1 RUN
domain with small GTPases of the Ras superfamily.

2. Materials and methods
2.1. Preparation of the recombinant protein

The gene encoding the human FYCO1 RUN domain
(residues 1-178) was inserted into the pGEX6P-1 expression
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Table 1

Data-collection and refinement statistics.

Values in parentheses are for the highest resolution shell.

Native Mercury derivative
Data collection
X-ray source PF-AR NE3A PF-AR NE3A
Wavelength (A) 1.0000 1.0085
Space group P4,2,2 P4,2,2

a,b,c(A)
Resolution (A)

48.1, 48.1, 142.7
1.3 (1.32-1.30)

483,483, 142.8
1.6 (1.63-1.60)

Ruerge (%) 9.2 (54.0) 10.1 (97.4)
(Ilo(1)) 41.6 (4.5) 323 (2.7)
Completeness (%) 90.7 (91.3) 99.7 (100.0)
Multiplicity 72(72) 7.0 (6.9)
Refinement
Resolution (A) 28.67-1.30
No. of reflections 36472
Ryor/Riree (%) 21.2/24.0
No. of atoms
Protein 1474
Water 129
B factors (Az)
Protein 18.5
Water 26.9
R.m.s. deviations
Bond lengths (A) 0.014
Bond angles (°) 1.91
Ramachandran plot
Favoured (%) 99.3
Allowed (%) 0.7
Outliers (%) 0.0

vector (GE Healthcare) between the BamHI and EcoRI
restriction sites. Escherichia coli BL21(DE3)pLysS cells were
transformed with the vector and cultured at 37°C to a suitable
cell density (ODggo of 0.7-0.8). Protein expression was then
induced by the addition of 0.5 mM isopropyl B-p-1-thio-
galactopyranoside and incubation was continued for 14 h at
18°C. The cells were collected by centrifugation and lysed by
sonication in phosphate-buffered saline (PBS) with 2 mM
dithiothreitol (DTT). The protein was purified from the clar-
ified lysate using a Glutathione Sepharose 4B column (GE
Healthcare; eluted with 20 mM reduced glutathione in PBS
buffer) followed by GST-tag cleavage with 1:100(w:w)
PreScission protease for 3 h at 4°C. Further purification was
performed using a HiTrap Q (GE Healthcare) anion-exchange
column (eluted with a 50-1000 mM NaCl gradient in 10 mM
Tris—=HCI pH 8.0) and a Superdex 200 (GE Healthcare) gel-
filtration column (10 mM Tris-HCI pH 8.0, 150 mM NaCl).
The protein was concentrated to approximately 11 mg ml ™" in
10 mM Tris-HCI pH 8.0, 150 mM NaCl buffer.

2.2. Crystallization, data collection and structure
determination

Crystals of the FYCO1 RUN domain were grown at 4°C
by the sitting-drop vapour-diffusion method by diluting the
protein solution (11 mg ml™") with an equal volume of reser-
voir solution [20%(w/v) PEG 3350, 180 mM triammonium
citrate]. Mercury-derivatized FYCO1 RUN domain crystals
were prepared by soaking the crystals in a solution consisting

of 5mM p-chloromercuriphenylsulfonic acid (PCMBS) in
mother liquor [25%(w/v) PEG 3350, 180 mM triammonium
citrate, 150 mM NaCl, 10 mM Tris—HCI pH 8.0] for two days.
X-ray diffraction data were collected on beamline PF-AR
NE3A at the Photon Factory, Ibaraki, Japan under cryogenic
conditions at 100 K. Crystals were equilibrated in a cryopro-
tectant solution consisting of mother liquor supplemented
with 25% glycerol prior to flash-cooling. X-ray diffraction data
were processed with HKL-2000 (Otwinowski & Minor, 1997).
The initial phases were obtained by the single isomorphous
replacement with anomalous scattering method using
phenix.autosol (Adams et al.,2002). The structure of the native
crystal was solved by molecular replacement using MOLREP
(Vagin & Teplyakov, 2010). The models were subjected to
iterative cycles of manual model building using Coot (Emsley
et al., 2010) and restrained refinement using REFMAC
(Murshudov et al., 2011) (Table 1). The quality of the refined
model was evaluated with MolProbity (Chen et al., 2010).
Although the R and Ry, values of 0.212 and 0.240, respec-
tively, were very high for a resolution of 1.3 A (possibly owing
to detector saturation of the low-angle reflections), the quality
of the structural model was good enough to justify the
conclusions in this study. The structural figures were prepared
with Cuemol (http://www.cuemol.org). The coordinate and
structure-factor data for the FYCO1 RUN domain have been
deposited in the Protein Data Bank (PDB) as entry 7bqi.

2.3. Docking calculation

Docking calculations were performed by the ZDOCK
server (version 3.0.2; Pierce et al., 2011). For docking calcu-
lations, one molecule of the FYCO1 RUN domain and of a
GTP-bound small GTPase, including H-Ras (PDB entry 1ctq;
Scheidig et al., 1999), K-Ras (PDB entry 6god; Cruz-Migoni et
al., 2019), Rab6 (PDB entry lyzq; Eathiraj et al., 2005), Rab7
(PDB entry 1t91; Wu et al., 2005), RhoA (PDB entry la2b;
Ihara et al., 1998), Racl (PDB entry 1mhl; Hirshberg et al.,
1997), Rap2 (PDB entry 2rap; Cherfils et al., 1997), Arf6 (PDB
entry 2j5x; Pasqualato et al, 2001) and ARL6 (PDB entry
2h57; Structural Genomics Consortium, unpublished work),
were used as the receptor and ligand, respectively. Additional
parameters such as binding or nonbinding site residues were
not set.

3. Results

3.1. Structure determination and overall structure of the
FYCO1 RUN domain

The RUN domain is thought to be a specific effector of
small GTPases because RUN domains are found in proteins
linked to the signalling pathway of small GTPases, and specific
interactions between RUN domains and small GTPases have
been reported (Callebaut et al., 2001; Fukuda et al., 2011; Lin
et al.,2019; Recacha et al., 2009). Although FYCO1 has a RUN
domain in its N-terminus (Fig. 1a), its function and interaction
partner are unknown. An amino-acid sequence alignment of
the FYCO1 RUN domains from 11 mammals shows that the

328 sakuraietal. + FYCOT RUN domain
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RUN domains of FYCOL1 are highly conserved (Fig. 1b): 156
of 178 N-terminal residues (88%) are conserved among the 11
species, suggesting that the RUN domain of FYCO1 may have
an important role.

To better understand the structural features of the FYCO1
RUN domain, we crystallized the human FYCO1 RUN
domain (residues 1-178) and determined the structure at
1.3 A resolution (Fig. 2a, Table 1). The crystal belonged to
space group P4,2,2, with unit-cell parameters a =48.1, b =48.1,
¢ = 142.7 A. The initial phases were determined by the single
isomorphous replacement with anomalous scattering method
using mercury-derivatized crystals (Table 1). The asymmetric

unit of the crystals contained one molecule of the RUN
domain (residues 5-178). The RUN domain of FYCO1 adopts
a compact globular shape composed of eight a-helices (al-
a8), with dimensions of approximately 30 x 40 x 50 A
(Figs. 1b and 2a). Helices a1, o5 and o8 are arranged in a
parallel orientation, and helices @2 and a6 are arranged in an
antiparallel orientation, while helices a3, o4 and «7 are
arranged in a vertical orientation. Since the structure was
determined at the high resolution of 1.3 A, the centres of the
aromatic residues and numerous water molecules were
observed in the electron-density map (Figs. 2b and 2¢). In the
anomalous difference Fourier map of the mercury-derivatized

Figure 2

Crystal structure of the FYCO1 RUN domain. (a) Overall structure of the FYCO1 RUN domain. The N- and C-termini and the structural elements are
labelled. (b) Electron-density map of the phenylalanine residues in the native crystal. The 2F, — F, difference electron-density map is contoured at the
1.50 level with a blue mesh. The hole in the aromatic ring is clearly visible in the density map. (¢) Electron-density map of water molecules. The 2F, — F,
difference electron-density map is contoured at the 1.00 level with a blue mesh. (d) Electron density of the mercury-derivatized crystal at 1.6 A
resolution. The 2F, — F, difference electron-density map is contoured at the 1.50 level with a blue mesh. The anomalous difference Fourier map is
contoured at the 5.00 level with a red mesh.
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crystal, a single clear density corresponding to the Hg atom
coordinated to Cys75 was observed (Fig. 2d).

3.2. Structural comparison of RUN domains

There are four RUN domains for which crystal structures
have been reported: the RUN domain of Rap2-interacting

protein x (RPIPx), which is a specific effector of Rap2
(Kukimoto-Niino et al, 2006), the RUN1 and subsequent
PLAT domains of Rab6-interacting protein 1 (Rab6IP1) in
complex with Rab6 (Recacha et al., 2009), the RUN domain
of a new signalling adapter protein in the NGF pathway
containing an SH3 domain at the carboxyl-terminus (NESCA;
Sun et al, 2012) and the RUN domain of RUN and SH3

C_ a0 )
FYCO1 § NAESQLQRIIRDLQDAVTELSKEFQEAGEP—————————- ITDDSTS-LHKFSYKLEYLLQFDQKEKA 61
RPIPx 65 ——————- MANERMNLMNMAKLS IKGL IESALNLGRT—————————- LDSDYAP-LQQFFVVMEHCLKHGLKAKK 120
737 NLSPSVIAQTNWKFVEGLLKECRNKTKRMLVEKMG-REAVELGH-GEVNITGVEENTL-IASLCDLLERIWSHGLQVKQ 812
NESCA 483 ———————— QKKGLL IAVSVSVDKI I SHF GAARNLVQKAQLGDSRLS-PDVGHLVLTTLCPALHALVADGLKPFR 547
RUSC2 984 ——— EATSIDLLOKKGLMKAVNI AVBL IMAHF GIISRDPGVKAKLGNSSVS—PNVGHLVLKYLCPAVRAVLEDGLKAFV 1055
I ad ] (
FYCO1 62 ——TLLGNKK-DYWDYFCACLA KVKGANDGIRFVKSISELRTSLGKG 104
RPIPx 121 ——TFLGONK-SFWGPLELVEK LVPEAAEITASVKDLPGLKTPVGRG 163
813 ———— GKSALWSHLLHYQENRQRKLTSGSLSTSGILLDSERRKSDASAVMSPLRISLIQDMRHIQNIGEIKTDVGKA 884
NESCA 548 KDLITGQRRSSPWSVVEASVKPG SSTRSLGTLYSQVSRLAPLSSSRSRF 596
RUSC2 1056 LDVIIGQRKNMPWSVVEASTQLG PSTKVLHGLYNKVSQFPELTSHTMRF 1105
L a7} a8 )
FYCO1 105 RAFIRYSLVHQRLADTLQQCFMNTKVTSDWYYARSPFLQ-———- PKLSSDIVGQLYELTEVQFDLASRGFDLDAAWPTF 178
RPIPx 164 RAWLRLALMQKKLSEYMKAL INKKELLSEFYEVNALMME—————— EEGAT TAGLLVGLNVIDANFCMKGEDLDS————- 231
885 RAWVRLSMEKKLLSRHLKQLLSDHELTKKLYKRYAFLRC———- DDEKEQFLYHLLSFNAVDY-FCFTNVFTTI——— 952
NESCA 597 HAFILGLLNTKQLELWFSSLQEDAGLLSLLYLPTGFFSLARGGCPSLSTELLLLLQPLSVLTFHLDLLFE-—————— 666
RUSC2 1106 NAFILGLLNIRSLEFWFNHLYNHEDIIQTHYQPWGFLSAAHTVCPGLFEELLINEL QRLABEPFSLDLLFQHRL————- 1178

Figure 3

Sequence and structural comparisons of RUN domains. (a) Sequence alignment of RUN domains. Secondary-structural elements are indicated above the
alignments. The conserved residues are highlighted in red. The residues of Rab6IP1 that interact with Rab6 and those of RUSC2 that interact with Rab35
are highlighted in yellow and purple, respectively. (b) Superposition of RUN domains. The RUN domains of FYCO1, RPIPx (Kukimoto-Niino et al.,
2006), Rab6IP1 (Recacha et al., 2009), NESCA (Sun et al., 2012) and RUSC2 (Lin et al., 2019) are shown in green, blue, yellow, red and purple,
respectively. (c¢) Structural differences among the five RUN domains. Secondary-structural elements are indicated.
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domain-containing protein 2 (RUSC2) in complex with Rab35
(Lin et al., 2019). The sequence identities among the RUN
domains of FYCO1, RPIPx and Rab6IP1 were 13-21%; only
NESCA and RUSC2 had a high sequence identity of 51%. The
five residues corresponding to Trp71, Alal06, Leull7, Tyr135
and Leul54 of FYCO1 were strictly conserved (Fig. 3a). These
residues are also highly conserved in other RUN domains,
suggesting their important role in the folding of the RUN
domain (Callebaut et al., 2001). Next, we superimposed the
structural models of the five RUN domains (Fig. 3b). The
overall structures of these RUN domains were similar, with
root-mean-square deviation (r.m.s.d.) values of 1.8,1.7,2.2 and
2.0 A between FYCO1 RUN and RPIPx (PDB entry 2dwg),
Rab6IP1 (PDB entry 3cwz), NESCA (PDB entry 4giw) and
RUSC2 (PDB entry 6if2), respectively. Several structural
deviations were observed among the five RUN domains.
NESCA and RUSC2 had an additional a-helix («1’) inserted
between helices ol and o2, while the corresponding regions of
FYCO1 and RPIPx were shorter than those of NESCA and
RUSC2, and that of Rab6IP1 was disordered in the structure
(Figs. 3a and 3c). The region between o2 and «3 of Rab6IP1
was slightly shorter than those of the other four RUN
domains, and this region formed pB-hairpin structures in
NESCA and RUSC2 (Figs. 3a and 3c). The o3 helices of
RPIPx and Rab6IP1 were rotated approximately 15° and

RPIPx

Figure 4

—20°, respectively, relative to those of FYCO1, NESCA and
RUSC2 (Fig. 3¢). The loop region between &3 and o4 of
Rab6IP1 was about 25 residues longer than those of other
RUN domains and was mostly disordered (Figs. 3a and 3c¢).

3.3. Possible interaction surface for a small GTPase in the
FYCO1 RUN domain

RUN domains are generally accepted to interact and
function with small GTPases of the Ras superfamily (Call-
ebaut et al., 2001; Fukuda et al., 2011). The available structures
of RUN domain—-Ras superfamily protein complexes are the
Rab6IP1-Rab6 structure and the RUSC2-Rab35 structure
(Recacha et al, 2009; Lin et al, 2019). Both Rab6IP1 and
RUSC?2 utilize the ol and a8 helices for interaction with the
Rab protein, although the orientations of the Rab proteins
with respect to the two RUN domains were different (Figs. 3a
and 4a). This interaction may occur in other RUN domains,
including the FYCO1 RUN domain. However, most of the
residues involved in the interactions with the small GTPases in
the Rab6IP1-Rab6 and RUSC2-Rab35 structures are not
conserved among the five RUN domains (Fig. 3a). In addition,
the distributions of electrostatic surface potential in these
RUN domains were also not conserved (Fig. 4b). A docking
model of NESCA RUN and H-Ras has been proposed in

Rab61P1

Interaction surface of the RUN-small GTPase complex. (a) Crystal structures of the Rab6IP1-Rab6 and RUSC2-Rab35 complexes (Recacha et al.,
2009; Lin et al., 2019). Rab6IP1, Rab6, RUSC2 and Rab35 are shown in yellow, red, purple and orange, respectively. (b) Electrostatic surface potentials of
the five RUN domains. The electrostatic surface potential is coloured from —8 kT e™" (red) to +8 kT'e™" (blue).
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which NESCA interacts with the small GTPase via the region
between o2 and o3 and the loop between a4 and oS, in a
different manner to that in Rab6IP1 or RUSC2 (Sun et al.,
2012; Recacha et al., 2009; Lin et al, 2019). From these
observations, it is possible that the RUN domain of FYCO1
utilizes a different region to interact with a small GTPase.
We performed docking studies to determine the potential
interface between the FYCO1 RUN domain and a small
GTPase using ZDOCK version 3.0.2 (Pierce et al., 2011). Since
a specific small GTPase for the FYCO1 RUN domain has not
been identified, we used nine crystal structures of small
GTPases of the Ras superfamily in their GTP-bound forms as

input models for the docking calculations, including H-Ras
(PDB entry 1ctq; Scheidig et al, 1999), K-Ras (PDB entry
6god; Cruz-Migoni et al., 2019), Rab6 (PDB entry lyzgq;
Eathiraj et al., 2005), Rab7 (PDB entry 1t91; Wu et al., 2005),
RhoA (PDB entry 1a2b; Thara et al., 1998), Racl (PDB entry
1mh1; Hirshberg et al., 1997), Rap2 (PDB entry 2rap; Cherfils
et al.,1997), Arf6 (PDB entry 2j5x; Pasqualato et al., 2001) and
ARLG6 (PDB entry 2h57; Structural Genomics Consortium,
unpublished work). We found that more than half of the
predicted docking models, regardless of the small GTPase
subfamily, contained the same interaction site on the FYCO1
RUN domain formed by the «l and o2 helices and the

Rap2 (PDB entry 2rap)

Figure 5

Arfé (PDB entry 2j5x)

ARLS6 (PDB entry 2h57)

Docking models of the FYCO1 RUN domain and small GTPases. The docking models were calculated by ZDOCK (Pierce et al., 2011). The FYCO1
RUN domain is shown as a ribbon model in green. The top five models of small GTPases from each calculation are shown as tube models in red, orange,
light green, cyan and blue. The PDB entries used as input models for small GTPases are shown under the models.
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C-terminal region after the a8 helix (Fig. 5). Although the
orientations of the small GTPases were not defined, the
interfaces calculated could be representative of the interaction
between the FYCO1 RUN domain and small GTPases.

4. Discussion

In this study, we determined the crystal structure of the human
FYCO1 RUN domain at 1.3 A resolution. The overall struc-
ture was very similar to those previously determined for RUN
domains despite low sequence homology. Our detailed struc-
tural analyses, including docking studies, suggest a possible
interaction interface with small GTPases in the FYCO1 RUN
domain. Moreover, it has been suggested that not only small
GTPases but also other functionally related proteins interact
with RUN domains. For example, the RUN domain of NESCA
interacts with TrkA as well as with the small GTPase H-Ras
(Sun et al., 2012). This could also be the case for FYCOL.
In addition, FYCO1 binds kinesin and autophagosome
membrane-localized molecules such as Rab7, LC3 and PI3P.
Currently, structural information about FYCOL1 is limited to
the RUN domain in this study and the LIR motif-LC3
complex (Olsvik et al., 2015; Cheng et al., 2016; Sakurai et al.,
2017). Additional structural analyses of FYCO1 in complexes
with Rab7, kinesin and PI3P would provide further insight
into the function of FYCO1 and autophagosome transport
mediated by FYCOL.
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