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Mammalian SIRT7 is a member of the sirtuin family of nicotinamide adenine
dinucleotide (NAD)dependent protein lysine deacylases that regulate multiple
important biological processes including genome stability, metabolic pathways, stress
responses, and tumorigenesis. SIRT7 has been shown to be important for ribosome
biogenesis ahtranscriptional regulatiornSirt7 knockout mice exhibit complications
associated with fatty liver and increased aging in hematopoietic stem cells. However,
the molecular basis for its biological function remains unclear, to a large extent due to

the lackof efficient enzymatic activityn vitro.

| started my worlon the expression and purification of active human SIRT7 Earli.

First 1 found thatSIRT7 can be activated ldpublestrandeddNA to hydrolyze acetyl
group from lysine residues vitro on histone peptides and histopeoteinsin the
context of chromatinLater | showed tha®NA can increase the catalytic efficiency of
SIRT7 even better and SIRT7 can remove long chain fatty acyl groups more efficiently
than removing acetyl groups. Truncatiand systematic mutagenesis studies revealed
residues at both the amino and carboxyl termini of SIRT7 that are involved in RNA

binding and important for activity. RNA immunoprecipitatisequencing (RH3eq)



identified ribosomal RNA (rRNA) as the predorairt RNA binding partners of SIRT7.
The associated RNA was able to effectively activate the deacetylase and aefktse
activities of SIRT7We also provided preliminary results showing tBat7 knockdown
slightly increased global lysine fatacylaton level. These findings provide important
insights into the biological functions of SIRT7, as well as an improved platform to

developSIRT7 modulators.
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CHAPTER 1

An Overview of Sirtuins
Discoveries of Sirtuins

Yeast silencing information regulator 2 (SIR2) protein, as the foundingoeie
of sirtuin family, was first discovered from a screen for modulators of yeast lifé. span
SIR2 was later found to be required for the extension of yeast life span by calorie
restrictiorf. These discoveries laahed a new field in biology: the study of SIR2 and
its homologs in mammals, named as sirtuins.

Sirtuins are evolutionarily conserved in all domains of life. Based on similarity
of primary sequences, sirtuins from different species are classified intelémses,
class #IV3. Mammalian genome encodes seven sirtuins (SIRTSIRT13 belong to
class I, SIRT4 belongs to class II, SIRT5 is in class Ill, while both SIRT6 and SIRT7
are in class IV.

Sirtuins are distbuted in different subcellular locations, including the nucleus
(SIRT1, SIRT6, and SIRT7), cytosol (SIRT2), and mitochondria (SIR)TAlthough
in some studies, SIRT1 has been found to be present at cytosol, and SIRT2 has been

reported to associate wittuclear proteirfs®.

Biological functions of Sirtuins
Sirtuins were initially implicated in silencing gene transcription and aging
process by deacetylating histone substfatasnammals, apart from histones, sirtuins

target a diverse set of substrates. By modifying histones, transcription factors, and



epigenetic enzymes, sirtuins play important roles in chromatin bibfo@rtuins also
regulate cellular metabolism (e.g. glucose homeostasis, lipid metabolism and insulin
secretion) via removing acetyl groups from metabolic enzymes in the mitochondria and
cytosof. Because of the central roles sirtuins have in many important biological
processes, it is not surprising that they haa®oime the promising targets for treatment

of a variety of human diseases such as aging, cancer, cardiovascular disease,

inflammation and neurodegenerative disease.

Catalytic mechanism of Sirtuins

Sirtuins were discovered as NAdependent protein lysineedcetylases
yielding three products: deeaceghAPH-riaosee d | y si
(OAADPY)’. The catalytic mechanism of sirtuin enzymes is illustrated in Figure 1.1.
T h e1 @alkylimidate intermdiate formed upon the displacement of nicotinamide
by the attack of the acetyl -Obifollowedrby | ntr a
hydr ol ysi-sOARQiIDWe s vth i c h can OAAPRrmmery i z e t
enzymatically’.

Biochemical studies revealed that the enzyme binds the acetyl lysine substrate
prior to NAD. Nicotinamide is the first product released after cleavage from NAD,
followed by deacetylated lysine and OAADPrThe use of NAD as a esubstrate
distinguishes sirtuins from other classes of protein deacetylases, and more importantly,

allows sirtuins to sense cellular metabolic status for timely regulation.
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Figure 1.1 Mechanism of sirtui-catalyzed NADBdependent deacetylation

Overall structure of Sirtuins

Primary sequence alignment of sirtuins indicates a highly conserved catalytic
core domain with variable amino {Nand carboxyl (€) terminal segments. The overall
structures of the cerdomains of sirtuins are highly similar, displaying a large Rossman
fold domain for NAD binding and a more variant small domain that consists of-a zinc
binding ribbon module and a helical module (Figure 1.2). The small domain is tethered
to the Rossman fad through four linking loops that form a cleft. The acetyl lysine and
NAD insert into the cleft where catalysis occurs.

Up to date, only yeast sirtuin, Hst2 structure has been resolved adesdy
protein that contains flexible -Nand Gterminal rgjions. Interestingly, N and G
terminal extensions of yHst2 interact respectiweith NAD and acetyl lysine binding
sites to autenhibit the enzyme by formation of a homotrirtferRecently, it was
demonstrated that-Naind Gterminal domains of mammalian SIRT1 can transvate

deacetylation activity of endogenous SIR¥1* suggesting a unique autoregulation



mechanisnthrough its highly variable Nand Gtermini.
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Figure 1.2 Overall sirtuin structure representedymast sirtuinHst2. Fulllength Hst2
is shownin complex with acetyl lysine and carbbAD substrates indicated in stick
(PDB1SZC)®. The small globular domain is shown in green, the large domain is shown

in purple, and the four linking loops in magenta.

Novel enzymatic activities of Sirtuins

Among the seven mammalian sirtuins, only the clasgembers (SIRT-B)
display robust deacetylase activities in vitro, whereas the other four sirtuins (3JRT4
only exhibit very weak or nedetectable deacetylase activities in Vitrd’. It has been
proposed tat some of sirtuins may function as AbiBosyltransferasé$ & however,
despite of the very weak activity in vitro, its physiological significance is still
controversial® *° It was recently demonstrated that mammalian SIRT5, one of the four

sirtuins with weak deacetylase activities, functions to remove negatively charged acyl



groups including succinyl and malonyl from protein lysine resitfu€qFigure 1.3).
Protein lysine succinylation and malonylation were not previously known as common
protein postranslational modifications (PTMs). Subsequent proteomics studies from
independent research groups have identified thousasfdgroteins that are
succinylateé 23 indicating that this is an abundant and important PTM since many
substrate proteins of SIRT5 are metabolic enzymes of which activities are regulated by
dynamic succinylatio/malonylation level. Indeed, SIRT5 has also been recently shown
to hydrolyze glutaryl group from protein lysirtés

SIRT6, which also displays weak and sequesypecific deacetylase activity on
peptide substrates vitro®#2%, was demonstrated to prefer hydrolyzing long chain fatty
acyl groups, such as myristoyl and palmitoyl, from protein lysine residues (Figure 1.3)
27 This aclvity is similar to the previously reported activity for the Plasmodium
falciparum SIR2 protein, PfSIRZA One physiological substrate identified for the
defatty-acylation activity of SIRT6 is tumor necrosisfacto U ( TNFU) , whi ch
to be myristoylated on K19 andK#0 S1 RT6 was shown to pr omo
by defattyacylating its K19 and K20 residues. Although SIRT6 exhibits poor
deacetylase activity in vitrorothe peptide substrates alone, recent studies suggested
that histone substrates packaged as nucleosbordsee fatty acidd could activate the
deacetylase activity of SIRT6. These findings provide possible explanation for SIRT6
to function as a metabolic sensor with ltiple switchable enzymatic activities in
different subcellular contexts. Interestingly, it was shown that SIRd@dn also remove
long chain fattyacyl groups in vitré' althoudh the physiological relevance remains to

be further studied.



The diverse activities of SIRT3 (class |, primarily deacetylation but can also
remove long chain fatty acyl groups), SIRTS (class lll, desuccinylation, demalonylation
and deglutarylation), an8IRT6 (class IV, more efficient as a defa#tyylase but can
also remove the acetyl group) strongly suggest that sirtuins from different classes may

exhibit different specificity for acyl lysine substrates.

1 0 0
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HN” “CH, HN” \/\ﬁ’ HN” CHs
n
0 n=2-6
“"'J\N ,,.r‘\N ,,.r'\N
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o] o
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SIRT1-3 SIRTS SIRT6

Figure 1.3 Prekrences of lysine acyl modifications by different mammalian sirtuin

enzymes.



An Overview of SIRT7

Introduction

Among the seven mammalian sirtuins, SIRA1with diverse biological
functions, enzymatic activities and physiological substrates, SIRT oorly
understood. Although both SIRT6 and SIRT7 belong to the class IV sirtuin, they only
share ~40% primary sequence similarity with SIRT6 belonging to class IVa, and SIRT7
assigned to class Vb SIRT7 is minly localized in the nucleus, specifically
concentrated in the nucleolis’? Meanwhile, a significant portion of SIRT7 has been
reported to localize in the cytoddl Our growing understanding of SIRT7 has
implicated its important roles in gene transcription, hepatic lipid metabolism and

cancet”.

SIRT7 & Transcription
Due to its primary localization in the nucleolus undemnmadrconditions, SIRT7
was first reported to be an activator of RNA polymerase | (Pol 1) transcrAptBIRT7
associates with actively transcribed rDNA genes where it interacts with RNA Pol | and
histones. Recently, the mechanism underlying the effect was found to be-SIRT7
mediated deacetylation of the PAF53 subunit of RNAIPoDeacetylation of PAF53
results in its increased assomatwith RNA Pol | and thus elevated rDNA transcription.
SIRT7 exhibits almost noedetectable deacetylation activity in vitro, and
because of this, it was not until 2012 that the first deacetylation substrate of SIRT7 was
identified. Chua and eworkers dscovered that SIRT7 specifically deacetylates H3K18

by screening a library of acetyl lysine peptide derived from histone seqéfemadisis



study, SIRT7 was found to be recruited to gene promoters by interaatmdLK4
transcription factor. By selectively deacetylating H3K18 at these promoter regions,
SIRT7 inhibits the transcription of a series of tumor suppressive genes, thus contributing
to the maintenance of oncogenic transformation. Another major cate§@IRT7
targeting genes consists of ribosomal protein genes, which are transcriptional targets of
the oncoprotein MYE'. MYC recruits SIRT7 to target gene promoters to suppress the
expression of ribosomal protsiby deacetylation of H3K18. Intriguingly, it was shown
that SIRT7 attenuates ER (endoplasmic reticulum) stress by opposingdep&ndent
expression of ribosomal proteins. The model proposed is that by transiently reducing
protein synthesis rates during ERess, SIRT7 helps to relieve the unfolded protein
stress (UPR) in the ER.

Besides, SIRT7 has been reported to play an important role in regulating
mitochondrial homeostasis. Sirt7 deficiency in mice induces multiple mitochondrial
dysfunction includingncreased blood lactate levels, cardiac dysfunction and hepatic
microvesicular steatosfs These effects of SIRT7 on mitochondrial homeostasis were
attributed t o i ts deacetyl ation of a tr
facilitating GABPU/ GABPb compl ex formati on

encoded mitochondrial genes.

SIRT7 & hepatic lipid metabolism
Interestingly, three recent studies independently linkedahooholic fatty liver
formation with SIRT76s biological functior

Two groups reported that Sirtieficient mice developethronic hepatosteatosis during



aging proces$ % Two distinct mechanisms have been proposed to explain this
phenotype. Shin et al. stated that SIRT7 helped to alleviate ER stress and to prevent the
development bfatty liver disease. In addition, Ryu et al. ascribed the liver disorder in
aged Sirt7deficient mice to the consequences of mitochondrial dysfunction. On the
other hand, Yoshizawa et al. reported that Sirt7 krmdkmice were resistant to high

fat dig-induced fatty liver, obesity and glucose intoler&icEhe mechanism proposed

was that binding of SIRT7 to the DDB1UL4-associated factor (DCAF1)/damage
specific DNA binding protein 1 (DDB1)/cullin 4B (CUL4B) 3Eubiquitin ligase
complex inhibited the degradation of TR4, a nuclear receptor involved in lipid

metabolism.

SIRT7 & cancer

Elevated SIRT7 expression has been observed in multiple human cancer tissues
including prostate, hepatocellular, breast, thyrgastric and other carcinonf&&,
Two principal biological processes regulated by SIRT7 account for its potential
oncogenic character. First, SIRT7 is a lysine deacetylase that specifically removes a
histone mark H3K18 Ac (acetylated H3K18), depletion of which is correlated with
highly malignant cancers and poor patient progriddisthis context, via deacetylation
of H3K18 Ac at promoter regions of tumsuppressive gees such as COPS and NME1,
SIRT7 contributes to the maintenance of oncogenic transfordat®econd, SIRT7 is
enriched in nucleoli, subnuclear sites of ribosome biogenesis that is accelerated in
aggressive tumorseveral studies have proved that SIRT7 activates rRNA transcription

and ribosome machinery assembly. In SIRIEpleted cancer cells, rRNA synthesis rate



was reduced and thus led to decreased cell viability and prolife¥ationS1 RT 7 6 s
interaction with nucleolutocalized chromatin remodeling complexes (e.¢gWBCH

and NoRC)night also affect rDNA transcriptiéh Moreover, SIRT7 has been shown

to directly promote protein translation and regulate Pemidiated transcription of
transfer RNA (tRNA) by interacting with mTOR and thellTE2 transcription factd®.
Altogether, by coordinating rRNA synthesis, Pibtfdependent synthesis of tRNA and
ribosome assembly process, SIRT7 serves as a central regulator of cell growth and
proliferation, which are two prime factors for tumorigenesis.

With all that said, the impact of SIRT7 on spontaneous tumor development
remains unclear. SIRT7 has been reported to interact with MYC and repress
transcription of oncogenic MY@ependent genes by deacetylating H3K18 Ac. It is
possible that SIRT7 might even have a tumor suppressive role in the initiation of cancer

in early stages.

Dissertation Statement
My graduate worocuses on eXpring novel enzymatic activitignd biological
functionof SIRT7.In chapter 2, | describe the discovery tB#RT7 can be activated
by doublestranded DNAo hydrolyze the acetyl group from lysinesidues in vitro on
histone peptides and histone proteins in the context of chror@ditapter 3 describes
the discovery that RNA could further acti\
activation, SIRT7 exhibitegreference for removing longhain fdty-acyl groups from
lysine residueslruncation and systeriia mutagenesis studies reveakay residues at

both the amino and carboxyl termini of SIRT7 that are involved in RikWing and

-10-



important forthe activity. RNA immunoprecipitatiorsequencing (FP-seq) identified
ribosomal RNA (rRNA) as the predominant RNA binding partners of SIRT7. The
associated RNA was able to effectively activate the deacetylase and -defddtse
activities of SIRT71n the chapter 4, | report that the defadtyylase actiiy of SIRT7

is likely to be physiologically relevant. Global lysine fa#tgylation level slightly
increased upon Sirt7 knockdown. Stable isotope labeling by amino acids in cell culture
(SILAC) profile of lysine fattyacylation proteomedentified a list of putative

physiological substrates of which lysine fatty acylation level was regulated by SIRT7.
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CHAPTER 2

SIRT7 is Activated by DNA and Deacetylates Histone H3 in thel@omatin

Context
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Lin, H. (2016) SIRT7 Is Activated by DNA and Deacetylates Histone H3 in the
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synthesized H3 acyl peptides.
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Abstract

Mammalian sirtuins (SIRT-¥) are members of a highly conserved family of
nicotinamide adenine dinucleotidNAD")-dependent protein deacetylases that regulate
many biological processes including metabolism, genome stability, and transcription.
Among the seven human sirtuins, SIRT7 is the least understood, to a large extent due to
the lack of enzymatic actiwitin vitro. Here we reported that SIRT7 can be activated by
DNA to hydrolyze acetyl group from lysine residues in vitro on histone peptides and
histones in the chromatin context. Both &hd G termini of SIRT7 are important for
the DNA-activated deacetyd® activity. The regulatory mechanism of SIRT7 is
different from that of SIRT6, which also showed increased activity on chromatin
substrates, but the deacetylase activity of SIRT6 on peptide substrate cannot be activated
by DNA. This finding provides an iproved enzymatic activity assay of SIRT7 that will
promote the development of SIRT7 modulators. Further investigation into the activation
mechanism of SIRT7 by DNA could provide new insights into its biological function

and help development of sirtuin agttors.

Introduction

The silent information regulatér (Sir2) family of proteins, or sirtuins, are
evolutionarily conserved NADdependent protein lysine deacetyldSesMammals
encode seven sirtuins (SIRBIRT7), which govern important biological processes
including transcriptional regulation, genome stability, stress response, metabolism, and
aging . The seven mammalian sirtuins have different subcellular localizations, with

SIRT1, SIRT6, and SIRT7 being mainly nucledRE2 being predominantly cytosolic,
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and SIRT35 being mainly mitochondrial Among the seven human sirtuirthe
molecular function of SIRT7 is the least understood. SIRT7 is enriched in nucleoli
where it activates rRNA gene transcription by interacting with Pol | and upstream
binding transcription factor (UBEY. In response to metabolic stress, SIRT7 is released
from nucleoli leading to hyperacetylation of PAF53, a subunit of Pol | complex, and
decreased Pol | transcrign'®. SIRT7 alsaegulates Pol tmediated mRNA synthesis.

It can be recruited by specific transcription factors (EXkahd Myd?) to deacetylate
H3K18 acetyl modification specifically and thus suppress downstream gene
transcription. SIRT7 has also been reported to regulate transcription of mitoehondri
biogenesis genes by directly deacetylating and activating a transcription factor
G A B P& BIRT7 is also invaled in attenuating strestivated protein kinase
(SAPK) and p5anediated stress respon¥e® and regulating Pol Hmediated tRNA
transcription and ribosomal biogenéSisut the exact molecular mechanism remains

unknown.

Results and Discussion
SIRT7 deacetylase activity is significantly enhanced by DNA.

Despite all the reports that connect

functions, the in vitro deacetylase activity of SIRT7 in many cases cannot be detected.

For example, no appreciable anmb of deacetylation product was observed by high
pressure liquid chromatography (HPLE3sed assays using peptide substrat@is
was also observed in our laboratory (FigureB)A Inspired by the fact that SIRT7 is

localized mainly in the nucleus and involved in regulating transcription and protein
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synthesi§" 16, we postulated that DNA might affect its enzymatic activity, similar to
SIRT6 that displays a nucleosordependent deatgase activity?®.

SIRT7 was expressed in E. coli and affinity purified to near homogeneity. An
HPLC assay was used to monitor the activity of SIRT7 on H3K9 and H3K18 acetyl
(H3K9 Ac and H3K18 Ac) peptides in the absence or presence of dstulteled DNA
(dsDNA, salmon sperm DNA sheared to an average size less than 2000bp). In the
absence of dsDNA, no deacetylation was observed on either peptide substrate.
Strikingly, in the presence of dsDNA, SIRT7 displayed deacetylase activity on both
H3K9 Ac and H3K18 Ac pepdes (Figure 2.1AB). SIRT7 activity increased as the
mass ration of DNA to SIRT7 was increased and the activity almost reached a plateau
when the ratio reaches 1:1 (Figure 2.2). In later studies, we generally used 3:1 DNA to
SIRT7 mass ratio to make siB&RT7 was saturated by DNA. Interestingly, all the other
sirtuin proteins (except for SIRT4, which we could not acquire the recombinant protein
from E. coli) could not be activated by dsDNA (Figure 2.1C). Even SIRT6, which is
closest to SIRT7 and was shoterhave a nucleosorrgependent deacetylation activity,
could not be activated by dsDNA on peptide substrates. Thus, among all the human
sirtuins, the activation of the deacetylase activity on peptide substrates by DNA is a

unique property of SIRT7.
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Figure 2.1 SIRT7 deacetylase activity is significantly enhanced by DNA. (A) Overlaid
HPLC traces showing SIR¥@atalyzed hydrolysis of H3K9 acetyl peptide with DNA.
(B) HPLC traces showing SIRTdatalyzed hydrolysis of H3K18 ag peptide with

DNA. (C) Overlaid HPLC traces showing that other sirtuin proteins cannot be activated
by DNA.
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Figure 2.2 The activity of SIRT7 with different amount of dsDNA. (A) Overlaid
HPLC traces showing SIRT@atdyzed hydrolysis of H3K18 acetyl peptide with
different mass ratio of DNA to SIRT7. (B) The conversation rates for the reactions

shown in A were plotted against the DNA to SIRT7 mass ratios.

We further determined the turnover numbegykand Michaelisconstant ()
of SIRT7 in the presence of dsDNA (Table 2.1). Again, without dsSDNA we could not
detect the activity and thus could not determine the kinetic constants. Consistent with
the reported activity scre€nH3K18 Ac peptide turned out to be a significantly better
(16-fold) substrate of SIRT7 compared to H3K9 Ac peptide. For H3K18 Ac, SIRT7
displayed a & value of 0.5 mint and a Kk, value of 167uM (KcalKm 16 Mls?). In
contrast, for H3K9 Ac, we could not saturate SIRT7 and thus could only obtain the
kealKm value, which was 1.0 N2, This is the first time that we could reliably detect

the enzymatic activity of SIRT7 in vitro.
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Table 2.1 Catalytic efficiencies of SIRT7 fulength (FL) and truncations on acetyl

peptides

Acetyl peptide K. (s7) K., (UM) kK, (M-1s1)
H3K9 Ac, FL NAC NA NA

H3K9 Ac, FL + ds DNA® NDP ND 1.0

H3K18 Ac, FL NA NA NA

H3K18 Ac, FL + ds DNA 27 %103+ 3.7x10* 167 £ 43 16

H3K18 Ac, AN + ds DNA ND ND ~2.0

H3K18 Ac, AC + ds DNA NA NA NA

H3K18 Ac, core + ds DNA  NA NA NA

ads DNA: SIRT7=3:1 (mass ratio)

END: k_,; and K, cannot be determined because V~[S] is linear, thus only k_,/K,, value can be determined
°NA: product formation cannot be detected

FL: 1-400; AN: 56-400; AC: 1-364; core: 56-364

We next investigated whether SIRT7 could be activated by DNA on histone
protein substrates. We incubated calf thymus historgsreacombinant SIRT7 in the
presence/absence of dsDNA. The H3K18 Ac level was then blotted using an H3K18Ac
specific antibody. SIRT7 exhibited no deacetylase activity on purified histone
proteins. Unexpectedly, addition of exogenous DNA did not signifigalecrease the

H3K18 Ac level (Figure 2.3A).
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Figure 2.3 SIRT7 is activated by genomic DNA on chromatin substrates. (A) SIRT7
cannot be activated by exogenous DNA on histone proteins. (B) SIRT7 can deacetylate
H3K18 in the chromatin contex(C) Genomic DNA is required for SIRT7 to remove
H3K9 Ac from chromatin substrat@) Quantification of western blot results shown in

(B & C). The levels of H3K9 Ac and H3K18 Ac were normalized by the amount of
histone H3 proteins. Threlative acetylation level was calculated by setting the negative
control (SIRT7 minus reaction) level to 100%.

Nucleosomes consist of a segment of DNA wrapped around a histone octamer.
Therefore, we speculated that chromatin compositional DNA may 8ctBIRT7 to
remove histone acetylation. We first extracted chromatin fraction from HEK 293T cells
as reportetf. Using the chromatin substrates, SIRT7 displapbdst NAD-dependent

H3K18 Ac deacetylase activity. Furthermore, nuclease cocktail treatment completely
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abolished the deacetylase activity on H3K18Ac while RNase treatment did not,
suggesting that chromatin DNA isigorequired
2.3B) . We also tested SIRT76s activity
treatment (Figure 2.3C) and quantified the acetylation level (Figure 2.3D). Interestingly,

in the context of chromatin, SIRT7 was able to remove acetyl group from H3K@eesid

We further performed a timeourse analysis of SIRT7 on H3K18 Ac in the context of

chromatin (Figure 2.4). SIRT7 was able to hydrolyze ~50% of H3K18 Ac within 90

minutes.
A B H3K18 Ac
NAD - + + + o+ 150 -
time (min) 0 0 30 60 90

100

-+
) -
& ° K S »
&

&

(—— — — o H3K18 Ac

b-o | H3

|—_--~ SIRT7

Conversion Rate%

[=]

reaction time (min)

Figure 2.4 Time course analysis of SIRT7 deadasg activity on H3K18 Ac on
chromatin substrateéA) Western blot showing SIRT7 H3K18 Ac deacetylase activity
in a timedependent manner. (B)uantification of western blot results shown in (A).
The levels of H3K18 Ac were normalized by the amount abhis H3 proteins. The
relative acetylation level was calculated by setting starting reaction (0 min) level to
100%.

We next investigated which domain(s) of SIRT7 is responsible for its activation
by DNA. Sirtuin proteins contain a conserved central catatpre flanked by highly

variable N and Gterminal extensiof8. Seven human sirtuinseacategorized into
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four subclasses, where SIRT6 and SIRT7 belong to subclads Bibinformatics
prediction of DNAbinding sites of SIRT7 suggested that theaNd Gtermini that are
rich in Arg and Lys residues could potentially play an important iroleinding to
negatively charged DNA (Figure 2.5 and 26Thus, we hypothesized that the and

C- termini of SIRT7 could be essential for its activation by DNA.
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Figure 2.5 Alignment of praein sequences of different human sirtuiBick arrows
mark the start and end of the core domain of SIRT7.
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Figure 2.6 Summary of predicted DNAInding residues at the-Nind Gtermini of
SIRTY. Bioinformatics software Bind (http://bioinfo.ggc.org/bindn/was used to

predict DNAbinding residues which are highlighted in pink. Most of these residues are

conserved among different species.

We obtained full length (FL, residue4D0) and several truncated SIRT7 lacking
either the Nor C-terminal extension:thedd er mi nal de |l e t-40®,the ( (N, r
Cterminal d el e t364p and theyGre domains(B6d) (Fegurd 2.7A
B). Using the H3K18 Ac peptide, we conductatdivity assays for these four proteins.
With dsDNA as the in vitro activator, we f
exhibit detectable enzymatic activity within the detection limit of the HPBSed assay
(Figure 2.7C). S | R acfivategh My DNNA.sKinetias Istydiess | i g h't
indicated that the c¢ataKny20Mshewmadonlgi/Bency o]

of FL SIRT7 (ka/Km ~16.0 M's?) in the presence of dsDNA (Table 2.1).
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