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5. DISCUSSION AND CONCLUSION 

5.1. DISCUSSION 

 

Lipases play an important role in maintaining lipid homeostasis in cells (Lass, A et al., 2011). 

Variations in lipid metabolism have been increasingly listed as one of the characteristic 

features of cancer cells. DNA-microarray data from the ONCOMINE database indicated 

differential expression of lipases and other proteins related to the alpha beta hydrolase family 

in various tumors (Rhodes, D. R et al., 2004). In addition, the multiple data sets obtained 

from breast cancer in comparison with normal cells also indicated high expression of human 

ABHD2 gene in breast and lung cancers (Talantov, D et al., 2005, Richardson, A. L et al., 

2006, Finak, G et al., 2008). Human ABHD2, previously known as lung alpha/beta hydrolase 

2 (LABH2), is one among the alpha beta hydrolase superfamily (Edgar, A. J., and Polak, J. M, 

2002). Reduction in the number of alveolar type II cells and unusual accumulation of 

macrophages in the lungs was seen in aged mice by global deletion of ABHD2 (Jin, S et al., 

2009).  In addition to its role in the lung, ABHD2 plays a significant role in macrophage 

infiltration to atherosclerotic lesions (Miyata, K et al., 2008). In silico sequence analysis 

highlighted only the putative functional role but the substrate specificities of the enzyme are 

not yet clearly depicted. Present study identified human ABHD2 as both TAG lipase and 

ester hydrolase based on experimental data. 

 

To determine the hydrolytic activity, human ABHD2 gene was overexpressed in S. cerevisiae 

WT cells and the recombinant protein was purified to perform enzymatic assays. For this 

purpose, full-length protein was expressed with a C-terminal 6xHis-tag using pYES2/CT 

vector and was successfully purified from whole cell extracts by Ni-NTA agarose (Qiagen) 

column. This affinity purified recombinant hABHD2 protein fraction showed TAG lipase 

activity of 19.08±1.84 nmol/min/mg of protein against controls. 

 

The purified recombinant ABHD2 enzyme was used for esterase activity against pNPA, 

pNPB and pNPP as substrates. Hydrolytic activity was screened at different pH and was 

found to be optimum at pH 8.5 for pNPP and at pH 7.5 for both pNPA and pNPB substrates 

respectively. The esterase activity was also monitored at different temperatures and was 

found optimum at 45 °C for pNPP while pNPA and pNPB substrates showed optimum 

activity at 30 °C. ABHD2 cleaved pNPA with a Km of 14.3±1.02 mM, Vmax of 1.31±0.09 
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µmol/L/s and Kcat/Km of 119.55±6.51 M-1s-1, pNPB with a Km of 8.07±0.05 mM, Vmax of 

3.32±0.10 µmol/L/s with Kcat/Km of 611.09±14.35 M-1s-1 and pNPP with a Km of 

16.05±2.131 mM, Vmax of 0.67±0.074 µmol/L/s and Kcat/Km of 62.18±4.32 M-1s-1 (Fig. 

4C). pNPP is not very water soluble and likely affects the apparent Vmax, but it is found to 

be a substrate when compared with control data. Control assay with only pYES2/CT vector 

alone overexpressed and purified fractions showed no activity. All together, the present study 

highlights the TAG lipase activity of ABHD2 along with both long and short chain esterase 

activities against pNP palmitate, butyrate and acetate substrates respectively. 

 

 

A 3d model was required to perform the binding studies, for which we opted prime modeling 

tool of the Schrodinger suite. Based on the BLAST results, 1BRO of Streptomyces 

aureofaciens with a resolution of 2.05 Å was chosen as a template to build the structure. This 

protein showed 24% identity and 46% positives against our query sequence, which was the 

top and best among the BLAST hits obtained. The background for considering this particular 

PDB file apart from the above points was it contains alpha/beta hydrolase domain and also 

the important catalytic triad. The model was built based on this template and was further 

analyzed using Ramachandran plot. 81.5% of residues were reported to be in the most 

favored regions, 15.8% residues in additionally allowed regions, 1.5% in generously allowed 

regions and remaining 1.2% only in the disallowed regions of the Ramchandran plot. Based 

on this result, the model was predicted as the best one and was further refined using the 

molecular dynamic simulation studies.  

The model was further refined and analyzed based on the RMSD and RMSF of the trajectory 

obtained after the 100ns simulation run. Deviations in the model were reported between 1.5Å 

and 5.2Å during the simulation run period. During the initial run time of simulations, the 

model showed huge deviations from 1.5Å to 5.2Å up to 30ns. From there, the deviations 

showed small declination from 5.2Å to below 5.0Å and further very small inclinations and 

declinations were reported with a steady state around 5.0Å. The deviations in the initial 

stages were mainly due to the presence of a number of loops in the protein structure. The 

movement of amino acids of the modeled protein was analyzed using the RMSF plot. High 

fluctuations were reported above 5.0 Å between 100-110 and 240-250 amino acids of the 

model. Other residues between 140-155 and 250-265 displayed fluctuations within 4.0-5.0 Å. 

The remaining amino acids were reported below 3.0Å. The majority of the amino acids which 

were fluctuating rapidly during the simulations run time were present in the end loop region 
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and attained stability by the end of dynamics time period. The fluctuation range in the 

modeled protein was reported around 0.6-5.8 Å. 

The frames obtained from the trajectory were divided into clusters based on their energies. 

The cluster, which was displaying the minimum energy was continued for the binding 

studies. During the homology modeling, the model was built without using the template 

crystal ligand data. Hence, based on the previous literature, catalytic residues of the active 

pocket were predicted and through the receptor grid generation protocol of the glide module, 

the selected pocket was fixed. Three ligands were docked into the fixed active pocket of the 

model following the covalent docking protocol. Based on G-Scores, the three molecules 

binding modes were analyzed.  

Three molecules pNPA, pNPB and pNPP were initially prepared using the LigPrep. The 

prepared molecules were covalently docked into the receptor active pocket i.e catalytic triad. 

Both acetate and butyrate molecules produced covalent bond with the serine of the catalytic 

triad which was the key residue in performing the hydrolase activity. The developed ABHD2 

model and the acetate ligand shared covalent bond between the oxygen atom of serine and 

carbon atom of acetate with a G-score of -3.21. The ABHD2-butyrate complex also produced 

covalent bond sharing electrons between the oxygen and carbon atoms as depicted in. This 

complex showed g-score of -3.63 which was slightly higher than the ABHD2-acetate 

complex. This is in agreement with the in vitro activity observed with the same substrates. 

Whereas in the ABHD2-palmitate complex, instead of the covalent bond, one hydrogen bond 

and one pi-pi stacking were observed. There was no interaction between palmitate and any of 

the important residues of the catalytic triad because the fitting of the ligand was away from 

the predicted pocket. The hydrogen bond was formed with the residue Asn257 and the 

stacking was with Tyr314 with a G-score of -3.50.  

Further, the model was cross validated with point mutated ABHD2 model. The important 

residue of the active site Ser207 was replaced with Alanine. The mutated model showed no 

interactions with any of the chosen substrates when covalently docked. This result highlights 

the role of Ser207 in forming covalent bonding with the substrates and its  importance in the 

activity of lipases with conserved GXSXG motif. These observations  correlate with the in 

vitro mutational studies of lipases, MGAT of Arachis hypogaea (Vijayaraj, P et al., 2012), 

Cvt17 (Epple, U. D et al., 2001), Lpl1 (Selvaraju, K et al., 2014), ROG1 (Vishnu, V. L et al., 

2015) of S. cerevisiae which showed no or marginal activity when serine of GXSXG motif 

was mutated with alanine. 
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YMR210w was previously reported as a member of three gene family of Saccharomyces 

cerevisiae involved in medium chain fatty acid ethyl ester synthesis. It was shown to have 

similarity with a different set of orthologs when compared with EEB1 and EHT1. The 

Ymr210w protein sequence shows the lipase catalytic domain and it belongs to α/β hydrolase 

family (Daum, G et al., 1999). To study the role of the conserved GXSXG domain, YMR210w 

was cloned, over expressed and His-tag purified recombinant protein was used for in vitro 

enzyme assays. The results obtained with His-tag purified recombinant Ymr210w protein 

clearly indicated that this protein displays both TAG lipase and ester hydrolase activities.  

 

There was no lipase activity reported with Eht1 and Eeb1 and both enzymes showed only 

short chain esterase acitivities with pNP substrates (Saerens, S.M et al., 2006) while the 

present study highlight the TAG lipase acitivity of Ymr210w and both long chain, short chain 

esterase acitivities by hydrolysing pNP palmitate, acetate and butyrate substrates respectively. 

This is in agreement with the results of the cellular TAG analysis in the WT, OE, ∆ and ∆+ 

strains. Deletion of YMR210w led to an increase in the TAG content while the WT TAG 

levels were rescued by recombinant YMR210w expression in ∆ strain justifying the role of 

Ymr210w in TAG turnover.  

 

YMR210w was reported as an ortholog of Drosophila melanogaster’s CG3488, which on 

chromosomal deletion resulted in excess lipid phenotype and was rescued by over expression 

(Robert G et al., 2003). This result is in line with the present data of the increased 

accumulation of lipid droplets, the storehouse of TAG and SE in YMR210w (∆) and can be 

attributed to TAG lipase and ester hydrolase activities.  

 

The intra cellular localization of the enzymes play an influencing role on activity and 

availability of substrates (Saerens, S.M et al., 2006). YMR210w is known to be located in 

cytosol and at plasma membrane (Klaus Natter et al., 2005) and this is in agreement with 

absence of any trans-membrane domain in the protein sequence. In silico analysis depicted 

Ymr210w as soluble protein. Ymr210w is the only known full enzyme localized in the 

cytosol and also at plasma membrane while Tgl1p has its C-terminal in cytosol. Hence, 

considering the TAG lipase and ester hydrolase activities in correlation with its localization, 

YMR210w could be attributed to be involved in the turn over and supply of necessary lipids 

for membrane synthesis.  
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YMR210w also has the conserved HXXXD motif at C-terminal and was identified as a 

consensus sequence of BAHD super family of plants which participate in the biosynthesis of 

secondary metabolites and utilize relatively hydrophilic acyl-CoA-activated donors to 

catalyze acetyl-, malonyl-, benzoyl-, and hydroxycinnamoyl- transfer reactions (Isabel 

Molina  and  Dylan Kosma, 2014). YMR210w was previously reported to be involved in the 

synthesis of ethyl octanoate and ethyl deconate and could be attributed to the acyl-transferase 

motif HXXXD (Saerens, S.M et al., 2006).  

 

Increased levels of myristic acid in the YMR210w (∆) strain TAG FAME analysis indicates 

the preference of myristic acid as substrate and the same type of activity is also reported with 

TGL4p, the yeast ortholog of the mouse adipose triglyceride lipase (ATGL) with high 

specificity for TAG and preference for myristic and palmitic acid as substrates. YMR210w (∆) 

strain phospholipids analysis showed significant increase in the C22:1 (∆13) Erucic acid 

which is comparable to the very long chain fatty acids (VLCFA) activity of Tgl5p on C26:0. 

In addition, YMR210w was also found to have significant impact on aroma production in a 

study on volatile aroma compounds and the respective candidate gene expression levels 

involved in aroma profile modifications. Over expression of Ymr210w was positively 

correlated with production of ethyl acetate, ethyl caprylate and isoamyl acetate linking 

metabolic networks by transcriptome analysis through the comparative analysis of different 

wine yeast strains (Debra Rossouw et al., 2008).  

 

TAG turnover is catalysed not only by the main lipases (Tgl3p, Tgl4p and Tgl5p) but is also 

taken care by a set of lipases (Kandasamy Selvaraju et al., 2014, Lakshmanaperumal V. V et 

al., 2015) and hydrolases with lower activities. Interestingly, yeast lacking in the major 

lipases (Tgl3p, Tgl4p and Tgl5p) along with Ayr1p, Lpx1p or Ldh1p, still showed TAG 

mobilisation (Birgit Ploier et al., 2013). This supports our results, that most likely lipolytic 

activity shown by Ymr210w also plays a key role in the turnover and supply of the membrane 

lipid components based on its cytosolic localisation. 

Finally, our investigations identified Ymr210w as a novel TAG lipase and ester hydrolaze. 

These activities along with its localization bring in the new role of Ymr210w as cytosolic 

TAG lipase involved in non-polar lipid turnover and might play a role in membrane synthesis 

of the cell. 
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YPR147C was also previously reported as LD localized protein of Saccharomyces cerevisiae 

but was not functionally characterized. The Ypr147c protein sequence showed a lipase 

catalytic domain and it belongs to the alpha beta hydrolase family. Ypr147cp was found 

aligning with Drosophila melanogaster CG9186 (Thiel et al., 2013), Mus musculus MGI: 

1916082 and Homo sapiensC2orf43 (Goo et al., 2014), and showed a similar lipase activity 

profile. The present study highlights the TAG lipase activity of Ypr147cp along with very 

short chain esterase activity. 

 

The Ypr147cp Km and Vmax values are comparable to the activity of Ldh1p with a pNPB 

substrate (Thoms et al., 2011). This is also in agreement with the results of the cellular TAG 

analysis of the WT, OE, ypr147c∆ and ∆+ strains. Deletion of YPR147C led to an increase in 

the TAG content and the TAG levels in ypr147c∆ were rescued by recombinant YPR147C 

expression in the ypr147c∆ strain, justifying the role of Ypr147cp in TAG turnover. 

However, TAG turnover is not only dependent on the main lipases (Tgl3p, Tgl4p and Tgl5p) 

but also taken care by a set of lipases and hydrolases with lower activities. The lipolytic 

activity shown by Ypr147cp might also play a role in the TAG homeostasis. There was a 

marked increase in the neutral lipid class of 20:0 and 22:1(13) in ypr147c∆ which is in line 

with the accumulation of nonpolar lipids in Ldh1D. Though in minor amounts, VLCFAs 

(C22:0, C22:1, C20:0, C20:1) were also known to be components in the synthesis of 

sphingolipids (Cerantola et al., 2007) which are the major components of plasma membranes 

in S. cerevisiae. Accumulation of VLCFA in ypr147cD suggests the involvement of 

Ypr147cp in the supply of fatty acids to membranes. In addition, human Lipid Droplet 

Associated Serine Hydrolase (hLDAH) was found regulating CE homeostasis in human 

embryonic kidney-293 cells, macrophages and was also involved in cholesterol mobilization 

(Goo et al., 2014). Ypr147cp, also being a lipid droplet associated hydrolase exhibited 

variations among steryl esters. Interestingly, the localization of Ypr147cp to lipid droplets 

was known but the orientation of Ypr147cp on a LD membrane was not studied. A 

transmembrane region occupying the central position of the protein sequence was predicted 

(Fig. 20) and GXS(109)XG is found towards the N-terminal, and the other two conserved 

residues of catalytic triad D (255) and H (289) were located on the other side of the 

transmembrane domain. 

 

Hence, Ypr147cp might be oriented with both N and C terminals inside the LD while 

attached to the LD membrane (Fig. 21 A and B) similar to Yeh1 orientation (Köffel et al., 



84 
 

2005). Moreover the transmembrane domain was predicted only in Drosophila (Thiel et al., 

2013) and yeast proteins but not in human and mouse orthologs. Since LDs derive from the 

endoplasmic reticulum by inclusion of neutral lipids, it would also be interesting to 

understand the role of the transmembrane domain in integrating with the monolayer 

membranes of LDs. 

 

Our data clearly suggest that Ypr147cp is a TAG lipase along with an ester hydrolyzing 

capacity, associated with lipid droplets, and the accumulation of lipid droplets in ypr147c∆ 

strongly suggests a role of Ypr147cp in LD lipid metabolism. 

Future Scope of the Work 

The findings to the latest knowledge on ABHD family enzymes and their functions were 

clearly mentioned in the table 1. However, to establish a relationship among ABHD genes 

differential expression in cancers, their role in lipid metabolism and associated signaling 

pathways more studies need to be performed in this area. Novel immunomodulatory drugs 

with therapeutic potential against ABHD enzymes which are involved in cancer lipid 

metabolism can be developed and further validation can be done on recombinant enzymes, 

cell lines and animal models to identity the tumor suppressions.  

Thus, this would lead us to better understand the role of ABHD genes in lipid metabolism of 

cancer cells and cancer cell proliferation.  

5.2. CONCLUSION 

The human ABHD2 protein sequence shows an α/β hydrolase domain with conserved 

GXSXG lipase motif. To study the role of this conserved GXSXG domain, ABHD2 was 

cloned, overexpressed and the recombinant protein was used for in vitro enzyme assays. The 

results obtained with His-tag purified recombinant ABHD2 protein clearly displayed both 

TAG lipase and ester hydrolase activities. This functionality justifies the increase in 

expression of human ABHD2 gene in breast and lung cancers, supporting the necessary 

energy by the breakdown of lipids for the accelerated proliferation of cancer cells. Thereby, it 

could also serve as a selective and potential target for combinatorial cancer chemotherapy.  

Further, human ABHD2 functional ortholog in Saccharomyces cerevisiae Ymr210wp also 

possess ester hydrolase and low but persistent TAG lipase activity in addition to its MAG 
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lipase activity. This dual functionality has led to the accumulation of steryl esters and 

phospholipids in ymr210wΔ leading to increased lipid droplets when compared to WT. 

Another ABHD family enzyme of S. cerevisiae YPR147c was cloned, overexpressed and the 

purified recombinant protein was used for in vitro enzyme assays. The results obtained with 

His-tag purified recombinant ypr147c protein clearly suggest that Ypr147cp is a TAG lipase 

along with an ester hydrolyzing capacity, associated with lipid droplets, and the accumulation 

of lipid droplets in ypr147cΔ strongly suggests a role of Ypr147cp in LD lipid metabolism. 

In conclusion, our experimental data clearly suggests that all the three enzymes studied in 

present research work plays an important and significant role in lipid metabolism because of 

their ester hydrolyzing capacity and TAG lipase function, also the current study highlights the 

role of these ABHD family enzymes in lipid homeostasis and lipid breakdown. 

5.3. SUMMARY 

 

Human ABHD2, YMR210w and YPR147c genes were cloned and over expressed with 6X 

His-Tag in Saccharomyces cerevisiae BY4741 strain. Recombinant Proteins were purified by 

using Ni-NTA column chromatography. Purified Human ABHD2, YMR210w and YPR147c 

proteins were assayed with  pNPA, pNPB, pNPO, pNPD, pNPDD, pNPP, pNPS substrates 

for Esterase activity and confirmed the same. TAG lipase assays indicates that Human 

ABHD2, YMR210w and YPR147c genes encodes for a novel TAG lipases. Homology 

modeling and docking studies of human ABHD2 confirmed as esterase. TEM analysis of 

Wild Type ,YMR210w, YPR147c knock out cells showed increased lipid droplets and 

YMR210w, YPR147c Over Expressed cells shows decreased lipid droplets conforming the 

lipase activity of YMR210w and YPR147c. We reported the above activities of ABHD2, 

YMR210w and YPR147c for the first time. 
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