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Materials and Methods

Cell culture and RNAi

293T cells were acquired from the ATCC. Cells were cultured in advanced DMEM
(Invitrogen) supplemented with 1% penicillin-streptomycin (Invitrogen) and 10% FBS
(Invitrogen). For inducing PFS™, cells were treated with doxycycline (30 ug/mL) for 48
hrs, or ethidium bromide (50 ng/mL) for 7 days. Alternatively, cells were transfected
with a construct expressing an aggregation prone mutant mitochondrial OTC protein
from the Hoogenraad lab (/8). For nutrient deprivation, cells were cultured in glucose
free medium (Invitrogen) or glutamine free medium (Invitrogen) for 48-68 hours. Cell

proliferation and survival were scored using a Vi-Cell Analyzer (Beckman Coulter).

SIRT7 knockdown target sequences are as follows, as previously described (9):

S7KD1, 5'-CACCTTTCTGTGAGAACGGAA-3';

S7KD2, 5'-TAGCCATTTGTCCTTGAGGAA-3',

NRF1 knockdown target sequences are as follows:

NRF1 KD (mouse), 5’-GAAAGCTGCAAGCCTATCT-3’

NRF1 KD (human), 5'-CACCGTTGCCCAAGTGAATTA-3'

Double-stranded siRNAs were purchased from Thermo Scientific and were transfected
into cells via RNAiMax (Invitrogen) according to manufacturer’s instructions.
Generation of SIRT7 knockdown and overexpressing cells was described previously (9).
After puromycin selection, cells were recovered in puromycin free medium for 2-3

passages before analyses.



Measurements of mitochondrial mass, ATP, citrate synthase activity, and oxygen

consumption

To measure mitochondrial mass, cells were stained with 100nM MitoTracker Green

(Invitrogen) for 30 minutes in at 37°C, and analyzed with flow cytometry (BD Fortessa).

For oxygen consumption, 3X10° cells were plated using CellTak (BD) and the oxygen
consumption rate (OCR) was measured using a Seahorse XF24 instrument following the
manufacturer’s instructions (Seahorse Biosciences). OCR was measured under basal
conditions, in the presence of the mitochondrial inhibitor oligomycin A (1 uM),
mitochondrial uncoupler FCCP (1 uM) and respiratory chain inhibitor antimycin and

rotenone (1 uM).

Citrate synthase activity was measured following the manufacturer’s instruction
(Biovision Citrate Synthase Activity Colorimetric Assay Kit #K318-100). To measure
ATP, cells in suspension were mixed with an equal volume of CellTiterGlo in solid white
luminescence plates (Grenier Bio-One) following the manufacturer’s instructions
(Promega). Luminescence was measured using a luminometer (LMAX II 384 microplate

reader, Molecular Devices) to obtain relative luciferase units (RLU).

Co-immunoprecipitations

Co-immunoprecipitations were performed as previously described (/4) with Flag-resin

(Sigma) or Protein A/G beads (Santa Cruz) for SIRT7 IP. Elution was performed with



either Flag peptide (Sigma) or 100mM Glycine solution (pH 3) for SIRT7 IP. Antibodies

are provided in Table S1.

ChIP and mRNA analysis

Cells were prepared for ChIP as previously described (26), with the exception that DNA
was washed and eluted using a PCR purification kit (Qiagen) rather than by phenol-
chloroform extraction. RNA was isolated from cells or tissues using Trizol reagent
(Invitrogen) and purified using the RNeasy Mini Kit (Qiagen). cDNA was generated
using the qScript™ cDNA SuperMix (Quanta Biosciences). Gene expression was
determined by real time PCR using Eva qPCR SuperMix kit (BioChain Institute) on an
ABI StepOnePlus system. All data were normalized to ActB or GAPDH expression.

Antibodies and PCR primer details are provided in Table S1-3.

Mice

SIRT7" mice have been described previously (9). All mice were housed on a 12:12 hr
light:dark cycle at 25°C. For 5-Fluorouricil treatment study, 1x10° BMCs from SIRT7"*
or SIRT7” mice were transplanted into lethally irradiated recipient mice. 4 months
posttransplantation, 5-Fluorouricil was administrated to mice intraperitoneally at a dose
of 150 mg/kg once per week, and the survival of the mice was monitored daily. All
animal procedures were in accordance with the animal care committee at the University

of California, Berkeley.

Flow Cytometry and Cell Sorting




BMCs were obtained by crushing the long bones with sterile PBS without calcium and
magnesium supplemented with 2% FBS. Lineage staining contained a cocktail of
biotinylated anti-mouse antibodies to Mac-1 (CD11b), Gr-1 (Ly-6G/C), Ter119 (Ly-76),
CD3, CD4, CD8a (Ly-2), and B220 (CD45R) (BioLegend). For detection or sorting, we
used streptavidin conjugated to APC-Cy7, c-Kit-APC, Sca-1-Pacific blue, CD48-FITC,
and CD150-PE (BioLegend). For congenic strain discrimination, anti-CD45.1 PerCP and
anti-CD45.2 PE-Cy7 antibodies (BioLegend) were used. For assessment of apoptosis and
cell cycle analysis, AnnexinV and Ki-67 (BioLegend) staining were performed
respectively according to the manufacturer’s recommendation after cell surface staining.
For in vivo cell-cycle analysis, BrdU (Invitrogen) was incorporated over a 16-hour
period. For ex vivo proliferation analysis, cultured BMCs were pulsed with BrdU
(Invitrogen) for one hour before flow cytometry analysis. For mitochondrial mass,
BMCs were incubated with 100nM MitoTracker Green (Invitrogen) for 30 min at 37°C in
the dark after cell surface staining. All data were collected on a Fortessa (Becton
Dickinson), and data analysis was performed with FlowJo (TreeStar). For cell sorting,
lineage depletion or c-kit enrichment was performed according to the manufacturer’s
instructions (Miltenyi Biotec). Cells were sorted using a Cytopeia INFLUX Sorter

(Becton Dickinson). Antibody details are provided in Table S1.

Lentiviral Transduction of HSCs

As previously described (27), sorted HSCs were prestimulated for 5-10 hrs in a 96 well U
bottom dish in StemSpan SFEM (Stem Cell Technologies) supplemented with 10% FBS

(Stem Cell Technologies), 1% Penicillin/Streptomycin (Invitrogen), IL3 (20ng/ml), IL6



(20ng/ml), TPO (50ng/ml), FIt3L (50ng/ml), and SCF (100ng/ml) (Peprotech).

SIRT7 was cloned into the pFUGw lentiviral construct. NRF1 shRNA was cloned into
pFUGw-H1 lentiviral construct. Lentivirus was produced as described (/4), concentrated
by centrifugation, and resuspended with supplemented StemSpan SFEM media. The
lentiviral media were added to HSCs in a 24 well plate, spinoculated for 90 min at 270g
in the presence of 8ug/ml polybrene. This process was repeated 24 hr later with a fresh

batch of lentiviral media.

mtDNA/nDNA

The mitochondrial DNA/nuclear DNA (mtDNA/nDNA) ratio was determined by
isolating DNA from cells with Trizol (Invitrogen), as described previously (28). The

ratio of mtDNA/nDNA was calculated as previously described (29).

Electron Microscopy

40,000 HSCs were pelleted at 150g. Samples were fixed with 2% gluaraldehyde for 10
minutes at room temperature while rocking. Samples were pelleted at 600g and further
fixed with 2% glutaraldehyde / 0.1M NaCacodylate at 4°C and were submitted to the UC
Berkeley Electron Microscope Core Facility for standard transmission electron

microscopy ultrastructure analyses.

Transplantation Assays

For transplantations, 5x10° BMCs from SIRT7"* or SIRT7” CD45.2 littermates was



mixed with 5x10° CD45.1 B6.SJL (Jackson Laboratory) competitor BMCs and injected
into lethally irradiated (950 Gy) CD45.1 B6.SJL recipient mice. Alternatively, 250 sorted
HSCs from SIRT7"* or SIRT7”" mice were mixed with 5x10° CD45.1 B6.SIL competitor
BMC:s and injected into lethally irradiated B6.SJL recipient mice. To assess multilineage
reconstitution of transplanted mice, peripheral blood was collected every month for 4
months by retroorbital bleeding. Red blood cells were lysed and the remaining blood cells
were stained with CD45.2 FITC, CD45.1 PE, Macl PerCP, Grl Cy7PE, B220 APC, and

CD3 PB (Biolegend). Antibody details are provided in Table S1.

Statistical Analysis

The number of mice chosen for each experiment is based on the principle that the
minimal number of mice is used to have sufficient statistical power and is comparable to
published literature for the same assays performed. Mice were randomized to groups and
analysis of mice and tissue samples were performed by investigators blinded to the
treatment of genetic background of the animals. Transplant experiments have been
repeated 5 times. HSC characterizations in SIRT7” mice have been repeated in 10
different cohorts of mice. Analyses in SIRT7 KD cells have been repeated 2-5 times.
Experiments are repeated by at least 2 different scientists. Statistical analysis was
performed with Excel (Microsoft) and Prism 5.0 Software (GraphPad Software). Means
between two groups were compared with two-tailed, unpaired Student’s t-test. Error Bars
represent standard errors. In all corresponding figures, * represents p<0.05. ** represents

p<0.01. *** represents p<0.001. ns represents p>0.05.
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Fig. S1. SIRT7 and NRF1 co-occupy the same genomic regions at the promoters of mitochondrial
translation machinery components.

(A and B) SIRT7 binds the promoters of mRPs but not other mitochondrial genes. NRF1 binds the
promoters of mRPs and other mitochondrial genes, but not NME1, a known target of SIRT7. SIRT7 and
NRF1 occupancy at gene promoters in 293T cells was determined by ChIP-PCR, compared to IgG
negative control samples. All samples were normalized to input DNA.

(C) Schematic representation of NRF1 and NRF2 consensus binding sequences, and SIRT7 binding
sites at gene promoters. SIRT7 binding sites were determined in a ChIP-seq study (Barber et al. Nature
2012).

Error bars represent SE. **: p<0.01. ***: p<0.001.
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Fig. S2. Knockdown of NRF1 with siRNA in cells.

(A and B) NRF1 siRNA reduces the expression by 40%. 293T cells were transfected with NRF1
siRNA. The expression levels of NRF1 were determined by immunoblots and qPCR. Error bars
represent SE. *: p<0.05.
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Fig. S3. SIRT7 represses NRF1 transcription.

(A) SIRT7 represses the expression of mRPs. SIRT7 was knocked down in 293T cells via shRNA.
Gene expression in SIRT7 KD cells and control cells was determined by qPCR.

(B) SIRT7 represses the expression of mRPs via NRF1. SIRT7 KD 293T cells and control cells were
treated with control or NRF1 siRNA as indicated. Gene expression was determined by qPCR. NRF1
KD abrogates SIRT7-mediated transcriptional repression of mRPs in cells.

Error bars represent SE **: p<0.01. ***: p<0.001. ns: p>0.05
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Fig. S4. SIRT7 limits mitochondrial activity and cell proliferation.

(A to D) Increased mitochondrial activity in SIRT7 KD cells. Comparison of SIRT7 KD 293T cells and
control cells for citrate synthase activity quantification (A), cellular ATP quantification using a
luminescent assay (B), and Seahorse analyses (C and D). OCR, oxygen consumption rate. ECAR,
extracellular acidification rate.

(E to G) Overexpression of WT but not a catalytically inactive mutant (HY) SIRT7 reduces
mitochondrial activity and proliferation. Comparison of 293T cells overexpressing WT and mutant
SIRT7 and control cells for MTG staining (E), Seahorse analyses (F), and cell proliferation analyses (G).
Cells were counted using a Vi-Cell analyzer.

(H to J) NRF1 siRNA restores increased mitochondrial activity and proliferation in SIRT7 KD cells.
SIRT7 KD 293T cells and control cells treated with control or NRF1 siRNA were analyzed for MTG
staining (H), cellular ATP quantification (I), and cell proliferation analyses (J).

Error bars represent SE *: p<0.05. **: p<0.01. ***: p<0.001. ns: p>0.05.
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Fig. S5. SIRT7 promotes nutritional stress resistance.

(A) SIRT7 expression is increased upon glucose starvation. gPCR comparing SIRT7 expression in 293T
cells growing in medium containing 25mM glucose and without glucose.

(B to D) SIRT7 increases nutrient starvation stress resistance. SIRT7 OE 293T cells and control cells
were deprived of glucose for 68 hours (B). SIRT7 KD 293T cells and control cells were deprived of
glucose (C) and glutamine (D) for 48 hours. Cells were counted using a Vi-Cell analyzer.

(E and F) NRF1 KD attenuates the sensitivity of SIRT7 deficient cells to glucose (E) or glutamine (F)
starvation. SIRT7 KD 293T cells and control cells were treated with control or NRF1 siRNA. Cells
were deprived of glucose or glutamine for 48 hours. Cells were counted using a Vi-Cell analyzer.

Error bars represent SE *: p<0.05. **: p<0.01.
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Fig. S6. SIRT7 represses NRF1 activity to suppress PFS™,

(A and B) SIRT7 represses PFS™t. SIRT7 KD 293T cells and control cells were treated with or without
EB for 7 days. The expression of UPR™ genes (ClpP and HSP60) were determined by immunoblots (A)

or gPCR (B).

(C) SIRT7 represses NRF1 activity to suppress PFS™. SIRT7 KD 293T cells and control cells were
treated with control or NRF1 siRNA. The expression of UPR™ (ClpP, HSP10, HSP60, mtDnalJ) and

UPRER genes (Grp78) was determined by qPCR.
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Fig. S7. SIRT7 expression in various tissues and cellular compartments.

(A) SIRT7 is highly expressed in the bone marrow. The expression of SIRT7 in various tissues was
compared by qPCR.

(B) SIRT7 is ubiquitously expressed in various hematopoietic cellular compartments in the bone
marrow. Various cell populations in the bone marrow were isolated via cell sorting based on cell surface
markers. HSC, Linc-Kit"Scal"CD150*CD48-; multipotent progenitors (MPPs), Linc-Kit"Scal *CD150-
CD48-; CD48+, Linc-Kit"Scal *CD48"; myeloid progenitors (MPs), Lin-c-Kit*Scal-; and differentiated
blood cells, Lin*. The expression of SIRT7 was determined by qPCR.

(C) Gating strategy for sorting HSCs.

Error bars represent SE.
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Fig. S8. SIRT7 suppresses mitochondrial number in HSCs.

Electron microscopy of SIRT7-- and SIRT7** HSCs.
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Fig. S9. SIRT7 ensures HSC maintenance.

(A) Competitive transplantation using HSCs isolated from SIRT7** and SIRT7”- mice as donors
showing reduced reconstitution capacity of SIRT7-- HSCs. n=15.

(B) HSCs frequency in the bone marrow of SIRT7** and SIRT7-- mice determined via flow cytometry.
n=4.

(C) SIRT7"* or SIRT7-- HSCs transduced with NRF1 KD lentivirus or control lentivirus were used as
donors in a competitive transplantation assay. Data shown are the frequency of donor-derived HSCs in
the bone marrow of recipient mice. n=6.

(D) Annexin V staining showing increased apoptosis in SIRT7-- HSCs under transplantation stress. n=7.
(E) Competitive transplantation using HSCs isolated from SIRT7** and SIRT7”- mice as donors.

Data shown are the distribution of donor-derived myeloid or lymphoid lineage in the peripheral blood of
transplant recipients. n=15.

(F and G) SIRT7"* or SIRT7-- HSCs transduced with SIRT7 lentivirus or control lentivirus were used as
donors in a competitive transplantation assay. Data shown are the percentage of total donor-derived
contribution (F) and donor-derived mature hematopoietic subpopulations (G) in the peripheral blood of
recipients. n=7.

Error bars represent SE. *: p<0.05. **: p<0.01. ***: P<0.001. ns: p>0.05.
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Fig. S10. SIRT7 represses NRF1 activity to ensure HSC maintenance.

(A to D) SIRT7** or SIRT77- HSCs transduced with NRF1 KD lentivirus or control lentivirus were used
as donors in a competitive transplantation assay. Data shown are qPCR analyses of UPR™ gene
expression (A) and cell cycle analysis with Ki67 staining (B) of donor-derived HSCs, the percentage of
total donor-derived contribution (C) and donor-derived mature hematopoietic subpopulations (D) in the
peripheral blood of recipients. n=7.

Error bars represent SE. *: p<0.05. **: p<0.01.
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Fig. S11. HSC aging regulated by NRF1.

(A and B) Competitive transplantation using aged HSCs transduced with NRF1 KD virus or control
virus as donors showing NRF1 inactivation increases reconstitution capacity and reverses myeloid-
biased differentiation of aged HSCs. Data shown are the percentage of donor-derived cells in the
peripheral blood of the recipients (A) and the percentage of lymphoid and myeloid cells in donor-
derived cells in the peripheral blood of the recipients (B). n=7.

Error bars represent SE *: p<0.05.



Antibodies Source Catalog #

SIRT7 Abnova H00051547

Beta Actin Sigma A2066

Flag Sigma F1804

I1gG Santa Cruz SC-2027

RPS20 Abcam Ab74700

NRF-1 Proteintech 12482-1-AP

MRPL24 Proteintech 16224-1-AP

GFM2 Proteintech 16941-1-AP

ClpP Proteintech 15698-1-AP

HSP60 Cell Signaling 121658

OTC Santa Cruz SC-102051

FACS Antibodies & Reagents Source Catalog # Clone #
CD45.1 PerCP Biolegend 110726 A20
Streptavidin PerCP Biolegend 405213

Macl PerCP Biolegend 101230 M1/70
CD3 Pacific Blue Biolegend 100214 17A2
Scal Pacific Blue Biolegend 108120 D7
Streptavidin APC-Cy7 Biolegend 405208

c-Kit APC-Cy7 Biolegend 105826 2B8
CD45.2 Cy7-PE Biolegend 109830 104
CD150 Cy7-PE Biolegend 115914 TC15-12F12.2
Grl Cy7-PE Biolegend 108416 RB6-8C5
c-Kit Cy7-PE Biolegend 105813 2B8
Streptavidin Cy7-PE Biolegend 405206

CD3 Biotin Biolegend 100304 145-2C11
B220 Biotin Biolegend 103204 RA3-6B2
Grl Biotin Biolegend 108404 RB6-8C5
CD8a Biotin Biolegend 100704 53-6.8
Macl Biotin Biolegend 101204 M1/70
Ter119 Biotin Biolegend 116204 TER-119
CD4 Biotin Biolegend 100404 GKl1.5
CD48 FITC Biolegend 103404 HM48-1
Grl FITC Biolegend 108406 RB6-8C5
CD45.2 FITC eBioscience 11-0454-85 104
AnnexinV FITC Biolegend 640906

Ki67 A488 Biolegend 350508 Ki-67
CD150 PE Biolegend 115904 TC15-12F12.2
CD45.1 PE Biolegend 110708 A20
Macl Biolegend 101208 M1/70
c-Kit APC Biolegend 105812 2B8§
B220 APC Biolegend 103212 RA3-6B2
Ki67 APC Biolegend 350514 Ki-67
AnnexinV APC Biolegend 640920

CD48 A647 Biolegend 103416 HM48-1
Fixation buffer Biolegend 420801

Permeabilization wash buffer Biolegend 421002

AnnexinV binding buffer Biolegend 422201

7AAD Biolegend 420404

BrdU labeling reagent Invitrogen 000103

Table S1. Antibodies used in this study.




Gene Primer Sequence
SIRT7 (human) Forward CGCCAAATACTTGGTCGTCT
Reverse CCCTTTCTGAAGCAGTGTCC
ClpP (human) Forward CTCTTCCTGCAATCCGAGAG
Reverse GGATGTACTGCATCGTGTCG
Hsp10 (human) Forward CAGTAGTCGCTGTTGGATCG
Reverse TGCCTCCATATTCTGGGAGA
Hsp60 (human) Forward TGACCCAACAAAGGTTGTGA
Reverse CATACCACCTCCCATTCCAC
mtDnaJ(human) Forward CGAAATGGCAGAAGAAGAGG
Reverse TGCATGCACTACAGAGCACA
Grp78 (human) Forward TCATCGGACGCACTTGGAA
Reverse CAACCACCTTGAATGGCAAGA
ClpP (mouse) Forward CTGCCCAATTCCAGAATCAT
Reverse TGTAGGCTCTGCTTGGTGTG
Hsp10 (mouse) Forward CCAAAGGTGGCATTATGCTT
Reverse TGACAGGCTCAATCTCTCCA
Hsp60 (mouse) Forward ACCTGTGACAACCCCTGAAG
Reverse TGACACCCTTTCTTCCAACC
mtDnal (mouse) Forward GAGCTGAAGAAGGCATACCG
Reverse CAGCTCTCGCTTCTCTGGAT
ND4 (mtDNA) (mouse) Forward GGAACCAAACTGAACGCCTA
Reverse ATGAGGGCAATTAGCAGTGG
b2 microglobulin (nDNA) (Mouse) Forward TCATTAGGGAGGAGCCAATG
Reverse ATCCCCTTTCGTTTTTGCTT
SIRT7 (mouse) Forward CCATGGGAAGTGTGATGATG
Reverse TCCTACTGTGGCTGCCTTCT
MRPL16 Forward ACATACGGGGACCTTCCACT
Reverse AAACATGTTCTTGGGGTCCA
MRPL20 Forward GAACATGAGGACCCTCTGGA
Reverse CCGCTAGGACTTTCCTGTTG
MRPL24 Forward GGGGAACCATGATCCCTAGT
Reverse AATTCTCCCTGATCGTGTGG
MRPS31 Forward GAGGAAGAGTCAAGGGCACA
Reverse CTGAATCCGAAGCTCTGGTC
MRPS33 Forward ATATGCCTTCCGCATGTCTC
Reverse GCCAAGGGCAGTTCACTAAA
CytC Forward AAGTGTTCCCAGTGCCACA
Reverse GTTCTTATTGGCGGCTGTGT
POLRMT Forward AAAGCCCAACACACGTAAGC
Reverse GTGCACAGAGACGAAGGTCA
TFAM Forward TGGCAAGTTGTCCAAAGAAA
Reverse ACGCTGGGCAATTCTTCTAA
TFBIM Forward CTCCCTTGATACAGCCCAAG
Reverse TGCGCTTCAGGGAATAACAT
TFB2M Forward AGATCCCGGAAATCCAGACT
Reverse CTACGCTTTGGGTTTTCCAG
TIMM17A Forward AGGGCTGTTTTCCATGATTG
Reverse CCACTGGTCCATTTCTTGCT
NRF1 Forward CCCAGGCTCAGCTTCGGGCA
Reverse GCTCTTCTGTGCGGACATCAC
tRNALeu (mtDNA) (human) Forward CACCCAAGAACAGGGTTTGT
Reverse TGGCCATGGGTATGTTGTTA
B2-microglobulin (nDNA) (human) Forward TGCTGTCTCCATGTTTGATGTATCT
Reverse TCTCTGCTCCCCACCTCTAAGT
16S rRNA (mtDNA) (human) Forward GCCTTCCCCCGTAAATGATA
Reverse TTATGCGATTACCGGGCTCT

Table S2. Primers used for qPCR analysis in this study.




Target Primer Sequence
y-tubulin Forward ACGGGTTTCATCATGTTTGTT
Reverse GGCAGATCCCCTGAGGTC
RPS20 Forward AAGTTCTTTCTTTTTGAGGAAGACG
Reverse GAACAGCGGTGAGTCAGGA
GFM2 Forward CGGGACAGGAAAGAGTCACC
Reverse CGGAAAACAGAGGCTCGGAA
mRPL24 Forward TGAACAGGAAGCCACAACCA
Reverse GAGGCCGCTGGGAATTGTAG
NME1 Forward CCGTAATACTTGGCTCTCGAA
Reverse GAATAGACCTGCATGAAGTGAGG
HSP60 Forward CAGCGACTACTGTTGCTTGC
Reverse ACAGGCAGGACAAGCGTTTA
TFBIM Forward CCTAGTCCACCCGGCTCT
Reverse GAGGAACCTGCGAGACCTAA
TFB2M Forward ACGGTCCACTCACAATCCTC
Reverse CCCACGTGGAACATTTTCTG
Cytc Forward CCGTACACCCTAACATGCTC
Reverse TGGCACAACGAACACTCC
mRPL16 Forward TCTTCTGGGGAAAGACTGGA
Reverse TGAGTTCCTGCGGTCAAAG
mRPL20 Forward CGAGTTCAGGAGCACAACTG
Reverse GTCAGCCCCTGCGATACTT
ClpP Forward ATGTGGCCCGGAATATTGGT
Reverse CAGGCCGTTCTGGAGTGTC
HSP10 Forward AGAGGAGGAAGGCCCACTC
Reverse CTGCACTCTGTCCCTCACTC

Table S3. PCR primers used for ChIP analysis in this study.
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