
Page 1/15

Neh1 and Neh3 domains of nuclear factor erythroid
2-related factor 2 mediate its binding to NAD-
dependent protein deacetylase sirtuin-6
Wanmeng Fu 

Hainan University
Jinli Pei 

Shandong Cancer Hospital and Institute, Shandong First Medical University and Shandong Academy of
Medical Sciences
Zhengpan Xiao 

Hainan University
Yan Sun 

Hainan University
Zhuandan Zhang 

Hainan University
Hao Wu 

Hainan University
Shuangshuang Wei 

Hainan University
Yechun Pei 

Hainan University
Dayong Wang  (  wangdy@hainanu.edu.cn )

Hainan University

Article

Keywords: Nrf2, SIRT6, interaction, domain, yeast two-hybrid

Posted Date: April 22nd, 2022

DOI: https://doi.org/10.21203/rs.3.rs-1552407/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1552407/v1
mailto:wangdy@hainanu.edu.cn
https://doi.org/10.21203/rs.3.rs-1552407/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/15

Abstract
Oxidative stress is one of the causes of aging and other diseases. Nrf2 is the main transcription factor
regulating antioxidant gene expression. In recent years, it has been found that inhibiting Nrf2 activity or
increasing oxidative pressure can replicate premature aging defects, and reactivating Nrf2 activity can
reverse nuclear aging defects and restore cell vitality. SIRT6 is one of the few proteins that can regulate
life span and aging at the same time. SIRT6 gene de�cient mice show degenerative changes similar to
human premature aging 3 weeks after birth and eventually die. SIRT6 de�cient cells show the
characteristics of accelerated aging, while the deletion of SIRT6 in human cells does not directly lead to
the damage of genetic material in the nucleus and genomic instability, but signi�cantly reduces the
antioxidant capacity of cells and causes the accumulation of intracellular reactive oxygen species and
DNA oxidation products. At present, the interaction between Nrf2 and SIRT6 protein and its mechanism
are not clear. In this study, yeast two-hybrid and tag pulldown methods were used to analyze the protein
interaction domain between Nrf2 and SIRT6. The experiment found that SIRT6 directly interacts with Nrf2,
SIRT6 Interacts with the Neh1 and Neh3 domains of Nrf2.

Introduction
Cells respond to oxidative stress, metabolic stress or bacterial invasion through a series of complex
responses. One mechanism is nuclear factor erythroid 2-related factor 2 (Nrf2)-mediated oxidative stress
response and its regulation of metabolism and innate immunity; This mechanism is related to a variety of
human diseases such as aging 1. Nrf2 is a basic leucine zipper transcription factor, which induces the
expression of antioxidant genes and participates in oxidative stress response, and oxidative stress is one
of the causes of aging1,2. Nrf2 activates the expression of antioxidant genes, including heme oxygenase
1 (HO-1), catalase, quinone oxidoreductase 1 (NQO1), thioredoxin reductase (txnrd1) and superoxide
dismutase (SOD). The up regulation of the expression of these antioxidant genes can prolong the life
span of �ies and worms1. This synergistic gene induction of antioxidant response occurs through a
common antioxidant response element (ARE), which is located in the promoter region of these genes and
can bind to Nrf2. Take HO-1 as an example. HO-1 gene is one of the genes containing ARE. HO-1
decomposes heme into equimolar activated iron, carbon monoxide (CO) and biliverdin. The cytoprotective
effect of HO-1 is through the down regulation of NF- κB and tumor necrosis factor (TNF) to inhibit
in�ammation or apoptosis. Normally, Nrf2 binds to its inhibitor Keap1 (kelch-like ECH-associated protein
1) and maintains the expression stability of Nrf2 through the degradation by 26S proteasome. After cells
are stimulated by reactive oxygen species (ROS), Nrf2 is decoupled from Keap1 and transferred into the
nucleus to start the transcription of a series of downstream antioxidant protein genes, so as to improve
the antioxidant capacity of cells. Nrf2 can be divided into seven domains (Neh1-Neh7) according to
different functions. Neh1 has a leucine zipper structure, which can bind to DNA or form heterodimers with
small MAF proteins in the nucleus, so that Nrf2 can recognize and bind to ARE, start the transcription of
target genes, and play a vital role in the transcriptional activity of Nrf2 in the nucleus. Neh2 region is the
binding region between Nrf2 and Keap1. It contains two binding sites of DLG and ETGE, and can
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negatively regulate Nrf2 activity through proteasome-mediated Nrf2 degradation. Neh3 is located at the
carboxyl terminus of Nrf2 and is closely related to transcriptional activity. Neh4 and neh5 have trans-
activation activities and can enhance the transcriptional activity of Nrf2. Neh6 is able to communicate
with β-transducin repeat-containing protein (β-TrCP) via dsgis and dsapgs motifs. In our published paper,
we reported that covalent modi�cation of the 53rd serine residue of Keap1 can regulate the binding
between Nrf2 and Keap1 protein and the transfer of Nrf2 to the nucleus3. In addition, GSK3 (glycogen
synthase kinase 3) can phosphorylate Nrf2, and β-TrCP recognizes phosphorylated Nrf2 and combines it
to form a complex, which is degraded to regulate transcriptional activity of Nrf2. Neh7 has been proved to
be able to recognize and bind to several nuclear receptors, but the speci�c function of neh7 is not clear.

In humans and model organisms, increased sensitivity to oxidative damage and other poisons is often
associated with blocking of Nrf2 signaling 4–8. One example is the Hutchinson-Gilford Progeria
Syndrome, which is a rare but potentially fatal genetic disease that can cause rapid premature aging and
even death in children9. Research has shown that 90% of progeria is caused by Lamin A/C (LMNA) gene
mutations leading to the expression of progerin, which is an abnormal mutant of lamin A, and can
capture Nrf2 around the nucleus, thus weakening the activity of Nrf2, result in chronic oxidative stress
and HGPS aging defects9–14. Using a high-throughput siRNA screening method, Tom misteli et al.
identi�ed Nrf2 antioxidant signaling pathway as a driving mechanism in premature aging. Progerin-
associated abnormal translocation of Nrf2 induced long-term oxidative pressure10. Inhibiting Nrf2 activity
or increasing oxidative pressure is su�cient to produce premature aging like aging defects, while
reactivating Nrf2 activity can reverse progerin-related nuclear-aging defects and restore cell viability in
animal models. These �ndings suggest that inhibition of Nrf2 mediated antioxidant response is a key
promoter of aging 14.

Although there is no effective strategy to prolong life by reducing the level of oxidative damage, and it is
not clear which types of tissues and cells are most sensitive to oxidative stress in the aging process, but
there is solid evidence that oxidative stress can cause pathological aging 15. SIRT6 is a member of the
NAD+-dependent deacetylase and ADP-ribose transferase family of Sirtuin. It has histone deacetylase
activity, which is of great signi�cance for chromatin transcriptional inhibition and DNA damage
response15–20. SIRT6 plays a major role in DNA damage cell, signaling and repair, and studies have
shown that SIRT6-de�ciency cell can cause aging, cancer or other diseases21–24. Due to the lack of
effective human aging research system, whether SIRT6 can regulate and how to regulate human tissue
and cell aging is not clear. In 2016, cell research reported that researchers used TALEN (transcription
activator like effector nuclease)-mediated gene editing technology to produce SIRT6 homozygous
knockout cells. SIRT6 de�cient cells showed the characteristics of accelerated aging, indicating that
SIRT6 is an important component of the cell to inhibit aging. Different from mice, the deletion of SIRT6 in
cells did not lead to the damage of DNA in the nucleus and genomic instability, but made SIRT6 knockout
cells more sensitive to apoptosis induced by oxidative stress25. Researches have indicated that the
decrease of chromatin maintenance set of the decrease of SIRT6 activity may be the pathogenesis of
Hutchinson Giford Progeria Syndrome 17,26−29. Pan et al. found Nrf2 and SIRT6 interact in human
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mesenchyme stem cells (MSCs). The moderate increase of SIRT6 expression level with age may be a
compensation mechanism for reducing aging-related changes in MSCs function25,30. Studies have
shown that SIRT6 can regulate Nrf2, through deacetylation and ADP- ribosylation to regulate the
expression of the genes targeted by Nrf2 to protect against oxidative stress-induced damage21,31−37. The
mechanism between the SIRT6 activity and the Nrf2 activation regulation is unclear. In this study, the key
domains of Nrf2 for interaction with SIRT6 were analyzed by yeast two-hybrid and pull-down experiments
to lay the foundation for researches on SIRT6-Nrf2 signal pathways.

Materials And Methods
Reagents

5‐bromo‐4‐chloro‐3‐indolyl B3‐D‐galactopyranoside (X‐α‐Gal) was purchased from Takara Bio Inc.
Isopropyl-1-thio-β-D-galactoside (IPTG) was purchased from Sangon Biotech. pGADT7-Nrf2, pGADT7-
Neh2, pGADT7-Neh2-4, pGADT7-Neh2-4-5, pGADT7-Neh7, pGADT7-Neh7-6, pGADT7-Neh7-6-1, pGADT7-
Neh7-6-1-3, pGADT7-Neh1, pGADT7-Neh3, pGADT7-Neh1-3 and pGBKT7-SIRT6 were generated by
inserting cDNA of Nrf2 or its different domains and SIRT6 into the pGADT7 and pGBKT7 vectors
respectively. pET21a (+)-His-Nrf2, pET21a (+)-Nrf2ΔNeh1, pET21a (+)-Nrf2ΔNeh3 and pET21a (+)-
Nrf2ΔNeh1-3 were generated by inserting cDNA of Nrf2 or its mutants missing Neh1, Neh3 or Neh1-3 into
the PET21a (+) vector. pET21a (+)-SIRT6-Flag was generated by inserting SIRT6 cDNA fragment into
pET21a (+) vector.

Yeast two-hybrid

Saccharomyces cerevisiae strain Y2H Gold was cultured in YPDA medium (1% yeast extract, 2%
polypeptone and 2% glucose). Plasmids include pGADT7-Nrf2/pGBKT7-SIRT6, pGADT7-Neh2/pGBKT7-
SIRT6, pGADT7-Neh2-4/pGBKT7-SIRT6, pGADT7-Neh2-4-5/pGBKT7-SIRT6,pGADT7-Neh7/pGBKT7-
SIRT6,pGADT7-Neh7-6/pGBKT7-SIRT6, pGADT7-Neh7-6-1/pGBKT7-SIRT6, pGADT7-Neh7-6-1-3/pGBKT7-
SIRT6, pGADT7-Neh1/pGBKT7-SIRT6, pGADT7-Neh3/pGBT-SIRT6, pGADT7-Neh1-3/pGBKT7-SIRT6 were
transformed by LiAc method. The cells were cultured in a complete minimum medium lacking tryptophan
(Trp) or both tryptophan and leucine (leu) for positive selection of plasmid-transformed yeast clones. For
plate assays, yeast were spotted onto triple dropout medium (TDO) plates lacking Trp, Leu, and histidine
(His), and quadruple dropout medium (QDO) which in addition lacks adenine (Ade), containing 2%
glucose and the chromogenic substrate 5‐bromo‐4‐chloro‐3‐indolyl-α‐D‐galactopyranoside (X‐α‐Gal) for
identi�cation of the interaction of various proteins expressed from the plasmids.

Pull-down assay

Recombinant plasmids pET21a (+)-His-Nrf2, pET21a (+)-His-Nrf2ΔNeh1, pET21a (+)-His-Nrf2ΔNeh3 and
pET21a (+)-His-Nrf2ΔNeh1ΔNeh3 were transferred in Escherichia coli strain BL21, and cultured at
37℃ until OD600 value reached 0.6. Isopropyl-β-D- Thiogalactopyranoside (IPTG) at 1 mM was added to
induce protein expression, and cells were collected after incubated at 37℃ for 5 h. The proteins were
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puri�ed by Ni-NTA agarose beads (Qiagen) in buffer (50 mM NaH2PO4, 300 mM NaCl, 10 mM imidazole,
pH 8.0). The expressed protein was immobilized onto Ni-NTA agarose beads and washed with washing
buffer (50 mM NaH2PO4, 300 mM NaCl, 30 mM imidazole, pH 8.0). The SIRT6 protein with the Flag tag
was expressed, and the total protein was extracted by cell lysis buffer. Cell lysates were incubated with Ni-
NTA agarose beads containing immobilized bait protein for 3 h at 4°C. Then, rinse thoroughly with
washing buffer (50 mM NaH2PO4 300 mM NaCl, 30 mM imidazole, pH 8.0). Finally, the bound protein
was eluted with eluent (50 mM NaH2PO4 300 mM NaCl, 250 mM imidazole, pH 8.0) and the proteins
pulled down were analyzed by Western blot.

Western blot

The proteins were resolved by SDS-PAGE and transferred onto nitrocellulose membranes which were
blocked with 5% non-fat milk in blocking bffer (10 mM Tris-HCl, 100 mM NaCl, 25 mM NaF, 8 mM NaN3,
and 0.1% Tween 20, pH 7.4), and incubated for 2h at room temperature. The membranes were incubated
overnight with primary antibodies including mouse monoclonal anti-6×His Tag antibody (Santa Cruz
Biotechnology) and rabbit polyclonal anti-Flag antiboday (Sangon Biotech) at 4℃. After washing,
membranes were incubated with secondary antibodies (goat polyclonal antibody to mouse IgG H&L
(Alexa Fluor® 488, Abcam) and goat polyclonal antibody to rabbit IgG H&L (Alexa Fluor® 647, Abcam.),
incubate at room temperature in the dark, detected and analyzed by Typhoon FLA 9500 system (GE
Healthcare, USA).

Results

Detection of interaction between Nrf2 and SIRT6 by yeast
two-hybrid
Yeast two-hybrid system (Y2H) has been developed into a reliable and accurate method for detecting
protein interactions over last two decades [43, 44]. In the study, interaction between Nrf2 and SIRT6, and
the main functional domains of interaction between Nrf2 and SIRT6 were detected by the Y2H method.
Nrf2 is a transcription factor with seven Nrf2-ECH homologous domains (Neh1-7) (Fig. 1A) with different
functions [45]. Based on the division of the domains, we ampli�ed the cDNA fragments containing
different domains of Nrf2 by PCR (Fig. 1B) using the pGADT7-Nrf2 vector as a template to obtain
corresponding vectors for expression of the pray proteins. On the other hand, the cDNA of the open
reading frame of SIRT6 was inserted into the pGBKT7 vector to make the pGBKT7-SIRT6 vector to
express the bait protein. The construction of the vectors for expression of the bait and prey protein were
veri�ed by PCR and double restriction endonuclease digestion (Fig. 1C) and DNA sequencing (data not
shown). Saccharomyces cerevisiae Y2HGold strains co-transformed with both bait and pray plasmids
were screened on the medium lacking Leu and Trp, which are complemented by the resistant marker in
pGBKT7 and pGADT7 vectors, and the positive clones were further veri�ed by colony PCR identi�cation
(Fig. 1D).
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The interaction between SIRT6 and different domains of Nrf2 was determined by the viability of the
double transformed yeast strains on the TDO medium lacking Trp, Leu and His, and also the QDO/X-α-gal
medium lacking Trp, Leu, His and Ade for 3–5 days at 30℃. As shown in Fig. 2, SIRT6 interacts with
intact Nrf2, and also Neh1 and Neh3 domains of Nrf2; the interaction is indicated by the blue colonies of
Y2HGOLD growing on the QDO/X-α-gal medium. All other colonies lacking either Neh1 or Neh3 domain
were unable to grow on QDO/X-α-gal medium, indicating that there is no interaction between SIRT6 and
the mutant Nrf2 without Neh1 or Neh3 domain (Fig. 2).

Pull-down Analysis Of The Interaction Between Nrf2 And
Sirt6
In order to further verify the interaction of Nrf2 with SIRT6 through its domains Neh1 and Neh3, the in
vitro pull-down assay was performed. The constructed prokaryotic expression vectors for Nrf2,
Nrf2ΔNeh1, Nrf2ΔNeh3 and Nrf2ΔNeh1-3 were identi�ed by PCR (Fig. 3A), double restriction
endonuclease digestion (Fig. 3B), and DNA sequencing (data not shown). The coding sequence vector
was transformed into Escherichia coli Transetta (DE3) strain, and the proteins expressed and a�nity-
puri�ed from the strain were shown in Fig. 3C-G. In Ni-NTA pull-down assays, the above puri�ed His-tag
proteins were co-incubated with FLAG-tagged SIRT6 protein. After washing and elution, the eluates were
analyzed by Western blot with anti-His and anti-Flag antibodies to detect Nrf2 and SIRT6 proteins (Fig. 4,
lanes 1–9). Deletion of the Neh1 and Neh3 domains completely abolished the interaction between with
Nrf2 and SIRT6 (Fig. 4, lane 10–11). Deletion of the Neh1 (Fig. 4, lane 3–5) or Neh3 (Fig. 4, lane 1–2)
domain independently showed minimal effects on the interaction in the pull-down assay, suggesting that
Neh1 and Neh3 are the major interaction domains of Nrf2 to interact with SIRT6.

Discussion
Nrf2 is a transfection factor with seven Nrf2-ECH homologous domains (Neh1-7), each of which has
different function 38. A direct interaction between Nrf2 and SIRT6 and is shown in SIRT6-de�cient human
mesenchymal stem cell (MSCs) is major for human MSC maintenance homeostasis 25. Harlan et al have
shown that overexpression of SIRT6 can reverse the neurotoxicity in astrocytes by Nrf2-dependent
transcriptional activation of ARE-driven genes 39. Kanwai et al. demonstrated that SIRT6 regulates Nrf2
mediated cardiac gene expression in two ways: one is that SIRT6 inhibits the expression of Keap1, a
negative regulator of Nrf2, the other is SIRT6 binds to Nrf2, and antagonizes the interaction of Nrf2 with
Keap1, thus stabilizing the Nrf2 level in cardiomyocytes 31. SIRT6 de�ciency signi�cantly reduced the
antioxidant capacity of cells and led to the accumulation of intracellular reactive oxygen species and
DNA oxidation. The results of RNA sequencing studies showed that a series of antioxidant genes
regulated by Nrf2 had transcriptional inhibition to varying degrees in SIRT6-de�cient cells, in which HO-1
was an important factor affecting the weakening of the antioxidant capacity and accelerating
senescence. SIRT6 plays an auxiliary role in transcriptional complexes containing Nrf2 and RNA
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polymerase II: SIRT6 catalyzes the deacetylation of lysine residue 56 (H3K56) of histone H3, which is
located in the core region of nucleosomes, and makes the Nrf2 transcriptional complex more stable at the
chromatin level, promoteing the expression of antioxidant genes, effectively protecting against oxidative
stress associated with aging, and participating in the maintenance of homeostasis in human stem cells
25. In this study, yeast expression vectors containing different domains were constructed according to the
domain division of Nrf2.

SIRT6 interacts with both Neh1 and Neh3 domains of Nrf2. The Neh1 domain include the CNC-bZIP
region necessary for DNA binding and Nrf2 dimerization with the small masculoaponeurotic
�brosarcoma (sMaf) protein39. Notably, the amino acid sequences in the basic region of this domain are
highly conserved in many species, demonstrating the importance of transcriptional activity of Nrf240.
Moreover, Nrf2 has been reported to bind to p300/CBP under arsenite-induced stress which is related to
the acetylation state of lysine residues in the Neh1 DNA-binding domain of Nrf2 41. On the other hand, the
Neh3 domain at the C-terminus of Nrf2 has reverse transcriptional activity and cooperates with Neh4 and
Neh5 domains to activate the transcription of Nrf2-targeted genes 41–44. Kawai et al found that
acetylation/deacetylation plays an important role in the nucleocytoplasmic shuttle of Nrf2, and the
acetylated lysine residue in its Neh3 domain is involved in the regulation of its transcriptional activity45. It
was also found that the mutation of lysine residues at position 588 and 591 of the Neh3 domain to
alanine or arginine severely impaired Nrf2-dependent gene transcription.

Immunostaining showed that SIRT6 was mainly distributed in the nucleus, suggesting that SIRT6 was
associated with chromatin in the nucleus. SIRT6 can play an important role in the regulation of genome
stability, metabolism, in�ammation, cell aging, tumor and life span through deacetylation of histone and
other proteins or ribosylation of some protein substrates. SIRT6 functional defects can lead to DNA repair
damage and aging, showing an embryoid phenotype29. SIRT6 gene de�cient mice were normal at birth
except for their small size, but they showed degenerative manifestations and �nally died after 3 weeks.
These aging symptoms are similar to human premature aging. In mammals, SIRT6 can prolong the life
span of male mice, but not females 22, further indicating that SIRT6 plays an important and complex
regulatory role in aging and longevity. The relationship between SIRT6 and oxidative stress has not been
found in the past. In 2016, a new study related the deacetylase activity of SIRT6 to the redox homeostasis
of cells, and this activity may regulate life span and premature aging phenotype25. SIRT6 contains a
catalytic domain and a proline rich domain. SIRT6 deacetylation targets on chromatin include H3K9,
h3k18, H3K27, H3K56, H3K4 and h3k23. Deacetylation of histone leads to chromatin concentration and
inhibition of gene expression; So far, researchers know little about the target protein of the ADP
ribotransferase activity of SIRT6. Recent studies have found that SIRT6 can enhance the sensitivity of
cells to ionizing radiation and inhibit the activity of ATM through H3K9 deacetylation in normal stem
cells, and the stability of telomeres and the metabolic balance of cells are maintained by H3K56
deacetylation. Luisa Tasselli et al. found that SIRT6 prevents cell senescence and inhibits mitotic errors
by deacetylating H3K18Ac 27. SIRT6 also makes demyristoylation of TNF-α to regulate its secretion, and
makes ADP ribosylation of KAP1 and PAPR1, and their functions are related to inhibiting gene expression
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and DNA double strand repair 19. After SIRT6 de�cient human embryonic stem cells (hESCs) differentiate
into human bone marrow mesenchymal stem cells (SIRT6−/− hMSCs), the cells show increased reactive
oxygen species, imbalance of redox metabolism, increased sensitivity to oxidative stress, and premature
and progressive accelerated aging25. Overexpression of HO-1, an antioxidant gene downstream of Nrf2,
can restore the resistance of cells to oxidative damage and improve the ability of these cells to transplant
and proliferate in vivo. Down regulation of HO-1 is also the cause of aging defects. Therefore, SIRT6 may
positively regulate Nrf2 mediated antioxidant pathway, suggesting the relationship between Nrf2
antioxidant pathway, deacetylase activity and aging 25. It has been reported that SIRT6 can promote the
activation of Nrf2 signal through deacetylation to reduce cell apoptosis and oxidative stress caused by
cerebral ischemia/reperfusion injury 46. Yu et al. found that SIRT6 alsopromoted the activation of
Nrf2/ARE signal in retinal nerve cells (RGC), and further con�rmed that the regulatory effect of SIRT6 on
redox signaling mediated by Nrf2. Concurrently, they demonstrate that the mechanism of SIRT6
regulating Nrf2 signal is correlated with the inhibitory effect of Nrf2 inhibitor Bach147. SIRT6 de�cient
cells show the characteristics of accelerated aging by signi�cantly reducing the antioxidant capacity of
cells. Recent studies have found that inhibiting Nrf2 activity or increasing oxidative pressure is enough to
replicate premature aging defects, while reactivating Nrf2 activity can reverse aging.
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Figure 1

Constructions of yeast two-hybrid vectors. A. Distribution of domains in human Nrf2. B. Schematic
diagrams of Nrf2 domains constructed into pGADT7 plasmids. FNeh: the fragments containing Nrf2
domains. C. Veri�cation of the vectors expressing Nrf2 domains and SIRT6 by double restriction enzyme
cleavage. M: Molecular weight marker; 1: Neh2; 2: Neh2-4; 3: Neh2-4-5; 4: Neh 7; 5: Neh7-6; 6: Neh7-6-1; 7:
Neh7-6-1-3; 8: Nrf2; 9: Neh3; 10: Neh1; 11: Neh1-3; 12: SIRT6. D. PCR identi�cation of the cDNA of in co-
transformed recombinant bait and prey vectors. M: Molecular weight marker; 1: Neh2; 3: Neh2-4; 5: Neh2-
4-5; 7: Neh7; 9: Neh7-6; 11: Neh7-6-1; 13: Neh7-6-1-3; 15: Nrf2; 17: Neh1; 19: Neh 3; 11: Neh1-3. Lane 2, 4,
6, 8, 10, 12, 14, 16, 18, 20 and 22 were SIRT6.
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Figure 2

Yeast two-hybrid analysis of interaction between Nrf2 and SIRT6. Raw liquid: Yeast strains co-
transformed with bait and pray vectors with an OD600 value equals to 0.6. TDO: SD/-Trp/-Leu/-His; QDO:
SD/-Trp/-Leu/-His/-Ade; X: X-α-Gal; A: Aureobasidin A at a �nal concentration of 100 ng/mL; Trp53
(pGBKT7- 53) and pGADT7-T as positive control; Lamin C (pGBKT7-Lam) and pGADT7-T were negative
control.
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Figure 3

Construction and expression of prokaryotic expression vector of SIRT6 and NRF2. A. PCR identi�cation of
recombinant plasmid. M, DL2000 DNA Marker; 1: Nrf2; 2: Nrf2ΔNeh 3; 3: Nrf2ΔNeh 1-3; 4: Nrf2ΔNeh1; 5:
SIRT6. B. Identi�cation of recombinant plasmid by double digestion. M, DL2000 DNA Marker; 1: Nrf2; 2:
Nrf2ΔNeh 3; 3: Nrf2ΔNeh 1-3; 4: Nrf2ΔNeh1; 5: SIRT6. C. Prokaryotic expression of recombinant proteins.
Lane 1 and 2 are IPTG-noninduced and -induced expression of Nrf2; lane 3 and 4 are IPTG-noninduced
and -induced expression of Nrf2ΔNeh3; Lane 5 and 6 are IPTG-noninduced and -induced expression of
Nrf2ΔNeh1-3; lane 7 and are IPTG-noninduced and -induced expression of Nrf2ΔNeh1, lane 9 and 10 are
IPTG-noninduced and -induced expression of SIRT6. D. Prokaryotic expression and puri�cation of Nrf2; E.
Prokaryotic expression and puri�cation of Nrf2ΔNeh1; F. Prokaryotic expression and puri�cation of
Nrf2ΔNeh3 G. Prokaryotic expression and puri�cation of Nrf2ΔNeh1-3. M: molecular weight marker. In C,
D, E, F, and G, the number 1 to 9 represents the fractions eluted from the Ni-NTA column that was
collected every 2 mL. 
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Figure 4

Pull-down assay of the interaction between Nrf2 and SIRT6. Nrf2ΔNeh3: Nrf2 lacks Neh3 domain;
Nrf2ΔNeh1: Nrf2 devoid of Neh1 domain; Nrf2ΔNeh1-3: Nrf2 devoid of both Neh1 and Neh3 domains;
WT: wild type Nrf2. Blank: blank control.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Supplementary�le1.docx

Supplementary�le2.docx

https://assets.researchsquare.com/files/rs-1552407/v1/81335ea89c429db721016a52.docx
https://assets.researchsquare.com/files/rs-1552407/v1/f398b452b56c315b79b0e849.docx

