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Abstract

The metabolic serine hydrolase family, is arguably, one of the largest functional enzyme class in
mammals, including humans, comprising of 1 — 2% of the total proteome. This enzyme family
uses a conserved nucleophilic serine residue in the active site to perform diverse hydrolytic
reactions, and consists of proteases, lipases, esterases, amidases and transacylases as prototypical
members of this family. In humans, this enzyme family consists of >250 members, of which,
approximately 40% members remain unannotated, both in terms of their endogenous substrates
and the biological pathways that they regulate. The enzyme ABHD14B, an outlying member of
this family, is also known as CCG1/TAF250-interacting factor B, as it was found associated with
the transcription initiation factor TFIID. The crystal structure of human ABHD14B has been
solved for over a decade, however its endogenous substrates remain elusive. In this paper, we
annotate ABHD14B as a lysine deacetylase (KDAC), showing this enzyme’s ability in transferring
an acetyl group from a post-translationally acetylated-lysine to coenzyme A (CoA), to yield
acetyl-CoA, while re-generating the free amine of protein lysine residues. We validate these
findings by /n vitro biochemical assays using recombinantly purified human ABHD14B, in
conjunction with cellular studies in a mammalian cell line by knocking down ABHD14B and by
modeling substrates into the enzyme active site. Finally, we report, the development and
characterization of a much needed, exquisitely selective ABHD14B antibody, using which, we
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map the cellular and tissue distribution of ABHD14B, and prospect metabolic pathways that this
enzyme might biologically regulate.

Introduction

The advent of genome sequencing technology has resulted in an explosion in the number of
available protein sequences!. Concomitant with this exponential rise in the number of
protein sequences, the propagation of functional annotation errors or lack of annotation for
enzymes in particular, has become more prominent throughout databases that rely heavily on
high-throughput computational predictions of protein (enzyme) function without much
experimental support? 3. This in turn, has presented modern biochemists with challenges in
studying enzyme mechanisms, and understanding their endogenous functions in the post-
genomic era®. Realizing this problem, over the past decade, several large-scale consortia
(e.g. The Enzyme Function Initiative® 8, The Lipid Maps Lipidomics Gateway’: 8) have
been set up, where researchers with different expertise have worked together to develop new
tools and/or platforms to assign function (or substrates) to enzymes of unknown or
misannotated function. Complementary to the high-throughput approaches developed by
these consortia, are emerging biochemical technologies®: 10, that have been leveraged to
study specific enzyme superfamilies to address the same problem.

One such approach, is the functional chemical proteomic strategy termed activity based
protein profiling (ABPP), first described by Cravatt and co-workers, to study enzymes from
the serine hydrolase familyll. Most members of this enzyme family possess the famed
catalytic triad (e.g. Ser-His-Asp)!2, and without any exceptions to date, follow a consensus
two step catalytic mechanism13: 14, In the first step of the reaction mechanism, a highly
conserved nucleophilic serine residue in the enzyme active site, attacks an electron deficient
carbon (or phosphorus) center at ester, thioester or amide functionalities, to form a covalent
acyl-enzyme intermediate, and a conserved base (generally the histidine residue of the
catalytic triad) in the enzyme active site protonates the leaving group. In the second step, a
water molecule is activated by the now deprotonated base in the enzyme active site to
hydrolytically cleave the acyl-enzyme intermediate, and in doing so, regenerates the enzyme
for another round of catalysis (Scheme 1)12. 13,

In humans, the serine hydrolase family to date, consists of >250 enzymes, split almost
equally into the serine proteases (trypsin/chymotrypsin/subtilisin family) and the metabolic
serine hydrolases, with the latter constituting lipases, esterases, amidases, peptidases, glycan
hydrolases, acyl-CoA hydrolases, and transacylases as prototypical members!3. Given their
central roles in metabolism and biological signaling, deregulation of these metabolic serine
hydrolase enzymes results in several human pathophysiological conditions like cancers,
neurodegenerative diseases, (neuro)inflammation, diabetes, obesity and metabolic
syndromel3. Yet, for most of these enzymes implicated in the aforementioned human
diseases, the biochemical basis for the disease progression and pathophysiology remains
largely unknown. Over the past two decades, Cravatt and co-workers have further expanded
the ABPP technology®~21, and have tailored several elegant platforms to ascertain function
and biochemically characterize several members of the metabolic serine hydrolase family.
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Yet, despite their heroic efforts, approximately 40% of the metabolic serine hydrolases still
lack annotation, in terms of their endogenous substrates and the biological pathways that
they influencel3: 22,

An example of a metabolic serine hydrolase enzyme with unknown function is the a./p-
hydrolase domain fold containing protein # 14B (ABHD14B), an outlying member of this
enzyme family13. In search of interacting protein partners of the conserved histone acetyl-
transferase (HAT) domain of the largest subunit for the TFIID transcription factor
CCGL/TAF|;1250 (mutations to this protein cause cell cycle arrest in G1 phase, hence the
name CCG1), a yeast two-hybrid screen identified ABHD14B as a putative target, thus
leading to ABHD14B having the moniker CCG1/TAF;250-interacting factor B (CIB)23,
Following up on this discovery, human ABHD14B was subsequently expressed
recombinantly, purified from £. coli, shown to have weak hydrolase activity for a surrogate
substrate, and the three-dimensional structure of this enzyme (PDB: 1IMJ) has been
elucidated over a decade ago?3. The three-dimensional structure revealed that human
ABHD14B possessed the nucleophilic serine residue (S111) as part of a non-canonical
sxSxs motif (where, x = any amino acid, S= S111), along with famed catalytic triad, and
was therefore classified as a member to the metabolic serine hydrolase family. Also, it was
postulated in the same study that ABHD14B plays a role in transcriptional activation, given
its interactions with important transcriptional factors. However, despite these preliminary
biochemical and structural studies, the endogenous substrates and the biological pathways
that ABHD14B governs /n vivo remain cryptic. In this paper, we report different
biochemical assays and immunochemical tools, with complementary cellular and structural
modelling studies, towards annotating ABHD14B as a novel class of lysine deacetylases,
where this enzyme transfers an acetyl-group from a post-translationally modified protein
acetyl-lysine residue to a molecule of CoA to produce acetyl-CoA. This functional
annotation of ABHD14B expands the repertoire of known activities within the metabolic
serine hydrolase family, and adds another enzyme family, capable of deacetylating protein
lysine residues?4 along with the well-studied sirtuins?>-28 and histone deacetylase (HDAC)
enzymes29: 30,

Materials and Methods

Materials

All chemicals, buffers and reagents described in this paper were purchased from Sigma
Aldrich unless specified otherwise. All mammalian cell culture media and fetal bovine
serum (FBS) were purchased from HiMedia unless otherwise mentioned. The anti-
ABHD14B primary antibody was generated in rabbit using wild type (WT) human
ABHD14B purified from £. coli as antigen at Bioklone Biotech Private Limited, India
(www.bioklone.com). The primary anti-GAPDH antibody (cat: ab8245) and horse radish
peroxidase (HRP) conjugated secondary anti-mouse antibody (cat: ab6789) were purchased
from Abcam, while the HRP-conjugated anti-rabbit secondary antibody (cat: 31460) was
purchased from Thermo Fisher Scientific. The primary anti-acetylated-lysine antibody used
in this study was a kind gift from Dr. Krishanpal Karmodiya, IISER Pune3L. The acetyl-
Histone 3 (Lys9/14) peptide (Merck, Millipore, cat: 12-360), and Histones from calf thymus
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(Roche, cat: 10223565001) used in this study were kind gifts from Dr. Ullas Kolthur, TIFR
Mumbai.

Cloning, Expression and Purification of Human ABHD14B

The WT human abhd14b gene was synthesized as a codon-optimized construct for
expression in £. coli (GenScript, USA) and subsequently cloned into the pET-30b(+) vector
(Millipore) between the Hindlll and Ndel restriction sites, after removing the 6X-His-tag
from the plasmid. The S111A ABHD14B mutant was generated using standard Quik-
Change site directed mutagenesis protocols as per the manufacturer’s instructions (New
England Biolabs). The plasmid bearing the desired gene (WT human ABHD14B or S111A
human ABHD14B) was transformed into BL21(DE3) E£. coli competent cells, following
which, a single colony was grown in 5 mL of Luria-Bertani (LB) media containing
kanamycin (final concentration 50 pg/mL) for 8 hours at 37 °C with constant shaking. This
overnight primary culture was used to inoculate 1 L of the same medium, and the cells were
allowed to grow at 37 °C with constant shaking until the ODgqg reached ~0.6, at which point
the protein expression was induced in the cell culture by the addition of 500 uM isopropyl B-
D-1-thiogalactopyranoside (IPTG). Thereafter, the cells were grown at 30 °C for 16 hours,
harvested by centrifugation (6,000g for 20 mins) and the cell pellets were stored at -80 °C
till further use. The protein overexpression was confirmed by SDS-PAGE analysis. The
stored cell pellet was thawed on ice and re-suspended in 45 mL of purification buffer (10
mM Tris, 10 mM 2-mercaptoethanol at pH 7.9). The cell suspension was sonicated at 4 °C
using a Vibra Cell VCX 130 probe sonicator (Sonics) at 60% pulse amplitude, for 30 min
with cycles of 5 sec ON and 10 sec OFF. The resulting lysate was centrifuged at 20,000g for
45 min at 4 °C to pellet the cellular debris and insoluble proteins from our protein of interest
(WT human ABHD14B or S111A human ABHD14B) in the supernatant (soluble) fraction.
To this resulting supernatant, protamine sulfate (0.05% wi/v) was added dropwise at 4 °C,
over 30 min, and this suspension was centrifuged at 20,0009 for 45 min at 4 °C to separate
nucleic acids. Post-centrifugation, the supernatant was collected, and ammonium sulfate
(40% saturation) was added slowly over 30 min with continuous stirring at 4 °C. This
mixture was centrifuged at 20,0009 for 20 min at 4 °C and the resulting pellet was
discarded. To the remaining supernatant, ammonium sulfate at 60% and 70% saturation were
added slowly over 30 min, the mixtures centrifuged as described earlier, and the resulting
supernatant fractions were discarded. The pellets were then resuspended in purification
buffer to a final volume of 10 mL, and dialyzed in 1 L of purification buffer with 4 buffer
changes every 2 hours initially, and the final buffer change was kept overnight (~ 14 hours)
to dialyze out any residual ammonium sulfate from the previous purification step. Post-
dialysis, the protein fraction (10 mL) was applied to an anion exchange column (GE
Healthcare HiTrap CaptoQ, 5 mL), pre-equilibrated with purification buffer, and the protein
of interest was eluted with a gradient of NaCl (25 — 250 mM) in purification buffer. Both
WT and S111A ABHD14B were found to elute at 100 mM NaCl concentration as
ascertained by SDS-PAGE analysis. The fractions containing the protein of interest were
pooled and concentrated using a 10-kDa molecular weight cut off filter (Millipore) to a final
volume of 6 mL. This concentrated protein fraction (6 mL) was loaded onto a preparative
High Load 26/60 Superdex 200 gel filtration column (GE Healthcare) previously
equilibrated with the purification buffer containing 100 mM NacCl, and 3 mL fractions were
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collected from this gel filtration column.The fractions were assessed for purity by SDS-
PAGE analysis, and those containing WT or S111A ABHD14B were pooled, concentrated
using a 10-kDa molecular weight cut off filter (Millipore) to a final concentration of ~50 pg/
uL, flash frozen in liquid nitrogen as 10 uL aliquots, and stored at - 80°C till further use.

Colorimetric Substrate Hydrolysis Assays

All colorimetric assays were performed in a final reaction volume of 250 pL in a Varioskan
Flash plate reader (Thermo Fisher Scientific), monitoring the release of para-nitrophenolate
from substrates by measuring absorbance at 405 nm in a 96 well plate assay at 37 °C. All
assays were performed in 10 mM Tris buffer at pH 8 in biological triplicates to ensure
reproducibility. For the structure activity relationship (SAR) assays, 10 uM of WT
ABHD14B was incubated with 500 uM of para-Nitrophenyl (pNp) analogues of varying
chain lengths, namely pNp-acetate, pNp-butyrate, pNp-octanoate, pNp-decanoate, pNp-
dodecanoate and pNp-palmitate (Figure S1), and absorbance at 405 nm was monitored over
30 min, with plate readings at 10 sec intervals. For the enzyme kinetics assays with pNp-
acetate, pNp-butyrate and pNp-octanoate, substrate concentrations of 0 — 1000 uM were
used with all other assay conditions and parameters remaining the same. The resulting data
from this experiment was fit to a Lineweaver-Burk equation to yield enzyme kinetic
constants for the respective substrate. To study the effects of CoA and acetyl-CoA on
ABHD14B catalyzed hydrolysis reaction, 10 yM WT ABHD14B was pre-incubated with
CoA (1 mM) or acetyl CoA (1 mM) at 37 °C in a 96 well plate for 15 min, following which
the hydrolysis reaction was initiated by adding 50 UM pNp-acetate to this mixture, with all
other assay parameters remaining the same.

Gel-Based ABPP Experiments

For all the gel-based ABPP experiments, WT or S111A ABHD14B was treated with the
fluorophosphonate-rhodamine (FP-Rh) activity probe, at 37 °C for 1 hour with constant
shaking in a final volume of 50 pL, following which, the reaction was quenched by adding
4X-SDS loading dye, and then boiling at 95 °C for 10 min. For the protein titration
experiments, ABHD14B (WT or S111A) concentrations were varied from 0.5 — 10 uM
keeping FP-Rh constant at 5 pM. For the activity probe titration experiments, ABHD14B
(WT or S111A) concentrations were kept constant at 5 UM, while the FP-Rh concentrations
were varied from 0.2 — 5 uM. Post-quenching the ABPP reactions, the samples were loaded
and resolved on a 12.5% SDS-PAGE gel, and the enzyme activity was visualized on
Syngene Chemi-XRQ gel documentation system. To ensure accurate protein loading in the
gel-based ABPP assays, post-enzyme activity visualization, the gels were stained with
Coomassie Brilliant Blue R-250 and imaged on the same system.

Thermal Shift Assays

Thermal shift assay was performed on a CFX-Real Time RT-PCR system (BioRad) using the
Sypro-Orange dye as per manufacturer recommended protocols (Sigma-Aldrich) in a 96
well plate32. Briefly, 10 uM of WT or S111A ABHD14B was incubated with CoA (10 mM)
or acetyl-CoA (10 mM) at 37 °C for 15 mins, following which, 1X Sypro-Orange dye was
added to the reaction mixture, to make up the final volume to 25 pl in 10 mM Tris at pH 8.
The fluorescence was measured in the FRET channel with an excitation and emission
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wavelength of 470 and 569 nm respectively, over a temperature range of 45 °C to 70 °C. All
thermal shift assays were done in biological triplicates to ensure reproducibility of data. The
raw fluorescence data from the thermal shift assays was converted into % Response using
the following equation:

% Response = [100* (X—-A)]/(B—-A)

where X = fluorescence at any temperature, A = fluorescence at 45 °C, and B = fluorescence
at 75 °C. Thus, based on this equation, the % response at 45 °C and 75 °C will always be 0
and 100 respectively.

Mammalian Cell Culture

All mammalian cell lines (HEK293T, HelLa, A549, THP1 and MCF7) described in this
paper were purchased from ATCC, and cultured in complete medium [RPMI11640
supplemented with 10% (v/v) FBS, and 1% (v/v) penicillin-streptomycin (Pen-Strep) (MP
Biomedicals)] at 37 °C with 5 % (v/v) CO» unless otherwise mentioned. The cell cultures
were stained routinely with 4’,6-diamidino-2-phenylindole (DAPI) and assessed by
microscopy to ensure that they were devoid of any mycoplasma contamination using
established protocols33. All cell lines were cultured in 15 cm tissue culture dishes
(Eppendorf), and upon 80% confluence were harvested by scrapping, washed with
Dulbecco’s phosphate buffer saline (DPBS) (3x times), centrifuged at 200g for 5 mins to
remove excess DPBS, and stored at -80 °C till further use. For measuring the cellular levels
of CoA and acetyl-CoA, these cell pellets were re-suspended in 150 pL of extraction buffer
(1:1 methanol and water with 5% glacial acetic acid) by vortexing, and incubated on ice for
10 min. This was followed by the addition of 1.5 uL of 5 M ammonium formate, vigorous
vortexing and a further 5 min incubation on ice. Finally, the extracts were centrifuged at
16,000g for 5 min at 4 °C, the supernatant was transferred in 1 mL glass vials, dried down
under vacuum and stored at -40 °C until the LC-MS analysis34.

LC-MS Method to Measure CoA and Acetyl-CoA

The dried extracts were re-suspended in 35 pL of solvent A (2% acetonitrile in water with
100 mM ammonium formate) by vortexing and/or water bath sonication. To remove any
particulate impurities, the re-suspended extracts were centrifuged at 16,0009 for 5 min at

4 °C, and 20 pL of the supernatant was injected on a Phenomenex Gemini® C18 column (50
X 4.6 mm, 5 pm, 110 A) fitted with a Phenomenex guard column (4 X 3 mm) using an
Exion UHPLC system. The temperature of auto-sampler and column oven were set at 8 °C
and 42 °C, respectively and the flow rate for the LC-MS run was 0.2 mL/min. A typical LC
run consisted of 30 min, and had the following gradient sequence: (i) 0% solvent B (98%
acetonitrile in water with 5 mM ammonium formate) for 2 min; (ii) linear increase in solvent
B from 0% to 60% for the next 6 min; (iii) linear increase of solvent B from 60% to 90% in
the next 1 min; (iv) maintaining 90% solvent B for 10 min; (v) linear drop in solvent B from
90% to 0% in 1 min; and (vi) re-equilibrating column with 0% solvent B for 10 min. The
UHPLC was coupled to X500R Quadrupole Time-Of-Flight (QTOF) mass spectrometer
(Sciex), which was operated in high resolution mass spectrometry (HRMS) positive
ionization mode with the following source parameters: ion source gas 1 at 40 psi, ion source
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gas 2 at 50 psi, curtain gas at 30 psi, CAD gas at 7 psi, temperature at 500 °C, spray voltage
at +5500 V, declustering potential (DP) at 90 V, DP spread 20 V, collision energy 20 V. The
m/z ([M+H]*) of CoA and acetyl-CoA are 768.1225 and 810.1331, respectively. All data
was collected and analysed using SCIEX OS-Q (version 1.4.0.18067) software as described
earlier3®. For the ABHD14B catalysed /n vitro acetyl-transfer assays with pNp-acetate, the
final reaction volume was 100 pL. In this assay, 10 uM pNp-acetate was incubated with CoA
(100 uM), and the reaction was initiated by 10 uM of WT or S111A ABHD14B, and
allowed to proceed for 5 mins at 37 °C. To reduce the rate of non-enzymatic acetyl-transfer
reaction between pNp-acetate and CoA, this assay was done at pH 7.0. For the in vitro
acetyltransferase assays with acetylated-histone 3 peptide, the final reaction volume was 50
uL. In this reaction, 2.5 uM of the peptide was incubated with CoA (25 uM), and the
reaction was initiated by 2.5 pM of WT or S111A ABHD14B, and allowed to proceed for 5
mins at 37 °C at pH 7.0. To directly compare the relative rates of the acetyltransferase
reaction between acetylated-lysine containing peptides, and pNp-acetate, the aforementioned
assay was also performed with pNp-acetate (2.5 uM) in 50 pL volume with the same enzyme
and CoA concentrations. For the /n vitro acetyl-transferase assays with histones from calf
thymus, the final reaction volume was 50 pL. In this reaction, 100 ng of the histone
preparation was incubated with CoA (25 pM), and the reaction was initiated by 2.5 pM of
WT or S111A ABHD14B, and allowed to proceed for 5 mins at 37 °C at pH 7.0. At the end
of the experiment, all reactions were filtered through a 3-kDa molecular weight cut off filter
(Millipore) by centrifugation to remove the enzyme, and 20 pL of the resulting flow through
from these experiments, was subjected to LC-MS analysis described earlier3?.

Western Blotting Experiments

Adult male C57BL/6 mice were anesthetized with isoflurane and euthanized by cervical
dislocation, following which, brain, heart, liver, lungs, kidney and spleen of these mice were
harvested. The tissues were washed (3x times) with cold sterile DPBS, re-suspended in cold
sterile DPBS and homogenized using a tissue homogenizer (Bullet Blender 24, Next
Advance) using one scoop of glass beads (0.5 mm diameter; Next Advance) for brain or
zirconium beads (0.5 mm diameter; Next Advance) for all other organs at a speed setting of
8 for 3 min at 4 °C. The lysate was then centrifuged at 1000g for 5 min at 4 °C to pellet the
tissue debris. For cells harvested from aforementioned mammalian cell culture section, the
cell pellets were re-suspended in 1 mL of cold sterile DPBS, and lysed by sonication using
an earlier reported protocol3. Thereafter, all the lysates (tissue or cell) were separated into
soluble and membrane proteomic fractions by ultracentrifugation at 100,000g for 1 h at 4 °C
using an earlier reported protocol3®, and the soluble fraction was used for western blot
analysis. The protein concentration of the soluble fractions was estimated using Pierce BCA
Protein Assay kit (Thermo Fisher Scientific). 40 pg of tissue soluble proteome or 70 pg of
cellular soluble proteome were loaded and resolved on a 12.5% SDS-PAGE gel and
subsequently transferred onto a nitrocellulose membrane at 80 V for 2 hat 4 °C. The
efficiency of the transfer was assessed by Ponceau staining of the membrane using standard
protocols®8. The membrane was then blocked with 5% (w/v) milk powder in PBST (1X
phosphate buffer saline (PBS) with 0.1% (v/v) Tween-20) for 1 h at 25 °C, and probed with
a primary antibody (dilution 1:1000 to 10,000) overnight (12 — 14 h) at 4 °C. The membrane
was then washed with PBST (3x times), and probed with an appropriate HRP-conjugated
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secondary antibody (dilution 1:10,000) for 1 h at 25 °C, and any unreactive secondary
antibody was washed off using PBST (3x times). Finally, the western blots were visualized
by SuperSignal West Pico PLUS Chemiluminescent substrate (Thermofisher Scientific) and
imaged on a Syngene Chemi-XRQ gel documentation system. The ImageJ software (NIH,
USA) was used for any densitometric (quantitative) analysis of the western blot images37-3.

Cellular Immunofluorescence Assays

The mammalian HEK293T cells cultured in complete media were plated on coverslips,
washed with 1X PBS, fixed with 4% (w/v) paraformaldehyde in 1X PBS for 15 min and
permeabilized with 0.5% (w/v) Triton X-100 in 1X PBS for 15 min. The fixed cells were
subsequently treated with blocking buffer (5% (w/v) BSA in 1X PBS with 0.1% (v/v)
Tween-20) for 30 min, followed by sequential probing with anti-ABHD14B antibody
(1:10,000 dilution) in blocking buffer for 2 h and anti-rabbit 1gG-Alexa Fluor-488 (1:1000
dilution) along with Phalloidin-594 (1:500 dilution) in blocking buffer for 1 h. For
visualization of the nucleus, the fixed cells were incubated with DAPI (50 ng/mL in 2X SSC
(saline-sodium citrate) buffer) for 2 min. The entire procedure was carried out in a humid
chamber at 25 °C, and after each step, the cells were washed with 1X PBS. The stained cells
were imaged using a Zeiss confocal microscope at the IISER Pune — Microscopy Centre,
and the data was analysed using the ImageJ software (NIH, USA)37-39,

Generation of ABHD14B Knockdown Cell Lines

Three human abhd14b lentiviral ShRNA knockdown constructs and a non-targeting (control)
construct were purchased from TransOMIC, USA. These constructs have puromycin
resistance and ZsGreen fluorescent reporter coding genes. The abhd14btargeting 5°
sequences are KD_1 — ACATCTGCACTGACAAAATCAA, KD 2 —
ACCCATGGGTCAGACCAGCTTA, and KD_3 — CGAAGACTCCAGCTCTGATTGA.
The lentivirus cDNAs were generated by co-transfecting HEK293T grown in complete
media, with ShRNA constructs, plasmids psPAX2 and pMD2.G (1:1:0.5) using the
transfection reagent PEI 40,000 using established protocols??. 2 days post-transfection, the
lentiviral particles were filtered through a 0.45 um filter and used to transduce HEK293T
cells along with 4 ug/mL polybrene. 1 day post-transduction, the lentiviral containing media
was replaced with fresh complete media containing puromycin (5 ug/mL), and the cells
bearing the desired constructs were thereafter selected on puromycin. The complete media +
puromycin (5 pg/mL) was changed every 2 days and cell selection was checked for, by the
amount of green fluorescence in cells. The puromycin selection strategy was continued until
all the non-green fluorescent cells were removed (> 99%) from the cell population. Once
this was achieved, the cells were harvested and lysed in DPBS by sonication, and the whole
cell lysates was used to confirm knockdown of ABHD14B by western blot analysis using
protocols described earlier36. All the knockdown HEK293T cell lines were revived and
maintained in complete media containing 1 pg/mL puromycin, to ensure that desired
constructs are not competed by any other cell populations.

Identification of a Substrate Binding Channel in ABHD14B

The tunnel analysis was conducted using the CAVER v1.0 online server4: 42. In brief, the
structure of the monomer of human ABHD14B (PDB: 1IMJ)23 was loaded onto the server,
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and the catalytic triad sequence (S111, D162, H188) was manually input to provide a
starting point for the analysis. Using the default server settings, two tunnels were found, one
of which was a subset of the other (essentially forming one, unified tunnel) (Figure 8A). In
parallel, tunnels were calculated using the MOLEonline server®3: 44 and yielded a near
identical result (Figure 8A). The tunnel-defining residues (entrance, exit, and bottleneck)
were visualized using PyMol and found to be basically identical for Caver and MOLEonline.
An electrostatic calculation using the APBS plugin to PyMol4>~47 was also performed on the
native monomer of human ABHD14B (PDB: 1IMJ)23. First, the required PQR files were
generated using the PARSE force-field and these PQR files were subsequently used to
calculate the electrostatic surface diagrams#>~47 displayed in Figure 8B. Software packages
for analysis and visualization of ABHD14B were compiled by SBGrid?S.

Data plotting

Results

All graphs and plots presented in this paper were made using the GraphPad Prism 7 (version
7.0b) software for MacOS-X. Unless otherwise mentioned all data in bar format is presented
as mean + standard deviation for three or more biological replicates from independent
experiments.

Purification and Biochemical Properties of Human ABHD14B

The WT enzyme and the active site directed S111A mutant of human ABHD14B were
successfully expressed and purified from £. coliin high purity (> 99%) (Figure S2) and
apparent homogeneity as assessed by analytical gel filtration and thermal shift assays
(Figure S3). Our purification scheme typically afforded 10 — 15 mg ABHD14B/L culture. To
determine, whether the S111A mutant was catalytically inactive, we first resorted to
established gel-based ABPP assays'l, and found that as a function of increasing enzyme
concentration, WT human ABHD14B, but not S111A human ABHD14B, displayed robust
dose dependent activity against the FP-Rh activity probe, which was kept constant in this
assay (Figure 1A). Next, we found that as a function of increasing the FP-Rh activity probe
concentration, and keeping the enzyme concentration constant, that WT human ABHD14B
again, showed robust dose dependent activity, while the S111A mutant showed no activity at
all in this gel-based ABPP experiment (Figure 1B). To complement these gel-based ABPP
assays, we also performed substrate hydrolysis assays, as previous studies have shown that
ABHD14B has hydrolase activity against acylated-para-nitrophenol derivatives?3. Towards
this, we incubated WT and S111A human ABHD14B with pNp-acetate (500 pM), and found
that WT human ABHD14B produced para-nitrophenolate from pNp-acetate approximately
10-fold better than S111A human ABHD14B (Figure 1C). We hypothesize that, since pNp-
acetate is unlikely to be the “real” substrate for this enzyme, and as pNp-acetate is an
activated molecule, its binding to the enzyme, and subsequent interactions with the other
conserved residues of the enzyme active site (e.g. catalytic base), might result in its slow
hydrolysis even by S111A human ABHD14B. Taken together however, these results
suggested that the active site directed S111A mutant of human ABHD14B was severely
catalytically compromised, if not catalytically dead.
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Since WT human ABHD14B was able to turnover acylated-para-nitrophenol derivatives, we
decided to perform structure activity studies with this class of surrogate substrates, to assess
whether this enzyme has any preference for the esterified acyl-group to pNp. In this
experiment, we incubated WT human ABHD14B (10 pM) with 500 uM of different pNp-
analogues of varying chain lengths, ranging from acetate (two carbon atoms, C2) to
palmitate (16 carbon chain, C16), and monitored the release of para-nitrophenolate produced
from these surrogate substrates. From these studies, we found a distinct trend, where WT
human ABHD14B preferred smaller acylated-esters of pNp as substrates, with pNp-acetate
being the best substrate (Figure 2). Further, we found that this enzyme sluggishly turned
over pNp-octanoate (C8) but was unable to turnover acylated-esters of pNp having more
than 10 carbon atoms (Figure 2). To ascertain this substrate preference profile, we performed
enzyme kinetics assays on the three pNp-substrates that WT human ABHD14B was able to
turnover. This experiment further confirmed that pNp-acetate was indeed the best substrate
for this enzyme (Table 1). Albeit sluggish due to the unnatural nature of the pNp-acetate
substrate, these substrate profiling results taken together, suggest that ABHD14B might
function as a deacetylase or acetyltransferase in biological settings.

Characterizing the Acetyl-Transfer Reaction Catalyzed by Human ABHD14B

In findings reported by Padmanabhan et al., describing the three-dimensional structure and
preliminary biochemical characterization of ABHD14B23, the authors also speculate that
WT human ABHD14B likely binds acetyl-CoA, because of its association to the HAT
domains of important transcription factors. Given this literature precedence, we decided to
test whether human ABHD14B binds acetyl-CoA and/or CoA using established thermal
shift assays32, and chose the S111A mutant for these studies, as we hypothesized that
binding interactions (if any) of acetyl-CoA and/or CoA would be longer for a catalytically
inactive mutant of an enzyme. From these assays, where S111A human ABHD14B (10 pM)
was incubated with acetyl-CoA or CoA (both at 10 mM), we saw a left-ward (lower
temperature) shift in the fluorescence profiles (% Response) for both these compounds, with
the shift being more prominent for CoA (~ 5 °C) compared to acetyl-CoA (~ 2.5 °C),
suggesting that CoA most likely binds to the enzyme tighter than acetyl-CoA (Figure 3A).
We also saw similar leftward shift, albeit to a much lesser extent (~ 2 °C), in thermal shift
assays after incubating WT human ABHD14B with acetyl-CoA and CoA without a distinct
change in binding for acetyl-CoA or CoA (Figure S4). The authors of the same
aforementioned paper also speculate that the binding of acetyl-CoA to ABHD14B might
result in its hydrolysis?3, to yield CoA and acetate, and we also tested this hypothesis,
looking for the formation of CoA from acetyl-CoA by LC-MS analysis. However, we did
not find any turnover of acetyl-CoA in the presence of WT human ABHD14B, suggesting
that this enzyme does not possess any deacetylase (or HAT-type) activity for acetyl-CoA.

Next, we wanted to assess whether the binding of either acetyl-CoA or CoA to ABHD14B,
has any effect on the pNp-acetate hydrolysis reaction catalysed by WT human ABHD14B.
In this assay, WT human ABHD14B (10 uM) was pre-incubated with either acetyl-CoA or
CoA (1 mM each), and the reaction was initiated by adding pNp-acetate (50 uM). Acetyl-
CoA had no effect on the kinetics of the reaction, however CoA significantly enhanced the
rate of this hydrolysis reaction (Figure 3B). We performed another enzyme kinetic assay for
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WT human ABHD14B against pNp-acetate substrate in the presence of excess CoA (1 mM),
and obtained the following kinetic constants: Azt = 9.1 + 1.4 min'l; Km = 1.7 £ 0.4 mM;
keat/Km = 89 + 12 M 1571, which further showed that the rate of the hydrolysis reaction
becomes almost 4.5 times faster (from Ac5 and Ac5/Km values) in the presence of excess
CoA (also see Table 1). To note, consistent with the ping-pong mechanism, CoA had little
effect on the binding of pNp-acetate to the enzyme. That CoA binds more tightly to
ABHD14B and accelerates the enzyme catalysed pNp-acetate hydrolysis reaction, and the
inability of this enzyme to hydrolyze acetyl-CoA, suggested that ABHD14B might, contrary
to previous speculation?3, functions as a deacetylase rather than an acetyltransferase. Finally,
to confirm if acetyl-CoA is produced when WT human ABHD14B was incubated with pNp-
acetate and CoA, we performed LC-MS analysis34. We found from this experiment, that this
was indeed the case, where WT human ABHD14B, but not S111A human ABHD14B,
robustly produced acetyl-CoA, when incubated with pNp-acetate and CoA (Figure 3C).
Taken together, these results conclusively show that ABHD14B performs an acetyl-transfer
reaction, where CoA is the eventual acetyl-group acceptor from an acetylated-substrate, and
acetyl-CoA is a product of this enzyme catalysed reaction.

Characterization of an anti-ABHD14B Antibody

Since we were able to obtain WT human ABHD14B with high purity and apparent
homogeneity in relatively good yields, we decided to generate an anti-ABHD14B antibody
from rabbit, and got this custom synthesized from Bioklone Biotech Private Limited, India.
Briefly, the rabbit was immunized with three booster doses of the antigen (1 mg WT human
ABHD14B each time), and once appropriate titer levels of the antibody were produced, the
polyclonal anti-ABHD14B antibody was purified using standard antibody affinity
purification protocols, as per the company’s established procedures. Following
immunization and purification from blood, we obtained 1.1 mg of polyclonal anti-
ABHD14B antibody from 1 rabbit, and we wanted to validate its compatibility for western
blotting and cellular immunofluorescence experiments. Towards this, we first tested this
antibody against varying amounts (0.01 — 1 pg) of recombinantly purified WT or S111A
human ABHD14B, and found that this polyclonal antibody at a dilution 1:1000, was able to
detect even 10 ng of recombinant protein (Figure 4A), giving us confidence that, this
polyclonal antibody might in fact be able to detect endogenous levels of human ABHD14B
in cell lines by western blotting. To verify this, we cultured 5 human cell lines (HEK293T,
Ab49, HeLa, MCF7 and THP1), and assessed whether ABHD14B was detected in their
soluble proteomes by western blotting. We found that in all the 5 human lines, our
polyclonal antibody was able to selectively detect endogenous ABHD14B, consistent with
available literature®®, with almost no cross-reactivity with any other protein in the western
blot analysis (Figure 4B). We found from this experiment, that THP1 macrophage cells had
the highest levels of ABHD14B, and was therefore initially chosen as the candidate
mammalian cell line for studying the cellular function of ABHD14B. However, given the
suspension and macrophage nature of this cell line, we were unable to perform cellular
immunofluorescence assays (IFA) and/or get significant knockdown of ABHD14B in THP1
cells (described later), and hence had to choose an alternative cell line for performing these
studies. We wanted an adherent cell line amenable to cellular IFA experiments and gene
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knockdown studies, and hence chose HEK293T cells for all subsequent cellular studies
described in this paper.

The human and mouse ABHD14B have ~ 90 % sequence identity, and we wanted to
determine whether the ABHD14B antibody produced by us had any cross-species reactivity.
To test this, we harvested different tissues (heart, brain, liver, lungs, kidney and spleen) from
C57BI/6 wild type mice, and assessed their soluble proteomes for ABHD14B protein levels
by western blot analysis. We found from this immunoblotting experiment, that our
polyclonal antibody can robustly and selectively detect endogenous mouse ABHD14B
across different tissues expressing ABHD14B with almost no cross-reactivity with other
proteins in these mouse tissues (Figure 4C). Further, the protein levels of ABHD14B
detected by us across the different mouse tissues, especially the highest expression of
ABHD14B in kidney and liver, are consistent with data reported in a large-scale gene
expression database (http://biogps.org)®®: %1 for ABHD14B (Figure S5), giving us further
confidence in the quality of our antibody.

Finally, to assess whether the antibody generated by us was compatible for cellular IFA
experiments, we performed an IFA experiment in the human HEK293T cells to determine
this (Figure 5). We found from this cellular IFA experiment, that cellular fluorescent signal
for ABHD14B (green channel) was only visible in the presence of our polyclonal anti-
ABHD14B antibody, and the control (secondary antibody only) samples showed negligible
signal for ABHD14B, validating that our anti-ABHD14B antibody was indeed compatible
for cellular IFA experiments. Further, consistent with previous cellular localization studies
from a yeast-hybrid screen?3 and available literature®, we found that ABHD14B was
present in both the nucleus and cytosol in HEK293T cells. Given the ubiquitous cellular
localization of ABHD14B, we speculated that the putative substrate(s) for ABHD14B is/are
likely present throughout the cells, and this enzyme likely serves a general enzymatic
reaction.

Effects of Genetically Knocking Down ABHD14B in HEK293T Cells

To understand the physiological function of ABHD14B, we decided to genetically
knockdown ABHD14B in human HEK293T cells using the established RNA interference
technology. We found that compared to a non-targeting (scrambled) “control” line, the cell
lines generated with shRNA-targeting ABHD14B (KD _1, KD_2 and KD_3) showed good
knockdown of ABHD14B in HEK293T cells (Figure 6A). Since the lines KD_2 and KD_3
showed greater than 90% knockdown of ABHD14B (and KD_1 failed to make this cut off),
they were chosen for subsequent studies (Figure 6A). First, we found that the knocking
down of ABHD14B expression in cells, did not affect cell growth, and we did not observe
any obvious phenotypic defects in the knockdown (KD_2 and KD_3) cell lines compared to
the control cell line. Since, previous biochemical studies showed that ABHD14B transfer an
acetyl-group to CoA, we decided to measure the cellular levels of CoA and acetyl-CoA in
the ABHD14B knockdown cell lines using LC-MS analysis3*. We found that following
ABHD14B knockdown, the cellular levels (relative to the control cell line) of CoA, the
substrate of the ABHD14B catalyzed reaction remained unchanged (Figure 6B).
Interestingly however, the cellular levels (relative to the control cell line) of acetyl-CoA, the
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product of the ABHD14B catalyzed reaction have significantly reduced (~ 50%) following
the knockdown of ABHD14B in HEK293T cells (Figure 6B). Consistent with the
biochemical assays, these cellular measurements of CoA and acetyl-CoA further suggest
that in physiological settings, ABHD14B most likely regulates an acetyl-transferase
(deacetylase) reaction, and in doing so, controls the cellular biosynthetic flux of acetyl-CoA.

We established the role for CoA and acetyl-CoA in the ABHD14B catalyzed
acetyltransferase reaction, but the biological origins of the acetyl-group remained unknown.
In cells, conserved and functionally relevant protein lysine residues are often acetylated by
enzymes using acetyl-CoA (e.g. HAT enzymes)®2 53, and these post-translationally protein
acetylated-lysine residues serve many functions, important among which are the regulation
of gene transcription and controlling cellular metabolism and proliferation®4-56. Given its
association with important transcription factors, we hypothesized that ABHD14B might be
performing a deacetylase-type reaction, transferring the acetyl-group from a post-
translationally acetylated-lysine protein residue of a protein to CoA, and making acetyl-CoA
in the process. To test this hypothesis, we assessed the lysine acetylation profile of cell
lysates prepared from ABHD14B knockdown cell lines (KD_2 and KD_3) and compared
them to lysates prepared from the control cell line, by western blot analysis using an anti-
acetylated lysine antibody3L. Consistent with our hypothesis, we found that ABHD14B
knockdown significantly increased the concentration of acetylated-lysine residues in cell
lysates (Figure 6C), suggesting that in physiological settings, an acetylated-lysine of a
protein is in fact the other substrate of ABHD14B, and the origin of the acetyl-group of that
eventually forms acetyl-CoA. That ABHD14B knockdown increases cellular concentrations
of acetylated-lysine residues of proteins, and concomitantly decreases the levels of acetyl-
CoA, shows a clear substrate-product relationship in physiological settings for the
ABHD14B-catalyzed lysine deacetylase reaction.

Characterizing the ABHD14B catalyzed acetyltransferase reaction against acetylated-
lysine containing substrates

Thus far, we had only tested the acetyl-transfer reaction catalyzed by ABHD14B using pNp-
acetate as the acetyl-donor (Figure 3). However, in view of the results from genetically
disrupting this enzyme in human HEK293T cells, where we find increased protein lysine-
acetylation (Figure 6C), we wanted to validate if ABHD14B can in fact use acetylated-lysine
containing peptides or proteins as substrates for the acetyl-transferase reaction. To test if this
was indeed the case, we first chose the commercially available di-acetylated histone H3 21
amino acid peptide with the following sequence:
ARTKQTAR(KAC)STGG(KAC)APRKQLC, where KAC s the acetylated lysine residue. We
incubated purified WT and S111A human ABHD14B with enzyme equimolar
concentrations of the aforementioned peptide in the presence of excess CoA, and assessed
the formation of acetyl-CoA in this assay by LC-MS analysis. We found that WT human
ABHD14B, but not S111A human ABHD14B, was indeed able to make acetyl-CoA from
this acetylated peptide (Figure 7A). To compare the relative production of acetyl-CoA from
different acetyl-donors, we also ran that same assay with enzyme equimolar concentrations
of pNp-acetate (instead of the acetyated-lysine peptide), and found that the formation of
acetyl-CoA was ~ 3.5-fold more when the acetylated-lysine peptide was used as the acetyl
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donor (Figure 7A). This result suggests that this enzyme in fact prefers acetylated-lysine
proteogenic substrates over pNp-acetate. Since the peptide substrate had two acetylated-
lysine residues, we wanted to determine, how many acetyl-groups was ABHD14B able to
transfer to CoA, and in the same LC-MS experiment looked for masses of the di-acetylated
([M+H]* = 2370.315), mono-acetylated ([M+H]* = 2328.304), and non-acetylated ([M+H]*
= 2286.294). We found from the LC-MS analysis, that WT human ABHD14B was in fact
able to transfer both acetyl groups from the peptide to CoA forming acetyl-CoA, and
yielding a non-acetylated peptide from the di-acetylated starting peptide in the process
(Figure 7B). These results taken together show first, that acetylated-lysine containing
peptides are better substrates for ABHD14B compared to pNp-acetate, and at first
approximation, ABHD14B can perform acetyl-transfer reactions on acetylated-lysine
containing peptides, presumably without much sequence consensus.

Having shown that WT human ABHD14B can transfer an acetyl-group from an acetylated-
lysine containing peptide to CoA, we wanted to determine if this enzyme can also perform a
similar lysine deacetylase reaction using acetylated-lysine containing protein substrates, and
we chose histone preparations from calf thymus test this premise, as previous studies have
shown that these proteins are acetylated®’. In this assay, we incubated WT or S111A human
ABHD14B with histone preparations from calf thymus in the presence of excess CoA, and
assessed whether acetyl-CoA was formed at the end of the reaction by LC-MS analysis. We
found from this LC-MS assay, that WT human ABHD14B, was indeed able to produce
acetyl-CoA from histone preparations obtained from calf thymus (that are presumably
acetylated)®’, while the catalytically inactive S111A human ABHD14B mutant did not
produce an acetyl-CoA of significance, and had no enzyme control levels of acetyl-CoA in
this assay (Figure 7C). Taken together, these results suggest that this enzyme can indeed
perform a lysine deacetylase reaction on both peptide and protein substrates containing post-
translationally modified acetylated-lysine, and corroborates the findings from the from the
genetic knockdown of ABHD14B in HEK293T cells shown in Figure 6.

A putative substrate binding site identified in ABHD14B

To address how substrates could approach the catalytic triad of residues in ABHD14B, we
used two computational tools to search for tunnels in the protein®1—44, Both the
computational programs calculated similar tunnels that were slightly different in length, but
superimpose very well with one another (Figure 8A). These tunnels run from the surface of
the protein near the active site and emerge on the opposite side. The combined length of the
calculated tunnels is approximately 20 A, which is appropriate for binding the
phosphopantetheine arm of CoA38 and positioning the thiol moiety near the catalytic serine
residue (S111) for accepting the acetyl-group. It is important to note that the tunnel entrance
shows an overall positive charge (Figure 8B) that is likely a key factor in the binding of a
sulfate ion in the enzyme active site from the crystallography experiment in its entrance, but
could also stabilize formation of the tetrahedral intermediate during the catalytic reaction
cycle (Scheme 1). Importantly, the presence of a tunnel that enters and exits form the surface
of the protein serves to explain how this protein could mediate the participation of two
substrates (e.g. an acetylated-lysine protein residue and CoA) in the reaction. It is also
important to note that at the tunnel exit, there are several protein residues (W198, H99, H55,
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and R56) that could be used to facilitate binding of the pyrophosphate moiety of CoA
(Figure 8C).

Discussion

The general transcription initiation factor TFIID is a multiprotein complex mainly
comprised of the TATA-box binding protein (TBP)>° and the TBP-associated factors
(TAFs)80.61 and is shown to bind the TATA-box region of a promoter, and initiate
transcription by forming the core of the pre-initiation complex along with other
transcriptional factors, and RNA polymerase 1152765, The TFIID has been shown to activate
cellular transcription by binding to both naked DNA and chromatin86-68, and has been the
subject of several landmark studies pertaining to regulation of eukaryotic transcription over
the past three decades. The largest unit of the TFIID complex is the protein CCG1/TAF,;250,
that gets its name as a fusion of two acronyms: (i) CCG1 = cell cycle arrest in G1 phase®®,
and (ii) TAF};250 = TAF protein with a molecular weight of 250 kDa’?. Several studies
characterizing the biochemical function of the CCG1/TAF,;250 protein have now shown that
this large protein is central to eukaryotic transcription and has three major structural
domains that perform specific functions. These include: (i) the N-terminal and C-terminal
kinase domains’?; (i) two bromodomains that are involved in ubiquitinylation of histones
and chromatin proteins’2 73; and (iii) HAT domain responsible for incorporating epigenetic
acetyl-marks on histones’®. It has further been shown that deletion or amino acid mutations
to the HAT domain of the CCGL1/TAF;250 protein specifically results in cells being arrested
in G1 phase of cell cycle, and this eventually results in cellular apoptosis®® 74, Given its
central role in activating the eukaryotic transcription process, the CCG1/TAF,;250 protein
also interacts with other structural proteins, enzymes and cofactors during the formation of
the pre-initiation complex, and the identification of these partners has been the focus of
several research groups. A pull-down study aiming to identify proteins that CCG1/TAF;;250
interacts with resulted in the identification of ABHD14B, given this interaction, ABHD14B
was also termed CIB23. The same study went on to recombinantly purify this enzyme, show
its ability to perform hydrolytic reactions, and determine its three-dimensional structure over
a decade ago?3. Yet, the functional annotation of this enzyme has remained elusive since
then, and this study to the best of our knowledge, remains the only biochemical
characterization of this cryptic enzyme.

In this paper, we aimed to annotate function to this orphan enzyme from the serine hydrolase
family. We show here that ABHD14B catalyzes an unprecedented lysine deacetylase
(KDAC) reaction, transferring an acetyl-group from a post-translationally acetylated lysine
residue of a protein to CoA, and in the process, makes acetyl-CoA, and regenerates the
amine of the lysine residue of proteins (Figure 9), and provide several lines of compelling
evidence towards this annotation. First, we show by substrate hydrolysis assays using
surrogate acylated-pNp-analogs, that, ABHD14B has a very tight substrate SAR, strongly
prefers pNp-acetate as a substrate, and that, as the chain length of the acylated group of pNp
increases, the enzymatic hydrolysis efficiency of ABHD14B concomitantly decreases
(Figure 2, Table 1). Second, we show that ABHD14B binds CoA, that this binding of CoA
significantly increases the pNp-acetate hydrolysis, and this enzyme can in fact transfer the
acetyl group from pNp-acetate to CoA to form acetyl-CoA in the process (Figure 3). Third,
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we show that genetically knocking down ABHD14B in human HEK293T cells, results in
increased levels of protein lysine acetylation, and decreased cellular concentrations of
acetyl-CoA, thereby confirming in cell physiological settings, that ABHD14B indeed
functions as a novel lysine deacetylase (Figure 6). Fourth, and most importantly, we validate
these cellular findings by complementary /in7 vitro acetyltransferase assays using acetylated-
lysine containing peptide and protein substrates, and show that ABHD14B can in fact
produce acetyl-CoA from these substrates (Figure 7). Interestingly, we also find in these
assays that in comparison to the “surrogate” pNp-acetate substrate, the “native” acetylated-
lysine containing peptide and protein substrates, produce more acetyl-CoA for similar
substrate concentrations, suggesting that the latter are preferred substrates for ABHD14B
(Figure 7). Finally, we have identified an active site tunnel in the WT human ABHD14B,
that extends from the surface of the protein near the catalytic triad to the far end of the
protein, suggesting that indeed this enzyme’s active site can accommodate two different
substrates and more specifically is comparable in length to the phosphopantetheine arm of
CoA, that eventually accepts the acetyl group (Figure 8).

Why is the ABHD14B catalyzed lysine deacetylase (KDAC)?* novel? There are currently
two known enzyme families that can perform a lysine deacetylase reaction: the sirtuins2’: 28
and the HDACs2%: 30, Both of these enzyme classes have distinct enzymatic mechanisms for
deacetylating lysines. The sirtuins, for instance, use a molecule of NAD+ to perform the
deacetylase reaction, and in the process, generate acetyl-ADP-ribose, the eventual fate of the
acetyl group from the post-translationally acetylated lysine2®. In contrast, the HDACs, have
conserved acidic (Asp) and basic (His) residues in the enzyme active site that act in tandem
to activate a water molecule, and perform a cofactor-less hydrolysis reaction?®. The fate of
the acetyl group in the enzymatic reaction catalyzed by HDACS, is the formation of a free
acetate molecule that is eventually recruited back into metabolism2°. Here, by functionally
characterizing ABHD14B, we present a third mechanism for deacetylating protein lysine
residues, using the consensus serine hydrolase mechanism!3: 14 (Scheme 1), where in the
first step the acetyl group from lysine in transferred to the nucleophilic serine residue of
ABHD14B to form an acetyl-enzyme covalent intermediate. In the second step, a molecule
of CoA binds to the enzyme (instead of water), and the acetyl group from the acetyl-enzyme
covalent intermediate is transferred to the free thiol of the phosphopantetheine arm of CoA
to yield acetyl-CoA. The unique and distinguishing features of the ABHD14B catalyzed
reaction in comparison to sirtuins and HDACS, is that, the reaction catalyzed by the former
involves the formation of a covalent acetyl-enzyme intermediate, and the eventual fate of the
acetyl-group is the formation of acetyl-CoA.

Projecting ahead, the functional annotation of ABHD14B, presents several new questions.
First and foremost, since the deacetylation mechanism catalyzed by ABHD14B is novel,
having three-dimensional structures with putative acetylated lysine substrate (or their
analogs), and CoA and/or acetyl-CoA bound to the enzyme, will provide new insights into
the structural basis for this catalytic reaction. Second, we report a selective anti-ABHD14B
antibody, and show that this enzyme is present throughout the cell (nucleus and cytosol)
(Figure 5), and is mostly expressed in metabolically rich tissues (kidney, liver) (Figure 4).
This leads us to speculate that the lysine deacetylase reaction catalyzed by ABHD14B is
likely to affect the metabolic status of cells. Towards understanding this metabolism,
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advanced mass spectrometry based metabolomics and physiological (e.g. cellular
respiration, mitochondrial function, lipid flux etc.) studies are warranted to map the different
biological pathways that are under the influence of ABHD14B in mammalian cells and
tissues. Third, we show that disruption of ABHD14B in mammalian cells results in
increased lysine acetylation of cellular proteins, suggesting that these are in fact the
substrates of ABHD14B. Towards mapping these, the initial identification of proteins that
interact or tightly bind to ABHD14B, can be done by established immunoprecipitation (IP)
experiments in conjunction with mass spectrometry-based proteomics using the antibody we
report here (Figure 4). Additionally, established mass spectrometry-based proteomics
platforms can also be leveraged to map the “global acetylome profile” in mammalian cells
following ABHD14B disruption, to cover substrates that might be missed by IP
experiments’>~7_ Fourth, publicly available databases*?, and genome-wide association
studies’®-81, have found that deregulated (over)expression of ABHD14B is linked to
progression of aggressive cancers in humans. Thus, it would be interesting to study the role
of this enzyme in these cancers, and understand the metabolic pathways that are regulated by
ABHD14B in this physiological context. Lastly, there are no specific inhibitors, or knockout
mice described in literature for ABHD14B, and having such pharmacological tools and
genetic animal models respectively, would greatly benefit researchers studying the biology
of this metabolically exciting enzyme moving forward.
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Figure 1. The S111A mutant of human ABHD14B is catalytically inactive.
(A, B) Gel-based ABPP assays with WT and S111A human ABHD14B, showing robust

dose dependent activity of WT ABHD14B, but not S111A ABHD14B, as a function of
increasing: (A) enzyme concentration (0.5 — 10 pM), and (B) activity probe (FP-Rh)
concentration (0.2 — 5 uM), while keeping the other constant (activity probe concentration (5
uUM) in A; enzyme concentration (5 uM) in B). The gel-based ABPP experiments were done
three independent times with reproducible results each time. (C) Colorimetric enzymatic
assay showing ~ 10-fold more activity of WT human ABHD14B, compared to S111A
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human ABHD14B, against pNp-acetate (500 uM). The colorimetric assays were done three
independent times with reproducible results each time.
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Figure 2. WT human ABHD14B prefers hydrolysis of acetyl-group from a surrogate pNp-
substrate.

The colorimetric assays for each substrate were done three independent times with
reproducible results each time.
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Figure 3. ABHD14B performs an acetyl-transfer reaction.
(A) Thermal shift assays showing binding of both CoA and acetyl-CoA to S111A human

ABHD14B. The thermal shift assays were done three independent times with reproducible
results each time. (B) Colorimetric enzymatic assay with pNp-acetate, showing increase in
rate of enzymatic reaction following incubation of ABHD14B with CoA, but not acetyl-
CoA. The colorimetric assays were done two independent times with reproducible results
each time. (C) Formation of acetyl-CoA by WT human ABHD14B, but not S111A human
ABHD14B, when incubated with pNp-acetate and CoA. The LC-MS data represents mean +
standard deviation from six independent experiments.
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Figure 4. Characterization of the anti-ABHD14B antibody.
Western blot analysis of a rabbit polyclonal anti-ABHD14B antibody tested against (A)

varying amounts (0.01 — 1 ug) of recombinantly purified WT and S111A human ABHD14B;
(B) soluble proteomes of different human cell lines; and (C) soluble proteomes of different
mouse tissues. The western blots reported in (B) and (C), show selective detection of
endogenous mammalian ABHD14B in cells and tissues respectively. All western blot
experiments were done three independent times with reproducible results each time.
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Figure5. Cellular localization of ABHD14B in HEK293T cells.
Cellular IFA in HEK293T cells, show that ABHD14B is present in both the nucleus and

cytosol, and the cellular fluorescence for ABHD14B (in green channel) is seen only in the
presence of the ABHD14B antibody. The cellular IFA were done five independent times
with reproducible results each time.
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Figure 6. Effects of ABHD14B genetic knockdown in human HEK 293T cells.
(A) Western blot analysis confirming the knockdown of ABHD14B in the KD_1, KD_2 and

KD _3 cell lines, relative to the non-targeting control cell line made from HEK293T cells.
This western blot experiment was done three independent times with reproducible results

each time. (B) The cellular levels of CoA and acetyl-CoA in the KD_2 and KD _3 cell lines,
relative to the non-targeting control cell line measured by LC-MS analysis. The LC-MS data

represents mean * standard deviation from six independent experiments. (C) Western blot
analysis, showing increased protein lysine acetylation following ABHD14B knockdown in

HEK?293T cells. This western blot experiment was done three independent times with
reproducible results each time.
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Figure 7. ABHD14B performs a lysine deacetylase reaction on peptide and protein substrates.
(A) Formation of acetyl-CoA by WT human ABHD14B, but not S111A human ABHD14B,

when incubated with enzyme equimolar concentration of the di-acetylated (Lys9/14) histone
H3 peptide (1 — 20) and excess CoA (25 uM). The control samples for this assay is the entire
mixture without enzyme. (B) Formation of non-acetylated peptide from the starting di-
acetylated (Lys9/14) histone H3 peptide (1 - 20) (2.5 uM) by WT human ABHD14B (2.5
UM) in the presence of excess CoA (25 puM). The S111A human ABHD14B (2.5 pM) has no
activity against the di-acetylated peptide substrate. (C) Formation of acetyl-CoA by WT
human ABHD14B (2.5 uM), but not S111A human ABHD14B (2.5 uM), when incubated
with histone preparations from calf thymus (100 ng) and excess CoA (25 pM). The control
samples for this assay is the entire mixture without enzyme. All LC-MS data represented in
(A), (B), and (C) is the mean + standard deviation from three independent experiments.
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Figure 8. A putative active site tunnel in human ABHD14B.
(A) The tunnels calculated by CAVER (teal) and MOLEonline (yellow) are essentially

identical albeit slightly different in length using the available structure of human ABHD14B
(PDB: 1IMJ)23. The entrance of the tunnel is near the catalytic triad (S111, H188, D162).
Right panel is the same view rotated by 90°. All of the residues that line the tunnel are
shown as sticks. The bottleneck, or narrowest point of the tunnel is S111 of the catalytic
triad. (B) An electrostatic calculation of the structures shown in panel A. The entrance of the
tunnel, which houses the catalytic triad of residues has an overall positive charge, which
likely assists in the catalysis. (C) The length of the phosphopantetheine arm of CoA is
consistent with the length of the calculated tunnel in ABHD14B. At the exit of the tunnel
(yellow) are several candidate residues for interacting with the nucleotide 5’-pyrophosphate
moiety of CoA. This view of the tunnel is equivalent to that shown in panel A (right side)
and has labels for each of the residues that line the tunnel.
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Figure 9. Thelysine deacetylase (KDAC) reaction catalyzed by ABHD14B.
The genetic knockdown of ABHD14B in human HEK293T cells, consistent with other

studies reported in this paper, results in increased protein lysine-acetylation, and decreased
cellular acetyl-CoA levels, as shown by the red arrows in this figure.
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Scheme 1. The conserved catalytic mechanism of the metabolic serine hydrolase family of
enzymes.
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Table 1

Page 33

Kinetic constantsfor WT human ABHD14B against different acylated estersof pNp.

Substrate ke (Min) | Km(mM) | keu/Km (M-1s?)
pNp-acetate 22+08 1.8+0.6 204 +£25
pNp-butyrate 06+0.2 3.1+0.6 32+04
pNp-octanoate 02+0.1 3.9+0.7 0.9+0.2
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