Biochemical and Biophysical Research Communications 405 (2011) 24-30

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Solution structure of UIM and interaction of tandem ubiquitin binding domains
in STAM1 with ubiquitin

Jongsoo Lim *P, Woo-Sung Son ¢, Joon Kyu Park ¢, Eunice EunKyeong Kim 9, Bong-Jin Lee ¢, Hee-Chul Ahn #>*

4 Biomolecular Science, University of Science and Technology, Daejeon 305-350, Republic of Korea

b Advanced Analysis Center, Korea Institute of Science and Technology, Seoul 136-791, Republic of Korea

€ Department of Pharmacy, CHA University, Gyeonggi-do 487-801, Republic of Korea

d Biomedical Center, Korea Institute of Science and Technology, Seoul 36-791, Republic of Korea

€ Research Institute of Pharmaceutical Sciences, College of Pharmacy, Seoul National University, Seoul 151-742, Republic of Korea

ARTICLE INFO ABSTRACT

Article history:
Received 14 December 2010
Available online 25 December 2010

STAM1 and Hrs are the components of ESCRT-0 complex for lysosomal degradation of membrane pro-
teins is composed of STAM1 Hrs and has multiple ubiquitin binding domains. Here, the solution structure
of STAM1 UIM, one of the ubiquitin binding motif, was determined by NMR spectroscopy. The structure
of UIM adopts an a-helix with amphipathic nature. The central hydrophobic residues in UIM provides the

1<9¥W9r‘_155 binding surface for ubiquitin binding and are flanked with positively and negatively charged residues on
Ubiquitin both sides. The docking model of STAM1 UIM-ubiquitin complex is suggested. In NMR and ITC experi-
g‘é};’? ments with the specifically designed mutant proteins, we investigated the ubiquitin interaction of tan-
Lysosomal degradation dem ubiquitin binding domains from STAM1. The ubiquitin binding affinity of the VHS domain and
UM UIM in STAM1 was 52.4 and 94.9 uM, and 1.5 and 2.2 fold increased, respectively, than the value obtained
VHS from the isolated domain or peptide. The binding affinities here would be more physiologically relevant
NMR and provide more precise understanding in ESCRT pathway of lysosomal degradation.

ITC © 2010 Elsevier Inc. All rights reserved.

1. Introduction

The ubiquitination of proteins is one of the widespread post-
translational modifications and regulates a variety of cellular pro-
cesses [1]. Protein modification by ubiquitin can be achieved
through the formation of an isopeptide bond between the carboxyl
group of the C-terminal glycine of ubiquitin and an e-amino group
of a lysine residue from a target protein [2]. The lysine residues on
ubiquitin also can be modified by other ubiquitin, resulting in the
formation of the polyubiquitin chains. Thus, the ubiquitinated tar-
get proteins are found in several ways, such as monoubiquitinated,
multiple monoubiquitinated, and polyubiquitinated forms. The
type of ubiquitination of target protein is related to the fate of
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the protein in various cellular processes. For example, it was re-
ported that monoubiquitination is involved in endocytosis [3-5].
K48-linked polyubiquitination is very well characterized and the
signal for the proteasomal degradation pathway [reviewed in Ref.
6], whereas recent evidences revealed that multiple monoubiquit-
inantion or K63-linked polyubiquitination is the sorting signal in
the lysosomal degradation of membrane proteins [7,8].
Ubiquitin-mediated selective trafficking of membrane proteins
for lysosomal degradation is crucial for quality control in the cell
and proper cell signaling. Ubiquitinated membrane proteins should
be delivered inside of the cell via multivesicular bodies (MVBs) by
endocytosis, and finally to lysosomes. The endosomal sorting com-
plex required for transport (ESCRT) complexes sort the ubiqutinat-
ed membrane proteins for lysosomal degradation [reviewed in Ref.
9]. The signal transducing adaptor molecule (STAM) and hepato-
cyte growth factor-regulated substrate (Hrs) constitute the ESC-
RT-0 complex to sort the ubiquitinated cargo proteins from the
early endosomes to the ESCRT-1 complex [10,11]. Interestingly,
the ESCRT-0 complex contains multiple ubiquitin binding domains,
a Vps27/ Hrs/Stam (VHS) domain and a ubiquitin binding motif
(UIM) for STAM, and a VHS domain and a double-sided ubiquitin
interacting motif (DUIM) for Hrs, respectively. Via those multiple
ubiquitin binding domains, ESCRT-0 recognizes ubiquitinated car-
go proteins, in which the VHS domain of STAM has higher binding
affinity to K63-linked diubiquitin than to K48-linked diubuquitin
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[12,13]. Recently, Ren and Hurley suggested that the preference of
ESCRT-0 to K63-linked tetraubiquitin over monoubiquitin should
be attributed to the cooperation of flexibly connected VHS and
UIM motifs of ESCRT-0 [12].

To investigate the binding preference of ESCRT-0 to K63-linked
di-, or poly-ubiquitin, it is pre-requisite to understand both indi-
vidual VHS-ubiquitin and UIM-ubiquitin interactions. Previously,
we determined a novel ubiquitin binding site on STAM1 VHS and
suggested the mode of VHS-ubiquitin interaction by using NMR
spectroscopy [14]. We also reported the result of backbone reso-
nance assignments for N-terminal 191 amino acids of STAM1
(STAM1N'®1) which contain both VHS and UIM [15]. In this work,
we present the solution structure of STAM1 UIM and the interac-
tion between the UIM motif and ubiquitin. By using the mutant
protein of STAM1N®! we evaluated the affinities for ubiquitin of
the VHS domain and UIM individually.

2. Materials and methods
2.1. Peptide synthesis and protein preparation

The synthetic peptide, KEEEDLAKAIELSLKEQRQQS, correspond-
ing to UIM of STAM1 (Fig. 1A), was purchased from Anygen
(Gwangju, Korea). The UIM peptide was dissolved in 20 mM so-
dium phosphate buffer, pH 6.8, with 1 mM DTT, 0.1 M NacCl,
0.5 mM PMSF, 0.05 mM NaN3 and 5% (v/v) D,O for NMR experi-
ments. The concentration of UIM peptide was 2 mM.

The STAM1 protein containing both the VHS domain and UIM
was prepared as previously described [15]. The single and double
mutant STAM1 proteins, STAM1N'9'W26A, 1179G, W26AL176A,
W26AI179G, and W26AS183A were prepared by site-directed
mutagenesis.

Ubiquitin for NMR and ITC experiments was expressed and
purified as described previously [14].

2.2. NMR measurements

All NMR experiments were carried out at 298 Kon Varian VNMRS
900 MHz spectrometer with z-axis gradient equipment. For STAM1
UIM, two-dimensional nuclear Overhauser effect spectroscopy (2D
NOESY) (mixing times of 120 and 200 ms), total correlation spec-
troscopy (TOCSY) (mixing times of 60 ms), and double quantum fil-
tered correlation spectroscopy (DQF-COSY) were performed using
presaturation of the H,0 resonance by continuous irradiation.

For NMR titration experiments, increasing amount of unlabeled
STAM1 UIM peptides, the wild-type STAM1N'®! were added to '°N-
labeled ubiquitin, respectively, and series of 2D 'H-'>N heteronu-
clear single quantum correlation (HSQC) spectra were recorded.
Reciprocally, unlabeled ubiquitin were titrated into °N-labeled
STAM1N®'W26A and series of 2D 'H-!°N HSQC spectra were re-
corded at various molar ratios. From the NMR titration data, the
sites of protein-protein interaction were determined based on
the chemical shift perturbation (CSP) plot versus the protein se-
quences, where CSP was calculated by using the formula,
CSP = [(AH)? + (AN/6.51)?]'/2,

All NMR data were processed using NMRPipe software [16] and
were analyzed using NMRView software [17].

2.3. Structure calculation of STAM1 UIM

The spin systems of STAM1 UIM were identified from the TOCSY
and DQF-COSY spectra, and the sequential assignments were
unambiguously accomplished from the analysis of the NOESY spec-
tra by the conventional method [18]. The NOE-based distance re-
straints were derived based on the peak volume by using the
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Fig. 1. (A) Sequence alignment of UIM. The highly conserved hydrophobic residues
are indicated in color. (B) Energy lowest 20 ensemble structures of STAM1 UIM. (C)
Conformation of side-chains from the conserved hydrophobic residues. (D)
Electrostatic potential presentation of STAM1 UIM. The hydrophobic surfaces are
colored in gray, and the positively and negatively charged surfaces are shown in
blue and red, respectively. Throughout the figure, one-letter amino acid codes are
used with the sequence number of STAM1. (For interpretation of references to color
in this figure legend, the reader is referred to the web version of this article.)

program ARIA 2.0 [19]. The backbone dihedral angle restraints
were obtained from the analysis of DQF-COSY spectrum. The pep-
tide structures were calculated by using the program ARIA 2.0 and
CNS 1.2 [20] with 160 distance restraints and 30 dihedral angle re-
straints (Table 1). Twenty-six hydrogen bond restraints were incor-
porated into the final calculation of the peptide structures based on
the secondary structure of UIM. In the final ARIA run, 100 struc-
tures were calculated and the 20 lowest energy structures were se-
lected for statistical analysis by using PROCHECK-NMR 3.4 [21].

2.4. Isothermal titration calorimetry

ITC measurements were carried out by using ITC-200 microcal-
orimeter (MicroCal, Northampton, MA). The same buffer for NMR
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