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Editorial

This is my first editorial article after becoming 
the board member of Research on Chronic 
Diseases. In this article, I would like to highlight 
the importance of coenzyme-A (CoA) dependent 
enzymes, particularly thiolases, for drug discovery 
research. CoA dependent enzymes are essential 
in various metabolic pathways. Approximately 
4% of enzymes in the cells are CoA dependent 
and they are often involved in lipid/fatty acid 
metabolism (Figure 1) [1]. Lipid molecules are 
essential for the viability of all forms of life. These 
molecules are not only important constituents of 
the cell membrane but also used for producing 
energy in cells [2,3]. Thiolase superfamily is 
an important class of enzymes that belong to 
CoA dependent enzyme group. These enzymes 
are involved in fatty acid biosynthesis by 
carbon-carbon bond formation via a thioester-
dependent Claisen-condensation reaction. They 
also play an important role in the degradation 
of fatty acids in the β-oxidation pathway [4]. 
3-Ketoacyl-ACP synthases (KASs) are thiolase 
superfamily enzymes that are involved in fatty 
acid biosynthesis. There are two types of fatty 
acid synthesis (FAS) pathways known, namely 
FAS-I and FAS-II. FAS-I pathway is catalyzed by 
a large multi-domain protein complex, whereas 
FAS-II pathway is catalyzed by monofunctional 
enzymes [5]. In prokaryotes, fatty acids are 
synthesized by FAS-II pathway [6]. In eukaryotic 
cells, fatty acid synthesis is compartmentalized in 
the cytosol and mitochondria (and chloroplast 
in plants). The eukaryotic cytosol has the FAS-I 
fatty acid synthesis system, whereas mitochondria 
have the FAS-II [7]. Fatty acid synthesizing 
enzymes are mostly acyl carrier protein (ACP) 
dependent.

Thiolases are another set of enzymes that catalyze 
degradation of fatty acids in the β-oxidation 
pathway, which is the reversal of the fatty acid 
synthetic pathway. The main difference between 
two pathways is that the fatty acid synthesis 
is ACP dependent, whereas the fatty acid 
degradation is CoA dependent. Also, the fatty 
acid synthesis is NADP dependent, whereas 
β-oxidation is NAD dependent [8]. There are 
four different steps including dehydrogenation, 
hydration, oxidation and thiolytic cleavage 
that are involved in the β-oxidation pathway. 
The first reaction is catalysed by acyl-CoA 
dehydrogenase (mitochondrial) or acyl-CoA 
oxidase (peroxisomal) in which the trans-2 
form of acyl-CoA molecules is generated. The 
second involves the hydration of trans-2 acyl-
CoA into 3-hydroxyacyl-CoA. This step is 
catalyzed by hexameric enoyl-CoA hydratase 
[9]. The mitochondrial hydration is also done by 
the trifunctional enzyme (TFE, also producing 
L-3-hydroxyacyl-CoA), which also catalyzes 
the third and fourth steps of β-oxidation [10]. 
In peroxisome, the second and third steps are 
catalyzed by MFE1 and MFE2 [8]. MFE1 
produces the L-3-hydroxyacyl-CoA intermediate, 
whereas for MFE2, the intermediate is R-3-
hydroxyacyl-CoA. In mitochondria, the 
third step is catalyzed by a monofunctional 
3-hydroxyacyl-CoA dehydrogenase. In this 
reaction, the L-3-hydroxyacyl-CoA molecule 
is converted into 3-ketoacyl-CoA, which 
undergoes thiolytic cleavage in the last (fourth) 
step catalyzed by thiolase enzyme.

Six different thiolases (CT, T1, T2, AB, SCP2 
and TFE) have been discovered in the cytosol, 
mitochondria and peroxisomes of human 
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cells. They occur as dimers or tetramers and 
have different enzyme kinetic properties and 
substrate specificities (4, 11). Enzymes of 
the thiolase superfamily share a conserved 
characteristic structure referred as the thiolase 
fold (βαβαβαββ; Figure 1) [11-13]. The first 
thiolase structure was discovered in the Wierenga 
laboratory in 1994 [12]. The polypeptide chain 
of thiolases consists of approximately 400 amino 
acid residues folded into three distinct domains: 
an N-domain, a loop region, and a C-domain. 
The residues important for CoA binding belong 
mostly to the loop domain. The catalytic residues 
reside in the loops of the core domains. Thiolases 
have four sequence fingerprints in their catalytic 
loops, including CxS-, NEAF-, GHP-, and 
CxG-motifs (4). CxS-cysteine is the nucleophilic 
cysteine of Nβ3-Nα3. The nucleophilic cysteine 
gets acylated during the reaction. The NEAF-
motif belongs to the Cβ2-Cα2 loop and the 
asparagine side chain of this motif forms the 
oxyanion hole-1 (OAH1), which is involved in 
the stabilization of the negative charge on the 
thioester oxygen atom formed during catalysis. 
In SCP2- and TFE-thiolases, this sequence 
fingerprint is HDCF and HEAF, respectively. 
The histidine of GHP-loop (in the Cβ3-Cα3 
loop) is also a hydrogen bond donor to OAH1 
and is important for activating the nucleophilic 
cysteine. The CxG-motif belongs to the Cβ4-
Cβ5 loop and the cysteine of this loop acts as 
acid/base [4,14].

Several other enzymes have been found to be 
structurally related to thiolases described above 
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and consequently a thiolase superfamily has been 
formed, which includes not only the degradative 
and biosynthetic thiolases, but also other 
enzymes like the chalcone synthases (CHSs) 
and polyketide synthases (PKSs), as well as the 
HMG-CoA synthases [15]. To the best of my 
knowledge the enzymes of these three subclasses 
occur always as dimers.

The catalytic diversity of these enzymes is 
of the great research interest. The crucial 
metabolic importance of these enzymes in lipid 
metabolism makes them important for drug 
discovery research. Fatty acid molecules are 
essential for the viability of all forms of life. 
Consequently, these enzymes are also important 
from a pharmaceutical point of view to target 
infectious microorganisms. There are very few 
inhibitors developed for thiolase superfamily 
enzymes; for example, platensimysin [16], 
platencin, thiolactomycin [17] and cerulenin 
[18] were developed for KAS enzymes. Another 
inhibitor known as isoniazid, used in the 
treatment of tuberculosis, is an inhibitor of 
Mycobacterium tuberculosis KAS. The HMG-
CoA synthase is also a target for the development 
of cholesterol lowering drugs [19,20]. Thiolase 
enzymes have not been explored enough for 
drug discovery. These enzymes are found in all 
organisms including prokaryotes and eukaryotes. 
Remarkably, although thiolases have the same 
structural fold, but the sequences and substrate 
specificities are very different. The thiolase 
distribution in pathogenic bacteria and parasites 
is very different; for example, MTB and MSM 
have 8 and 13 thiolases respectively, whereas 
protozoa parasites have 1-2 thiolases [14]. 

Figure 1: (A) The monomer subunit structure of Zoogloea ramigera thiolase (PDB ID: 1DM3). This is the common 
structural fold of thiolase superfamily enzymes. (B) The reaction catalyzed by coenzyme-A dependent thiolase 
superfamily enzymes.
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Recently, it has been reported that T2-thiolase 
is responsible for metabolic alterations in cancer 
cells. Genetic knockdown studies of T2-thiolase 
in H1299 lung cancer cells show reduction in cell 

proliferation under hypoxia environment [21]. 
Major research work towards the knockout and 
enzyme chemistry of thiolases would be essential 
for drug discovery against these enzymes.
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