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ABSTRACT 

Human ABHD14B: a novel lysine deacetylase regulating transcription of metabolic genes 

(March 2022) 

Abinaya R, M. Tech., VIT University 

Chair of Research Advisory Committee: Dr. Siddhesh S. Kamat 

My research involves the biochemical characterization of ABHD14B and finding its biological 

substrate and function. ABHD14B is a metabolic serine hydrolase that was discovered as an 

interactor of the HAT domain of the TAFII250 protein, the largest subunit of general 

transcription factor TFIID. The crystal structure of ABHD14B was resolved and found to 

FRQWDLQ� WKH� FDQRQLFDO� Į�ȕ-hydrolase domain and the conserved catalytic triad of the serine 

hydrolase superfamily. The enzyme was shown to be hydrolytically active and possess a 

possible role in transcriptional activation. ABHD14B has been implicated in various diseases 

including cancer, making it important to study this enzyme. Following up on this study I first 

purified the recombinant human WT and active site S111A mutant ABHD14B and showed that 

the mutant is catalytically inactive. I also showed that ABHD14B prefers shorter substrates for 

hydrolysis such as pNP-acetate as compared to pNP with long-chain acylations and that it 

transfers the hydrolyzed acetate group onto a CoA molecule to form acetyl-CoA. I successfully 

generated stable genetic knockdowns of ABHD14B in the HEK293T cell line. In these 

knockdown lines, I showed an increase in the protein lysine acetylation and a concomitant 

decrease in the acetyl-CoA levels. This led me to hypothesize acetylated lysine residues of 

proteins to be the biological substrates of ABHD14B. I successfully validated this hypothesis 

using acetylated peptides and proteins as hydrolysis substrates and showing the acetyl-CoA 

formation. Therefore, ABHD14B deacetylates post-translationally acetylated lysine residues 

and transfers the acetate group onto a CoA molecule to form acetyl-CoA. Hence, I annotated 

ABHD14B as a novel lysine deacetylase as its mechanism is distinct from the other two known 

lysine deacetylases, sirtuins, and HDACs. Next, I showed that depletion of ABHD14B leads to 

significant changes in transcriptional regulation of metabolic genes especially those involved 

in glucose metabolism (glycolysis, TCA cycle, ETC, gluconeogenesis, etc.,). In correlation to 

this, I showed significant dysregulation in the cellular levels of intermediates of glycolysis and 

TCA cycle in ABHD14B knockdown HEK293T cells. Overall, my research describes for the 

first time that ABHD14B is a novel lysine deacetylase that regulates the transcription of 

metabolic genes and thereby glucose metabolism. Going ahead the protein substrates of this 

deacetylase and its specific role in metabolism at systemic levels need to be investigated. 
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CHAPTER I 

INTRODUCTION 

The serine hydrolase superfamily is one of the largest and most diverse enzyme families known 

in all forms of life. It constitutes approximately 1% of the total human proteome. It includes 

proteases, esterases, thioesterases, lipases, peptidases, amidases, dehalogenases, epoxide 

hydrolases, and peroxidases(1). Members of this superfamily majorly hydrolyze amide or ester 

bonds in protein and small-molecule substrates by a nucleophilic serine which is a part of a 

conserved catalytic triad. The catalytic triad is comprised of a nucleophile, a base, and an acid. 

In 1967, David Blow and his colleagues found the catalytic triad for the first time by solving 

WKH�FU\VWDO�VWUXFWXUH�RI�Į-chymotrypsin. Ser195 and His57 of Į-chymotrypsin, as known from 

chemical studies, were indeed close enough to form a hydrogen bond. Asp102 formed a 

hydrogen bond with His57 and could potentially form a salt bridge during catalysis(2). Thus, 

the Ser-His-Asp catalytic triad came into existence (Figure 1.1). Determination of the 

structures of trypsin(3), elastase(4), subtilisin(5)(6), human pancreatic lipase(7), brain 

acetylhydrolase(8), and methylesterase CheB(9) in the following years confirmed the 

conservation RI� WKH� FDWDO\WLF� WULDG� LQ� WKHVH� HQ]\PHV�� %HFDXVH� RI� WKH� WULDG¶V� SRODUL]DWLRQ�

rendered by the partial charges on the amino acids, it is referred to as a charge-relay system. 

Although the catalytic triad is well conserved among most of the enzymes, some variations are 

also observed. The active site aspartate is replaced by glutamate and the histidine is replaced 

by lysine in some enzymes. There also exists catalytic dyads like Ser-His/Lys in some cases. 

And an interesting class of hydrolases called Ntn (N-terminal) hydrolases catalyzes with a 

single serine active site residue at the N-terminal of the protein.(10)(11)(12) 

 

Figure 1.1: The structure of the conserved Ser-His-Asp catalytic triad of serine hydrolases. 

$VSDUWDWH��$VS��UHVLGXH�IRUPV�D�K\GURJHQ�ERQG�ZLWK�1į1 RI�KLVWLGLQH��+LV��UHVLGXH�DQG�1İ2 of 
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+LV�UHVLGXH�H[WUDFWV�SURWRQ�IURP�2Ȗ�RI�VHULQH��6HU��UHVLGXH�DQG�WKHUHE\�DFWLYDWHV�6HU�UHVLGXH�

for a nucleophilic attack on an electron-deficient substrate. 

The catalytic triad follows a conserved two-step catalytic mechanism (Figure 1.2). In the first 

step of the reaction mechanism, the Asp residue forms a hydrogen bond with the imidazole 

group of the His residue, thereby increasing the pKa of the His residue to accept a proton from 

WKH�2Ȗ�RI�WKH�6HU�UHVLGXH��7KH�+LV�UHVLGXH�EHFRPHV�SRVLWLYHO\�FKDUJHG�DQG�IRUPs a transient 

VDOW�EULGJH�ZLWK�WKH�$VS�UHVLGXH��8SRQ�ORVLQJ�WKH�2Ȗ�SURWRQ��WKH�QXFOHRSKLOLF�6HU�UHVLGXH�LQ�WKH�

enzyme active site attacks an electron-deficient carbon (or phosphorus) center at ester, 

thioester, or amide functionalities, to form the first tetrahedral intermediate of the reaction 

mechanism. The protonated His residue protonates the leaving group resulting in a covalent 

acyl-enzyme formation. In the second step, a water molecule is activated by the now 

deprotonated His residue leading to the formation of the second tetrahedral intermediate of the 

reaction mechanism. The water molecule then hydrolytically cleaves the acylíenzyme 

intermediate and, in doing so, regenerates the enzyme for another round of catalysis.(13) 

 

Figure 1.2: Conserved catalytic mechanism followed by the serine hydrolase superfamily. The 

reaction is carried out in two steps. In the first step, the nucleophilic serine forms a covalent 

acyl-enzyme intermediate with the substrate and in the second step, an activated water 

molecule hydrolyses the substrate and releases the free enzyme. 
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Most members of the serine hydrolase superfamily (over 250 enzymes) follow this conserved 

catalytic mechanism and they can be divided into two subfamilies as the serine proteases and 

the metabolic serine hydrolases, with over 110 enzymes in each subfamily(14)(15). Serine 

proteases are the most abundant proteases comprising one-third of all known proteases, that 

cleave the amide bond in proteins or peptides(16). They are a functionally diverse group of 

enzymes involved in innumerable physiological processes like digestion, blood coagulation, 

fibrinolysis, differentiation, immunity, signal transduction, fertilization, apoptosis, 

etc.(17)(18). The famous trypsin, chymotrypsin, thrombin, and subtilisin are examples of this 

family of enzymes. These enzymes are spatiotemporally regulated by their inactive precursor 

form called zymogen or proenzyme (e.g., trypsinogen, chymotrypsinogen, etc.) which is 

activated upon hydrolysis of the N-terminal propeptides to a mature form. The propeptides are 

removed either by autocatalytic or proteolytic cleavage or in some cases by both. Given that 

serine proteases play important roles in various diseases like hypertension, cardiac 

hypertrophy, rheumatoid arthritis, inflammatory bowel disease, cystic fibrosis, cancer 

development, metastasis, etc.,(19) (20)(21) the zymogen activation mechanism is emerging as 

new targets of inhibitor development for therapeutics(22). 

Metabolic serine hydrolases (mSHs) on the other hand cleave ester, thioester, or amide bonds 

in substrates. Fatty acid synthase, fatty acid amide hydrolase, acetylcholinesterase, 

phospholipases, mono/diacylglycerol lipases, and triglyceride lipase are some of the popular 

mSHs. They participate in nearly all physiological processes like signal transduction, 

metabolism, glucose homeostasis, energy production, lipid absorption, storage and distribution, 

neurogenesis, immunity, neurotransmission, cognition, apoptosis, protein localization, and 

lysosomal homeostasis. This versatile functional family of enzymes naturally forms a part of 

various pathological conditions like oxidative stress, cardiovascular disorders, infertility, 

inflammation, neurodegeneration, neuropsychiatric disorders, type II diabetes mellitus, 

obesity, hepatosplenomegaly, renal disease, pain sensation, bacterial infection, and cancer(14). 

The myriad (patho)physiological roles of mSHs underscore the importance of finding selective 

inhibitors for these enzymes that can be developed into therapeutic drugs.  Selective small-

molecule inhibitors for serine hydrolases like acetylcholine esterase, dipeptidyl peptidase 4, 

pancreatic & gastric lipases, thrombin, factor Xa, and human neutrophil elastase are in clinical 

XVH� IRU�$O]KHLPHU¶V�GLVHDVH-associated dementia, type II diabetes, obesity, thrombosis, and 

respiratory disease. Few inhibitors are under different phases of (pre)clinical trials for various 
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therapeutical purposes like cancer, atherosclerosis, nervous system disorders, cardiovascular 

disease, etc. (15).  

 

)LJXUH������7KH�WRSRORJ\�RI�WKH�Į�ȕ�K\GURODVH�IROG��ȕ-strands are represented as arrows and 

Į-helices are represented as rectangles. The loops are represented as solid lines. The catalytic 

triad residues are represented as solid black circles. 

The majority of the serine hydrolases have certain conserved structural features. The 

nucleophilic serine at the active site is placed within the Sm-X-S-X-Sm pentapeptide motif, 

where Sm can be any small residue and X can be any residue. Most of the SHs have a GXSXG 

motif. Majority of the enzymes in this superIDPLO\�DGRSW�DQ�Į�ȕ�K\GURODVH�IROG��Figure 1.3). A 

FDQRQLFDO� Į�ȕ� K\GURODVH� IROG� FRQVLVWV� RI� �� ȕ-VWUDQGV� DQG���Į-KHOLFHV��7KH�ȕ-strands form a 

FHQWUDO�ȕ-sheet with the second strand running anti-parallel to the rest of the strands. The first 

DQG�WKH�ODVW�Į-KHOLFHV�DUH�IRXQG�RQ�RQH�VLGH�RI�WKH�VKHHW��ZKHUHDV�WKH�UHPDLQLQJ�IRXU�Į-helices 

DUH�IRXQG�RQ�WKH�RWKHU�VLGH�RI�WKH�VKHHW��7KH�ȕ-VWUDQGV�DQG�Į-helices are connected by loops. 

The sequence order of the residues in the catalytic triad is nucleophile-acid-histidine and their 

topological locations are conserved. The GXSXG motif is found on a tight turn between the 5th 

strand and the 3rd KHOL[�DQG�LW�LV�FDOOHG�µWKH�QXFOHRSKLOLF�HOERZ¶��7KH�DFLGLF�UHVLGXH��$VS�RU�*OX��

is found on a loop following the 6th VWUDQG�FDOOHG�µWKH�DFLG�WXUQ¶��7KH�+LV�UHVLGXH�LV�SUHVHQW�RQ�

the loop at the end of the 8th VWUDQG�FDOOHG�µWKH�KLVWLGLQH�ORRS¶��%HVLGHV�WKH�Į�ȕ�K\GURODVH�IROG��

these enzymes also have binding site excursions that lie close to the substrate-binding site and 

the active site. These excursions contribute to the substrate selectivity in these 

enzymes(23)(24). Many of these enzymes also possess a conserved acyltransferase HXXXXD 

motif, where H is the histidine of the catalytic triad and X can be any residue(25). Information 

RQ� Į�ȕ� K\GURODVH� IROG� FRQWDLQLQJ� HQ]\PHV�� OLNH� JHQH� DQG� SURWHLQ� VHTXHQFHV�� VWUXFWXUDO��
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biochemical, pharmacological, and disease data, and family tree, are curated in a database 

called ESTHER (26). 

7KH�Į�ȕ�K\GURODVH�IROG�FRQWDLQLQJ�HQ]\PHV�VHW�D�JRRG�H[DPSOH�IRU�WKH�GLYHUJHQW�HYROXWLRQ��DV�

the common structure and active site has evolved to catalyze a diverse substrate repertoire(27). 

This perspective on evolution is well studied in a subset of the mSHs that go by the 

QRPHQFODWXUH�$%+'��Į�ȕ�K\GURODVH�GRPDLQ-containing proteins) that share the conserved Į�ȕ�

hydrolase fold and the catalytic triad but catalyze a multitude of reactions. There are currently 

22 members identified in this subset with nearly half of them uncharacterized (orphan). They 

are named as ABHD1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14A, 14B, 15, 16A, 16B, 17A, 17B, 

17C and 18. Biochemical characterization of some of these ABHD enzymes is reported and is 

listed in Table 1.1. Although many members of the serine hydrolase superfamily are well-

characterized in terms of the biochemical reaction that they catalyze and/or the biological 

pathways that they influence, about 40% of the members remain orphans to date. Given the 

numerous roles that the members of this superfamily play in various (patho)physiological 

conditions and being potential therapeutic targets of various diseases, it is important to 

investigate the physiological substrates and functions of the orphan enzymes.  

Table 1.1: Biochemical functions of ABHD enzymes 

Enzyme Biochemical function 

ABHD2 Triacylglycerol lipase(28) 

ABHD3 Medium-chain phosphatidylcholine-specific phospholipase(29) 

ABHD4 N-acyl-phosphatidylethanolamine (NAPE) lipase and lyso-NAPE 
lipase(30) 

ABHD5 Lyso-phosphatidic acid acyltransferase(31)(32) 

ABHD6 Monoacylglycerol lipase(33) 

ABHD10 S-depalmitoylase(34) 

ABHD11 Diacylglycerol lipase(35) 

ABHD12 Lyso- and oxidized-phosphatidylserine lipase(36)(37) 

ABHD16A Phosphatidylserine lipase(38) 

ABHD17A/B/C Depalmitoylases(39) 
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ABHD14B is one of the orphan serine hydrolases. The enzyme was first identified as an 

interactor of TAFII250 (TATA box-binding protein-associated factor, 250 kDa), the largest 

subunit of the general transcription factor TFIID in a yeast two-hybrid screen. Further 

investigation showed that ABHD14B interacted specifically with the HAT (histone 

acetyltransferase) domain of the TAFII250 protein(40). TAFII250 is also called CCG1 (cell 

cycle arrest at G1 phase), as a temperature-sensitive mutation in the HAT domain results in an 

arrest of the cell cycle at the G1 phase followed by apoptosis(41). Hence ABHD14B was 

initially named as CCG1-interacting factor B or CIB. A northern blotting analysis showed 

ubiquitous expression of the gene in most of the human tissues. An EGFP-CIB fusion protein 

was overexpressed in COS cells and found to be localized both in the nucleus and the cytosol 

of the cell. A transcriptional activation assay using CIB-Gal4 DBD (DNA binding domain) 

protein showed DFWLYDWLRQ�RI�WKH�WUDQVFULSWLRQ�RI�WKH�ȕ-galactosidase gene in yeast(40).  

A                                                                                  B 

 

Figure 1.4: The crystal structure of ABHD14B. (A) X-ray crystal structure of ABHD14B 

retrieved from Protein Data Bank (PDB ID: 1IMJ) and drawn using the open-source PyMOL 

Molecular Graphics System. (B) Zoomed view of the catalytic triad in the crystal structure. 

Although the enzyme allegedly plays a role in transcription the sequence did not match with 

any of the known eukaryotic transcription or chromatin factors. Hence the crystal structure of 

the enzyme was solved to 2.2-Å resolution by x-ray crystallography (Figure 1.4) and compared 

with the known protein structures in Protein Data Bank. The structure of CIB was highly 

similar to that of the prokaryotic and eukaryotic enzyPHV�RI�WKH�Į�ȕ-hydrolase superfamily and 

LW�SRVVHVVHG�WKH�FDQRQLFDO�Į�ȕ-hydrolase fold. The conserved nucleophilic elbow (5th ȕ-strand-

nucleophile-3rd Į-helix) is found in the structure with the potential nucleophile Ser-111. 

However, the typical GXSXG motif is altered, with both the glycine replaced by serine. As for 
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the other residues of the catalytic triad, His-188 is found on the loop after the 8th ȕ-strand, and 

Asp-162 is located on the loop between the 7th ȕ-strand and 5th Į-helix. The characteristic 

ELQGLQJ� VLWH� H[FXUVLRQ� WKDW� DLGV� LQ� VXEVWUDWH� VHOHFWLYLW\� RI� Į�ȕ-hydrolases is absent in the 

structure. The active site cleft is lined with hydrophobic residues leading to the prediction of 

harboring hydrophobic substrates. The enzyme displayed hydrolase activity against the typical 

hydrolase substrate, p-nitrophenyl butyrate(40). Based on the structure, active site catalytic 

triad, and hydrolase activity, the enzyme was renamed ABHD14B later.  

ABHD14B has been proven to be an active hydrolase, however, the physiological substrate(s) 

and function(s) remain elusive. In the light of its interaction with the HAT domain of TAFII250, 

WUDQVFULSWLRQDO�DFWLYDWLRQ�RI�ȕ-galactosidase gene, and nuclear localization, I hypothesize that 

ABHD14B could have a potential role in transcriptional regulation. A transcriptomic analysis 

upon the deletion of abhd14b in mammalian cells would help in probing this aspect of the 

enzyme. Given that ABHD14B is a metabolic serine hydrolase, an untargeted metabolomics 

analysis on the abhd14b ablated cells would shed light on both its substrate and function.  

As a part of this thesis, I have biochemically characterized recombinant human ABHD14B 

purified from bacterial sources. I validated a customized polyclonal antibody generated against 

ABHD14B and established the cellular localization and mouse tissue distribution of the 

endogenous protein using it (Chapter 2). I generated a stable knockdown of ABHD14B in 

HEK293T cells and established its function as a novel lysine deacetylase (Chapter 2). I 

demonstrated the role of ABHD14B in the transcriptional regulation of metabolic genes using 

an RNA-seq approach on the ABHD14B knockdown HEK293T cells (Chapter 3). As a follow-

up, I performed a semi-quantitative targeted metabolomics study and found that glucose 

metabolism (glycolysis and TCA cycle) was dysregulated in these cells (Chapter 3). Overall, 

my thesis determines the physiological substrate of ABHD14B as acetylated lysine in proteins, 

the biochemical function as novel lysine deacetylation, and, its physiological role as 

transcriptional regulation of metabolic genes and regulation of glucose metabolism.  
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CHAPTER 2 

ABHD14B IS A NOVEL LYSINE DEACETYLASE 

The enzyme (Į/ȕ hydrolase domain-containing protein #14B) ABHD14B, an outlying member 

of the serine hydrolase superfamily, is also known as CCG1/TAFII250-interacting factor B, as 

it was found to be associated with transcription initiation factor TFIID. The crystal structure of 

human ABHD14B was determined more than a decade ago; however, its endogenous substrates 

remain elusive. In this chapter, I annotated ABHD14B as a lysine deacetylase (KDAC), 

VKRZLQJ�WKLV�HQ]\PH¶V�DELOLW\�WR�WUDQVIHU�DQ�DFHW\O�JURXS�IURP�D�SRVW-translationally acetylated 

lysine to coenzyme A (CoA), to yield acetyl-CoA, while regenerating the free amine of protein 

lysine residues. I validated these findings by in vitro biochemical assays using recombinantly 

purified human ABHD14B in conjunction with cellular studies in a mammalian cell line by 

knocking down ABHD14B. Finally, I reported the development and characterization of a 

much-needed, selective ABHD14B antibody, and using it, mapped the cellular and tissue 

distribution of ABHD14B. 

Introduction 

The gene abhd14b is located on the reverse strand of chromosome 3 in humans and on the 

forward strand of chromosome 9 in the mouse. It contains three exons and codes for a 22 kDa 

soluble protein. The human and mouse protein sequences are 92% similar. The primary 

sequence does not have any subcellular localization signal peptides, although the protein has 

been reported to be localized in the nucleus(40) and extracellular 

exosomes(42)(43)(44)(45)(46)(47).  

ABHD14B is well conserved across many species of the animal kingdom but is absent in all 

other kingdoms of life. A multiple sequence alignment of the amino acid sequence of 

ABHD14B across a range of species from the animal kingdom shows the highly conserved 

catalytic triad residues and the acyltransferase motif residues (Figure 2.1). The alignment also 

shows the putative active site gating residue Arg-42 being conserved(40). Proteomic analysis 

of post-translational modifications by different studies has revealed phosphorylation and 

acetylation sites of ABHD14B. Phosphoproteomic studies on the human liver and 

neuroblastoma cell lines showed phosphorylation of Ser-91(48) and Tyr-147(49), respectively. 

Acetylation of Lys-141 and Lys-194 in MEF cells(50) and mouse liver mitochondria(51) were 

found in acetylomic studies. Validation of these post-translational modifications is needed. 
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H.sapiens         MAASVEQREGTIQV---QGQALFFREALPGSGQ-ARFSVLLLHGIRFSSETWQNLGTLHR 56 
P.troglodytes     MAASVEQREGTIQV---QGQALFFREALPESGQ-ARFSVLLLHGIRFSSETWQNLGTLHR 56 
M.musculus        -MAGVDQHEGTIKV---QGQNLFFRETRPGSGQPVRFSVLLLHGIRFSSETWQNLGTLQR 56 
R.norvegicus      -MANVELSEGTIQV---RGQSLFFREARPGNGQAVRFSVLLLHGIRFSSETWQNLGTLHR 56 
D.rerio           -MSSVEISEGSVLLEICGDQPLFYRQAVPSSGS-GGLCVLLLHGIRFSSKNWQKIGTLET 58 
B.taurus          -MAGVEQREGAIQV---QGQSLFFREALPGGGQAARFSVLLLHGIRFSSETWQNLGTLHR 56 
                    :.*:  **:: :    .* **:*:: * .*.   :.***********:.**::***.  
 
H.sapiens         LAQAGYRAVAIDLPGLGHSKEAAAPAPIGELAPGSFLAAVVDALELGPPVVISPSLSGMY 116 
P.troglodytes     LAQAGYRAVAIDLPGLGRSKEAAAPAPIGELAPGSFLAAVVDALELGPPVVISPSLSGMY 116 
M.musculus        LAEAGYRAVAIDLPGLGRSKEAAAPAPIGEPAPGSFLAAVVDTLELGPPVVISPSLSGMY 116 
R.norvegicus      LAEAGYRAVAIDL-GLGRSKEAAAPAPIGELAPGSFLAAVVDALELGSLVVISPSLSGMY 115 
D.rerio           LAAAGYRALAIDLPGLGQSKAAVAPAAVGELAPAVFLRQVCEGLQTGPVVIISPSLSGMY 118 
B.taurus          LAQAGYRAVAIDLPGLGRSKEAKAPAPIGELVPSSFLAAVVDALDLGPPVVISPSLSGMY 116 
                  ** *****:**** ***:** * *** :** .*. **  * : *: *  *:********* 
 
H.sapiens         SLPFLTAPGSQLPGFVPVAPICTDKINAANYASVKTPALIVYGDQDP-MGQTSFEHLKQL 175 
P.troglodytes     SLPFLTAPGSQLPGYVPVAPICTDKINAANYASVKTPALIVYGDQDP-MGQTSFEHLKQL 175 
M.musculus        SLPFLVAPGSQLRGFVPVAPICTDKINAVDYASVKTPALIVYGDQDP-MGSSSFQHLKQL 175 
R.norvegicus      ALPFLVAPESQLRGYVPVAPICTDKINAADYARVKTPTLIVYGDQDP-MGSSSFQHLKQL 174 
D.rerio           SLPFLFQHSELLKAYIPVAPICTEKFTAEQYGSIQTPALIVYGDQDTQLGEVSLNNLSQL 178 
B.taurus          SLPFLTAPGSQLRGYVPVAPICTDKINAADYARVKASVLIVYGDQDP-MGQTSFEHLKQL 175 
                  :****    . * .::*******:*:.* :*. ::: .********  :*. *:::*.** 
 
H.sapiens         PNHRVLIMKGAGHPCYLDKPEEWHTGLLDFLQGLQ 210 
P.troglodytes     PNHRVLIMKGAGHPCYLDKPEEWHTGLLDFLQGLQ 210 
M.musculus        PNHRVLVMEGAGHPCYLDKPDEWHKGLLDFLQGLA 210 
R.norvegicus      PNHRVLVMEGAGHPCYLDKPDEWHTGLLDFLQELA 209 
D.rerio           PNHRVVVMKGAGHPCYLDDPETWHKAVLDFLQQLR 213 
B.taurus          PNHRVLVMEGAGHPCYLDKPEEWHTGLLDFLQGLA 210 
                  *****::*:*********.*: **..:***** *  

Figure 2.1: Multiple sequence alignment of ABHD14B across different species of the animal 

kingdom. The alignment was generated by Clustal Omega and was manually annotated. All 

the annotated features are conserved across different species. Residues of the catalytic triad 

are highlighted in green. R-42 speculated to be the active site gating residue is highlighted in 

cyan. Phosphorylated S-91 and Y-147 are highlighted in magenta. Acetylated K-141 and K-

194 are highlighted in yellow. GXSXG motif replaced by SXSXS motif is highlighted with a red 

box. The acyltransferase HXXXXD motif is highlighted with a blue box. H. sapiens ± Human, 

P. troglodytes ± Chimpanzee, M. musculus ± house mouse, R. norvegicus ± Norway rat, D. 

rerio ± Zebrafish, and B. taurus ± Cattle. 

ABHD14B was identified as a putative interactor of the conserved histone acetyl-transferase 

(HAT) domain of the largest subunit for TFIID transcription factor CCG1/TAFII250 (mutations 

to this protein cause cell cycle arrest in G1 phase, hence the name CCG1), in a yeast two-hybrid 

screen, thus leading to ABHD14B having the moniker CCG1/TAFII250-interacting factor B 

(CIB)(40). Following up on this discovery, human ABHD14B was shown to have weak 

hydrolase activity for a surrogate substrate, and the three-dimensional structure of this enzyme 

[Protein Data Bank (PDB) 1IMJ] was elucidated more than a decade ago. The three-

dimensional structure revealed that human ABHD14B possessed the nucleophilic serine 

residue (S111) as part of a noncanonical sxSxs motif (where x is any amino acid and S is S111), 
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along with a famed catalytic triad, and was therefore classified as a member of 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(40).  

ABHD14B has been implicated in the diagnosis or prognosis of various pathological conditions 

including cancer. For example, ABHD14B was identified as one of the downregulated proteins 

in hepatocellular carcinoma (HCC) tissue versus adjacent normal tissue by a quantitative 

proteomic approach, iTRAQ. Further validation is needed to study its diagnostic potential as a 

biomarker in HCC(52). A microarray-based genome-wide analysis showed a decrease in the 

expression of ABHD14B during the ferric nitrilotriacetate (Fe-NTA) induced renal cell 

carcinoma (RCC) in a rat model. The role of ABHD14B in the pathogenesis of RCC remains 

to be elucidated(53). Genome-wide association studies (GWAS) suggest that ABHD14B could 

serve as a prognostic marker for metastasized gastroenteropancreatic and neuroendocrine 

tumors(54). Other GWAS studies also suggest that ABHD14B is one of the 58 proteins that 

weUH� GLVWLQFW� EHWZHHQ� 8OFHUDWLYH� &ROLWLV� �8&�� DQG� &URKQ¶V� 'LVHDVH� �&'�� SDWLHQWV�� DLGLQJ�

differential diagnosis of UC and CD(55). Interestingly, the nuclear factor erythroid 2- related 

factor 2 (NRF2) activated by mutations in Kelch-like ECH-associated protein 1 (KEAP1) leads 

to lung cancer, and studies have shown that ABHD14B is a part of an NRF2-regulated 

metabolic gene signature (NRMGS), comprising 12 genes(56). However, despite the 

implications in the aforementioned diseases and the preliminary biochemical and structural 

studies discussed previously, the endogenous substrates and the biological pathways that 

ABHD14B governs in vivo remain cryptic. 

In this chapter, I report different biochemical assays and immunochemical tools, with 

complementary cellular studies, toward 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(57) along with the well-studied sirtuins(58)(59) and histone deacetylase (HDAC) 

enzymes(60)(61). 

Materials and methods 

Materials: All chemicals, buffers, and reagents described in this chapter were purchased from 

Sigma-Aldrich unless specified otherwise. BL21 (DE3) competent E. coli cells, DNA 
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polymerase, and restriction enzymes were purchased from New England BioLabs (NEB). 

Plasmid isolation kit (catalog# 12123 and 12162) was bought from Qiagen. All consumables 

for mammalian cell cultures were purchased from HiMedia [RPMI 1640 (catalog# AL028A), 

FBS BraziO� VRXUFH� �FDWDORJ��50������� DQG�'XOEHFFR¶V� phosphate-buffered saline (DPBS) 

(catalog# TL1006)], or MP Biomedical [Penicillin-Streptomycin (catalog# 1670049), and 

Puromycin (catalog# 194539)]. All the mass spectrometry grade solvents were purchased from 

JT Baker. All liquid chromatography columns and related accessories were purchased from 

Phenomenex [Gemini® ��ȝP�&�� 110 Å, LC Column 50 x 4.6 mm (catalog# 00B-4435-E0), 

SecurityGuardTM cartridges for Gemini C18 column (catalog# AJ0-7597), and 

SecurityGuardTM Guard cartridge kit (catalog# KJ0-4282)]. The anti-ABHD14B primary 

antibody was generated in rabbits using wild-type (WT) human ABHD14B purified from E. 

coli as the antigen at Bioklone Biotech Private Ltd. (www.bioklone.com). The primary anti-

GAPDH antibody (catalog# ab8245) and horseradish peroxidase (HRP)-conjugated secondary 

anti-mouse antibody (catalog# ab6789) were purchased from Abcam, while the HRP-

conjugated anti-rabbit secondary antibody (catalog# 31460) was purchased from Thermo 

Fisher Scientific. The primary anti-acetylated lysine antibody used in this study was a kind gift 

from K. Karmodiya (IISER Pune). The acetyl histone 3 (Lys9/14) peptide (Merck, Millipore, 

catalog# 12-360) and histones from calf thymus (Roche, catalog# 10223565001) used in this 

study were kind gifts from U. Kolthur (TIFR Mumbai). Chemical probe Fluorophosphonate-

Rhodamine was a generous gift from Prof. Benjamin F. Cravatt (The Scripps Research 

Institute). 

Cloning: The WT human abhd14b gene was synthesized as a codon-optimized construct for 

expression in E. coli (GenScript) and subsequently cloned into the pET-45b (+) vector 

(Millipore) between the BamHI and HindIII restriction sites, with an N-terminal 6X-His-tag. 

The active site Ser111 to Ala (S111A) abhd14b mutant was generated using standard 

QuikChange site-directed mutagenesis protocols as per the PDQXIDFWXUHU¶V� LQVWUXFWLRQV�

(Agilent). Human abhd14b was cloned into p3xFLAG-CMV10 vector by sequence and ligation 

independent cloning (SLIC) within the EcoRI restriction site (62). The S111A mutant was 

generated by DpnI dependent site-directed mutagenesis (63). 

Expression, and purification of human ABHD14B from E. coli: The pET-45b (+) plasmid 

bearing the desired gene (His-WT human abhd14b or His-S111A human abhd14b) was 

transformed into BL21(DE3) E. coli competent cells, following which a single colony was 
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grown in 5 mL of Luria-Bertani (LB) medium containing ampicillin (final concentration of 100 

ȝJ�P/��IRU���K�DW�����& 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 OD600 reached 0.6׽, at which point protein expression was induced in the 

FHOO� FXOWXUH� E\� WKH� DGGLWLRQ� RI� ���� ȝ0� LVRSURS\O ȕ-D-1-thiogalactopyranoside (IPTG). 

Thereafter, the cells were grown at 30 °C for 16 h and harvested by centrifugation (6000g for 

20 min), and the cell pellets were stored at í80 °C until further use. Protein overexpression and 

solubility were confirmed by sodium dodecyl sulfateípolyacrylamide gel electrophoresis 

(SDSíPAGE) analysis. The stored cell pellet was thawed on ice and resuspended in 45 mL of 

50 mM Tris (pH 8.0). 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 s on and 10 s off. 

The resulting lysate was centrifuged at 18,000g for 45 min at 4 °C to pellet the cellular debris 

and insoluble proteins from our protein of interest (His-WT human ABHD14B or His-S111A 

human ABHD14B) in the supernatant (soluble) fraction. All the following steps were carried 

out at 4 °C. The soluble fraction was passed through a pre-packed Ni-NTA column (5 mL, GE 

Life Sciences, catalog# 17-5248) equilibrated with 10 column volumes (CV) of 50 mM Tris 

(pH 8.0) containing 20 mM imidazole. The protein was eluted in 1 mL fractions with 50 mM 

Tris (pH 8.0) containing 500 mM imidazole. The eluted fractions were assessed for the 

presence of desired protein and purity by SDSíPAGE analysis, and those containing His-WT 

or His-S111A ABHD14B were pooled and dialyzed in 1 L of 50 mM Tris (pH 8.0) for 2 h, the 

buffer was changed and kept overnight (14׽ h) to dialyze out any residual imidazole. Aliquots 

of the purified protein were flash-frozen in liquid nitrogen and stored at -80 oC until further 

use. 

Analytical gel filtration chromatography: The purified His-WT and His-S111A ABHD14B 

SURWHLQV������ȝJ��ZHUH�GLOXWHG�LQ�phosphate-buffered saline (PBS) and loaded on a SuperdexTM 

75 FPLC (Fast Protein Liquid Chromatography) column (GE Healthcare Bio-Sciences AB, 

Sweden) that had been previously equilibrated with 2 CV of PBS. The column dimensions 

were 10*300 mm with a volume of 24 mL and the mobile phase used was PBS. The protein 

was eluted with the mobile phase at a flow rate of 1 mL/min. The elution volume of the peak 

was compared to the peaks of a mix of proteins with known molecular weights to calculate the 

molecular weight. 



24 
 

Gel-based activity-based protein profiling assays: For all of the gel-based activity-based 

protein profiling (ABPP) experiments, WT or S111A ABHD14B was treated with the 

fluorophosphonate-rhodamine (FP-Rh) activity probe (64), at 37 °C for 1 h with constant 

VKDNLQJ�LQ�D�ILQDO�YROXPH�RI����ȝ/� following which the reaction was quenched by adding 4× 

SDS loading dye, and then boiling at 95 °C for 10 min. For the protein titration experiments, 

ABHD14B (WT or S111A) FRQFHQWUDWLRQV�ZHUH�YDULHG�IURP�����WR����ȝ0�NHHSLQJ�the FP-Rh 

FRQVWDQW� DW� ��ȝ0��)RU the activity probe titration experiments, ABHD14B (WT or S111A) 

concentrations were kept constant DW���ȝ0��ZKLOH�WKH�)3-Rh concentrations were varied from 

0.2 WR���ȝ0��$IWHU�WKH�$%33�UHDFWLRQV�KDG�EHHQ�TXHQFKHG with 4X SDS loading buffer at 95 
oC for 10 min, the samples were loaded and resolved on a 12.5% SDSíPAGE gel, and the 

enzyme activity was visualized on a Syngene Chemi-XRQ gel documentation system. To 

ensure accurate protein loading in the gel-based ABPP assays, after enzyme activity 

visualization, the gels were stained with Coomassie Brilliant Blue R-250 and imaged on the 

same system. 

 

Figure 2.2: Structures of different acylated pNp-analogs tested as substrates for WT human 

ABHD14B. 

Colorimetric substrate hydrolysis assays: All colorimetric assays were performed in a final 

reaction volume of 250 ȝ/� LQ� D� 9DULRVNDQ� )ODVK� SODWH� UHDGHU� �7KHUPR� )LVKHU Scientific), 
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monitoring the release of p-nitrophenolate from substrates by measuring absorbance at 405 nm 

in a 96-well plate assay at 37 °C (40). All assays were performed in 10 mM Tris (pH 8.0) in 

biological triplicates to ensure reproducibility. For the structureíactivity relationship (SAR) 

DVVD\V�����ȝ0 :7�$%+'��%�ZDV�LQFXEDWHG�ZLWK�����ȝ0�p-nitrophenyl (pNp) analogs of 

varying chain lengths, namely, pNp-acetate (catalog# N8130), pNp-butyrate (catalog# N9876), 

pNp-octanoate (catalog# 21742), pNp-decanoate (catalog# N0252), pNp-dodecanoate 

(catalog# 61716), and pNp-palmitate (catalog# N2752) (Figure 2.2), and the absorbance at 405 

nm was monitored over 30 min, with plate readings at 10 s intervals. For the enzyme kinetics 

assays with pNp-acetate, pNp-butyrate, and pNp-octanoate, substrate concentrations of 0í1000 

ȝ0�ZHUH�XVHG�ZLWK�DOO�RWKHU�DVVD\ conditions and parameters remaining the same. The resulting 

data from this experiment were fit to a LineweaveríBurk equation to yield enzyme kinetic 

constants for the respective substrate. To study the effects of coenzyme A (CoA) (catalog# 

C3019) and acetyl-CoA (catalog# A2181) on ABHD14B-FDWDO\]HG�K\GURO\VLV�UHDFWLRQ�����ȝ0�

WT ABHD14B was preincubated with CoA (1 mM) or acetyl-CoA (1 mM) at 37 °C in a 96-

well plate for 15 min, following ZKLFK�WKH�K\GURO\VLV�UHDFWLRQ�ZDV�LQLWLDWHG�E\�DGGLQJ����ȝ0 

pNp-acetate to this mixture, with all other assay parameters remaining the same (performed by 

Kaveri Vaidya). 

Thermal shift assays: The thermal shift assay was performed on a CFX-Real-Time RT-PCR 

system (Bio-Rad) using the Sypro-Orange dye (catalog# S5692) as per manufacturer-

recommended protocols in a 96-well plate(65). Briefly, 10 ȝ0�:7�RU�6���$�$%+'��%�ZDV�

incubated with CoA (10 mM) or acetyl-CoA (10 mM) at 37 °C for 15 min, following which 

1× Sypro-Orange dye was added to the reaction mixture, to increase the final volume WR����ȝ/�

in 10 mM Tris (pH 8). The fluorescence was measured in the FRET channel with excitation 

and emission wavelengths of 470 and 569 nm, respectively, over a temperature range of 45í75 

°C. All thermal shift assays were performed in biological triplicates to ensure the 

reproducibility of the data. The raw fluorescence data from the thermal shift assays were 

converted into percent response using the following equation: 

% response = [100(X í A)] / (B í A) 

where X is the fluorescence at any temperature, A is the fluorescence at 45 °C, and B is the 

fluorescence at 75 °C. Thus, based on this equation, the % response at 45 and 75 °C will always 

be 0 and 100, respectively (performed by Kaveri Vaidya). 
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Mammalian cell culture:  

x Cell lines: All mammalian cell lines (HEK293T, HeLa, A549, THP1, and MCF7) described 

in this chapter were purchased from ATCC and cultured in the complete medium 

[RPMI1640 supplemented with 10% (v/v) FBS and 1% (v/v) penicillin-streptomycin (Pen-

Strep)] at 37 °C with 5% (v/v) CO2 unless otherwise mentioned. The cell cultures were 

stained routinely with 4ƍ,6-diamidino-2-phenylindole (DAPI) (catalog# D9542) and 

assessed by microscopy to ensure that they were devoid of any mycoplasma contamination 

using established protocols(66). All cell lines were cultured in 15 cm tissue culture dishes 

(Eppendorf) and upon 80% confluence were harvested by scraping, washed with 

'XOEHFFR¶V�SKRVSKDWH-buffered saline (DPBS) (three times), centrifuged at 200g for 5 min 

to remove excess DPBS, and stored at í80 °C until further use.  

x Generation of ABHD14B stable knockdown HEK293T lines: Three human abhd14b 

lentiviral shRNA knockdown constructs and a nontargeting (control) construct were 

purchased from TransOMIC. These constructs have puromycin resistance and ZsGreen 

fluorescent reporter coding genes. The abhd14b targeting 5ƍ� sequences are KD_1 

(ACATCTGCACTGACAAAATCAA), KD_2 (ACCCATGGGTCAGACCAGCTTA), 

and KD_3 (CGAAGACTCCAGCTCTGATTGA). The lentivirus cDNAs were generated 

by co-transfecting HEK293T grown in complete medium with shRNA constructs plasmids, 

psPAX2 and pMD2.G (1:1:0.5) using the transfection reagent PEI 40000 using established 

protocols(66). Two days post-transfection, the lentiviral particles were filtered through a 

�����ȝP ILOWHU�DQG�XVHG�WR�WUDQVGXFH�+(.���7�FHOOV�DORQJ�ZLWK���ȝJ�P/�3RO\EUHQH��2QH�

day post-transduction, the lentivirus-containing medium was replaced with a fresh 

FRPSOHWH� PHGLXP� FRQWDLQLQJ� SXURP\FLQ� ��� ȝJ�P/��� DQG� WKH� FHOOV� EHDULQJ� WKH� GHVLUHG�

constructs were thereafter selected on puromycin. The complete medium with puromycin 

���ȝJ�P/��ZDV�FKDQJHG�HYHU\���GD\V��DQG�FHOO�VHOHFWLRQ�ZDV�DVVHVVHG�E\� WKH�DPRXQW�RI�

green fluorescence in cells. The puromycin selection strategy was continued until all of 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 were used to confirm the knockdown of ABHD14B by Western blot. All of the 

knockdown HEK293T cell lines were revived and maintained in a complete medium 

FRQWDLQLQJ���ȝJ�P/�puromycin, to ensure that desired constructs are not competed by any 

other cell populations. 
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x Transient overexpression of ABHD14B in HEK293T cells: HEK293T was transfected with 

p3xFLAG-WT/S111A abhd14b at 1:3 = DNA: polyethylenimine (PEI) MW 40,000 for 48 

h using a previously described protocol (67). Post transfection cells were harvested as 

described earlier and stored at í80 °C until further use. 7R�FRQILUP�RYHUH[SUHVVLRQ�����ȝJ�

of soluble fractions from PEI (mock) or WT/S111A abhd14b transfected HEK293T cells 

were used for western blot analysis (as described later). 

LCíMS method for measuring CoA and Acetyl-CoA:  

x Metabolite extraction: For measuring the cellular levels of CoA and acetyl-CoA, cell 

SHOOHWV�ZHUH�UHVXVSHQGHG�LQ�����ȝ/�RI�H[WUDFWLRQ�EXIIHU������PHWKDQRO�ZDWHU�PL[WXUH�ZLWK�

5% glacial acetic acid) by vortexing and incubated on ice for 10 min. This was followed by 

the addition oI�����ȝ/�RI���0�DPPRQLXP�IRUPDWH�(Catalog# 70221), 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 í40 °C until the liquid chromatographyímass spectrometry 

(LCíMS) analysis (68). 

x LC profile: 7KH�GULHG�H[WUDFWV�ZHUH�UHVXVSHQGHG�LQ����ȝ/�RI�VROYHQW�$�����DFHWRQLWULOH�LQ�

water with 100 mM ammonium formate) by vortexing and water bath sonication. To 

remove any particulate impurities, the resuspended extracts were centrifuged at 16,000g 

IRU���PLQ�DW����&��DQG����ȝ/�RI�WKH�VXSHUQDWDQW�ZDV�LQMHFWHG�RQ�D�3KHQRPHQH[�*HPLQL�&���

FROXPQ�����PP�î�����PP����ȝP������c��ILWWHG�ZLWK�D�3KHQRPHQH[�JXDUG�FROXPQ����PP�î�

3 mm) using an Exion UHPLC system. The temperature of the autosampler and the column 

oven was set at 8 and 42 °C, respectively, and the flow rate for the LCíMS 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 in 

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 (68).  

x MS parameters: The UHPLC system was coupled to the 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 gas 2 at 50 psi, curtain gas at 30 psi, CAD gas at 7 psi, 
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temperature at 500 °C, spray voltage of 5500 V, declustering potential (DP) of 90 V, DP 

spread of 20 V, and collision energy of 20 V. The m/z ([M + H]+) values of CoA and acetyl-

CoA are 768.1225 and 810.1331, respectively. All data were collected and analyzed using 

SCIEX OS-Q (version 1.4.0.18067) as described previously (69). For the ABHD14B 

catalyzed in vitro acetyl-transfer assays with pNp-acetate, the final reaction volume was 

����ȝ/�� ,Q� WKLV� DVVD\�� ���ȝ0�S1S-DFHWDWH�ZDV� LQFXEDWHG�ZLWK�&R$� �����ȝ0��� DQG� WKH�

UHDFWLRQ�ZDV�LQLWLDWHG�E\����ȝ0�:7�RU�6���$�$%+'��%�DQG�DOORZHG�WR�SURFHHG�IRU���

min at 37 °C. To reduce the rate of nonenzymatic acetyl-transfer reaction between pNp-

acetate and CoA, this assay was performed at pH 7.0. For the in vitro acetyltransferase 

DVVD\V�ZLWK� DFHW\ODWHG� KLVWRQH� �� SHSWLGH�� WKH� ILQDO� UHDFWLRQ� YROXPH�ZDV� ��� ȝ/�� ,Q� WKLV�

UHDFWLRQ������ȝ0�SHSWLGH�ZDV�LQFXEDWHG�ZLWK�&R$�����ȝ0���DQG�WKH�reaction was initiated 

ZLWK�����ȝ0�:7�RU�6���$�$%+'��%�DQG�DOORZHG�WR�SURFHHG�IRU���PLQ�DW�����&�DQG�S+�

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-DFHWDWH������ȝ0��LQ�D����ȝ/�YROXPH�ZLWK�WKH�VDPH�HQ]\PH�DQG�&R$�

concentrations. For the in vitro acetyltransferase assays with histones from calf thymus, the 

ILQDO�UHDFWLRQ�YROXPH�ZDV����ȝ/��,Q�WKLV�UHDFWLRQ������Qg of the histone preparation was 

LQFXEDWHG�ZLWK�&R$�����ȝ0���DQG�WKH�UHDFWLRQ�ZDV�LQLWLDWHG�ZLWK�����ȝ0�:7�RU�6���$�

ABHD14B and allowed to proceed for 5 min 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 

�0LOOLSRUH�� E\� FHQWULIXJDWLRQ� WR� UHPRYH� WKH� HQ]\PH�� DQG� ��� ȝ/� RI� WKH� UHVXOWLQJ� IORZ-

through from these experiments was subjected to LCíMS analysis described previously 

(68).  

Mice handling: All studies were conducted in 10 ± 12-week-old C57BL/6J mice. Mice were 

housed in the National Facility for Gene Function in Health and Disease (NFGFHD) at IISER 

Pune. All animal experiments described here have received formal approval from the 

Institutional Animal Ethics Committee, IISER Pune (IAEC-IISER Pune) as per guidelines 

provided by the Committee for the Purpose of Control and Supervision of Experiments on 

Animals (CPCSEA) constituted by the Government of India (No: IISER_Pune 

IAEC/2019_2/08). The experimental animals were housed in NFGFHD as per IAEC-IISER 

Pune policy on the social housing of animals. 
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Western blotting experiments: Adult male C57BL/6 mice were anesthetized with isoflurane 

and euthanized by cervical dislocation, following which the brain, heart, liver, lungs, kidney, 

and spleen of these mice were harvested. The tissues were washed (three times) with cold sterile 

DPBS, resuspended 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 1,000g for 5 min at 4 °C to 

pellet the tissue debris. For cells harvested from the aforementioned mammalian cell culture 

section, the cell pellets were resuspended in 1 mL of cold sterile DPBS and lysed by sonication 

using a previously reported protocol (67). Thereafter, all of the lysates (tissue or cell) were 

separated into soluble and membrane proteomic fractions by ultracentrifugation at 1,00,000g 

for 1 h at 4 °C using a previously reported protocol (67), and the soluble fraction was used for 

Western blot analysis. The protein concentration of the soluble fractions was estimated using 

the Pierce BCA Protein Assay kit (Thermo )LVKHU�6FLHQWLILF������ȝJ�RI�WLVVXH�VROXEOH�SURWHRPH�

RU����ȝJ�RI cellular soluble proteome was loaded and resolved on a 12.5% SDSíPAGE gel and 

subsequently transferred onto a nitrocellulose membrane at 80 V for 2 h at 4 °C. The efficiency 

of the transfer was assessed by Ponceau staining of the membrane using standard protocols 

(67). The membrane was then blocked with 5% (w/v) milk powder in PBST [1× phosphate-

buffered saline (PBS) with 0.1% (v/v) Tween 20] for 1 h at 25 °C and probed with a primary 

antibody (dilution from 1:1000 to 1:10000) overnight (12í14 h) at 4 °C. The membrane was 

then washed with PBST (three times) and probed with an appropriate HRP-conjugated 

secondary antibody (1:10000 dilution) for 1 h at 25 °C, and any unreactive secondary antibody 

was washed off using PBST (three times). Finally, the Western blots were visualized by the 

SuperSignal West Pico PLUS Chemiluminescent substrate (Thermo Fisher Scientific) and 

imaged on a Syngene Chemi-XRQ gel documentation system. ImageJ (National Institutes of 

Health) was used for any densitometric (quantitative) analysis of the Western blot images 

(70)(71)(72). 

Cellular immunofluorescence assays: The mammalian HEK293T cells cultured in complete 

media were plated on coverslips, washed with 1× PBS, fixed with 4% (w/v) paraformaldehyde 

in 1× PBS for 15 min, and permeabilized with 0.5% (w/v) Triton X-100 in 1× PBS for 15 min. 

The fixed cells were subsequently treated with blocking buffer [5% (w/v) BSA in 1× PBS with 

0.1% (v/v) Tween 20] for 30 min, followed by sequential probing with anti-ABHD14B 

antibody (1:10000 dilution) in blocking buffer for 2 h and anti-rabbit IgG-Alexa Fluor-488 
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(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 2× 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 1× PBS (73). The stained 

cells were imaged using a Zeiss confocal microscope at the IISER Pune Microscopy Centre, 

and the data were analyzed using ImageJ (70)(71)(72). 

Protein concentration estimation: All purified proteins or lysates were quantified for protein 

concentration using Bradford reagent (Thermo Scientific, catalog# 23238) as per 

PDQXIDFWXUHU¶V�SURWRFRO�XVLQJ�%RYLQH�6HUXP�$OEXPLQ�DV�VWDQGDUG� 

Data plotting: All graphs and plots presented in this paper were made using GraphPad Prism 

7 (version 7.0b) for MacOSX. Unless otherwise mentioned, all data in bar format are presented 

as means ± the standard deviation for three or more biological replicates from independent 

experiments. 

Results 

Purification of human ABHD14B: The WT enzyme and the active site-directed S111A mutant 

of human His-ABHD14B were successfully expressed and purified from E. coli in high purity 

(>99%) (Figure 2.3A) and apparent homogeneity as assessed by analytical gel filtration 

(Figure 2.3B). The purification scheme typically afforded 40 mg of ABHD14B/L of culture.  

A                                                                  B                                                    

        

Figure 2.3: Purification of ABHD14B. (A) Representative Coomassie gel for the described 

scheme towards purifying WT and S111A human His-ABHD14B recombinantly from E. coli. 
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The band corresponding to His-ABHD14B is marked with an asterisk. (B) Analytical gel 

filtration. 

S111A mutant of human ABHD14B is catalytically inactive: To determine whether the S111A 

mutant was catalytically inactive, I resorted to established gel-based ABPP assays (64) and 

found that as a function of an increasing enzyme concentration, WT human His-ABHD14B, 

but not S111A human His-ABHD14B, displayed robust dose-dependent activity against the 

FP-Rh activity probe, which was kept constant in this assay (Figure 2.4A). Next, I found that 

as a function of increasing the FP-Rh activity probe concentration and keeping the enzyme 

concentration constant, 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 

2.4B).  

A                                                                        B 

    

Figure 2.4: S111A mutant of human ABHD14B is catalytically inactive. 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 

����í���ȝ0��DQG� (B) activity probe (FP-Rh) FRQFHQWUDWLRQ�����í��ȝ0���respectively, while 

keeping the other FRQVWDQW� >DFWLYLW\� SUREH� FRQFHQWUDWLRQ� ��� ȝ0�� LQ� SDQHO� $�� HQ]\PH 

concentUDWLRQ� ��� ȝ0�� LQ�SDQHO�%@��7KH�JHO-based ABPP experiments were performed three 

independent times with reproducible results each time. 

ABHD14B is hydrolytically active: We performed substrate hydrolysis assays, as previous 

studies have shown that ABHD14B has hydrolase activity against acylated p-nitrophenol 

derivatives (40). In this regard, we incubated WT and S111A human ABHD14B with pNp-

DFHWDWH������ȝ0��DQG found that WT human ABHD14B produced p-nitrophenolate from pNp-

acetate approximately 10-fold better than S111A human ABHD14B (Figure 2.5A). We 

hypothesize that because pNp-DFHWDWH�LV�XQOLNHO\�WR�EH�WKH�³UHDO´�VXEVWUDWH�IRU�WKLV enzyme, and 

as pNp-acetate is an activated molecule, LW¶V�binding to the enzyme, and subsequent interactions 

with the other conserved residues of the enzyme active site (e.g., catalytic base), might result 
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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.  

A                                                                                   B 

                

Figure 2.5: Structure-activity relationship of ABHD14B. (A) Colorimetric enzymatic assay 

showing 10׽-fold more activity of WT human ABHD14B, compared to S111A human 

ABHD14B, against pNp-DFHWDWH� ����� ȝ0��� 7KH� FRORULPHWULF� DVVD\V were performed three 

independent times with reproducible results each time. (B) WT human ABHD14B prefers 

hydrolysis of the acetyl group from a surrogate pNp substrate. The colorimetric assays for 

each substrate were performed three independent times with reproducible results each time. 

Table 2.1: Kinetic constants for WT human ABHD14B against different acylated esters of pNp 

 

ABHD14B prefers smaller substrates and could perform deacetylase or acetyltransferase 

reaction: Because WT human ABHD14B could turn over acylated p-nitrophenol derivatives, 

I GHFLGHG�WR�SHUIRUP�VWUXFWXUHíDFWLYLW\�VWXGLHV�ZLWK�WKLV�FODVV�RI�VXUURJDWH�VXEVWUDWHV�WR�DVVHVV 

whether this enzyme has any preference for the esterified acyl group to pNp. In this experiment, 

I incubated WT human His-$%+'��%� ���� ȝ0��ZLWK� GLIIHUHQW� S1S� analogs ����� ȝ0� of 

varying chain lengths, ranging from acetate (two carbon atoms, C2) to palmitate (16-carbon 

chain, C16), and monitored the release of p-nitrophenolate produced from these surrogate 

substrates. From these studies, I found a distinct trend, where WT human ABHD14B preferred 
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smaller acylated esters of pNp as substrates, with pNp-acetate being the best substrate (Figure 

2.5B). In addition, I found that this enzyme sluggishly turned over pNp-octanoate (C8) but was 

unable to turn over acylated esters of pNp having more than 10 carbon atoms (Figure 2.5B). 

To ascertain this substrate preference profile, I performed enzyme kinetics assays on the three 

pNp substrates that WT human ABHD14B could turn over. This experiment further confirmed 

that pNp-acetate was indeed the best substrate for this enzyme (Table 2.1). Though it was 

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. 

       A                                                                        B 

             

Figure 2.6: Thermal shift assays showing binding of both CoA and acetyl-CoA to S111A (A) 

and WT (B) human ABHD14B. The thermal shift assays were performed three independent 

times with reproducible results each time. 

Acetyl-CoA might not be the substrate of ABHD14B: In findings reported by Padmanabhan et 

al. describing the three-dimensional structure and preliminary biochemical characterization of 

ABHD14B (40), the authors speculate that WT human ABHD14B likely binds acetyl-CoA, 

because of its association to the HAT domains of important transcription factors. Given this 

literature precedent, we decided to test whether human ABHD14B binds acetyl-CoA and/or 

CoA using established thermal shift assays (65) and chose the S111A mutant for these studies, 

as we hypothesized that the duration of 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 $%+'��%�����ȝ0��ZDV�LQFXEDWHG�ZLWK�DFHW\O-CoA or CoA (both at 10 mM), 

we saw a leftward (lower-temperature) shift in the fluorescence profiles (% response) for both 
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of these compounds, with the shift being more prominent for CoA (5׽ °C) than for acetyl-CoA 

 suggesting that CoA most likely binds to the enzyme tighter than acetyl-CoA ,(C° 2.5׽)

(Figure 2.6A). We also saw a 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 2.6B). The authors of the 

aforementioned paper also speculate that the binding of acetyl-CoA to ABHD14B might result 

in its hydrolysis (40), to yield CoA and acetate, and we also tested this hypothesis, looking for 

the formation of CoA from acetyl-CoA E\�/&í06�DQDO\VLV��+RZHYHU��ZH�GLG�QRW�ILQd 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.  

         A                                                                                B                                                 

                       

Figure 2.7: Acetyltransferase reaction catalysed by ABHD14B. (A) Colorimetric enzymatic 

assay with pNp-acetate, showing an increase in the rate of enzymatic reaction following 

incubation of ABHD14B with CoA, but not acetyl-CoA. The colorimetric assays were 

performed two independent times with reproducible results each time. (B) Formation of acetyl-

CoA by WT human ABHD14B, but not S111A human ABHD14B, when incubated with pNp-

DFHWDWH� DQG� &R$�� 7KH� /&í06� GDWD� UHSUHVHQW� PHDQV� �� WKH� VWDQGDUG deviation from six 

independent experiments. 

ABHD14B performs deacetylase activity and as a result produces 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 catalyzed by WT human ABHD14B. In this assay, WT 

KXPDQ�$%+'��%�����ȝ0� was preincubated with either acetyl-CoA or CoA (1 mM each), 

and the reaction was initiated by adding pNp-DFHWDWH�����ȝ0�� Acetyl-CoA did not affect the 
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kinetics of the reaction; however, CoA significantly enhanced the rate of this hydrolysis 

reaction (Figure 2.7A). We performed another enzyme kinetic assay for WT human 

ABHD14B against the pNp-acetate substrate in the presence of excess CoA (1 mM) and 

obtained WKH�IROORZLQJ�NLQHWLF�FRQVWDQWV��NFDW� �����������PLQí���.P = 1.7 ± 0.4 mM; and 

NFDW�.P� � ��� �� ���0í�� Ví��� 7KHVH results further showed that the rate of the hydrolysis 

reaction becomes almost 4.5 times faster (from kcat and kcat/Km values) in the presence of 

excess CoA (also see Table 2.1). It should be noted that consistent with the ping-pong 

mechanism, CoA had little effect on the binding of pNp-acetate to the enzyme. The fact that 

CoA binds more tightly to ABHD14B and accelerates the enzyme-catalyzed pNp-acetate 

hydrolysis reaction, and the inability of this enzyme to hydrolyze acetyl-CoA, suggested that 

ABHD14B might, contrary to the previous speculation (40), function as a deacetylase rather 

than an acetyltransferase. Finally, to confirm if acetyl-CoA is produced when WT human 

ABHD14B is incubated with pNp-acetate and CoA, we performed an /&í06�DQDO\VLV (68). 

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 2.7B). 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-catalyzed 

reaction. 

      A                                                                            B 
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    C                                                                                D 

                  

Figure 2.8: Characterization of the anti-ABHD14B antibody. Western blot analysis of a rabbit 

polyclonal anti-ABHD14B antibody tested DJDLQVW� �$�� YDU\LQJ� DPRXQWV� �����í�� ȝJ�� RI�

recombinantly purified WT and S111A human His-ABHD14B, (B) soluble proteomes of 

different human cell lines, and (C) soluble proteomes of different mouse tissues. The Western 

blots reported in panels B and C show selective detection of endogenous mammalian 

ABHD14B in cells and tissues, respectively. All Western blot experiments were performed three 

independent times with reproducible results each time. (D) Large scale gene expression 

profiling consortia, BioGPS, reported expression of ABHD14B in different mouse tissues. This 

profile matches the western blotting protein expression data represented in (C). 

Characterization of an anti-ABHD14B antibody: Because I was able to obtain WT human His-

ABHD14B with high purity and apparent homogeneity in relatively good yields, I decided to 

generate an anti-ABHD14B antibody from rabbit, and this antibody was custom synthesized 

from Bioklone Biotech Private Ltd. Briefly, the rabbit was immunized with three booster doses 

of the antigen (1 mg of 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 SURWRFROV��DV�SHU�WKH�FRPSDQ\¶V�HVWDEOLVKHG procedures. 

Following immunization and purification from blood, I obtained 1.1 mg of polyclonal anti-

ABHD14B antibody from one rabbit, and I wanted to validate its compatibility for Western 

blotting experiment. For this reason, I first tested this antibody against varying amounts 

�����í��ȝJ��RI�UHFRPELQDQWO\ purified WT or S111A human ABHD14B and found that this 
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polyclonal antibody at a dilution of 1:1000 could detect even 10 ng of recombinant protein 

(Figure 2.8A), giving me confidence that this polyclonal antibody might be able to detect 

endogenous levels of human ABHD14B in cell lines by Western blotting. To verify this, I 

cultured five human cell lines (HEK293T, A549, HeLa, MCF7, and THP1) and assessed 

whether ABHD14B was detected in their soluble proteomes by Western blotting. I found that 

in all five human lines, the polyclonal antibody could selectively detect endogenous 

ABHD14B, consistent with the available literature (74), with almost no cross-reactivity with 

any other protein in the Western blot analysis (Figure 2.8B). I found from this experiment that 

THP1 macrophage cells had the highest levels of ABHD14B and were 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, I was unable to perform 

cellular immunofluorescence assays (IFAs) and/or realize significant knockdown of 

ABHD14B in THP1 cells (described below) and hence had to choose an alternative cell line to 

perform these studies. I wanted an adherent cell line amenable to cellular IFA experiments and 

gene knockdown studies and hence chose HEK293T cells for all subsequent cellular studies. 

Human ABHD14B and mouse ABHD14B have 90%׽ sequence identity, and I wanted to 

determine whether the ABHD14B antibody produced by me had any cross-species reactivity. 

To test this, I harvested different tissues (heart, brain, liver, lungs, kidney, and spleen) from 

C57Bl/6 wild-type mice and assessed their soluble proteomes for ABHD14B protein levels by 

Western blot analysis. I found from this immunoblotting experiment that the 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 2.8C). In addition, the protein levels of ABHD14B detected by me 

across the different mouse tissues, especially the highest level of expression of ABHD14B in 

kidney and liver, are consistent with data reported in a large-scale gene expression database 

(http://biogps.org) (75)(76) for ABHD14B (Figure 2.8D), giving further confidence in the 

quality of the antibody.  

 

 

 

 

http://biogps.org/
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Figure 2.9: Cellular localization of ABHD14B in HEK293T cells. Cellular IFAs in HEK293T 

cells using pre-bleed as control (A), using only secondary antibody (B) and with FLAG-

ABHD14B overexpression (C) show that ABHD14B is present in both the nucleus and cytosol 

and the cellular fluorescence for ABHD14B (in the green channel) is seen only in the presence 

of the ABHD14B antibody. The cellular IFAs were performed five independent times with 

reproducible results each time. 

Cellular localization of ABHD14B: To assess whether the antibody was compatible with 

cellular IFA experiments and to find the cellular localization of ABHD14B, I performed IFA 

experiments in the human HEK293T cells. In one as a negative control, I used pre-bleed (blood 

collected before immunizing rabbit with ABHD14B) as primary antibody (Figure 2.9A) and 

in the other, I used only secondary antibody (Figure 2.9B). I found from this cellular IFA 

experiment that the cellular fluorescent signal for ABHD14B (green channel) was visible only 

in the presence of the polyclonal anti-ABHD14B antibody, and the control (pre-bleed or 
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secondary antibody only) samples showed a negligible signal for ABHD14B. I also performed 

an IFA experiment on HEK293T cells overexpressing p3X-FLAG-WT and S111A-ABHD14B 

and found that fluorescent signal for ABHD14B increased many folds as compared to the WT 

HEK293T control cells (Figure 2.9C). All these results taken together strongly validate the 

idea that the anti-ABHD14B antibody was indeed compatible with cellular IFA experiments. 

In addition, consistent with previous cellular localization studies from a yeast hybrid screen(40) 

and the available literature (74), I found that ABHD14B was present in both the nucleus and 

the cytosol in HEK293T cells. Given the ubiquitous cellular localization of ABHD14B, I 

speculated that the putative substrate(s) for ABHD14B is likely to present throughout the cells, 

and this enzyme likely serves in a general enzymatic reaction. 

              A                                                                        B 

                  

Figure 2.10: CoA and Acetyl-CoA levels in ABHD14B knockdown lines. (A) Western blot 

analysis confirming the knockdown of ABHD14B in the KD_1, KD_2, and KD_3 cell lines, 

relative to the nontargeting control cell line made from HEK293T cells. This Western blot 

experiment was performed three independent times with reproducible results each time. (B) 

Cellular levels of CoA and acetyl-CoA in the KD_2 and KD_3 cell lines, relative to that of the 

QRQWDUJHWLQJ� FRQWURO� FHOO� OLQH�PHDVXUHG� E\� /&í06�DQDO\VLV�� 7KH /&í06�GDWD� UHSUHVHQts 

means ± the standard deviation from six independent experiments. 

Cellular acetyl-CoA levels in ABHD14B knockdown HEK293T cells: To understand the 

physiological function of ABHD14B, I decided to genetically knockdown ABHD14B in 

HEK293T cells of human origin using the established RNA interference technology. I found 

that compared to a QRQWDUJHWLQJ� �VFUDPEOHG�� ³FRQWURO´� OLQH�� WKH� FHOO� OLQHV generated with 

shRNA-targeting ABHD14B (KD_1, KD_2, and KD_3) showed good knockdown of 

ABHD14B in HEK293T cells (Figure 2.10A). Because 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 
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for subsequent studies (Figure 2.10A). 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. 

Because previous biochemical studies showed that ABHD14B transfers an acetyl group to 

CoA, we decided to measure the cellular levels of CoA and acetyl-CoA in the ABHD14B 

knockdown cell lines XVLQJ� /&í06� DQDO\VLV (68). We found that following ABHD14B 

knockdown, the cellular levels (relative to that of the control cell line) of CoA, the substrate of 

the ABHD14B-catalyzed reaction, remained unchanged (Figure 2.10B). Interestingly, 

however, the cellular levels (relative to that of the control cell line) of acetyl-CoA, the product 

of the ABHD14B catalyzed reaction, significantly decreased (50%׽) following the knockdown 

of ABHD14B in HEK293T cells (Figure 2.10B). 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.  

 

Figure 2.11: Protein lysine acetylation in ABHD14B knockdown lines. Western blot analysis, 

showing increased levels of protein lysine acetylation following ABHD14B knockdown in 

HEK293T cells. This Western blot experiment was performed three independent times with 

reproducible results each time. 

Acetylated lysine of proteins is the second substrate of ABHD14B: I established the role of CoA 

and acetyl-CoA in the ABHD14B-catalyzed acetyl-transferase reaction, but the biological 

origins of the acetyl group remained unknown. In cells, conserved and functionally relevant 
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protein lysine residues are often acetylated by enzymes using acetyl-CoA (e.g., HAT enzymes) 

(77)(78), and these post-translationally protein acetylated lysine residues serve many functions, 

important among them being the regulation of gene transcription and controlling cellular 

metabolism and proliferation (79)(80)(81). 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 antibody. Consistent with our hypothesis, we found that 

ABHD14B knockdown significantly increased the concentration of acetylated lysine residues 

in cell lysates (Figure 2.11), 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 form acetyl-CoA. The fact that ABHD14B knockdown increases cellular 

concentrations of acetylated lysine residues of proteins and concomitantly decreases the levels 

of acetyl-CoA shows a clear VXEVWUDWHíSURGXFW�UHODWLRQVKLS�LQ�SK\VLRORJLFDO�VHWWLQJV�IRU� WKH 

ABHD14B-catalyzed lysine deacetylase reaction. 

A                                                B                                                C 

           

Figure 2.12: 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 an enzyme equimolar concentration of the diacetylated 

(Lys9/14) histone H3 SHSWLGH���í����DQG�H[FHVV�&R$�����ȝ0���7KH�FRQWURO�VDPSOH� IRU� WKLV�

assay is the entire mixture without the enzyme. (B) Formation of the nonacetylated peptide 

IURP�WKH�VWDUWLQJ�GLDFHW\ODWHG��/\V������KLVWRQH�+��SHSWLGH���í���������ȝ0��E\�:7�KXPDn 
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$%+'��%������ȝ0��LQ�WKH SUHVHQFH�RI�H[FHVV�&R$�����ȝ0���7KH�6���$�KXPDQ�$%+'��%������

ȝ0��KDV�QR�DFWLYLW\�DJDLQVW�WKH�GLDFHW\ODWHG�SHSWLGH�VXEVWUDWH���&��)RUPDWLRQ of acetyl-CoA by 

:7�KXPDQ�$%+'��%������ȝ0���EXW�QRW�6���$�KXPDQ�$%+'��%������ȝ0���ZKHQ�LQFXbated 

with histone preparations from FDOI� WK\PXV� �����QJ��DQG�H[FHVV�&R$�����ȝ0���7KH�FRQWURO�

VDPSOH�IRU�WKLV�DVVD\�LV�WKH�HQWLUH�PL[WXUH�ZLWKRXW�WKH�HQ]\PH��$OO�/&í06�GDWD represented in 

SDQHOV�$í&�DUH�PHDQV���WKH�VWDQGDUG�GHYLDWLRQ�IURP�WKUHH�LQGHSHQGHQW experiments. 

Characterizing the ABHD14B-catalyzed acetyltransferase reaction against acetylated lysine-

containing substrates: Thus far, I had tested only the acetyl-transfer reaction catalyzed by 

ABHD14B using pNp-acetate as the acetyl donor (Figure 2.7). However, given the results 

from genetically disrupting this enzyme in human HEK293T cells, where I find increased 

levels of protein lysine acetylation (Figure 2.11), I wanted to validate if ABHD14B can use 

acetylated lysine-containing peptides or proteins as substrates for the acetyl-transferase 

reaction. To test if this was indeed the case, I first chose the commercially available 

diacetylated histone H3 21-amino acid peptide with an 

ARTKQTAR(KAC)STGG(KAC)APRKQLC sequence, where KAC is the acetylated lysine 

residue. I 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 DVVD\�E\�/&í06�DQDO\VLV��I found that WT human ABHD14B, 

but not S111A human ABHD14B, was indeed able to make acetyl-CoA from this acetylated 

peptide (Figure 2.12A). To compare the relative production of acetyl-CoA from different 

acetyl donors, I also ran that same assay with enzyme equimolar concentrations of pNp-acetate 

(instead of the acetylated lysine peptide) and found that the level of formation of acetyl-CoA 

was 3.5׽-fold greater when the acetylated lysine peptide was used as the acetyl donor (Figure 

2.12A). This result suggests that this enzyme prefers acetylated lysine proteogenic substrates 

over pNp-acetate. Because the peptide substrate had two acetylated lysine residues, I wanted 

to determine how many acetyl groups ABHD14B could transfer to CoA and in the same 

/&í06 experiment looked for masses of the diacetylated ([M + H]+ = 2370.315), 

monoacetylated ([M + H]+ = 2328.304), and nonacetylated ([M + H]+ = 2286.294) forms. I 

found from tKH�/&í06�DQDO\VLV�WKDW�:7�KXPDQ�$%+'��%�ZDV�DEOH�WR�WUDQVIHU�ERWK�DFHW\O�

groups from the peptide to CoA, forming acetyl-CoA and yielding a nonacetylated peptide 

from the diacetylated starting peptide in the process (Figure 2.12B). These results taken 

together show that acetylated lysine-containing peptides are better substrates for ABHD14B 

compared to pNp-acetate, and at first approximation, ABHD14B can perform acetyl-transfer 
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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, I wanted to determine if this enzyme can also 

perform a similar lysine deacetylase reaction using acetylated lysine containing protein 

substrates, and I chose histone preparations from calf thymus to test this premise, as previous 

studies have shown that these proteins are acetylated (82). In this assay, I 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 UHDFWLRQ� E\� /&í06�

analysis. I IRXQG� IURP� WKLV� /&í06 assay that WT human ABHD14B was indeed able to 

produce acetyl-CoA from histone preparations obtained from calf thymus (that are presumably 

acetylated) (82), while the catalytically inactive S111A human ABHD14B mutant did not 

produce any acetyl-CoA of significance and had no enzyme control levels of acetyl-CoA in 

this assay (Figure 2.12C). 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 corroborate the findings from the genetic 

knockdown of ABHD14B in HEK293T cells shown in Figure 2.10 and 2.11. 

Discussion 

General transcription initiation factor TFIID is a multiprotein complex mainly comprised of 

the TATA-box binding protein (TBP) (83) and the TBP-associated factors (TAFs) (84)(85) and 

is shown to bind the TATA-box region of a promoter and initiate transcription by forming the 

core of the preinitiation complex along with other transcriptional factors and RNA polymerase 

II (86)(87)(88)(89). TFIID has been shown to activate cellular transcription by binding to both 

naked DNA and chromatin (90)(91)(92) and has been the subject of several landmark studies 

about the regulation of eukaryotic transcription over the past three decades. The largest unit of 

the TFIID complex is the protein CCG1/TAFII250 that gets its name as a fusion of two 

acronyms: (i) CCG1, cell cycle arrest in G1 phase (93), and (ii) TAFII250, TAF protein with a 

molecular weight of 250 kDa (94). Several studies characterizing the biochemical function of 

the CCG1/TAFII250 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 (95), (ii) two bromodomains that are 

involved in ubiquitinylation of histones and chromatin proteins (96)(97), and (iii) the HAT 

domain that is responsible for incorporating epigenetic acetyl marks on histones (98). It has 
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further been shown that deletion or amino acid mutations of the HAT domain of the 

CCG1/TAFII250 protein specifically result in cells being arrested in the G1 phase of the cell 

cycle, and this eventually results in cellular apoptosis (93)(98). Given its central role in 

activating the eukaryotic transcription process, the CCG1/TAFII250 protein also interacts with 

other structural proteins, enzymes, and cofactors during the formation of the preinitiation 

complex, and the identification of these partners has been the focus of several research groups. 

A pull-down study aiming to identify proteins with which CCG1/TAFII250 interacts resulted 

in the identification of ABHD14B; given this interaction, ABHD14B was also termed CIB 

(40). The same study went on to recombinantly purify this enzyme, show its ability to perform 

hydrolytic reactions, and determine its three-dimensional structure more than a decade ago 

(40); however, the functional annotation of this enzyme has remained elusive since then, and 

this study, to the best of my knowledge, remains the only biochemical characterization of this 

cryptic enzyme.  

 

Figure 2.13: Lysine 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 an increased level of protein lysine acetylation and decreased cellular 

acetyl-CoA levels, as shown by the red arrows. 

In this chapter, I aimed to annotate the function of this orphan enzyme from the serine hydrolase 

family. I 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 2.13), and I provide several lines of compelling evidence toward 

this annotation. First, I show by substrate hydrolysis assays using surrogate acylated pNp 
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analogs that ABHD14B has a very tight substrate SAR and strongly prefers pNp-acetate as a 

substrate and, as the chain length of the acylated group of pNp increases, the efficiency of 

enzymatic hydrolysis of ABHD14B concomitantly decreases (Figure 2.5B and Table 2.1). 

Second, I show that ABHD14B binds CoA (Figure 2.6), that this binding of CoA significantly 

increases the level of pNp-acetate hydrolysis, and that this enzyme can in fact transfer the acetyl 

group from pNp-acetate to CoA to form acetyl-CoA in the process (Figure 2.7). Third, I 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 2.10 and 2.11). Fourth, and most importantly, I validate these cellular 

findings by complementary in 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 2.12). Interestingly, I also find in these assays that in comparison to 

WKH�³VXUURJDWH´�S1S-acetate VXEVWUDWH�� WKH�³QDWLYH´�DFHW\ODWHG� O\VLQH-containing peptide and 

protein substrates produce more acetyl-CoA for similar substrate concentrations, suggesting 

that the latter are preferred substrates for ABHD14B (Figure 2.12A).  

A                                                                                 B 

          

Figure 2.14: Lysine deacetylase (KDAC) reaction catalyzed by Sirtuins (A) and HDACs (B) 

and the eventual fate of the acetyl group. 

Why is the ABHD14B-catalyzed lysine deacetylase (KDAC) (57) novel? There are currently 

two known enzyme families that can perform a lysine deacetylase reaction: the sirtuins 

(99)(100) and the HDACs (60)(101). 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 
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fate of the acetyl group from the post-translationally acetylated lysine (58) (Figure 2.14A). 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 (60). 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 metabolism (60) 

(Figure 2.14B). Here, by functionally characterizing ABHD14B, I present a third mechanism 

for deacetylating protein lysine residues, using the consensus serine hydrolase mechanism 

(14)(1) (Figure 1.2), where in the first step the acetyl group from lysine is transferred to the 

nucleophilic serine residue of ABHD14B to form an DFHW\OíHQ]\PH�FRYDOHQW�LQWHUPHGLDWH��,Q�

the second step, a molecule of CoA binds to the enzyme (instead of water) and the acetyl group 

IURP� WKH� DFHW\OíHQ]\PH� FRYDOHQW� LQWHUPHGLDWH 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 the features of those of sirtuins and 

HDACs are that the reaction catalyzed by the former involves the formation of a covalent 

DFHW\OíHQ]\PH�LQWHUPHGLDWH�DQG�WKH eventual fate of the acetyl group is the formation of acetyl-

CoA. 
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CHAPTER 3 

ABHD14B REGULATES CELLULAR GLUCOSE METABOLISM 

The sirtuins and histone deacetylases are the best-characterized enzymes of the lysine 

deacetylase (KDAC) family. In the previous chapter, I DQQRWDWHG� WKH� ³RUSKDQ´� HQ]\PH�

ABHD14B DV�D�QRYHO�.'$&��VKRZHG�WKLV�HQ]\PH¶V�DELOLW\�WR�WUDQVIHU�DQ�DFHW\O-group from 

protein lysine residue(s) to coenzyme-A (CoA) to yield acetyl-CoA, and in doing so, expanded 

the repertoire of this enzyme family. Following up on this functional annotation, here, I report 

transcriptomics analysis in mammalian cells upon knocking down ABHD14B and find that 

transcription of metabolic genes is significantly altered as a function of ABHD14B deletion. 

Complementary to this experiment I performed targeted metabolomics analysis and found that 

the loss of ABHD14B results in significantly altered glucose metabolism in vivo. Together, 

these results illuminate an important metabolic function that the KDAC ABHD14B plays in 

mammalian physiology, and posits new questions for this hitherto cryptic metabolism-

regulating enzyme. 

Introduction 

Post-translational modifications (PTMs) are innate cellular mechanisms that tightly regulate 

many important physiological processes such as chromatin remodeling, transcription, DNA 

repair, cellular signaling, protein folding, autophagy, apoptosis, and central metabolism 

(102)(103)(104). While >200 PTMs have been identified to date, only a handful of them has 

been thoroughly investigated (e.g. phosphorylation, acetylation, methylation) (104). Protein 

lysine acetylation (PKAc) is the second most abundant PTM in cells (after phosphorylation), 

which was identified over half a century ago, yet, its widespread abundance and physiological 

importance have only been reported recently (79)(105)(106). PKAc was initially thought to be 

restricted only to histones or the enzymes acetylating them and were therefore monikered 

histone acetyltransferases (HATs) (107)(78). However, recent studies have shown that 

numerous non-histone proteins are also acetylated, and hence, the nomenclature for this 

enzyme class has been expanded to lysine acetyltransferase (KAT) (Figure 3.1A) (107). PKAc 

neutralizes the positive charge on lysine residue(s) of proteins (e.g., histones, transcription 

factors and regulators, nuclear proteins/receptors), alters their protein-protein or protein-DNA 

interactions, and in doing so, is thought to activate transcription by disrupting such interactions 

(108). PKAc has also been linked to the regulation of metabolism, as recent studies have shown 

that the activity of key enzymes involved in central metabolism (e.g., glycolysis, 
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JOXFRQHRJHQHVLV�� 7&$� F\FOH�� XUHD� F\FOH�� IDWW\� DFLG� ȕ-oxidation, glycogen metabolism) are 

spatiotemporally and/or contextually regulated by this PTM (109)(79)(110). 

 

Figure 3.1: KATs/KDACs & ABHD14B. (A) The enzymatic reactions catalyzed by KATs (e.g., 

HATs), and KDACs (e.g., HDACs, sirtuins, ABHD14B). For the KDAC catalyzed reactions, X 

= water for HDACs, NAD+ for sirtuins, or Co-A for ABHD14B. (B) The enzymatic reaction 

catalyzed by the novel KDAC ABHD14B (top), using a distinct ping pong mechanism (below) 

conserved for all metabolic serine hydrolase enzymes (13). 

Given its abundance, and unlike other PTMs, PKAc is reversible and the removal of the acetyl 

group from lysine residue(s) via an amide bond cleavage, is catalyzed by enzymes known as 

lysine deacetylases (KDACs) (Figure 3.1A) (57). Counter to KATs, KDACs deacetylate 

histones and/or other nuclear proteins, remodel the chromatin back into a heterochromatin 

state, and are therefore thought to repress transcription (109)(60)(57). Until recently, KDACs 

comprised of two enzyme classes: (i) Histone Deacetylases (HDACs) (moniker, given their 

ability to deacetylate histones) (101)(60)(57), and (ii) Sirtuins (58)(100)(59)(99). The catalytic 

mechanisms of both these enzyme classes and the eventual fate of the acetyl group are quite 
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distinct. The HDACs for example, use a divalent metal cation (generally Zn2+) to activate a 

nucleophilic water molecule that hydrolyses the amide bond of an acetylated lysine residue to 

give free acetate as the product (101)(60)(57). The sirtuins, on the other hand, are NAD+ 

GHSHQGHQW�� DQG� \LHOG� QLFRWLQDPLGH� DQG� �¶��¶-O-acetyl-ADP-ribose as end products of the 

KDAC reaction (58). Like KATs, KDACs also regulate important physiological processes like 

cell growth and differentiation, energy production, glucose and lipid metabolism, longevity, 

and organelle biogenesis (109)(106). Given their biological importance, deregulation in the 

cellular KAT/KDAC activity balance has been linked to numerous human metabolic conditions 

and/or diseases like diabetes, obesity, cancer, neurodegenerative disorders, cardiac 

hypertrophy, and autoimmunity (111)(112)(113)(114). 

In the previous chapter, I annotated the orphan enzyme ABHD14B as a novel KDAC, thus 

expanding WKLV�HQ]\PH�IDPLO\¶V�UHSHUWRLUH�(13). I showed that ABHD14B was able to transfer 

an acetyl group from post-translationally modified protein lysine residue to coenzyme-A 

(CoA), thus making the biologically important acetyl-CoA (Figure 3.1B) (13). What 

distinguishes ABHD14B from the HDACs and sirtuins are: (i) the use of CoA as a co-substrate, 

and the end fate of the acetyl group (formation of acetyl-CoA), and (ii) the catalytically 

conserved ping-pong mechanism conserved for all metabolic serine hydrolase enzymes (Figure 

1B) (13). 

To investigate the physiological role of ABHD14B, I developed a selective antibody against 

mammalian ABHD14B (13) and surveyed the tissue distribution of ABHD14B in mice. Quite 

interestingly, this ABHD14B profiling study showed that this enzyme had restricted expression 

only in the metabolically active tissues (13), leading me to hypothesize that ABHD14B might 

be playing an important role in regulating metabolism and in turn cellular energetics. Following 

up on this study, here, I report an integrated, yet very complementary, transcriptomics, and 

metabolomics analysis in mammalian cells where ABHD14B is significantly depleted. These 

experiments together suggest that ABHD14B plays an important role in modulating glucose 

metabolism in cells, and in doing so, also regulates cellular energetics. Taken together, the 

findings collectively establish for the first time, a link between ABHD14B and glucose 

metabolism in mammals. 
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Materials and methods 

Materials: The following chemicals and reagents were purchased from Sigma-$OGULFK���¶��-

diamidino-2-phenylindole (DAPI) (catalog# D9542), formic acid (catalog# 94318), 

ammonium acetate (catalog# 73594), ammonium formate (catalog# 70221), N-(3-

dimethylaminopropyl)-1ƍ-ethylcarbodiimide hydrochloride (catalog# E7750), O-benzyl-

hydroxylamine hydrochloride (catalog# B22984), ethyl acetate (catalog# 270989), pyridine 

hydrochloride (catalog# 243086), perfluoroheptanoic acid (catalog# 342041), and chloroform 

(catalog# 650498). All the mass spectrometry grade solvents were purchased from JT Baker. 

All liquid chromatography columns and related accessories were purchased from Phenomenex 

[Gemini® ��ȝP�&�� 110 Å, LC Column 50 x 4.6 mm (catalog# 00B-4435-E0), Luna® ��ȝP�

C5 100 Å, LC Column 50 x 4.6 mm (catalog# 00B-4043-(����6\QHUJL����ȝP�)XVLRQ-RP 80 

Å, LC Column 150 mm x 4.6 mm (catalog# 00F-4424-E0), SecurityGuardTM cartridges for 

Gemini C18 and Luna C5 columns (catalog# AJ0-7597), SecurityGuardTM cartridges for 

Synergi Fusion-RP column (catalog# AJ0-7557), and SecurityGuardTM Guard cartridge kit 

(catalog# KJ0-4282)]. 

Mammalian cell culture: HEK293T cells were purchased from ATCC (catalog# CVCL_0063). 

All cells were cultured in complete medium [RPMI1640 supplemented with 10% (v/v) FBS 

and 1% penicillin-streptomycin] at 37 oC and 5% (v/v) CO2. Additionally, the complete 

medium was VXSSOHPHQWHG�ZLWK���ȝJ�P/�SXURP\FLQ�IRr the NT and the knockdown cells, to 

specifically select only for the puromycin-resistant cells. All cells were cultured in 10 cm tissue 

culture dishes (HiMedia) and upon reaching 50% confluence the spent media was replaced 

with a fresh complete medium conWDLQLQJ���ȝJ�P/�SXURP\FLQ��8SRQ�����FRQIOXHQFH��WKH�FHOOV 

were harvested by scraping, washed with cold DPBS (2-times), and centrifuged at 200g for 3 

min to get the cell pellet. The harvested cell pellets were flash-frozen and stored at -80 oC until 

further use. All cell lines described here were routinely stained with DAPI and visualized by 

microscopy to ensure that they were devoid of any mycoplasma contamination using 

established protocols (66). 

RNA extraction, cDNA library synthesis, and sequencing: Total RNA was extracted from 4 

biological replicates each of WT, NT, KD_2, and KD_3 HEK293T cells using QIAzol (Qiagen 

#79306) and RNeasy Plus Universal Mini Kit (Qiagen �������� DV� SHU� PDQXIDFWXUHU¶V�

instruction. Quantitation of RNA was done on a Nanodrop 2000c spectrophotometer (Thermo 

Fisher Scientific), and the cDNA library was synthesized from 300 ng of RNA using QuantSeq 
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3' mRNA-Seq Library Prep Kit FWD for Illumina �/H[RJHQ����������DV�SHU�WKH�PDQXIDFWXUHU¶V�

instruction. The concentration of the cDNA OLEUDU\�ZDV�DVVHVVHG�XVLQJ�4XELW��GV'1$�+6 

and BR Assay Kit (Invitrogen #Q32851) on a Qubit 4 fluorometer (Thermo Fisher Scientific). 

The average size of the library was assessed using a High Sensitivity DNA Kit (Agilent #5067-

4626) on a 2100 Bioanalyzer instrument (Agilent). Equal amounts of the libraries were pooled 

and 2 nM of this was sequenced using NextSeq 500/550 Mid Output Kit v2.5 (150 Cycles) 

(Illumina # 20024904) on NextSeq 550 instrument (Illumina). The read was single-ended and 

76 bp long. The sequence data has been deposited in the Gene Expression Omnibus (NCBI) 

repository and will be available to public after the study is published (performed with 

Amarendranath Soory).  

Transcriptome assembly and differential gene expression analysis: After trimming the 

adapters, the sequences were assessed for quality (FastQC) and mapped to human genome 

GRCh38 on the BlueBee® Genomics Platform (https://lexogen.bluebee.com/quantseq). The 

sequencing depth ranged from 4 M to 18 M, and principal component analysis (PCA) was 

performed on all samples using a custom R script to determine the relatedness and clustering 

of the raw data. The differential gene expression (DEG) analysis was performed on the Bluebee 

platform (Illumina) for NT, KD_2, and, KD_3 HEK293T cells with respect to WT HEK293T 

cells, and visualized using volcano plots. After applying a false discovery rate (FDR) cut-off 

of < 0.01 and a fold-change cut-off of > 1.5, the DEGs from NT, KD_2 and KD_3 HEK293T 

cells were compared using Venny 2.1.0. 

(https://bioinfogp.cnb.csic.es/tools/venny/index.html). The DEGs in the KD_2 and KD_3 

HEK293T cells overlapping with the NT HEK293T cells were removed from further analysis, 

to negate the effect of off-targets coming from the NT shRNA. Gene ontology (GO) 

classification of the DEGs was initially performed on PANTHER (115). An exhaustive list of 

DEGs involved in metabolism was also extracted using the MGI database (116). Hierarchical 

clustering of DEGs involved in metabolism from all samples was done using a custom R-script. 

Pathway enrichment analysis was done on the metabolic DEGs using the BINGO plugin in 

Cytoscape (117) (performed with Amarendranath Soory). 

Polar metabolites extraction and LC-MS/MS analysis: Polar metabolites were extracted from 

cells using a protocol described earlier with minor modifications (118). Briefly, the cell pellets 

were re-VXVSHQGHG�LQ�����ȝ/�RI������Y�Y��HWKDQRO�ZLWK respective internal standards [2 nmol 

of 13C-glucose (Cambridge Isotopes #CLM-1396) for non-derivatized metabolites and 0.1 

nmol of D4-succinic acid (Cambridge Isotopes #DLM-2307) for derivatized metabolites]. The 
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cell suspension was incubated at 80 oC for 3 min with constant shaking and immediately kept 

on ice for 5 min. The mixture was then centrifuged at 20,000g for 10 min at 4 oC, following 

which, the supernatant containing the desired polar metabolites was transferred to a new tube, 

dried under vacuum, and stored at -40 oC until liquid chromatography-mass spectrometry (LC-

MS/MS) analysis. To study the TCA cycle intermediates, the dried extract was derivatized 

using an established protocol with minor modifications (118). Briefly, the dried extract was re-

VXVSHQGHG� LQ� ���� ȝ/� RI� ZDWHU� DQG� ��� ȝ/� RI� �� 0� 1-(3-dimethylaminopropyl)-1ƍ-

ethylcarbodiimide (EDC; prepared in 13.5 mM pyridine buffer, pH 5.0) and mixed gently. 

7KHUHDIWHU�����ȝ/�RI�����0�2-benzylhydroxylamine (OBHA; prepared in 13.5 mM pyridine 

buffer, pH 5.0) was added to the above mixture and mixed by shaking for 1 hour at ambient 

temperature (~ 25 o&���6XEVHTXHQWO\������ȝ/�RI�HWK\O�DFHWDWH�ZDV�DGGHG�WR�WKH�PLxture and 

mixed by shaking for 10 min followed by centrifugation at 3,000g for 5 min at 4 oC. The top 

layer was transferred in a new vial and the ethyl acetate extraction was done two more times. 

The top layers from all three rounds of extraction were pooled together, dried under vacuum, 

and stored at -40 oC until LC-MS/MS analysis. Amino acids were extracted using an 

established protocol with minor modifications (119). Briefly, cell pellets were re-suspended in 

����ȝ/�RI�80% (v/v) methanol containing 2 nmol 13C-alanine (Cambridge Isotopes #CLM-

116) as internal standard, vortexed, and incubated on ice for 10 min. The mixture was then 

centrifuged at 15,000g for 10 min at 4 o&��)RU�HYHU\����ȝ/�RI�WKH�VXSHUQDWDQW�����ȝ/�RI���� 

mM perfluoroheptanoic acid or tridecafluoroheptanoic acid (TDFHA) was added and mixed. 

The metabolites were stored at -40 oC until the LC-MS/MS analysis. The extraction of 

coenzyme-A (CoA) and esters of CoA from cells was done using a protocol described in the 

previous chapter (13). Derivatized, nonderivatized polar metabolites and esters of CoA were 

quantified using data-independent acquisition (IDA), whereas amino acids were quantified 

using the multiple reaction monitoring (MRM) method. The LC profiles are listed in Table 3.1 

and MS parameters in Table 3.3. 

Non-polar metabolites extraction and LC-MS/MS analysis: All lipids from cell pellets were 

extracted and analyzed using LC-MS/MS using an established protocol described by us (69). 

Internal standards used were 1 nmol 17:1 FFA (Sigma-Aldrich #H8896) for negative ion mode 

and 50 pmol of 17:0-20:4 phosphatidylcholine (PC) (Avanti #LM-1002) for positive ion mode 

for relative quantification of lipids. All the samples were analyzed on a Sciex X500R 

quadrupole time-of-flight (QTOF) mass spectrometer fitted with an Exion UHPLC system 

(Sciex). All the data were collected and analyzed using the SCIEX OS software. All the 
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metabolites were quantified by measuring the area under the curve, compared to that of the 

respective internal standard, and then normalized to the total protein content of the respective 

cell pellet. The dried metabolites were re-suspended in appropriate solvent using a bath 

sonicator and subsequently centrifuged at 20,000g for 5 min at 4 oC. The supernatant was 

injected ontR�HLWKHU�D�3KHQRPHQH[�*HPLQL��&���FROXPQ�����PP�î�����PP����ȝP������c���D�

3KHQRPHQH[�/XQD��&��FROXPQ�����PP�î�����PP����ȝP������c��RU�D�3KHQRPHQH[�6\QHUJL��

Fusion-53�&ROXPQ������PP�[�����PP����ȝP�����c��ILWWHG�ZLWK�D�3KHQRPHQH[�JXDUG�FROXPQ�

(3.2 mm X 8.0mm) using the Exion UHPLC system. Derivatized, nonderivatized polar 

metabolites and esters of CoA were quantified using data-independent acquisition (IDA), 

whereas amino acids and non-polar metabolites were quantified using the multiple reaction 

monitoring (MRM) method. All non-polar metabolites were quantified using the multiple 

reaction monitoring (MRM) method. The LC profiles are listed in Table 3.2 and MS 

parameters in Table 3.4. 

Table 3.1: LC profiles and parameters for polar metabolites 

  

Polar metabolites 

Non-derivatized 

polar 

metabolites 

Derivatized 

polar 

metabolites 

CoA and esters 

of CoA 
Amino acids 

Resuspension 

solvent 

25% ACN + 5% 

ammonium 

acetate 

1:1 (v/v) 

MeOH/H2O 

2% ACN in H2O 

with 100 mM 

ammonium 

formate 

- 

Resuspension 

volume 
75 uL 75 uL 75 uL - 

Loading 

volume 
50 uL 50 uL 50 uL 50 uL 

Column Fusion C18 C18 C18 
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Solvent A 

5 mM 

ammonium 

acetate in H2O 

99.9% H2O + 

0.1% FA 

2% ACN in H2O 

with 100 mM 

ammonium 

formate 

1 mM TDFHA in 

H2O 

Solvent B 100% ACN 
99.9% MeOH + 

0.1% FA 

98% ACN in 

H2O with 5mM 

ammonium 

formate 

100% ACN 

Autosampler 

temperature 
8 oC 8 oC 10 oC 10 oC 

Column oven 

temperature 
25 oC 40 oC 42 oC 30 oC 

Flow rate 0.4 mL/min 0.2 mL/min 0.2 mL/min 

Gradient %B Time (min) %B Time (min) %B Time (min) 

  0 0 0 0 0.1 0 

  5 3 0 2 0.1 2 

  60 10 60 8 15 3 

  95 11 90 9 15 8 

  95 14 90 19 25 11 

  5 15 0 20 25 18 

  0 16 0 30 0 30 

  0 21     
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Table 3.2: LC profiles and parameters for non-polar metabolites 

 

Non-polar metabolites 

Positive mode Negative mode 

TAG Cholesterol PL 
Lyso-

PL 
FFA PL 

Lyso-

PL 

Resuspension 

solvent 
1:1 (v/v) CHCl3/MeOH 

Resuspension 

volume 
200 µL 

Loading 

volume 
40 µL 40 µL 

20 

µL 
30 µL 10 µL 

20 

µL 
30 µL 

Column C5 C18 C18 C18 C18 C18 C18 

Solvent A 
95:5 (v/v) H2O/MeOH + 0.1% FA + 10 

mM ammonium formate 

95:5 (v/v) H2O/MeOH + 0.1% 

(v/v) ammonium hydroxide 

Solvent B 
60:35:5 (v/v) IPA/MeOH/H2O + 0.1% 

(v/v) FA + 10 mM ammonium formate 

60:35:5 (v/v) IPA/MeOH/H2O 

+ 0.1% (v/v) ammonium 

hydroxide 

Autosampler 

temperature 
10 10 10 10 

Column oven 

temperature 
40 30 30 30 

Flow rate 0.5 mL/min 0.3 mL/min 0.3 mL/min 0.3 mL/min 

Gradient %B Time (min) %B 
Time 

(min) 
%B 

Time 

(min) 
%B 

Time 

(min) 

 0 0 0 0 0 0 0 0 
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 0 4 0 5 0 4 0 5 

 100 9 100 20 100 9 100 20 

 100 12 100 25 100 12 100 25 

 0 12.1 0 25.1 0 12.1 0 25.1 

 0 20 0 30 0 20 0 30 

Table 3.3: MS parameters for polar metabolites 

  Polar metabolites 

Amino acids 

CoA and 

esters of 

CoA 

Derivatized 

polar 

metabolites 

Non-derivatized 

polar metabolites 

Ionization mode  Positive Positive Negative 

Ion source gas 1 

(psi) 
40 40 40 

Ion source gas 2 

(psi) 
50 50 45 

Curtain gas (psi) 30 30 35 

CAD gas (psi) 7 7 7 

Temperature 

(oC) 
350 500 500 

Spray voltage 

(V) 
3000 5500 -4500 
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Declustering 

potential (DP) 

(V) 

80 90 110 

DP spread (V) 0 20 20 

Collision energy 

(V) 
15 20 20 

Table 3.4: MS parameters for non-polar metabolites 

  Non-polar metabolites 

Positive mode Negative mode 

TAG Cholesterol PL LysoPL FFA PL LysoPL 

Ionization mode  Positive Positive Negative 

Ion source gas 1 

(psi) 
40 40 40 

Ion source gas 2 

(psi) 
50 50 50 

Curtain gas 

(psi) 
30 30 30 

CAD gas (psi) 7 7 7 

Temperature 

(oC) 
500 500 500 
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Spray voltage 

(V) 
5500 5500 -4500 

Declustering 

potential (DP) 

(V) 

90 80 -80 

DP spread (V) 20 30 0 

Collision 

energy (V) 
10 10 -10 

Western blot experiments: All western blot experiments on cell lysates done using established 

protocols described by us (67)(13). All blots were developed using the SuperSignal West Pico 

PLUS Chemiluminescent substrate (Thermo Fisher Scientific #34580) and imaged thereafter 

on a Syngene Chemi-XRQ gel documentation system. The primary rabbit polyclonal anti-

ABHD14B was developed and characterized in-house (13). Primary anti-GAPDH was 

purchased from Abcam (Catalog# ab8245). The secondary antibodies anti-rabbit IgG HRP was 

purchased from Thermo Fisher Scientific (catalog# 31460) and anti-mouse IgG HRP was 

purchased from Abcam (catalog# ab6789). All primary and secondary antibodies were used at 

a dilution of 1:1000 and 1:10,000 respectively. 

Quantitation and statistical analysis: Unless otherwise mentioned all data presented in this 

chapter, are mean ± standard deviation for the biological replicates from independent 

experiments as reported for that experiment. Unless otherwise mentioned, all graphs, plots, and 

statistical analyses reported in this paper were made using the GraphPad Prism 9 (version 9.3.1 

(350)) for Mac OS-X software. An XQSDLUHG�6WXGHQW¶V�W-test was used to determine statistical 

significance between two groups, and a p-value < 0.05 was considered statistically significant 

in this study unless mentioned otherwise. 

Results 

Quality of the transcriptomics data: Preliminary studies have shown that by its putative 

interactions with the HAT domain of TAFII250, ABHD14B can regulate transcriptional activity 

in mammalian cells (40). In the previous chapter I annotated ABHD14B as a novel KDAC, and 

other KDACs (e.g., Sirtuins, HDACs) are known regulators of transcription, and in turn, 
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metabolic activity in mammals. Given this precedence, I decided to perform a transcriptomics 

analysis in mammalian cells, where ABHD14B was depleted. I have previously shown that 

plasmids KD_2 and KD_3 produced robust and significant (>90%) knockdown of ABHD14B 

in mammalian HEK293T cells relative to a control non-targeting (NT) plasmid, and chose this 

system for the transcriptomics studies (Figure 3.2A) (13). In this study, I also included 

XQWUHDWHG�³ZLOG�W\SH´��:7��+(.���7�FHOOV�DV�DQ�DGGLWLRQDO control, to negate any unknown 

³RII´� WDUJHWV� RI� WKH� FRQWURO�17�SODVPLG�� DQG� HQULFK� IRU transcriptional changes specifically 

brought about by the depletion of ABHD14B in this cell line. Using standard protocols, RNA 

was isolated from all these HEK293T cell lines, and transcriptome analysis was performed 

using the Ilumina NextSeq platform as per PDQXIDFWXUHU¶V�LQVWUXFWLRQV�(Figure 3.2B).  

A 

 

B 

 

Figure 3.2: (A) Representative western blots confirming the knockdown of ABHD14B at a 

protein level (> 90%) in HEK293T cells following transfections with KD_2 or KD_3 plasmids, 

relative to a non-targeting (NT) plasmid or no plasmid WT HEK293T cells. GAPDH was used 
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as protein loading control for this experiment. This western blot analysis was performed three 

times with reproducible results each time. (B) A schematic representation of the pipeline used 

for the RNA-sequencing experiments and downstream analysis of this transcriptomics data 

from HEK293T cells, where ABHD14B was depleted. 

First, to ensure relatedness between samples of a particular HEK293T cell line (i.e., KD_2, 

KD_3, NT and WT), after examining the raw reads (Figure 3.3A), we performed a principal 

component analysis amongst all these samples (Figure 3.3B), and found tight clustering of 

samples of a particular cell line, suggesting that a particular cell line behaved like wise in the 

transcriptomics analysis.  

A                                                                  B 

          

Figure 3.3: (A) Plot showing the quality of the raw reads from the RNA-sequencing experiment, 

DV�GHSLFWHG�E\�³&RXQWV´�RQ�WKH�\-D[LV��DQG�WKH�³0HDQ�6HTXHQFH�4XDOLW\��3KUHG 6FRUH�´�RQ�

the x-axis. Data represents mean from four biological replicates per experimental group. (B) 

Principal component analysis (PCA) for the gene expression data from various samples, 

showing tight clustering of the various experimental groups. Here each point represents a 

biological replicate. 

Differential expression analysis: Next, I looked for the differentially expressed genes (DEGs) 

in the KD_2 and KD_3 treated HEK293T cell lines relative to WT HEK293T cells, and found 

1817 (1017 up-regulated and 800 down-regulated) and 1484 (841 up-regulated and 643 down-

regulated) DEGs respectively that passed the set threshold (>1.5-fold change and pvalue < 

0.01) from this analysis (Figure 3.4A and B). Here, I also found that relative to WT HEK293T 

cells, NT treated HEK293T cells, also showed 1507 (832 upregulated and 675 down-regulated) 

DEGs (Figure 3.4C), and therefore, I decided to remove such DEGs (off-targets of NT) from 
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further analysis. For this, I assessed the data using a Venn diagram (Figure 3.4D), and found 

a total of 743 genes that were differentially enriched (410 upregulated and 333 down-regulated) 

in either KD_2 (375 genes, 205 up-regulated and 170 down-regulated) or KD_3 (168 genes, 

91 up-regulated and 77 down-regulated) or both (200 genes, 114 up-regulated and 86 down-

regulated) HEK293T cell line. 

A                                                                                  B 

                 

C                                                                           D 

          

Figure 3.4: Volcano plot showing differentially expressed genes (DEGs) in KD_2 (A), KD_3 

(B) and NT (C) HEK293T cells relative to WT HEK293T cells as determined by RNA-

sequencing. The data represents mean values from four independent biological experiments. A 

cut-off of p-value < 0.01 was set for the genes, with a change of > 1.5-fold. Based on this filter, 

up-regulated and down-regulated genes are colored in blue and red respectively. (D) Venn 

diagram analysis of the DEGs from the transcriptomics analysis of KD_2, KD_3 and NT 

HEK293T cells relative to WT HEK293T cells, used to eliminate the off-targets of NT 

HEK293T cells from subsequent bioinformatics analysis. 
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Gene ontology analysis: Having shortlisted 743 putative DEGs from the aforementioned 

transcriptome analysis, leveraging bioinformatics platforms, I next wanted to identify the 

possible biological pathways that might be altered as a result of depleting the KDAC 

ABHD14B in HEK293T cells. Towards this, I first decided to perform a gene ontology survey, 

and searched these 743 DEGs in the PANTHER classification system 

(http://www.pantherdb.org). From this analysis, I found that out of the 743 DEGs, 369 were 

annotated in the PANTHER database, while the remaining 374 DEGs were classified as 

uncharacterized or unknown in classification system. Amongst the 369 DEGs annotated in 

PANTHER, I found that enzyme involved in central metabolic processes (81 genes, 30 

upregulated and 51 downregulated) and transcriptional regulators modulating metabolic 

processes (41 genes, 33 upregulated and 8 downregulated) were the most enriched class of 

genes (Figure 3.5). Several other proteins (or enzymes) involved in metabolic processes 

(Figure 3.5) also showed up from this gene ontology study, and suggested that ABHD14B 

might be involved in the regulation of metabolism.  

 

Figure 3.5: Gene ontology annotation of the DEGs, showing various protein classes (left), and 

the number of DEGs from each class (right) from the KD_2 and/or KD_3 HEK293T cells 

relative to WT HEK293T cells using the PANTHER classification system. 

Transcriptomics shows ABHD14B regulates central metabolic pathways: To avoid any 

database bias, I performed a similar gene ontology analysis in the MGI database 
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(http://www.informatics.jax.org), and found that of the 743 DEGs, a significant majority (329 

genes, 178 up-regulated and 151 down-regulated) had putative roles to play in central 

metabolic processes and/or its regulation, especially glucose metabolism. We performed a 

hierarchical clustering analysis of these 329 DEGs involved in metabolism from the gene 

ontology search from the MGI database for the replicates from the transcriptome analysis, and 

found a significant change in their expression profiles in almost all the KD_2 or KD_3 

HEK293T cell replicates relative to WT HEK293T cell replicates (Figure 3.6). Finally, using 

Cytoscape (https://cytoscape.org), I performed a biological network analysis on these 329 

DEGs putatively involved in metabolism, and found that cellular or primary metabolic 

processes (e.g., glycolysis, citric acid cycle) was the most overrepresented pathway annotation, 

followed by regulation of metabolic processes (Figure 3.7). Taken together, the 

transcriptomics study coupled with the gene ontology and bioinformatics analysis from 

PANTHER and MGI database strongly suggest that ABHD14B regulates expression of 

numerous proteins/enzymes involved in central metabolic processes (especially glucose 

metabolism), and/or transcriptional regulators of primary metabolic processes.  
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Figure 3.6: Hierarchical clustering analysis of the various DEGs involved in metabolic 

pathways and processes as per the MGI database, showing like-wise up- or down-regulation 

in expression profiles in KD_2 and/or KD_3 HEK293T cells relative to WT HEK293T cells. 

The gene names written on the graph, were considered important metabolic genes as part of 

this study, showing stark changes in KD_2 and/or KD_3 HEK293T cells relative to WT 

HEK293T cells, and are further summarized in Figure 3.11. 
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Figure 3.7: Cellular network analysis using the Cytoscape program, showing that, amongst the 

various DEGs identified from the MGI database, primary metabolic processes (e.g., glycolysis 

and TCA cycle) and regulators of these processes are the most enriched or overrepresented 

biological pathways from this bioinformatics analysis. 

Metabolomics shows ABHD14B regulates glucose metabolism: Since the transcriptomics 

analysis hinted at a role for ABHD14B in regulating cellular central metabolic pathways 

(particularly glucose metabolism), I decided to perform a focused metabolomics analysis, and 

determine if any metabolites and/or central pathways were altered in mammalian cells 

following ABHD14B depletion. Towards this, using established metabolite extraction and LC-

MS/MS methods (Figure 3.8A), I performed semi-quantitative untargeted (information-

dependent acquisition, IDA) and/or targeted (multiple reaction monitoring, MRM) 

metabolomics analysis in HEK293T cells, where ABHD14B was significantly knocked down 
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relative to NT control. In these metabolomics analysis (like the transcriptomics analysis), 

untreated WT HEK293T cells were also used as an additional control, and metabolites analyzed 

from all treated cell lines (NT, KD_2, and KD_3) were normalized to WT HEK293T cells, to 

HQVXUH� DQ\�³RII´ target effects were nullified in this metabolomics analysis. From this LC-

MS/MS based metabolomics analysis, the PHWDEROLWHV�ZHUH�FRQVLGHUHG�DV�³KLWV´��VLJQLILFDQWO\�

altered) if they passed the selection filter i.e., a >1.5-fold change (increase or decrease) with a 

stringent p-value < 0.01 in both KD_2 and KD_3 groups relative to the NT control group. 

While I was able to confidently identify and semi-quantitate ~ 200 unique metabolites, only a 

few (~ 30) passed the aforementioned selection filter and evaluated further (Figure 3.8B). 

A 

 

B 

             

Figure 3.8: (A) A schematic representation of the pipeline employed for the LC-MS/MS based 

metabolomics experiments and downstream analysis of this data from HEK293T cells, where 
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ABHD14B was knocked down. (B) Volcano plot showing differentially changing metabolites 

in KD_2 and KD_3 HEK293T cells relative to NT HEK293T cells (all values normalized to 

WT HEK293T cells) as determined by established LC-MS/MS analysis. The data represents 

mean values from six independent biological experiments, with a cut-off of p-value < 0.01 

(dashed line parallel to x-axis), and a > 1.5-fold change (dashed lines parallel to y-axis). Based 

on this filter, the metabolites or intermediates involved in central glucose metabolic pathways 

that have reduced cellular concentrations are colored in red. 

Interestingly, and corroborating the transcriptomics data, prominent amongst the altered 

metabolites, were several key intermediates from the glycolysis pathway and citric acid cycle 

(or tricarboxylic acid cycle, TCA cycle), that were significantly reduced in their cellular 

concentrations upon ABHD14B depletion in HEK293T cells (Figure 3.8B). Amongst all the 

altered metabolites, the end intermediate and/or product of glycolysis, pyruvate, was the most 

substantially reduced in its cellular concentrations in both KD_2 (~ 85%) and KD_3 (~ 95%) 

groups (Figure 3.9), while another high energy glycolytic intermediate, 3-phosphoglycerate 

(3-PG), was also significantly reduced by ~50% in both KD_2 and KD_3 groups (Figure 3.9). 

Further, I also found from this metabolomics analysis, that downstream of glycolysis, several 

important TCA cycle intermediates namely, 2-ketoglutarate (2-KG) (or Į-ketoglutarate), 

succinyl-CoA, fumarate and malate were also consistently reduced in their cellular 

concentrations by 40 to 60% in both KD_2 and KD_3 groups (Figure 3.9). 
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Figure 3.9: Relative quantification of intermediates of the glycolysis and TCA cycle, showing 

significantly reduced cellular concentrations in KD_2 and KD_3 HEK293T cells relative to 

NT HEK293T cells (all values normalized to WT HEK293T cells). Bars represents mean ± 

standard deviation from six biological replicates (independent experiments) per group. 

Since the transcriptomics analysis suggested that ABHD14B was possibly involved in 

regulating expression of genes involved in central or primary metabolic pathways, I also looked 

in more detail at various other metabolites (e.g., amino acids, fatty acids, neutral and 

phospholipids) (Figure 3.10A). Here, I found that relative to most of the other central 

metabolic pathways, upon depletion of ABHD14B, glycolysis and TCA cycle were by far the 
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most perturbed central (or primary) metabolic pathways, in that most metabolites of these 

pathways were significantly reduced in cellular concentration. Interestingly, apart from the 

metabolites discussed earlier (Figure 3.9), I found that a few more intermediates on glycolysis 

and/or TCA cycle namely coenzyme A (Co-A), acetyl-CoA and oxaloacetate, along with some 

shunt and/or byproducts of these pathways (glyoxalate, lactate and 2-hydroxyglutarate), all 

showed a consistent reduction (~ 20 ± 40%) in cellular concentration upon ABHD14B knock 

down, but did not pass the strict selection filters described earlier (Figure 3.10A). Besides 

glycolysis and the TCA cycle, I did not find any altered cellular levels for various amino acids, 

free fatty acids (saturated, mono- or poly-unsaturated), most phospholipids (phosphatidic acid, 

phosphatidylglycerol, phosphatidylserine, phosphatidylinositol) and all measured 

lysophospholipids as a result of ABHD14B depletion in HEK293T cells (Figure 3.10A). I did 

however notice that there was a modest increase (~ 30%) in cellular triglycerides and abundant 

phospholipids (phosphatidylcholines, phosphatidylethanolamines) levels with a concomitant 

decrease in cellular cholesterol levels in HEK293T cells with depleted ABHD14B levels 

(Figure 3.10A and B).  
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                   A                                                                               B 

                       

Figure 3.10: (A) Heat map plot from every individual experiment from KD_2 and KD_3 

HEK293T cells relative to NT HEK293T cells (all values normalized to WT HEK293T cells), 

showing relative cellular concentrations of metabolites and/or intermediates from different 

central metabolic pathways (glycolysis, TCA cycle) and for various type of biomolecules (e.g., 

sugars, amino acids, lipids). Colors in red and blue represent a decrease and increase in 
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cellular concentration respectively. (B) Relative quantification of various lipids (cholesterol, 

triglyceridess (TAG), phosphatidylcholine (PC), phosphatidylethanolamine (PE)) showing 

altered cellular concentrations in KD_2 and KD_3 HEK293T cells relative to NT HEK293T 

cells (all values normalized to WT HEK293T cells). For TAG, PC, and PE a weighted average 

(based on relative concentrations) for fold changes of all the species for that lipid class was 

calculated. Bars represents mean ± standard deviation from six biological replicates 

(independent experiments) per group. 

Discussion 

Protein lysine acetylation is an abundant and important PTM, that regulates many facets of 

mammalian physiology, and enzymes that control the formation or degradation of this 

reversible PTM serve as critical metabolic lynchpins (109)(106). I annotated the orphan serine 

hydrolase enzyme ABHD14B as a novel KDAC, and in doing so, have expanded the catalytic 

mechanisms used by this enzyme family for protein lysine acetyl-transferase reactions (13) 

(Figure 3.1). Following up on this discovery, I wanted to map the biological pathways that 

ABHD14B regulates and/or influences, given its restricted expression in metabolically active 

tissues (e.g., liver and kidneys). Towards this, I performed an integrated transcriptomics 

(Figure 3.2-3.7) and metabolomics (Figure 3.8-3.11) analysis in HEK293T cells, where 

ABHD14B was significantly depleted, and found several metabolic pathways, especially those 

associated with glucose metabolism were significantly altered.  
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Figure 3.11: A model summarizing the transcriptome and metabolite changes following 

ABHD14B depletion. All genes colored in green and red represent up- and downregulated 

DEGs respectively based on the RNA-sequencing based transcriptomics analysis performed in 

HEK293T cells following the knockdown of ABHD14B. The metabolites in red boxes represent 

metabolites significantly reduced in cellular concentrations based on the LC-MS/MS based 

metabolomics experiments in HEK293T cells following depletion of ABHD14B. Abbreviations 

for all genes and metabolites are shown in this figure are described in the Discussion section. 

Based on the aforementioned data, albeit preliminary, I propose a model (Figure 3.11), 

summarizing all the transcriptome and metabolite changes associated with dysregulated 

glucose metabolism. On the glycolysis pathway, I find from our transcriptome analysis, that 

the expression of Parkin (PRKN) is significantly upregulated, and this E3 ubiquitin ligase is a 

negative regulator of glucokinase (GK), the enzyme catalyzing the first committed step of 

glycolysis, where glucose is converted to glucose-6-phosphate (G-6-P). On the glycolytic 

pathway, I also find that the expression of the enzymes bisphosphoglycerate mutase (BPGM), 

and enolase 1 (ENO1) are significantly downregulated following the depletion of ABHD14B 

in HEK293T cells. BPGM is responsible for the production of 3-PG during glycolysis, while 

ENO1 catalyzes the formation of the very high energy and short-lived phosphoenolpyruvate 

(PEP) intermediate, that subsequently drives an energetically downhill reaction to form 

pyruvate, the end product of glycolysis. The metabolomics studies, show a strong correlation 

to the transcriptomic changes of both BPGM and ENO1, in that, I find that the cellular levels 

of both 3-PG and pyruvate are substantially diminished (Figure 3.9), suggesting that together 

with the regulatory effects of PKRN, the glycolysis pathway is significantly downregulated in 

HEK293T cells upon ABHD14B knockdown. Subsequent to glycolysis, its end product 

pyruvate is converted to acetyl-CoA by the pyruvate dehydrogenase enzyme complex, and 

acetyl-CoA then feeds into the TCA cycle, thus linking these two-important primary central 

metabolic processes. The previous studies show that, cellular acetyl-CoA is also generated by 

the KDAC reaction of ABHD14B, and depleting ABHD14B in HEK293T cells results in its 

decreased cellular levels of acetyl-CoA. Since both the cellular pyruvate levels and ABHD14B 

are substantially reduced, the overall cellular concentrations of acetyl-CoA also concomitantly 

decrease, which in turn also affects the TCA cycle. 

On the TCA cycle, I found that the cytosolic isocitrate dehydrogenase 1 (IDH1) was 

significantly downregulated, and metabolomics confirmed that the cellular concentrations of 
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2-KG (Figure 3.9), the product of the IDH1 catalyzed conversion of isocitrate, were also 

significantly lowered. Since IDH1 catalyzes the first committed step in the TCA cycle, several 

other downstream TCA intermediates (succinyl-CoA, fumarate, and malate) also had 

significantly reduced cellular concentrations (Figure 3.9). Interestingly, in the peroxisomes, 2-

KG is needed as a co-substrate for the conversion of phytanic acid to 2-hydroxyphytanic acid 

by the enzyme phytanoyl-CoA 2-hydroxylase (PHYH), so that phytanic acid can be 

metabolized via the beta-oxidation pathway. I find that upon ABHD14B depletion in HEK293T 

cells, the expression of PHYH is upregulated, and therefore, cellular 2-KG is also presumably 

utilized via this pathway, and shunted away from the TCA cycle. Upon ABHD14B depletion, 

I also found that an upregulation in the expression of the enzyme D-3-phosphoglycerate 

dehydrogenase (PHGHD), that converts 2-KG to 2-hydroxyglutarate, and this also shunts 2-

KG away from the TCA cycle, causing its cellular levels to be lowered. Further, I found that 

the enzyme sedohepulokinase (SHPK), which phosphorylates sedoheptulose to sedoheptulose-

7-phosphate (S-7-P), was downregulated upon ABHD14B depletion. S-7-P directly feeds into 

the pentose phosphate pathway and gets converted to fructose-6-phosphate and 

glyceraldehyde-3-phosphate, both of which eventually feed into glycolysis, and by 

downregulating SHPK, the contribution of this pathway to sustain glycolysis also seems to be 

diminished. 

Both glycolysis and the TCA cycle are energy generating (catabolic) process during glucose 

metabolism, and I find that upon ABHD14B depletion, the cellular concentrations of several 

intermediates on these pathways are substantially reduced. Not surprisingly, downstream of 

these pathways, I find that various components of the electron transport chain (ETC) protein 

complex (e.g., NDUFAF5 and MT-ND5 from complex I, and MT-ATP8 and DNAJC30 from 

complex V) and regulators (activators) of the ETC (e.g., SLC25A4, FIS1, PARK7) that mediate 

the import of ADP into the mitochondrial matrix for ATP synthesis have lowered expression 

in cells upon ABHD14B depletion. Concomitantly, I also find that several genes (e.g., RORA, 

CAMK2N2, PROX1, and FGF21) that modulate gluconeogenesis are also upregulated in 

ABHD14B deplete HEK293T cells.  
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CHAPTER 4 

SUMMARY AND CONCLUSION 

Į�ȕ-hydrolase domain-containing protein #14B (ABHD14B) is an orphan metabolic serine 

hydrolase. The enzyme was first identified as an interactor of TAFII250 (TATA box-binding 

protein-associated factor, 250 kDa), the largest subunit of the general transcription factor 

TFIID in a yeast two-hybrid screen. Further investigation showed that ABHD14B interacted 

specifically with the HAT (histone acetyltransferase) domain of the TAFII250 protein(40). A 

transcriptional activation assay using CIB-Gal4 DBD (DNA binding domain) protein showed 

DFWLYDWLRQ�RI�WKH�WUDQVFULSWLRQ�RI�WKH�ȕ-galactosidase gene in yeast. The crystal structure of the 

enzyme was solved to 2.2-Å resolution by x-ray crystallography and the structure of 

ABHD14B was highly similar to that of the SURNDU\RWLF�DQG�HXNDU\RWLF�HQ]\PHV�RI�WKH�Į�ȕ-

K\GURODVH� VXSHUIDPLO\� DQG� LW� SRVVHVVHG� WKH�FDQRQLFDO�Į�ȕ-hydrolase fold and the conserved 

catalytic triad constituted by Ser-111, His-188, and Asp-162. The enzyme displayed hydrolase 

activity against the typical hydrolase substrate, p-nitrophenyl butyrate. Despite these findings, 

the physiological substrate(s) and function(s) of ABHD14B remain elusive. As a part of this 

thesis, I have addressed the following broad objectives: 

1. Biochemically characterize recombinant human ABHD14B purified from bacterial 

sources and find its biological substrate.  

2. Demonstrate the role of ABHD14B in transcriptional regulation and cellular 

metabolism. 

By substrate hydrolysis assays using surrogate acylated pNp analogs I show that ABHD14B 

has a very tight substrate SAR and strongly prefers pNp-acetate as a substrate and, as the chain 

length of the acylated group of pNp increases, the efficiency of enzymatic hydrolysis of 

ABHD14B concomitantly decreases. I then show that binding of CoA to ABHD14B 

significantly increases the level of pNp-acetate hydrolysis, and that this enzyme can in fact 

transfer the acetyl group from pNp-acetate to CoA to form acetyl-CoA in the process. I 

successfully generated genetic knockdown of ABHD14B in human HEK293T cells and 

observed that it results in increased levels of protein lysine acetylation and decreased cellular 

concentrations of acetyl-CoA, thereby confirming in cell physiological settings that ABHD14B 

functions as a lysine deacetylase. I finally validate these cellular findings by complementary in 

vitro acetyltransferase assays using acetylated lysine-containing peptide and protein substrates 

and show that ABHD14B can in fact produce acetyl-CoA from these substrates. Taken together 
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these results show 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. I characterize a custom-made anti-ABHD14B antibody by western blotting 

analysis and immunofluorescence (IFA) experiments and show its high specificity for 

ABHD14B in cells and tissues. I show the cellular localization of ABHD14B in both nucleus 

and cytoplasm from the IFA experiments. 

I next wanted to map the biological pathways that ABHD14B regulates and/or influences, 

given its restricted expression in metabolically active tissues (e.g., liver and kidneys). To 

address this, I performed an integrated transcriptomics and metabolomics analysis in HEK293T 

cells, where ABHD14B was significantly depleted. On the glycolysis pathway, I find from the 

transcriptome analysis, that the expression of Parkin (PRKN) is significantly upregulated, and 

that of the enzymes bisphosphoglycerate mutase (BPGM), and enolase 1 (ENO1) are 

significantly downregulated following the depletion of ABHD14B in HEK293T cells. In strong 

correlation to this, the metabolomics studies, show that the cellular levels of both 3-PG and 

pyruvate are substantially diminished, suggesting that, the glycolysis pathway is significantly 

downregulated in HEK293T cells upon ABHD14B knockdown. I already showed that, cellular 

acetyl-CoA is also generated by the KDAC reaction of ABHD14B, and depleting ABHD14B 

in HEK293T cells results in its decreased cellular levels of acetyl-CoA. On the TCA cycle, I 

found that the cytosolic isocitrate dehydrogenase 1 (IDH1) was significantly downregulated, 

and metabolomics confirmed that the cellular concentrations of 2-KG, the product of the IDH1, 

were also significantly lowered. Since IDH1 catalyzes the first committed step in the TCA 

cycle, several other downstream TCA intermediates (succinyl-CoA, fumarate, and malate) also 

had significantly reduced cellular concentrations. I find that upon ABHD14B depletion in 

HEK293T cells, the expression of phytanoyl-CoA 2-hydroxylase (PHYH) is upregulated, 

which uses 2-KG as a co-substrate in peroxisomal beta-oxidation pathway, and therefore, 

cellular 2-KG is also presumably shunted away from the TCA cycle. Upon ABHD14B 

depletion, I also found that an upregulation in the expression of the enzyme D-3-

phosphoglycerate dehydrogenase (PHGHD), that converts 2-KG to 2-hydroxyglutarate, and 

this also shunts 2-KG away from the TCA cycle, causing its cellular levels to be lowered. 

Further, I found that the enzyme sedohepulokinase (SHPK), which phosphorylates 

sedoheptulose to sedoheptulose-7-phosphate (S-7-P), was downregulated upon ABHD14B 

depletion. S-7-P directly feeds into the pentose phosphate pathway and gets converted to 
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fructose-6-phosphate and glyceraldehyde-3-phosphate, both of which eventually feed into 

glycolysis, and by downregulating SHPK, the contribution of this pathway to sustain glycolysis 

also seems to be diminished. 

Also downstream of these pathways, I find that various components of the electron transport 

chain (ETC) protein complex (e.g., NDUFAF5 and MT-ND5 from complex I, and MT-ATP8 

and DNAJC30 from complex V) and regulators (activators) of the ETC (e.g., SLC25A4, FIS1, 

PARK7) that mediate the import of ADP into the mitochondrial matrix for ATP synthesis have 

lowered expression in cells upon ABHD14B depletion. Concomitantly, I also find that several 

genes (e.g., RORA, CAMK2N2, PROX1, and FGF21) that modulate gluconeogenesis are also 

upregulated in ABHD14B deplete HEK293T cells. Overall, I successfully demonstrate the 

effect of ABHD14B knockdown in transcriptional regulation of metabolic genes and the 

dysregulation of glucose metabolism as a consequence. 
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CHAPTER 5 

FUTURE PROSPECTS 

Projecting ahead, my findings open several research avenues for this interesting yet, cryptic 

metabolism regulating novel KDAC. First and foremost, because the deacetylation mechanism 

catalyzed by ABHD14B is novel, having three-dimensional structures with putative acetylated 

lysine substrate (or their analogues), and CoA and/or acetyl-CoA bound to the enzyme, will 

provide new insights into the structural basis for this catalytic reaction. Second, I show that 

disruption of ABHD14B in mammalian cells results in increased levels of lysine acetylation of 

cellular proteins, suggesting that these are in fact the substrates of ABHD14B. With the goal 

of mapping these, the initial identification of proteins that interact with or tightly bind to 

ABHD14B can be achieved by established immunoprecipitation (IP) experiments in 

conjunction with mass spectrometry-based proteomics using the antibody I report in this study. 

Additionally, established mass spectrometry-based proteomics platforms can also be leveraged 

WR�PDS�WKH�³JOREDO�DFHW\ORPH�SURILOH´�LQ�PDPPDOLDQ�FHOOV following ABHD14B disruption, to 

cover substrates that might be missed by IP experiments (120)(121)(122). Third, all our cellular 

metabolite measurements performed were done at steady state conditions, and to tease out 

mechanistic details of the glucose metabolism regulated by ABHD14B, pulse-chase and 

isotopic-tracer based fluxomics experiments are definitely needed. Fourth, we have shown that 

ABHD14B plays an important role in regulating central glucose metabolism, and it would be 

interesting to study how depleted ABHD14B activity affects physiological processes intricately 

associated with glucose metabolism (e.g., cell growth and division, and mitochondrial 

respiration. Fifth, publicly available databases (74) and genome-wide association studies 

(54)(123)(124)(56) 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 to understand the metabolic pathways that are regulated by 

ABHD14B in this physiological context. Lastly, there are no specific inhibitors, or knockout 

mice described in the literature for ABHD14B, and having such pharmacological tools or 

genetic animal models, respectively, would greatly benefit researchers studying the biology of 

this metabolically exciting enzyme moving forward. 
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