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3D Structure of STAM1 UIM-ubiquitin Complex Using RosettaDock
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Abstract : 3D structures of STAM1 UIM-ubiquitin complex were presented
to predict and analyze the interaction between UIM and ubiquitin. To
generate the protein-peptide complex structure, the RosettaDock method
was used with and without NMR restraints. High resolution complex
structure was acquired successfully and evaluated electrostatic interaction
in the protein-peptide binding with several charged residues at the binding
site. From docking results, the Rosettadock method could be useful to
acquire essential information of protein-protein or protein-peptide
interaction with minimal biological evidences.
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INTRODUCTION

One of the important post-translational modifications is ubiquitination of proteins and this
modification regulates a variety of cellular processes’. During ubiquitin-mediated selective

trafficking of membrane proteins, ubiquitinated membrane proteins should be delivered inside of the
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cell via multivesicular bodies (MVBs) by endocytosis, and finally to lysosomes. And the endosomal
sorting complex required for transport (ESCRT) complexes sort the ubiqutinated membrane proteins
for lysosomal degradation®. Interestingly, the ESCRT-0 complex contains multiple ubiquitin binding
domains, a Vps27/ Hrs/Stam (VHS) domain and a ubiquitin binding motif (UIM) for signal
transducing adaptor molecule (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 cargo
proteins, in which the VHS domain of STAM has higher binding affinity to K63-linked diubiquitin
than to K48-linked diubugquitin®. To investigate the binding preference of ESCRT-0 to K63-linked di-,
or poly-ubiquitin, it is essential to understand both individual VHS-ubiquitin and UIM-ubiquitin
interactions. Previously, it has been determined a novel ubiquitin binding site on STAM1 VHS and
suggested the model of VHS-ubiquitin interaction by using NMR spectroscopy®. In this work, the 3D
structure of STAM1 UIM-ubiquitin complex is presented using RosettaDock method to predict and

evaluate the interaction between the UIM motif and ubiquitin.

EXPERIMENTAL

Peptide synthesis and protein preparation

All STAM1 UIM peptide and ubiquitin protein were prepared as described previously®.
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NMR experiments and structure calculation

All NMR data were acquired at 298 K on Varian VNMRS 900 MHz spectrometer with z-axis
gradient equipment and STAM1 UIM peptide structures were calculated and validated as described

previously®.

Protein-peptide docking

STAM1 UlM-ubiquitin complex structures were generated using the RosettaDock method
implemented with the Monte Carlo minimization®. Initial complex model based on NMR chemical
shift perturbation analysis and structural alignment”® with VSP27 UIM-ubiquitin structure® (PDB ID:
1Q0W) was used for starting protein-protein docking the surrounding free energy landscape by
RosettaDock protocol. At first, the position of the UIM peptide was perturbed by random translations
and rotations with the adjustment of distance between the peptide and ubiquitin to create contacts.
Then, Monte Carlo energy minimization was used for optimizing the complex orientation. After low-
resolution search, the explicit side chains were added to the backbones, and all-atom were optimized
from a backbone-dependent rotamer library including the side chain conformations in the unbound
proteins. The 100 best energy-scoring structures among 100,000 decoys from high-resolution docking
simulation were clustered on the basis of pair-wise rmsd using a hierarchical clustering algorithm

with van der Waals interactions, an implicit solvation model, and an orientation-dependent hydrogen
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bonding potential. Decoys within 0.3 A clustering threshold were selected as a final protein-peptide
complex structure set. And if necessary, the high-resolution search was performed repeatedly with
different initial structures. To validate final selected structures, FunHunt server was used'’. Binding

site of complex structure was analyzed using PIC analysis server'™ and ProtorP2. Protein-protein

|13

complex structures were analyzed and displayed with the software MolMol** and Chimera’.

Figure. 1. STAM1 UIM-ubiquitin complex structure from random initial position using Rosetta-dock
method. A: plot of Co rmsd and Rosetta score. Two funnels were indicated with red arrows
corresponding conformation A and conformation B. B: 2D NOESY spectrum of STAM1 UIM
peptide. C: Ribbon presentation of STAM1 UIM-ubiquitin complex structure (blue: ubiquitin, red:
conformation A, cyan: conformation B). D: Structural alignment with other UIM-ubiquitin complex
structure (pdb ID: 1Q0W, colored by magenta). N-, C- means N-terminus and C-terminus regions of

peptide, respectively.
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RESULTS

From protein-peptide docking simulation, 100,000 complex structures were generated with 2
funnels that could be close to native structure potentially. Each two conformation from funnels are
different rmsd values to initial starting structure, 5 A (Conformation A) and 18 A (Conformation B)
(Figure 1A). Two conformations have similar spatial position but opposite direction (Figure 1C).
After complex structure validation with FunHunt method, the conformation A has the funnel in the
perturbation with conformation B therefore, it was concluded that the conformation A is more
reasonable structure that conformation B. This was confirmed with the structural alignment with

vps27 UIM-ubiquitin complex elucidated previously (Figure 1D) °.
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Figure. 2. Structure selection using FunHunt method. The weight vector used by FunHunt to
discriminate between true (A) and false (B) funnels can be used to define characteristic features of
true funnels. A sharp funnel toward 0 interface rmsd in A, can also indicate conformation A of two

is the correct near native conformation.
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Figure. 3. Final STAM1 UIM-ubiquitin complex structures. Protein-peptide complex structures were
displayed with ribbon presentation in side view (A) and top view (B). STAM1 UIM peptide was
colored by orange red and ubiquitin protein was colored by blue, respectively and sidechain residues
at the binding site were displayed with line presentation. Also, surface presentation (C) and
electrostatic charge distribution (D, red for negative charge and blue for positive charge, respectively)

of protein-peptide were displayed.
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To get proper binding site information, generated protein-peptide complex structures were
analyzed using PIC' and ProtorP*? methods. There were 16 and 11 interface residues in the binding
site of STAM1 UIM and ubiquitin including 3 hydrogen bonds, Glul86-Lys6, Ser183-Gly47, and
Lys171-Leu73 (STAM1 UIM-ubiquitin pairs, respectively) (Figure. 3A, 3B). And major interface
accessible surface area (ASA) residues were calculated as Lys171, Leul76, Alal79, 11e180 Leul82,
Ser183, Glul86, and GIn187 in STAM1 UIM and Lys6, Leu8, Ala46, Thr66, and His68 in ubiquitin
with 10% interface ASA criteria. Total interface ACA was 524.52 A and gap volume was 2315.25 A?
with 7 salt bridges using Protorp method. The electrostatic interaction is important to explain STAM1
UIM-ubiquitin binding except hydrophobic interaction. At the binding interface, STAM1 UIM and
ubiquitin have several charged residues including Lys171, Asp175, Lys178, and Glul186 for STAM1

UIM and Lys1, Arg42, His68, and Arg72 for ubiquitin, respectively.

DISCUSSION

Protein-protein and protein-peptide docking is very useful to elucidation of protein structure-
function relationship and protein mechanism but is not easy to get full 3D complex structure using
conventional structure determination method including X-ray crystallography and NMR due to
limited structural information. In this paper, RosettaDock method was used to elucidating STAM1

UIM-ubiquitin complex structure with NMR restraints. Because STAM1 UIM peptide is short and
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very close to binding interface of ubiquitin, the incorporation of chemical shift perturbation (CSP)
had little effect on protein-peptide docking. And 2 funnels with opposite direction of STAM1 UIM
peptide was also originated from the shortness of peptide. Therefore, the wrong conformation
structure (conformation B at Figure. 1A) could be eliminated with longer STAM1 UIM motif or full
size protein.

Usually, the charged residues in the binding interfaces are important except hydrophobic
interaction'. In the case of STAM1 UIM-ubiquitin binding, the several charged residues could play a
key role in protein-peptide binding. From the result of protein-peptide docking, it could be suggested
several positive charged residues and negative charged residues at the STAM1 UIM-ubiquitin
binding site and the electrostatic interaction of these residues in STAM1 UIM-ubiquitin complex was
confirmed with NMR and ITC experiments as published °. Therefore, in STAM1 UIM-ubiquitin
binding study, the protein-peptide docking using RosettaDock method is very useful to estimate
binding residues of each binding partner and essential to analyze the binding interaction. Considered
results in this paper, the RosettaDock method could be applicable to protein-peptide and protein-

protein docking study with or without variant NMR restraints.
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