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ABSTRACT
Human SIRT7 is an NAD1 dependent deacetylase, which belongs to sirtuin family of proteins. SIRT7, like other sirtuins has
conserved catalytic domain and is flanked by N- and C-terminal domains reported to play vital functional roles. Here, we
report the crystal structure of the N-terminal domain of human SIRT7 (SIRT7NTD) at 2.3 Å resolution as MBP-SIRT7NTD
fusion protein. SIRT7NTD adopts three-helical domain architecture and comparative structural analyses suggest similarities
to some DNA binding motifs and transcription regulators. We also report here the importance of N- and C-terminal
domains in soluble expression of SIRT7.
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INTRODUCTION
Sirtuins are evolutionarily conserved NAD1-dependent
class III histone deacetylases (HDAC) implicated in several
age related human diseases such as cancer, diabetes, cardiovascular disease and neurodegenerative disorders.1 Seven
mammalian sirtuins, SIRT1-SIRT7, have been discovered
which show diversity and complexity in their cellular
localization and functions.2 SIRT7 is the only sirtuin
reported localized in nucleolus where it associates with
RNA polymerase I and histones.3 It positively regulates
RNA polymerase I mediated transcription3 and plays a
role in ribosome biogenesis and protein synthesis.4
SIRT7 like other sirtuins has conserved catalytic
NAD1 binding domain and unique N- and C-terminal
regions containing nuclear and nucleolar localization signals respectively.5 There have been several reports high-
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lighting the importance of N- and C-terminal regions in
sirtuins. It has been shown that extended N- and Ctermini of yHst2 helps in oligomerization and autoregulation of acetyl-lysine catalysis and NAD1 dependent catalytic activity respectively.6 The N- and C-terminal
domains enhance the catalytic activity of SIRT1.7 It has
also been reported that N- and C-terminal regions of
SIRT7 mediate interactions with the C-terminal region of
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article.
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Myb binding protein (Mybbp1a) which plays an important role in regulating several transcription factors.8
These findings emphasize the importance of unique Nand C-terminal regions in mediating protein-protein interactions, protein localization, catalysis, oligomerization and
hence play an important role in biological processes mediated by sirtuins. Crystal structures of the conserved catalytic domains of human sirtuins, excluding SIRT7 and
SIRT4, are currently available but there is limited structural
information on the N- and C-terminal domains of most of
the sirtuins. Thus, it becomes imperative to characterize
these domains to gain useful insights in understanding sirtuin biology. Here, we report 2.3 Å resolution crystal structure of the SIRT7NTD solved as a MBP-SIRT7NTD fusion
protein. We also show here that N- and C-terminal
domains of SIRT7 aid in protein solubility.
MATERIALS AND METHODS
Cloning, overexpression, and purification of
MBP-SIRT7NTD

The full-length codon optimized human sirt7 was synthesized commercially (GenScript). Among various constructs of SIRT7, only MBP-SIRT7NTD encompassing the
region 5-73, produced diffraction quality crystals suitable
for structural analyses. The detailed cloning, protein
purification protocols and engineered linker sequence in
the pMAL-c2X vector are available in the Supporting
Information (Supporting Information Figs. S1, S2, and
refer to the section “cloning, expression and purification
of SIRT7 constructs” in the Supporting Information).
Peptide mass fingerprinting

The in-gel trypsin digestion of the desired protein bands
resolved on 15% SDS PAGE was performed as per the
protocol mentioned in the kit (InGelTM Blue kit, G-Biosciences). The peptide mass data obtained using MALDITOF (AB SCIEX 5800) was further analysed using Protein
Analysis Worksheet (PAWS) software (Freeware edition for
windows 95/98/NT/2000, ProteoMetrics, LLC, NY).
Crystallization, data collection, and
structure determination

The crystallization trials of MBP-SIRT7NTD were set
up using commercial screens from Hampton Research
and Molecular Dimension using 96 well vapour diffusion
sitting drop trays at 291 K. Initial hits were observed
within 2–3 days of setting up of crystallization trials.
Conditions were further optimized to produce diffraction
quality crystals. The crystals harvested for data collection
were obtained by mixing 2 lL of protein with 2 lL of
reservoir solution containing 0.1M Sodium cacodylate,
pH 5.5, and 25% w/v PEG 4000.

Table I
Data Collection and Refinement Statistics
Data collection
Space group
Cell dimensions
a, b, c ()
a, b, c (8)
Resolution ()
Rmerge
I/rI
Completeness (%)
Redundancy
Wavelength ()
Refinement
Resolution ()
No. of unique reflections
Rfree test set (%)
Rwork/Rfree
Atom count
Protein
Water
Ligand
B-factor
Protein
Water
Ligand
r.m.s.d.a
Bond lengths ()
Bond angles (8)
Structure Validation
Ramachandran plot statistics
Most favored (%)
Allowed regions (%)
Disallowed region (%)

P 1 21 1
60.49, 49.33, 65.68
90.00, 101.20, 90.00
48.60–2.33
0.112 (0.391)
8.1 (3.0)
98.8 (96.4)
3.7 (3.5)
0.97947
48.60–2.33
16,201
5.07
0.183/0.237
3318
217
23
33.2
32.9
24.6
0.002
0.644

97.87
2.13
0

Values in the parentheses correspond to the highest resolution shells.
a
r.m.s.d., root mean square deviation.

X-ray diffraction data were collected on synchrotron
beam line at PX-BL21, RRCAT, Indore, India. Data were
processed using iMOSFLM9 and scaled using SCALA.10
PHASER11 was used to solve structure by molecular
replacement using crystal structure of MBP (PDB ID:
1ANF) as a search template. Several iterative rounds of
manual model building using COOT12 and refinement
using PHENIX.REFINE13 were used to generate model
with R/Rfree of 0.183/0.237 respectively. Molprobity was
used for structure validation.14 Data collection and refinement statistics are given in Table I. Molecular graphics figures were created using Pymol and Chimera.15,16
RESULTS
Region connecting SIRT7NTD and catalytic
domain is prone to proteolytic degradation

Full-length SIRT7 with N-terminal 6xHis-tag could be
purified using Ni-NTA based affinity chromatography.
We repeatedly observed two intense bands in the elution
fractions [Supporting Information Fig. S3(A,B)]. To confirm the identity of the proteins both upper and lower
bands were excised and subjected to in-gel trypsin
PROTEINS
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digestion followed by peptide mass fingerprinting. PAWS
analysis suggested that upper band corresponds to the
full length SIRT7 [Supporting Information Fig. S4(A,B)]
and the lower band corresponds to the N-terminal
region of SIRT7 [Supporting Information Fig. S4(C,D)].
This data suggested that may be a long flexible linker
susceptible to proteolytic cleavage connects N-terminal
region and the catalytic core. Since, the construct was
having N-terminal 6xHis-tag so we could copurify Nterm domain along with the full length protein. Moreover, in the gel filtration profile we could see SIRT7 eluting as a monomer [Supporting Information Fig. S3(C)].
Based on peptide mass fingerprinting followed by PAWS
analysis and secondary structure analysis using Psipred,17
N-terminal domain of SIRT7, encompassing region 5–73
of SIRT7 was cloned in an engineered pMAL-c2X vector
to yield MBP-SIRT7NTD fusion protein. The resulting
fusion protein could be purified to homogeneity and was
further used for crystallization trials.
N- and C-terminal domains of SIRT7 help in
soluble expression

Based on the above observation several variants of
SIRT7 encompassing different regions were cloned in
expression vectors to yield 6xHis-tag and MBP fusion variants. Most of the constructs expressed well but proteins
could not be purified from the soluble fraction. We even
could not get the conserved catalytic domain expressed in
soluble form. Our data suggests that both N- and Cterminal domains of SIRT7 assist in soluble expression of
SIRT7. The detailed information regarding the expression
profile of constructs created and tested can be found in the
Supporting Information (Supporting Information Fig. S1).
The SIRT7NTD adopts a three-helical domain
architecture

There is no sequence homolog of SIRT7NTD available
in PDB but structure could be solved at 2.3 Å resolution
by molecular replacement using MBP as a search model.
After initial rounds of refinement a clear electron density
for the helices could be seen for the region corresponding to SIRT7NTD. The final model includes 5–61 residues
of SIRT7NTD, 2368 to 210 residues of MBP (for ease of
visualization and structural analysis residues corresponding to fusion tag, including linker region, are numbered
from 2368 to 0 and residues corresponding to SIRT7NTD
are numbered from 5–61), and one molecule of maltose
bound to the active site of MBP. SIRT7NTD consist of
three helices, a1 to a3 and a short 310 helix from Ala40
to Glu42 connects a1 and a2. a1 is the longest helix
consisting of 35 amino acids covering residue range from
Gly5 to Arg37. The other two short helices a2 and a3,
covering Ala45 to Leu51 and Ser54 to Glu60 respectively,
lie almost perpendicular to the a1 [Fig. 1(A,B)]. The a1
is predominately rich in positively charged residues and
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a major part of the helix is solvent exposed [Fig. 1(C)].
Residues Leu29, Val32, Leu36, and Ile35 from a1, Leu50
and Leu51 from a2 and Leu57, Val58, and Leu61 from
a3 assemble to form a small leucine rich hydrophobic
core [Fig. 1(D)]. The side chains of several residue pairs,
Arg11/Glu15, Glu22/Arg26, Glu23/Arg26, Glu23/Arg30,
Glu27/Arg30, Glu27/Gln31, Ser33-HOH-Arg37, Gln31/
Arg34, Arg34/Glu47, Lys38/Glu42, Lys38/Glu47, Ser44/
Glu47, Glu46/Arg49, and Arg28/Ser54 participate in
forming potential hydrogen bonds/salt bridges. An interesting network of these potential hydrogen bonds/salt
bridges observed in the molecule is shown in [Fig. 1(B)].
The residues in the linker region “AAAQTNAAHM”
adopt “HHHHHHHHCT” secondary structure conformation. N-terminal region of a1 in SIRT7NTD interacts
with MBP through several potential hydrogen bonds,
water mediated interactions and other nonbonded interactions [Fig. 2(B)]. Notably, Arg16 interacts with –
Thr318 and –Asp316 through side-chain-side-chain interactions and salt-bridge respectively. Glu10 interact with
2Ser298 through side-chain-side-chain interactions.
The water bridges are observed between Arg8-HOH140(–Ala33),
Ser9-HOH97-(–Ser34),
Glu10-HOH145(2Ser198), Glu10-HOH145-HOH152-(2Pro323), in
MBP-SIRT7NTD [Fig. 2(B)]. The Arg rich region from
Leu61 to Gln73 (LQGRSRRREGLKR), coding for nuclear
localization signal5 could not be modelled due to poor
electron density suggesting high disorder in the region.
Structure based bioinformatics analysis using Profunc
server18 provided potential hits for two DNA binding
templates. One of the hits, Mad-Max, proto-oncogenic
transcription factor (PDB ID: 1NLW) had E-value of
0.954 [Fig. 1(F)].19 There are reports highlighting the
association of Mad-Max complexes with mSin3 which
recruits HDAC1 and HDAC2 onto the target genes for
transcriptional repression.20,21 This observation is interesting as physical interaction of SIRT7 and Myc, a structurally similar transcription factor, has been reported.
Myc facilitates recruitment of SIRT7 onto the promoters
of ribosomal proteins for repressing the expression of
ribosomal protein and suppression of ER stress and prevents fatty liver disease.22 So far there is no report suggesting DNA binding property of SIRT7. But structural
similarity of SIRT7NTD with the DNA binding region of
Mad-Max transcription factor and need of chromatin
DNA for deacetylase activity reported recently23 opens
up a new possibility of investigating such molecular
interactions. Structural similarity based search performed
using PDBeFOLD24 with SIRT7NTD from amino acid
residues 21–61, gave ICAT (Inhibitor of b-catenin and
TCF-4) helical domain (PDB IDs 1LUJ, 1T08, 1MLE) as
the top hit. ICAT shares 18% sequence identity, 0.66 Q
score and RMSD of 1.21 over 38 Ca atoms (PDB ID:
1LUJ) [Fig. 1(E)]. Helical domain of ICAT reportedly
binds 10–12 armadillo repeats of b-catenin and negatively regulates Wnt signalling by disrupting interactions
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Figure 1
Three dimensional structure of the N-terminal domain of SIRT7. A: Cartoon representation of MBP-SIRT7NTD fusion protein. MBP and
SIRT7NTD are highlighted in blue and orange colors, respectively. SIRT7NTD adopts a three-helical domain architecture. Maltose bound to the
active site of MBP is shown in ball and stick representation. B: Potential hydrogen bonds/salt bridges, shown in black broken line, are populated
on one phase of the helix. C: Electrostatic potential surface representation of SIRT7NTD. D: Close view of the Leu rich hydrophobic core. E:
Structural superposition of SIRT7NTD (orange) with the ICAT helical domain of b-cateninn/ICAT complex (blue) (PDB ID 1LUJ). F: Structural
superposition of SIRT7NTD (orange) with the DNA binding region of Mad-Max proto-oncogenic transcription factor (magenta) bound to DNA
(pale yellow). The positively charged residues in the vicinity of DNA are shown in stick representation. Lower panel shows the sequence alignment of the DNA binding motif.

between b-catenin and TCF family of transcription factors.25,26 The canonical Wnt pathway is involved in various kinds of cancers.27 SIRT7 also reportedly plays role in
several kinds of cancers.28 Structural similarity of
SIRT7NTD with ICAT also raises possibility of involvement
of the former in facilitating interactions of SIRT7 with different histone/nonhistone targets which might play role in
normal physiological processes and diseased conditions
like cancer. These structural insights need further investigations to validate relevance in physiological conditions.

Crystal packing analysis

MBP-SIRT7NTD crystallized in space group P21 with
one molecule in the asymmetric unit. We performed
crystal packing analysis to investigate role of SIRT7NTD
in forming crystal contacts and to explore any potential
self association. Our analysis suggests that each
SIRT7NTD molecule interacts with three symmetry related
molecules [Fig. 2(A)]. All the three crystal contacts were
observed between SIRT7NTD and MBP molecules. No
PROTEINS
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Figure 2
Crystal packing analysis. A: Symmetry mates, SM1-SM3, lying within 4 Å distance of SIRT7NTD and involved in crystal contact are shown in different colours. B: Closer view of the interactions at the crystal packing interfaces. Residues participating in the interactions from asymmetric unit and
the symmetry mates are shown in stick representation and are labeled in black and magenta colors, respectively. Water molecules are represented as
red spheres.

intermolecular interactions were observed between the
SIRT7NTD molecules hence suggesting SIRT7NTD do not
self associate. The potential interactions at the crystal
contact interface are shown in [Fig. 2(B)]. The side
chains of Arg11, Glu22 and Arg30 of SIRT7NTD, interact
with side chains of 2Glu62, 2Lys283 and 2Asp341,
respectively in molecule 3. The side-chain of Arg26,
Ser33 of SIRT7NTD interact with main chain of 2Asn89,
2Asp341 respectively, and the side-chain of Glu60 interacts with main chain of 2Leu96 and 2Glu97 in molecule 3. Crystal contacts in molecule 1 are formed by
bifurcated hydrogen bond between –Asp164 and Arg37.
There is salt bridge between Glu42 and –Lys169 of molecule 1, and between Glu46 and –Lys98 of molecule 2.
Several water mediated interactions also stabilize the
crystal contacts [Fig. 2(B)].

(Supporting Information Fig. S3). Structural analysis of
SIRT7NTD suggests structural similarity to regulators of
transcription factors and possible role in DNA binding as
well. While our manuscript was under preparation Tong
et al. reported that SIRT7 requires both N- and Cterminal regions for its DNA activated deacetylase activity.23 We hope this study would help provide useful
insights to understand role of SIRT7NTD mediated physiological functions and will also aid in rational drug
design.

DISCUSSION
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