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INTRODUCTION

Tripartite motif-containing (TRIM) family proteins
consist of multimodular domains including a relatively
conserved N-terminal RBCC domain consisting of a
RING finger for E3 ubiquitin ligase activity, a zinc-bound
B-box for protein—protein interaction, one or two coiled-
coil domains for oligomerization, and a variable C-termi-
nal domain. In some cases, however, TRIM proteins have
a PRY-SPRY domain (PRY segment followed SPRY do-
main identified in a Dictyostelium discoidueum kinase
splA and mammalian Ca®*-release channels ryanodine
receptors) at their C-terminus, which has been identified
as a targeting module.[>2 More than 70 members of this
family have been identified and characterized, and show
a very similar domain architecture; however, their cellular
functions are extremely diverse, and include roles in cell
proliferation, differentiation, development, oncogenesis,
apoptosis, and retroviral replication.l’2 The E3 ligase ac-
tivity of several TRIM proteins has been previously dem-
onstrated, as they usually harbor a RING domain at the
N-terminal region. Each TRIM protein interacts with dis-
tinct targets, which are critical in the aforementioned cel-
lular processes.3_8 Therefore, relatively newly and incom-
pletely characterized C-terminal domains, including the
PRY-SPRY domain, are believed to be a central mediator
for selective interaction with their partners.

Well-studied members of the TRIM family include the
following: TRIM1, TRIM5a, TRIMI19, and TRIM22,
which target retroviruses and prevent their replication
inside cells3’6; TRIM18/MID1 and TRIM20/pyrin, which
are linked to Opitz G/BBB syndrome and familial Mediter-
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ranean fever, respectively2’9; TRIM21/Ro52, which is a
major autoantigen in autoimmune diseases such as rheu-
matoid arthritis, systemic lupus erythematosus, and Sjor-
gen’s syndromelO>ll; and TRIM63/Murfl, TRIMS55/
Murf2, TRIM41, and TRIM32, which function in muscle
cells.L12  Recently, another TRIM family protein,
TRIM72/MG53 has been shown to be expressed specifi-
cally in skeletal muscle and heart, and also been demon-
strated to perform a critical function in membrane repair
following acute muscle injury.!3~15 Human TRIM72 con-
sists of 477 amino acid residues with the standard domain
organization of the TRIM family [Fig. 1(A)]. By way of
contrast with the RBCC domain, which is predictive of its
molecular function, very little is currently known regard-
ing the PRY-SPRY domain, or how it has evolved to medi-
ate diverse functions in each TRIM protein.

Thus far, two structures of the SPRY domain have been
determined in the complex state; however, their interac-
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Structure of PRY-SPRY Domain
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Figure 1

Overall structure of PRY-SPRY domain of TRIM72 (A) Domain architecture of the TRIM72 protein. As noted in the main text, the C-terminal PRY
and SPRY domains are not structurally independent. (B) Sequence alignment among SPRY domain from human TRIM72 (hTRIM72), mouse
TRIM21 (mTRIM21), Drosophila GUSTAVUS (GUSTAVUS), several SPRY domain containing SOCS box proteins (SSBs), and human TRIM5a
(hTRIM5a). The secondary structural elements at the tops of the blocks correspond to those of TRIM72. Strictly conserved residues marked with
red and yellow boxes indicate conservatively substituted residues. The residues forming a pocket for protein—protein interactions are marked with
filled orange down-arrows. (C) Ribbon diagram showing the overall structure of PRYSPRY72 and on the right is a 90° rotation along the vertical
axis as indicated. With the exception of the N-terminal PRY domains colored in green, B-sheets and connecting loops of SPRY domain are colored,
blue, and yellow, respectively. The secondary structural elements are sequentially labeled and the notable variable loops are labeled in accordance
with standard nomenclature. The N- and C-termini of PRYSPRY72 are also labeled. (D) Surface properties of PRYSPRY72. Left, electrostatic
potential surface of PRYSPRY72 can be viewed in the left panel (C). Positive and negative electrostatic potentials are colored blue and red,
respectively. VASA peptide binding region and prominent pocket are indicated as a black rectangle and transparent yellow oval, respectively.
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Table |
Data Collection, Phasing, and Refinement Statistics
MAD
Native Peak Edge Remote
Data collection
Space group C2 C2
Cell dimension
a, b, ¢ (A) 153.75, 35.94, 33.20 151.96, 35.73, 33.18
a, B,y (%) 90.0, 99.87, 90.0 90.0, 98.54, 90.0
X-ray sources? PF NW12 PAL 4A
Wavelength (A) 1.00000 0.97951 0.97967 0.9600
Resolution (A)b 1.50 (1.53-1.50) 2.20 (2.28-2.20) 2.20 (2.28-2.20) 2.20 (2.28-2.20)
Berge (%)° 5.8 (17.0) 6.5 (22.0) 5.9 (21.2) 8.6 (31.3)
Total reflections 78,009 35,951 35,845 29,165
Unique reflections 26,011 9062 9086 8256
Completeness (%) 99.9 (99.1) 98.8 (92.0) 98.9 (91.6) 91.3 (59.2)
FoM¢ 0.34/0.64 (SOLVE/RESOLVE)
Refinement i
Resolution range (A) 50.0-1.5
Reflections used 26,011
Rwork/Rfree (%)e 21.9/23.7
Number of atoms
Proteins 1526
Water 161
R.m.s deviations
Bond length (A) 0.005
Bond angles (°) 1.31
Ramachandran outlier 0.6% (1)
PDB ID 3KB5

*PE, photon factory, Japan; PAL, Pohang Accelerator Laboratory, Korea
®Values in parentheses are for reflections in the highest resolution bin.

Runerge = Donpill(hyi) — (I(W)I/3" 4>~ id(hyi), where I(h,i) is the intensity of the ith measurement of h and (I(h)) is the corresponding average value for all i measure-

ments.

IFigure of merit = I P(a)ehlz P(a)l, where P(a) is the phase probability distribution and « is the phase.
“Ryork and Reee = > ||Fol — IFc||/>"IFol for the working set and test set (10%) of reflections.

tion surfaces with binding partners differ rnarkedly.16_18
Herein, we have determined the crystal structure of
the PRY-SPRY domain of human TRIM72 (PRYSPRY72)
at 1.5 A, which is the highest resolution achieved among
this family of proteins thus far. The structure shares simi-
larity with several other B30.2/SPRY domains of murine
SSB-2, human 19q13.4.1 gene product, Drosophila SSB
(GUSTAVUS), and TRIM 21.16:17:19-22 A the B30.2/
SPRY domain is believed to function as a protein—protein
interaction module, this domain in TRIM72 may also be
involved in such interactions. Although the binding part-
ner of this protein has yet to be identified, the key deter-
minants for protein—protein interaction can be proposed
using this structure.

MATERIALS AND MIETHODS

Sample preparation

The full-length human trim72 gene was obtained from
human muscle ¢cDNA using polymerase chain reaction
(PCR). The PRY-SPRY domain of the human trim72
gene was also cloned using the standard PCR technique.
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It was flanked by the BamHI and EcoRI restriction
enzyme sites, and the fragments were ligated into a
modified pET-GST expression vector (Novagen). The in-
tegrity of the resultant plasmids was confirmed via DNA
sequencing and the plasmids were then transformed into
C41(DE3) cells.23 Protein expression was induced via the
addition of 1 mM IPTG at OD (600 nm) = 0.8. After
20 h of induction at 18°C, the cells were harvested by
centrifugation and kept frozen at —80°C until further use.
The cell pellet was resuspended in ice-cold 1X PBS
(phosphate buffered saline) in the presence of 1 mM
phenylmethylsulphonyl fluoride and subsequently dis-
rupted by ultrasonication. The proteins were applied to a
glutathione affinity column as the first step. Eluents from
the column were analyzed via SDS-PAGE and visualized
with Coomassie blue stain. The fractions containing
PRYSPRY72 were pooled and tobacco etch virus protease
was added (20 pg per mg fusion protein). The GST-
removed target protein was purified further by anion
exchange chromatography (Mono Q 16/10 HR, GE
Healthcare) and subsequently by gel filtration chromatog-
raphy (Superose 12 10/30 HR, GE Healthcare). Seleno-
methionyl-PRYSPRY72 was expressed with B834(DE3)
cells and purified as a wild-type protein.



Structure of PRY-SPRY Domain

Figure 2

Structural comparisons (A) Structural comparisons [GUSTAVUS (left) versus PRYSPRY72 (right)]. This view is the same as in Figure 1(C) (right).
The bound VASA peptide is colored orange in GUSTAVUS (left). The regions evidencing significant structural movement (>1.5 A displacement)
and structural conservation (<1.5 A) are colored purple and gray, respectively (right). The region corresponding to the bound VASA peptide is
boxed [See details for panel (C)]. (B) Structural comparisons [PRYSPRY72 (left) versus PRYSPRY21 (right)]. The view is the same as (A). The
prominent pocket in TRIM72 is marked and it shares the same position for binding the IgG Fc fragment (drawn as orange) in TRIM21 (right).
The regions evidencing significant structural movement (>1.5 A displacement) and structural conservation (<1.5 A) are colored red and gray,

respectively (left). (C) Close-up view of the protein—protein interaction site in GUSTAVUS (left) and PRYSPRY72 (right), respectively. Proteins are
presented as ribbon diagrams and important residues as stick models and also labeled with blue for the VASA peptide and PRY residues, and black
for the SPRY residues. (D) Close-up view of the protein—protein interaction site in PRYSPRY72 (left) and PRYSPRY21 (right), respectively. Proteins

are presented as a ribbon diagram and important residues as stick model and also labeled as blue for IgG Fc and black for PRYSPRY residues,

respectively. See details for main text.

Crystallography

The purified PRYSPRY72 was concentrated to 10.2
mg/mL in 50 mM Tris-HCI, pH 8.0, 100 mM NaCl, and
5 mM DTT. Crystallization was conducted using the
hanging-drop vapor diffusion method at 22°C. Crystals
were obtained with the reservoir solution consisting of
100 mM Tris-HCl pH = 8.0, 20% (w/v) polyethylene gly-
col 3350, and 200 mM potassium nitrate. Crystals grew
to the maximum size of 0.5 X 0.5 X 0.2 mm’ within 1—
2 days. The native diffraction data were collected on a
charge-coupled device detector at the NW12 beamline of
the Photon Factory, Japan. The multiwavelength anoma-
lous dispersion data using selenomethionine derivatives
were collected on a charge-coupled device detector at the
4A beamline of the Pohang Accelerator Laboratory,
Korea. All diffraction data were processed and scaled
using the HKL2000 software package.24 Statistics for
data collection are described in Table I.

Two of the selenium sites in the asymmetric unit were
located and the phases were improved with the SOLVE/

RESOLVE program.25 The phasing statistics are
described in Table I. The experimental phases were
extended to 1.5 A resolution and automatic chain tracing
was conducted with ARP/WARP.26 The nearly complete
model was built and the electron density was of sufficient
quality to fit the amino acid residues in accordance with
the sequence information. The protein model was refined
with CNS including the bulk solvent correction.2’ Sol-
vent molecules were added using model-phased differ-
ence Fourier maps. Statistics for the refined structure are
also described in Table I. Model geometry was assessed
and the secondary structure elements were assigned using
the PROCHECK program.28

RESULTS AND DISCUSSION

Overall structure

The crystals diffracted up to 1.5 A resolution using a
Synchrotron source; this is the highest resolution among
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all known structures of the SPRY domains. By way of
contrast with the human PRYSPRY-domain of the
19q13.4.1 gene product,22 PRYSPRY72 exists solely as a
monomer in solution (data not shown) and one copy of
PRYSPRY72 is found in the asymmetric unit. The current
model begins at the first residue, Arg278, and ends with
the Val470 residue. The overall structure of PRYSPRY72
shows that the PRY (Leu290-Glu342) and SPRY (Gly343-
Gly477) domains are not independent, as are other PRY-
SPRY structures [Fig. 1(C)]17,22 and forms a compact
globular structure consisting of an a-helix, 13 B-strands,
and a 3jp-helix from both domains [Fig. 1(C)]. The pri-
mary structural feature is two antiparallel B-sheets
packed against each other, and the connecting loops ex-
hibit a unique conformation for the function [Fig. 1(C)].
These B-sheets are twisted, forming a convex surface at
one side and a concave surface including a large pocket
on the other side [Fig. 1(C)], which is a conserved fea-
ture among known PRY-SPRY structures;17>22 however,
the details of the structures differ profoundly.

Structural comparison with ligand-
complexed SPRY structures

PRYSPRY72 shares very limited sequence identity
(only 28 and 25% sequence identity with PRYSPRY21
and GUSTAVUS, respectively; 49 and 35% sequence simi-
larity with PRYSPRY21 and GUSTAVUS, respectively)
with other known SPRY domains [Fig. 1(B)], thereby
suggesting potentially unique interactions with different
binding partners that, in turn, lead to a wide range of
roles in cellular processes. The overall superposition
among SPRY domains was determined with COOT using
the SSM algorithm.2%30 When 139 matching Ca atoms
of PRYSPRY72 were superposed with equivalent GUSTA-
VUS atoms, the average displacement was 1.88 A. As is
shown in Figure 2(A), the substantially deviating parts
(>1.5 A) between PRYSPRY72 and GUSTAVUS spread
out throughout the entire structure, and in some cases
the central B-strands deviated more than the loop struc-
tures [Fig. 2(A)]. In the same calculation with 171 equiv-
alent Ca atoms of PRYSPRY21, the average displacement
was only 0.94 A. As is shown in Figure 2(B), the substan-
tially deviating parts (>1.5 A) between PRYSPRY72 and
PRYSPRY21 are located in the connecting loops, and the
interior B-strands of the molecule are structurally con-
served [Fig. 2(B)]. These results imply that the structure
of PRYSPRY72 differs from those of previously investi-
gated SPRY molecules, which might have been expected
from the primary sequence differences [Fig. 1(B)].

One of the most interesting structural differences
between PRYSPRY72 and GUSTAVUS is that the inserted
loop (vL1) in PRYSPRY72 virtually overlaps with the
VASA peptide in GUSTAVUS complex structure [Fig.
2(A)]. GUSTAVUS consists of the SPRY domain only,
lacking the PRY domain, and the loop between the PRY
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and SPRY domain in PRYSPRY replaces the binding part-
ner of GUSTAVUS [Fig. 2(A)]. A consensus sequence
motif, D-I-N-N-N-N, is found in the par-4 protein at
the N-terminal portion of the VASA peptide, and it fits
into the pocket of the GUSTAVUS protein [Fig. 2(A)].16
However, a characteristic loop (VL6 near Lys460) in
PRYSPRY72 protrudes out from the molecule and fills
up the pocket region in GUSTAVUS. In the case of
PRYSPRY21, the preformed pocket generated by structur-
ally conserved secondary structures and connecting loops
also differs substantially (see details in next section). The
characteristic loops described above are not significantly
different from those of PRYSPRY21; however, current
docking suggests that it induces significant overlaps with
the Leu314 and Asn315 residues of the IgG Fc fragment.
Many differences in the loop regions located on the pro-
tein surface, including this loop, might be responsible for
the differing specificities.

Putative binding pocket

The putative binding pocket of PRYSPRY72 differs
substantially from those of other known proteins, as
noted above, which was expected from the sequence var-
iations [Fig. 1(B)]. It is also obvious that the protein
binding site in the TRIM family differs markedly from
that of GUSTAVUS, a SPRY-only B30.2 protein. An addi-
tional structural insertion (B87-Dloop-B8 region accord-
ing to the secondary structure assignment of GUSTA-
VUS) in GUSTAVUS has been shown to completely block
the corresponding region of the putative binding pocket
in PRYSPRY72, and a narrow and shallow pocket for the
D-I-N-N-N-N motif in a different region is formed
instead.

As previously mentioned, the structural divergence
with  PRYSPRY21 is not particularly significant, and
indeed the IgG Fc binding pocket of PRYSPRY21 shares
a very similar main-chain structure with that of
PRYSPRY72 [Fig. 2(B)]. However, there exist major dif-
ferences in the sequence of the putative binding pocket
[Fig. 1(B)]. Intriguingly, the most common variation of
PRYSPRY72 forms a potential binding cleft for a smaller
side-chain. The four major determinants for IgG Fc rec-
ognition in PRYSPRY21 are Asp359, Trp385, Trp387, and
Phe448, and the corresponding residues in PRYSPRY72
are Ala358, Gly384, Arg386, and Phe452. Moreover, the
other residues (Tyr332, Met334, and Leu375) forming
the pocket structure in PRYSPRY21 are all mutated to
alanines (Ala331, Ala333, Ala374) in PRYSPRY72. With
the exception of Phe452 (Phe448 in PRYSPRY21) all
other residues occupy a greatly reduced space due to the
above substitution. Consequently, PRYSPRY72 harbors a
significantly broader and deeper pocket on the putative
binding surface [Fig. 1(D)].

In summary, we present herein the as-yet highest reso-
lution images of the PRY-SPRY structure from human
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TRIM72, a key molecule involved in the membrane
repair process.!3 Additionally, via our structural compar-
ison with other known SPRY structures, we have pro-
vided a clear picture of the pocket for its binding part-
ner, although this binding partner has yet to be defini-
tively identified, as well as the mutating residues
necessary to determine the cellular function of this im-
portant molecule.
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