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    Chapter 16   

 Generation and Purifi cation of Catalytically Active 
Recombinant Sirtuin5 (SIRT5) Protein                     

     Surinder     Kumar     and     David     B.     Lombard      

  Abstract 

   Sirtuin-family deacylases promote health and longevity in mammals. The sirtuin SIRT5 localizes predominantly 
to the mitochondrial matrix. SIRT5 preferentially removes negatively charged modifi cations from its target 
lysines: succinylation, malonylation, and glutarylation. It regulates protein substrates involved in glucose 
oxidation, ketone body formation, ammonia detoxifi cation, fatty acid oxidation, and ROS management. 
Like other sirtuins, SIRT5 has recently been linked with neoplasia. Therefore, targeting SIRT5 pharmaco-
logically could conceivably provide new avenues for treatment of metabolic disease and cancer, necessitat-
ing development of SIRT5-selective modulators. Here we describe the generation of SIRT5 bacterial 
expression plasmids, and their use to express and purify catalytically active and inactive forms of SIRT5 
protein from  E. coli . Additionally, we describe an approach to assay the catalytic activity of purifi ed SIRT5, 
potentially useful for identifi cation and validation of SIRT5-specifi c modulators.  

  Key words     Sirtuins  ,   Site directed mutagenesis  ,   Desuccinylation  ,   PDC  ,   E1α  ,   PDHA1  

1      Introduction 

 Sirtuins are NAD + -dependent  enzymes   that regulate diverse cel-
lular processes, thereby maintaining metabolic homeostasis and 
genomic integrity [ 1 ]. Mammals possess seven sirtuin family 
 members                     (SIRT1-SIRT7) [ 2 ,  3 ], which display diverse subcellular 
localization patterns, catalytic activities, protein targets, and bio-
logical functions [ 1 ,  2 ,  4 ]. Owing to their ability to catalyze 
removal of acetyl moieties from lysine residues, sirtuins were ini-
tially described as class III  deacetylases  . However, certain mem-
bers of the mammalian sirtuin family carry out a range of enzymatic 
activities other than deacetylation. SIRT3, the  predominant   mito-
chondrial  deacetylase   [ 5 ], has recently been shown to possess 
decrotonylase activity [ 6 ]. Likewise, SIRT4 can catalyze both 
 deacetylation   and ADP- ribosylation reactions [ 7 – 9 ]. The least 
well-characterized sirtuin, SIRT5, displays very low deacetylase 
activity [ 10 ]; instead SIRT5 preferentially catalyzes removal of 
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 negatively charged  modifi cations: malonylation,       succinylation, and 
glutarylation [ 10 – 14 ]. SIRT5-mediated modifi cation of carbamoyl 
phosphate synthetase 1 (CPS1) [ 10 ,  13 ,  15 ], 3-hydroxy-3-
methylglutaryl CoA synthase 2 (HMGCS2) [ 12 ], Cu/Zn super-
oxide dismutase (SOD1) [ 16 ], and urate oxidase [ 17 ] increases 
enzymatic activity, while desuccinylation of  pyruvate dehydroge-
nase complex (PDC)   and succinate dehydrogenase (SDH) by 
SIRT5 reduces their activities [ 11 ]. PDC catalyzes oxidative 
decarboxylation of pyruvate into acetyl- CoA, which is subse-
quently used in the Krebs cycle to generate ATP [ 18 ,  19 ]. In other 
contexts, altered activities of the SIRT5 targets, PDC and SDH, 
have been linked with neoplasia and cancer cell metabolic repro-
gramming [ 2 ,  20 ]. Additionally, SIRT5- mediated  desuccinylation   
and activation of SOD1 suppresses ROS levels and promotes the 
growth of lung cancer cells [ 16 ]. Recently, it has been shown that 
SIRT5 is overexpressed in advanced non- small cell lung cancer 
(NSCLC) and promotes chemoresistance in NSCLC via enhance-
ment of NRF2 activity. Consistently, SIRT5 knockdown represses 
the growth of NSCLC cell lines and increases their susceptibility 
to genotoxic drugs [ 21 ]. These fi ndings suggest a potential onco-
genic function of SIRT5 in NSCLC. 

 Despite the fact that SIRT5 is broadly expressed [ 15 ,  22 ], 
SIRT5-defi cient mice are healthy, fertile, and without major  clinical 
  phenotype [ 5 ,  12 ,  23 ]. This suggests that SIRT5 is largely dispens-
able for metabolic homeostasis at least under basal conditions, 
rendering it an attractive potential drug target. The production of 
catalytically active SIRT5 protein is fi rst step towards identifi cation 
of SIRT5-specifi c modulators. 

  Alternative splicing   of the human  SIRT5  mRNA results in 
two distinct SIRT5 protein isoforms, differing at their C-termini 
[ 24 ,  25 ]. Full-length isoform-1 comprises 310 amino acids, con-
taining a 36-amino acid N-terminal mitochondrial localization 
signal (MLS) [ 26 ]. The MLS is proteolytically removed  during 
  mitochondrial import, which results in a 274 amino acid mature 
SIRT5 protein [ 25 – 27 ]. The  second      isoform comprises 299 
amino acids. Whereas ectopically expressed isoform-1 is present 
throughout the cell, isoform-2 appears to be strictly mitochon-
drial [ 25 ]. In mouse liver, SIRT5 protein is predominantly mito-
chondrial, but also present in the cytosol and the nucleus [ 11 ]. 

 In this chapter, we describe a method for generation of cata-
lytically active and inactive forms of mature, SIRT5 isoform-1 
protein, utilizing the basic techniques of molecular  cloning   and 
biochemistry. Replacing a catalytic Histidine (H) residue with 
Tyrosine (Y) at position 158 of full length SIRT5 attenuates cata-
lytic activity [ 11 ,  13 ,  15 ]. Initially we describe site directed muta-
genesis to replace C472 with T in the coding sequence of SIRT5. 
This single nucleotide change converts a Histidine (H) to a Tyrosine 
(Y) at position 158 of full-length, unprocessed SIRT5 protein. 
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Then we discuss the cloning of  SIRT5  and  SIRT5C472T  sequences, 
encoding the mature, processed forms (lacking the mitochondrial 
targeting signal) of SIRT5 and SIRT5H158Y proteins, respec-
tively, into the bacterial  expression   plasmid pET15b. The pET15b 
plasmids harboring  SIRT5  and  SIRT5C472T  sequences are then 
used for overexpression and purifi cation of catalytically active and 
inactive (H158Y) forms of SIRT5 protein. Finally, a  desuccinyl-
ation   assay is described to evaluate the catalytic activity of purifi ed 
proteins. The desuccinylation activity assay can further be exploited 
for the validation of SIRT5-specifi c modulators (inhibitors or acti-
vators), identifi ed in large scale screening of compound libraries.  

2    Materials 

       1.    Human SIRT5-pBABE-puro plasmid DNA.   
   2.    Custom- synthesized      oligonucleotides.   
   3.    10 mM dNTP mix.   
   4.    PfuUltra High-Fidelity DNA polymerase and 10× PfuUltra 

High-Fidelity reaction buffer.   
   5.    Thermocycler.   
   6.    Dpn I restriction  enzyme  .   
   7.    Chemically competent DH5α bacterial cells.   
   8.    Water bath.   
   9.    LB medium (1 L): 10 g tryptone, 5 g yeast extract, 10 g NaCl.   
   10.    LB-agar (1 L): 10 g tryptone, 5 g yeast extract, 10 g NaCl, 2 

g agar.   
   11.    50 mg/ml carbenicillin or 100 mg/ml ampicillin: Dissolve the 

required amount in autoclaved double distilled  water      and fi lter 
through 0.2 μm syringe fi lter. Aliquot and store at −20 °C.   

   12.    Miniprep Plasmid Purifi cation Kit.   
   13.    50× TAE Stock (1 L): 242 g Tris base (MW = 121.1), 57.1 mL 

glacial acetic acid, and 100 mL 0.5 M EDTA. Dissolve Tris in 
about 600 mL of ddH 2 O. Then add EDTA and acetic acid and 
bring the fi nal volume to 1 L with ddH 2 O. Store at room tem-
perature. This 50× stock solution can be diluted with water to 
make a 1× working solution.   

   14.    Agarose.   
   15.     PCR   cleanup/purifi cation kit.   
   16.    pET15b plasmid.   
   17.    NdeI and XhoI restriction  enzymes  .   
   18.    Gel extraction kit.   
   19.    T4 DNA ligase and 10× DNA ligase buffer.   
   20.    NanoDrop spectrophotometer.      

2.1  Insertion 
of H158Y Mutation 
into SIRT5 
CodingSequence 
and Preparation 
of SIRT5 and SIRT5-
H158Y Bacterial 
Expression Plasmids 
with N-Terminal 
His-Tag

Production of Active SIRT5 Protein
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        1.    Chemical competent  E. coli  BL21 (DE3).   
   2.    1 M IPTG: Dissolve 2.38 g of IPTG in 10 ml of  autoclaved 

     double distilled water and fi lter through 0.2 μm syringe fi lter. 
Aliquot and store at −20 °C.   

   3.    4× Laemmli buffer: 40 % glycerol, 240 mM Tris–HCl pH 6.8, 
8 % SDS, 0.04 % bromophenol blue, 5 % beta-mercaptoethanol.   

   4.    4–20 % polyacrylamide Gel.   
   5.    1× running buffer: 0.1 % (w/v) SDS, 192 mM glycine, 400 

mM Tris base.   
   6.    Coomassie brilliant blue stain.   
   7.    Sonicator equipped with a microtip probe.   
   8.    Lysozyme solution: Dissolve 10 mg/ml in 10 mM Tris–HCl, 

pH 8.0.   
   9.    50 % Ni-NTA slurry.   
   10.    Lysis buffer: 50 mM NaH 2 PO 4 , 300 mM NaCl, 10 mM imid-

azole. Adjust to pH 8.0 using NaOH.   
   11.    Wash buffer: 50 mM NaH 2 PO 4 , 300 mM NaCl, 20 mM imid-

azole. Adjust to pH 8.0 using NaOH.   
   12.    Elution buffer: 50 mM NaH 2 PO 4 , 300 mM NaCl, 250 mM 

imidazole, 5 % glycerol. Adjust pH 8.0 using NaOH.   
   13.    Protein concentration assay kit.      

       1.    Porcine heart  PDC  .   
   2.     PDC   centrifugation buffer: 100 mM KH 2 PO 4  (pH 7.5), 0.05 % 

lauryl maltoside, 2.5 mM EDTA, 30 % glycerol.   
   3.    3× reaction buffer: 75 mM Tris–HCl, pH 8.0, 600 mM NaCl, 

15 mM KCl, 3 mM MgCl 2 , 0.3 % PEG 8000, 9.375 mM 
NAD + .   

   4.    1× running buffer: 0.1 % (w/v) SDS, 192 mM  glycine     , 400 
mM Tris base.   

   5.    1× transfer buffer: 192 mM glycine, 400 mM Tris base, 20 % 
methanol. Store transfer buffer at 4 °C.   

   6.    PVDF  membrane  .   
   7.    Bovine serum albumin (BSA).   
   8.    Anti-lysine-succinyl antibody.   
   9.    Anti-pyruvate dehydrogenase E1- alpha   subunit antibody.   
   10.    1× TBST (Tris buffered saline containing 0.01 % Tween 20): 

50 mM Tris–HCl, pH 7.6, 150 mM NaCl, 0.01 % (v/v) Tween 20.   
   11.    Ponceau S staining solution: 0.1 % (w/v) Ponceau S, 5 % (v/v) 

acetic acid.   
   12.    Chemiluminescent HRP substrate.   

2.2  Bacterial 
Expression, Solubility 
Determination, 
and Purifi cation of His 
Tagged SIRT5 
and SIRT5- H158Y 
Proteins

2.3  In  Vitro 
  Desuccinylation Assay
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   13.    Stripping buffer (1 L): 15 g glycine, 1 g SDS, 10 ml Tween 20. 
Adjust pH to 2.2 using HCl.   

   14.    1× PBS: 137 mM NaCl, 2.7 mM KCl, 10 mM Na 2 HPO 4,  2 
mM KH 2 PO 4 . Adjust pH to 7.4 using HCl.       

3     Methods 

          1.    Obtain plasmid encoding human SIRT5 ( see   Notes    1   and   2  ).   
   2.    Custom synthesize the following two complementary oligo-

nucleotides containing the desired  mutation      (underlined), 
fl anked by unmodifi ed nucleotide sequence.
   (a)    SIRT5 H158Y sense oligo: 5′GAACCTTCTGGAGATC

 T ATGGTAGCTTATTTAAAAC 3′   
  (b)    SIRT5 H158Y anti-sense oligo: 5′ GTTTTAAATAAGCT

ACCAT A GATCTCCAGAAGGTTC 3′         
   3.    Resuspend oligos in appropriate amount of ddH 2 O to a fi nal 

concentration of 100 μM. Dilute further by adding ddH 2 O to 
a concentration of 10 μM.   

   4.    Set up a series of reactions using different amounts (5, 10, 20, 
and 50 ng) of template DNA (human SIRT5-pBABE-puro 
plasmid) as below:

   5 μl of 10× PfuUltra HF reaction buffer.  
  1 μl of template DNA (5–50 ng).  
  1.14 μl of 10 μM SIRT5 H158Y Top Oligo (125 ng).  
  1.14 μl of 10 μM SIRT5 H158Y Bottom Oligo (125 ng).  
  1 μl of 10 mM dNTP mix.  
  1 μl of PfuUltra HF  DNA      Polymerase (2.5 U/μl).  
  39.72 μl of ddH 2 O.      

   5.    Perform amplifi cation reaction in a thermocycler, set to the 
following parameters:
   (a)    95 °C, 30 s.   
  (b)    95 °C, 30 s.   
  (c)    55 °C, 1 min.   
  (d)    68 °C, 7.5 min.   
  (e)    Repeat  steps  ( b – d ) for a total of 16 cycles   
  (f)    68 °C, 10 min.   
  (g)    4 °C, Hold.       

   6.    Add 1 μl of Dpn I restriction  enzyme   (10 U/μl) to each reaction 
tube. Mix the contents gently and thoroughly by pipetting up 
and down multiple times. Spin down briefl y, and incubate at 
37 °C for 1 h to digest parental template DNA.   

3.1  Engineering 
H158Y Mutation 
into the SIRT5 Coding 
Sequence

Production of Active SIRT5 Protein
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    7.    Transform Dpn I  treated      DNA into chemical competent 
DH5α bacteria via heat shock as below:
   (a)    Thaw chemical competent DH5α bacterial cells on ice, 

and aliquot 50 μl in separate fresh autoclaved tubes.   
  (b)    Transfer 1 μl of Dpn I treated DNA from each sample 

tube to separate aliquots of chemical competent DH5α 
bacteria. Mix the content of tubes by gentle tapping and 
incubate on ice for 5 min.   

  (c)    Heat shock the transformation reactions for 90 s in a water 
bath set to 42 °C, and immediately transfer the tubes to 
ice again for 5 min.   

  (d)    Add 1 ml of LB medium to all tubes aseptically, and incu-
bate at 37 °C for 1 h with shaking at 220 rpm. Plate 
50–100 μl of the transformation mix on LB agar plates 
containing 50 μg/ml carbenicillin or 100 μg/ml ampicil-
lin, and incubate at 37 °C for ~16 h.    

      8.    Inoculate few colonies (~4–6) from each plate into separate 
tubes containing 5 ml LB medium with 50 μg/ml carbenicillin 
or 100 μg/ml ampicillin. Incubate overnight at 37 °C with 
shaking at 220 rpm.   

   9.    Harvest the cells by centrifugation at 6500 ×  g  for 5 min at 
room temperature, and purify the plasmid DNA using a stan-
dard miniprep plasmid purifi cation protocol or kit.   

   10.    Confi rm the insertion of desired mutation by nucleotide 
sequencing using pBABE sequencing primers (Weinberg Lab): 
 5′ CTTTATCCAGCCCTCAC 3′ and 5′ ACCCTAACTG 
ACACACATTCC 3′      

       1.    Synthesize the following primers to amplify the SIRT5 coding 
sequence lacking  the   mitochondrial targeting signal, for 
in vitro studies. These  oligos      are designed to introduce appro-
priate restriction  enzyme   sites at each end of the amplifi ed 
 PCR   product for subsequent  cloning   into the bacterial  expres-
sion   plasmid pET15b, which provides an in-frame His-tag fol-
lowed by a thrombin site at the SIRT5 N-terminus.
   (a)    SIRT5 forward primer with NdeI restriction site 

(underlined): 
 5′ CCGG CATATGA GTTCAAGTATGGCAGATTTTCG 
3′   

  (b)    SIRT5 reverse primer with XhoI restriction site 
(underlined): 
 5′ CCGG CTCGAGT TAAGAAACAGTTTCATTTTC 3′    

      2.    Make 10 μM working solutions of both primers as described in 
Subheading  3.1 ,  step 3 .   

3.2  Preparation 
of SIRT5 and SIRT5-
H158Y Bacterial 
Expression Plasmids 
with N-Terminal 
His-Tag
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   3.    Using these primers and human SIRT5-pBABE-puro and 
SIRT5-H158Y-pBABE-puro plasmids as templates, perform 
 PCR   as described below:
   (a)    Set up following reaction (per tube):

   2.5 μl of 10× PfuUltra HF reaction buffer.  
  1 μl of template DNA (50 ng).  
  1 μl of 10 μM SIRT5 forward primer with NdeI restric-

tion site.  
  1 μl of 10 μM SIRT5  reverse      primer with XhoI restriction 

site.  
  1 μl of 10 mM dNTP mix.  
  0.5 μl of PfuUltra HF DNA Polymerase (2.5U/μl).  
  18 μl of ddH 2 O.      

  (b)    Perform amplifi cation reaction in a thermocycler set to the 
following parameters:
   (i)    95 °C, 3 min.   
  (ii)    95 °C, 1 min.   
  (iii)    55 °C, 1 min.   
  (iv)    68 °C, 1.5 min.   
  (v)    Repeat  steps  ( ii ) to ( iv ) for 34 times.   
  (vi)    68 °C, 10 min.   
  (vii)    4 °C, Hold.           

   4.    Verify the  PCR      fragment size on an 1 % agarose gel, and purify 
the amplifi ed products from the  PCR   reactions using PCR 
cleanup/purifi cation kit following manufacturer’s instructions.   

   5.    Perform restriction digestions of purifi ed PCR products and 
pET15b with NdeI and XhoI restriction  enzymes   following 
manufacturer’s instructions ( see   Note    3  ).   

   6.    Perform Agarose Gel Electrophoresis using restriction 
enzymes digested  PCR   products and pET15b. Excise the 
DNA bands from the gel, and extract DNA from gel pieces 
using gel extraction kit following manufacturer instructions. 
Measure the concentrations of extracted DNA using 
NanoDrop spectrophotometer.   

   7.    Set the ligation reactions using restriction  enzymes   digested and 
gel extracted pET15b and SIRT5/SIRT5H158Y  PCR   prod-
ucts in plasmid to insert ratio of 1:3 as follows ( see   Note    4  ):
   2 μl of 10× DNA ligase buffer.  
  50 ng of pET15b.  
  22 ng of SIRT5/SIRT5HY.  
  1 μl of T4 DNA Ligase.  
  ddH 2 O to a fi nal volume of 20 μl.      

Production of Active SIRT5 Protein
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    8.    Incubate  the      ligation reactions at 16 °C for 16 h—overnight.   
   9.    Transform 10 μl of ligation products into chemical competent 

DH5α bacterial cells by the heat shock method as described in 
Subheading  3.1 ,  step 7 .   

   10.    Inoculate a few colonies (~6–8) from each plate into separate 
tubes containing 5 ml LB medium with 50 μg/ml carbenicillin 
or 100 μg/ml ampicillin. Incubate overnight at 37 °C under 
shaking at 220 rpm.   

   11.    Harvest the cells by centrifugation at 6500 ×  g  for 5 min at 
room temperature, and purify the plasmid DNA using a mini-
prep plasmid purifi cation kit following manufacturer’s 
instructions.   

   12.    Confi rm the  cloning   of SIRT5 and SIRT5H158Y inserts into 
pET15b by double restriction digestion and/or  PCR   
amplifi cation.   

   13.    Sequence the entire PCR fragment to confi rm that unintended 
mutations are not present using pET15b sequencing primer: 
 5′ TAATACGACTCACTATAGGG 3′      

       1.    For  expression   of  recombinant   His tagged SIRT5 and SIRT5- 
H158Y proteins in  E. coli , transform SIRT5-pET15b and 
SIRT5-H158Y-pET15b plasmids into chemical competent  E. 
coli  BL21 (DE3) by heat shock method  as      described in 
Subheading  3.1 ,  step 7 .   

   2.    Pick single colonies from each transformation, and inoculate 
in 2.5 ml of LB medium supplemented with 50 μg/ml car-
benicillin or 100 μg/ml ampicillin. Also inoculate one 2.5 ml 
culture with a colony transformed with the control plasmid 
pET15b. Inoculate one extra set of cultures to serve as an 
uninduced control. Grow the cultures at 37 °C until OD 600  
reaches ~0.45–0.5.   

   3.    Induce the  expression   of recombinant SIRT5 by adding IPTG 
to a fi nal concentration of 1 mM, and grow the cultures for an 
additional 6–8 h. Do not add IPTG to uninduced controls.   

   4.    Transfer 1 ml from all uninduced and induced cultures to sepa-
rate microcentrifuge tubes. Harvest the cells by centrifugation 
for 1 min at 15,000 ×  g , and discard supernatants.   

   5.    Resuspend pellets in 25 μl of ddH 2 O, and mix with 25 μl of 
4× Laemmli sample buffer. Heat the samples at 95–100 °C for 
10 min, and centrifuge at 15,000 ×  g  for 10 min.   

   6.    Monitor the  expression   of recombinant proteins by running 
10 μl supernatant from each tube from  step 5  (i.e., cell lysates 
from un-induced and IPTG induced cultures) on 4–20 % poly-

3.3  Bacterial 
Expression of His 
Tagged SIRT5 
and SIRT5-H158Y 
Proteins

Surinder Kumar and David B. Lombard



249

acrylamide gel in 1× running buffer at 200 V for 1 h, followed 
by Coomassie brilliant blue staining. The SDS-PAGE analysis 
of BL21 (DE3) cells, transformed with recombinant vectors 
having SIRT5 and SIRT5-H158Y coding sequences, shows 
overexpression of 32 kDa proteins (Fig.  1 , lanes 3 and 4 for 
SIRT5, lanes 5 and 6 for SIRT5-H158Y) corresponding to 
expected size of SIRT5 and SIRT5-H158Y with a 6× His-tag 
and a thrombin site ( see   Notes    5   and   6  ).

               1.    Inoculate single bacterial colony harboring SIRT5-pET15b or 
SIRT5-H158Y-pET15b plasmid into 5 ml LB medium 
 containing 50 μg/ml carbenicillin or 100 μg/ml ampicillin, 
and incubate overnight at 37 °C while shaking at 220 rpm.   

   2.    The next day, inoculate 50 ml of LB medium containing 
50 μg/ml carbenicillin or 100 μg/ml ampicillin with 2.5 ml of 
the overnight cultures, and incubate at 37 °C, with shaking, 
until the OD 600  reaches ~0.5. This will take ~45 min.   

   3.    Transfer 1 ml of each culture to separate microcentrifuge tubes. 
Pellet the cells by centrifugation at 15,000 ×  g  for 1 min. 
Resuspend the pellets in 25 μl of ddH 2 O, mix with 25 μl of 4× 
Laemmli sample buffer, and save at −20 °C. These will serve as 
uninduced controls.   

3.4  Assessment 
of Solubility of Tagged 
SIRT5 and SIRT5-
H158Y Proteins

  Fig. 1    SDS-PAGE analysis of recombinant SIRT5 and SIRT5H158Y expression.
Expression of SIRT5 ( lane 4 ) and SIRT5H158Y ( lane 6 ) in  E. coli  following induc-
tion with 1 mM IPTG at 37 °C.  Lane 3  and  lane 5  show the  expression   of  SIRT5 
     and SIRT5H158Y respectively, in the absence of IPTG.  Lane 1  and  lane 2  show 
the vector control bacterial lysate in the absence and presence of 1 mM IPTG, 
respectively       
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    4.    Induce the remaining  cultures      for the  expression   of  recombinant   
proteins by adding IPTG to a fi nal concentration of 1 mM, 
and grow the cultures for an additional 6–8 h at 37 °C with 
shaking.   

   5.    Harvest bacterial cells by centrifugation at 10,000 ×  g  for 
10 min at 4 °C, and resuspend cell pellet in 5 ml of lysis buffer 
for native purifi cation.   

   6.    Add lysozyme to a fi nal concentration of 1 mg/ml, and incu-
bate on ice for 30 min ( see   Note    7  ).   

   7.    Sonicate the cell suspension at 250 W with 6–8 bursts of 10 s 
followed by 20 s intervals for cooling. Keep samples on ice at 
all times.   

   8.    Transfer 10 μl of each lysate to separate microcentrifuge tubes, 
mix with 10 μl of 4× Laemmli sample buffer, and freeze at 
−20 °C. These are induced controls.   

   9.    Centrifuge remaining lysates at 10,000 ×  g  for 30 min at 4 °C. 
Transfer the supernatants containing soluble proteins to fresh 
tubes, and keep on ice. Resuspend the pellets into 5 ml of lysis 
buffer to make a suspension of insoluble proteins.   

   10.    Mix 10 μl of soluble protein supernatant with 10 μl of 4× 
Laemmli sample buffer. Similarly mix 10 μl suspensions of 
insoluble proteins with 10 μl of 4× Laemmli sample buffer.   

   11.    Heat these samples along with uninduced, and induced con-
trols, from  steps 3  and  8  respectively, at 95–100 °C for 10 min.   

   12.    Centrifuge at 15,000 ×  g  for 10 min, and run 20 μl of the 
supernatants from the un-induced controls and 10 μl from all 
other samples including vector control on 4–20 % polyacryl-
amide gel followed by staining with Coomassie brilliant blue. 
SDS-PAGE analysis shows that  both      His-tagged SIRT5 and 
SIRT5H158Y recombinant proteins corresponding to ~32 
kDa are soluble in lysis buffer for native purifi cation (Fig.  2 ) 
and can be purifi ed under native conditions ( see   Note    8  ).

              1.    Grow 5 ml each of starter cultures from single bacterial colo-
nies as described above in the Subheading  3.4 ,  step 1 .   

   2.    Inoculate 1 L each of LB medium containing 50 μg/ml car-
benicillin or 100 μg/ml ampicillin with 5 ml of the starter cul-
tures, and grow at 37 °C with shaking at 220 rpm, until the 
OD 600  reaches ~0.5.   

   3.    Induce the  expression   of  recombinant   proteins by adding 
IPTG to a fi nal concentration of 1 mM, and grow the cultures 
for an additional 8 h.   

   4.    Harvest bacterial cells expressing recombinant proteins by cen-
trifugation at 10,000 ×  g  for 10 min at 4 °C. Weigh the bacte-
rial cell pellets ( see   Note    9  ).   

3.5  Purifi cation 
of His Tagged SIRT5 
and SIRT5- H158Y 
Proteins
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   5.    Resuspend the cell pellets in lysis buffer at 5 ml per gram wet 
weight, and add lysozyme to fi nal concentration of 1 mg/ml. 
Incubate on ice for 30 min ( see   Note    10  ).   

   6.    Sonicate the cell suspension with a sonicator set to 250 W with 
6–8 bursts of 10 s followed by 20 s intervals for cooling. Keep 
samples all time on ice ( see   Note    11  ).   

   7.    Centrifuge lysates at 10,000 ×  g  for 30 min at 4 °C to pellet the 
insoluble fractions and other cellular debris. Supernatants (i.e., 
cleared lysates), containing the soluble proteins, will be used 
for purifi cation of His tagged SIRT5 and SIRT5-H158Y pro-
teins in subsequent steps ( see   Note    8  ).   

   8.    Transfer 1 ml 50 % Ni-NTA slurry per 4 ml of cleared lysate to 
50 ml Falcon tubes, and centrifuge at 700 ×  g  for 2 min at 4 °C.   

   9.    Remove and discard the supernatants, and resuspend Ni-NTA 
pellets in four resin-bed volumes of lysis buffer. Centrifuge 
again at 700 ×  g  for 2 min at 4 °C, and carefully remove and 
discard buffer.   

  Fig. 2    SDS-PAGE analysis of SIRT5 and SIRT5H158Y solubility under native con-
ditions. IPTG induced  E. coli  cells expressing SIRT5 or SIRT5H158Y were lysed 
under native conditions and centrifuged. Whole cell lysates (SIRT5;  lane 2  and 
SIRT5H158Y;  lane 5 ), supernatants containing soluble proteins (SIRT5;  lanes 3  
and SIRT5H158Y;  lane 6 ) and pellets containing insoluble material (SIRT5;  lanes 
4  and SIRT5H158Y;  lane 7 ) were separated by SDS-PAGE and stained with 
Coomassie brilliant blue.  Lane 1  shows induced  E. coli  cells harboring empty 
control vector       
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    10.    Transfer cleared lysates from  step 7  to Ni-NTA pellets from 
 step 9 , and mix gently by shaking on a rotary shaker (~200 
rpm) at 4 °C for 45–60 min.   

   11.    Load the lysate–Ni–NTA mixtures into separate columns,       and 
collect the fl ow-through from each column. If desired, save for 
SDS-PAGE analysis.   

   12.    Wash resin twice with four bed volumes of wash buffer, and 
collect the fl ow-through for SDS-PAGE analysis, if desired.   

   13.    Elute His-tagged proteins from the resin with 1 ml elution 
buffer. Repeat this  step 8  ten times, collecting each fraction in 
a separate tube ( see   Note    12  ).   

   14.    Monitor protein elution by measuring the absorbance of the 
fractions at 280 nm, and fractionate on a 4–20 % polyacryl-
amide gel to directly analyze the purifi ed proteins (Fig.  3 ).

       15.    Measure the concentrations of eluted protein in desired frac-
tions by suitable Protein Assay Kit ( see   Note    13  ).      

        1.    Mix 0.5 ml (~7.5 mg) of PDC with 1 ml of  PDC   centrifuga-
tion buffer, and centrifuge at 135,000 ×  g  for 2 h at 4 °C ( see  
 Note    14  ).   

   2.    Remove supernatant leaving 200 μl. Resuspend pellet in residual 
200 μl of supernatant by pipetting up and down several times.   

   3.    Measure the concentration of resuspended PDC.   
   4.    Set up three reaction tubes, each with 30 μg of purifi ed porcine 

 heart   PDC and 20 μl of 3×  desuccinylation   reaction buffer. In 
one tube add 10 μg of purifi ed SIRT5 protein, and in another 
add 10 μg of purifi ed SIRT5H158Y protein. Do not add any 
SIRT5 protein to the third (negative control) tube.       Bring up 
the total fi nal reaction volume to 60 μl in all three tubes  by 
  adding ddH 2 O. Incubate in water bath set at 37 °C for 2 h 
with occasional agitation via fi nger tap ( see   Note    15  ).   

   5.    Analyze samples from each reaction tube by  immunoblot   using 
rabbit anti lysine-succinyl antibody as discussed below:
   (a)    Add 20 μl of 4× Laemmli sample buffer to each tube, and 

heat at 95–100 °C for 5 min.   
  (b)    Load 20 μl of each sample and 8 μl of protein standard 

ladder on a 4–20 % polyacrylamide gel, and run the gel at 
200 V in 1× running buffer until the dye front reaches to 
the bottom of the gel.   

  (c)    Transfer the fractionated proteins from polyacrylamide gel 
to a PVDF membrane in 1× transfer buffer at 800 mA for 
50 min at 4 °C.   

  (d)    Visualize the transfer of fractionated proteins on PVDF 
membrane using Ponceau S staining solution. Make a dig-
ital scanned image of the stained membrane.   

3.6  In Vitro 
 Desuccinylation   Assay 
to Assess the Activity 
of Purifi ed SIRT5 
and SIRT5-H158Y 
Proteins
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  (e)    Block the nonspecifi c binding sites by incubating the 
membrane in 5 % skim milk in 1× TBST for 30 min at 
room temperature on a rocker.   

  (f)    Discard blocking solution, and wash briefl y with 1× TBST.   
  (g)    Incubate overnight at 4 °C with rabbit anti lysine-succinyl 

antibody, diluted at 1:1000 in 5 % BSA in 1× TBST, while 
shaking on a rocker.   

  Fig. 3    SDS-PAGE analysis of SIRT5 (Panel  a ) and SIRT5H158Y (Panel  b ) purifi ed 
under native conditions. IPTG-induced  E. coli  cells expressing SIRT5 and 
SIRT5H158Y were lysed under native conditions and centrifuged. Whole cell 
lysates (WC), supernatants containing soluble proteins (S), pellets containing 
insoluble fractions (P) and  eluted      protein fractions (1–8, 10 μl each) were sepa-
rated electrophoretically; FT shows the fl ow through (supernatant following incu-
bation with Ni–NTA) in both panels       
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  (h)    Collect antibody solution, and wash membrane three 
times for 10 min each with 1× TBST.   

  (i)    Incubate the membrane with HRP-conjugated secondary 
antibody, diluted at 1:10,000 in 5 % skim milk in 1× TBST, 
for 1 h at room temperature while shaking on a rocker.   

  (j)    Wash membrane three times for 10 min each with 1× TBST.   
  (k)    Develop signal using appropriate chemiluminescent HRP 

Substrate. Figure  4  shows that SIRT5-treated  PDC   has 
decreased levels  of   lysine succinylation on  the   E1α sub-
unit compared with untreated or SIRT5H158Y treated 
controls.

      (l)    Wash membrane with distilled  water      for 10 min at room 
temperature.   

  (m)    Strip membrane by incubating with stripping buffer while 
shaking at room temperature for 10 min. Discard buffer, 
and repeat one more time.   

  (n)    Wash membrane twice with 1× PBS for 10 min each, fol-
lowed by two washes with 1× TBST.   

  (o)    Block and re-probe with mouse anti-pyruvate dehydroge-
nase E1-alpha subunit antibody, diluted at 1:1000 in 5 % 
BSA in 1× TBST, as described above in the Subheading  3.6 , 
 step 5  ( e-g ).   

  (p)    Repeat steps from  h – k  ( see   Note    16  ).    

  Fig. 4    Desuccinylase activity of purifi ed SIRT5 and SIRT5H158Y. Pelleted porcine 
heart  PDC   was treated with or without purifi ed SIRT5 and SIRT5H158Y proteins 
and processed for  immunoblotting   with anti-Ksucc antibody as described in the 
Subheading  3 . Total  PDC   E1α serves as loading control       
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4                            Notes 

     1.    Human SIRT5-pBABE-puro plasmid was a kind gift from Dr. 
Marcia Haigis, Department of Cell Biology, Harvard Medical 
School.   

   2.    Always use plasmid DNA isolated from dam +  strains of the 
 E. coli . Plasmid DNA isolated from dam -  strains of  E. coli  (e.g., 
JM110 is not suitable) as DpnI, which is used to selectively 
digest parental plasmid DNA, cleaves only when its recogni-
tion site is methylated.   

   3.    The pET15b plasmid should be sequentially digested.   
   4.    The plasmid:insert ratio can be increased up to 1:5 if ligation 

effi ciency is poor.   
   5.    Both SIRT5 and SIRT5H158Y display leaky  expression   in  E. coli  

BL21 (DE3), which is confi rmed by immunoblotting with 
anti-His antibody. However, we do not observe any toxicity of 
SIRT5 expression to  E. coli  BL21 (DE3) cells.   

   6.    Expression of  recombinant   proteins can further be confi rmed 
by  immunoblotting   using anti-His antibody or anti-SIRT5 
antibody.   

   7.    Always use a freshly prepared lysozyme solution.   
   8.    A signifi cant proportion of SIRT5 and  SIRT5H158Y      proteins 

remain insoluble and can be found in the pellet. If desired, 
these can be purifi ed from insoluble pellet under denaturing 
purifi cation conditions.   

   9.    First weigh the empty tubes. Following centrifugation, weigh 
again tubes containing bacterial pellets. To determine the 
weight of bacterial pellets, subtract the weights of empty tubes 
from that of bacterial pellets containing tubes.   

   10.    To avoid protein degradation during purifi cation, inclusion of 
protease inhibitors in the lysis buffer is recommended.   

   11.    If the lysate is very viscous, add RNase A (10 μg/ml) and 
DNase I (5 μg/ml), and incubate on ice for 10–15 min.   

   12.    Ni-NTA resin can be washed with phosphate buffer, and col-
lected for reuse in subsequent purifi cations.   

   13.    Eluted fractions should be stored at −70 °C.   
   14.    Always use tubes certifi ed for ultracentrifugation.   
   15.    3× reaction buffer can be stored at −20 °C for 3–4 weeks.   
   16.    SIRT5-treated material can be used for MS analysis.  Also      we 

have found that recombinant SIRT5 is active against target 
specifi c peptides (not shown); hence, it is suitable for the 
screening of specifi c modulators (inhibitors or activators) by 
high-throughput methodology.         
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