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Autophagy is a degradation pathway that targets many cellular components and plays a particularly important role in
protein degradation and recycling. This process is very complex and several proteins participate in this process. One of
them, P62/SQSTM1, is related to the N-end rule and induces protein degradation through autophagy. The P62/SQSTM1
makes a huge oligomer, and this oligomerization is known to play an important role in its mechanism. This oligomerization
takes two steps. First, the PB1 domain of P62/SQSTM1 makes the base oligomer, and then, when the ligand binds to the
ZZ domain of P62/SQSTM1, it induces a higher oligomer by the disulfide bond of the two cysteines. To understand the
oligomerization mechanism of P62/SQSTM1, we need to know the dimerization of the PB1 domain. In this study, crystals
of PB1 dimer were made and the crystals were diffracted by X-ray to collect usable data up to 3.2A. We are analyzing the
structure using the molecular replacement (MR) method.

INTRODUCTION
Autophagy targets several cellular components, but it is in
particularly important process for degradation and recycling
of protein. This process is quite complex and several proteins
participate in this process. One of them, P62/SQSTM1 has
been known as a key player of autophagy and recently under an
intense spotlight.
N-end rule is one of the protein degradation pathways that
recognize N-terminal amino acid of protein and degrade
through the proteolytic system. P62 recognizes proteins with
arginine, lysine, and tyrosine as the first amino acid and induces
degradation of these proteins in autophagic vesicles (Bjorkoy et
al., 2005; Tasaki et al., 2012; Varshavsky, 1997).
P62 is a medium size protein with 440 amino acids, and has 6
domains and motifs including Phox and Bem1p (PB1), ZZ-type
zinc finger (ZZ), TRAF6-binding (TB), LC3- interacting region (LIR),
Keap1-interacting region (KIR), and ubiquitin-associated domain
(UBA).
The P62 forms filamentous helical rod-shaped homo-oligomer
by the PB1 domain (Ciuffa et al., 2015). The ZZ domain binds
with an N-terminal amino acids such as arginine (Cha-Molstad
et al., 2017). The structures of apo-form and peptide-bound
forms of the ZZ domain has recently been determined (Kwon
et al., 2018; Zhang et al., 2018). The TB region interacts with
TRAF6 and regulates TNF-alpha signaling, and the LIR interacts
with LC3, an important compornent of autophagic vesicle. KIR
is related to oxidative stress signals (Komatsu et al., 2010), and
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UBA is related to proteasomal degradation by ubiquitin (Lin et al.,
2013).
The oligomerization of P62 is a well-known phenomenon, and
is formed by the PB1 and ZZ domains. The initial oligomerization
of P62 is induced by the PB1 domain and higher oligomers are
induced by oxidative stress or ligand binding to the ZZ domain
(Cha-Molstad et al., 2017).
The structure of the PB1 dimer, the basic unit of the oligomer,
was determined by NMR. However, the dimerization surface and
the atomic contacts were calculated based on pseudo-contact
shift (PCS) method (Saio et al., 2010). In this study, PB1 homodimer crystals were prepared to solve the structure by X-ray
crystallography and these crystals were diffracted by X-ray.

RESULTS AND DISCUSSION
There are three cysteines (C26, C27 and C44) in the PB1 domain
(residues 1-102) of human P62, and the C26 and C27 residues
were substituted with serine and phenylalanine, respectively, to
improve the properties of the PB1 domain. The residues, C26
and C27, are just conserved in primates and the other species
have a serine and a phenylalanine instead of cysteines. To purify
the PB1 dimer, we introduced each D69A/D71R (PB1DADR) and
R21A (PB1RA) mutant in the PB1 (Saio et al., 2010). The cells
containing mutant proteins overexpressed in an Escherichia coli
expression system were mixed and sonicated. This lysate was
loaded onto Ni-NTA affinity chromatography and further purified

bdjn.org

Ho-Chul Shin, Dahwan Lim, Bonsu Ku and Seung Jun Kim

Ϯ͘ϴ
ϯ͘Ϯ
ϰ͘ϱ

ϯϱ
Ϯϴ

ϭϬ͘Ϭ

ϭϳ
ϳ
;ŬĂͿ ^^ͲW'

EĂƚŝǀĞͲW'

FIGURE 1 I The purified PB1 dimer. The purified PB1 dimer was shown on a
SDS-PAGE (left) and Native-PAGE (right) by Coomassie blue staining. The PB1
protein is indicated by red arrows.

FIGURE 3 I Representative X-ray diffraction image. A total of 360 diffraction
images were collected every 1 degree.

TABLE 1 I Data collection and processing statistics
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FIGURE 2 I Improved crystals of the PB1 dimer. Improved crystals were
observed in a solution containing 1,800 mM DL-Malic acid (pH7.0) and 100
mM Tris-HCl (pH 7.0).

via HiTrap Q anion exchange chromatography and size exclusion
chromatography. The purified proteins was shown on SDS-PAGE
and Native-PAGE gels, and the PB1 dimer was found to have a
purity of at least about 98% (Figure 1).
We obtained initial crystals at 2.1 M DL-Malic acid and
improved crystals grew at 1.8 M DL-Malic acid (pH 7.0) and 0.1
M Tris-HCl (pH 7.0) (Figure 2). These crystals were soaked in
solution containing 15% glycerol. X-ray diffraction data were
collected on beamline 11C at the Pohang Accelerator Laboratory
(PAL) (Figure 3). We have found that the space group of collected
data is C2 with unit cell parameters of a = 112.483 Å, b = 53.517
Å, c = 61.457 Å, α = 90°, β = 94.287°, and γ = 90°. The total
number of reflections was 5,441 with a merging R factor of
8.7% and a completeness value of the last shell of 77.3%. The
data collection statistics are shown in Table 1. The Matthews
coefficient and solvent contents were calculated as 4.05 Å3/Da
and 69.61%, respectively. The asymmetric unit of crystal has
two molecules of PB1 dimer. Structure determination is currently
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Diffraction source

Beamline 11C,
Pohang Accelerator Laboratory

Wavelength (Å)

0.9794

Temperature (K)

100

Space group

C2

a, b, c (Å)

112.483, 53.517, 61.457

α, β, γ (°)

90, 94.287, 90

Resolution (Å)

43.01-3.2 (3.314-3.20)

Total No. of reflections

5,757 (459)

Completeness (%)

87 (72)

Rmerge (%)

8.11 (2.622)

Average I/σ (I)

10.54 (6.29)

Multiplicity

1.1

Statistics for the highest-resolution shell are shown in parentheses.

underway by the molecular replacement (MR) method with the
structure of PB1 monomer (PDB code: 2KKC) as search model
(Adams et al., 2010).

METHODS
Cloning and purification of the PB1 dimer
Two mutants, PB1 DADR and PB1 RA , were introduced by site direct
mutagenesis using the polymerase chain reaction method (PCR) method.
These mutants were amplified by the PCR method and cloned into
the 10HGFP pProEx. This vector is a kind gift from Prof. Byung-Ha Oh
of KAIST, which was generated by modifying the pProEx HTa vector
(Invitrogen) containing a Green Fluorescent Protein gene with an N-terminal
(His)10-tag. These mutants were respectively expressed in E. coli BL21(DE3)
RIL competent cells (Novagen) at 18℃ in the Luria-Bertani media with
0.1 mM Isopropyl-β-D-thio- galactoside (IPTG). The cells were mixed and
collected by centrifugation at 1800xg for 30 min at 4℃ and were sonicated
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Crystallization of PB1 dimer of P62/SQSTM1

in an A buffer containing 20 mM Tris-HCl (pH 7.5), 100 mM NaCl, and 3 mM
β-mercaptoethanol (β-ME). The cell lysate was centrifuged at 18,000xg for
1hr at 4℃ to remove cell debris. The supernatant was loaded onto Ni-NTA
resin (QIAGEN) and eluted sample with 400 mM Imidazole was digested
by the TEV protease for 10hrs at 4℃ and the buffer was changed to the A
buffer through dialysis while removing the 10H GFP tag from PB1 dimer.
This sample was loaded onto Ni-NTA resin again, and unbound sample was
loaded onto size exclusion chromatography (HiLoadTM 25/600 SuperdexTM
75 pg column, GE healthcare) with the A buffer in place of 3 mM β-ME for
1 mM dithiothreitol (DTT). Finally, purified protein was concentrated to 26
mg/mL for crystallization.
Crystallization and X-ray data collection
Initial crystallization screening was performed using commercial solutions
of 567 conditions and initial crystals were grown in 2.1 M DL-Malic acid (pH
7.0). Improved crystals were grown in 1.8 M DL-Malic acid (pH7.0) and
0.1 M Tris-HCl (pH 7.0). X-ray diffraction data were collected on beamline
11C at the PAL and processed using program HKL 2000, as summarized in
Table 1 (Minor et al., 2006; Otwinowski and Minor, 1997).
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