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4. RESULTS  

4.1. RESULTS FOR ABHD2 

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). Collectively, ABHD2 seems to 

play an important role in chronic diseases, i.e., atherosclerosis and emphysema involving 

monocyte/macrophage recruitment. However, this putative lipase has not been studied in any 

detail and there are no experimental data to confirm the functionality, evolutionary 

relationship, substrate specificity and the role of this protein in lipid breakdown. This 

prompted us to check the functionality of human ABHD2 protein. 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. 

4.1.1. Domain structure 

 

In silico sequence analysis revealed human ABHD2 (P08910), as a protein of 425 amino 

acids containing an α/β hydrolase domain ranging from 1-425 amino acids and belonging to 

α/β hydrolase superfamily. The conserved GXSXG sequence motif is found between 205-209 

amino acids (Fig. 3A) which is the general substrate binding site of lipase and ester hydrolase 

enzymes. Active sites identified are Serine (S207), Aspartic Acid (D345) and Histidine (H376) 

(Fig. 3A). Another conserved motif HXXXXD sequence is found in the N - terminal region, 

ranging from 120-125 amino acids (Fig. 3A). A trans-membrane region is also found in the  
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protein sequence at the N-terminal spanning 10-30 amino acids (10LPAVFDGVKLAA 

VAAVLYVIV30) as predicted by DAS-TM filter server and also identified as a type II 

membrane protein by Innovagen peptide property calculator software with poor water 

solubility hydropathy plot. 

 

4.1.2. Sequence homology and phylogenetic analysis 

 

Sequence comparison of human ABHD2 (gi: 23397661), with annotated databases revealed 

sequence similarity with D. melanogaster CG3488, Mouse ABHD2, Rat ABHD2, A. thaliana 

ABHD2 and human ABHD family members. The phylogenetic tree diverged into three 

groups (Fig. 3B) containing, Group 1 with D. melanogaster CG3488, ABHD2 of Mouse, Rat, 

and A. thaliana along with human ABHD 1,2,3 and 15 proteins. Human ABHD10, 12 and 

12B, 13 along with 17A and B formed the second Group. The rest of the human ABHD 

sequences grouped together including ABHD 4, 5, 6, 7, 8, 9, 11, 14A, 14B, 16A and B. This 

clearly highlights the homology of ABHD2 with known TAG lipases of D. melanogaster 

CG3488 (Wisotzkey, R. G et al., 2003). Plant ortholog (A. thaliana) has been yet 

uncharacterised. 
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4.1.3. TAG lipase activity 

 

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. 

 

4.1.4. Esterase assay confirms hydrolytic activity 

 

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 (Fig. 4A). The esterase activity was also monitored at different temperatures and 

was found optimum at 45 °C for pNPP (Fig. 4B) 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 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. 
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4.1.5. Homology modeling 

 

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 (Fig. 5A) 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 (Fig. 5B), 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 (Fig. 5C). 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 (Fig. 5D). 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 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. 
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Fig. 5. Homology modeling and Molecular Dynamic Simulations (MDS): A) The 

predicted 3D model of ABHD2 after clustering; B) Ramchandran plot analysis of the built 

model; C) Root Mean Square Deviation (RMSD) graph of the model obtained after the 100ns 

simulation run; D) Root Mean Square Fluctuations (RMSF) of the amino acids plotted using 

the trajectories obtained by the 100ns MDS. 
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4.1.6. Ligand docking studies 

 

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 (Fig. 6A). The ABHD2-butyrate complex also 

produced covalent bond sharing electrons between the oxygen and carbon atoms as depicted 

in (Fig. 6B). 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 (Fig. 6C). 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.  
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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 (Fig.7). 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. 

 

 

 

 

Fig. 7. Docking poses of mutated ABHD2 model: Ser207 of conserved GXSXG motif of 

lipase active site was replaced with alanine. The ligands A) pNPA; B) pNPB and C) pNPP 

were docked with the mutated ABHD2. There were no interactions observed with any of the 

substrates docked.  
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4.2. RESULTS OF YMR210W 

 

YMR210w was reported as a third member of EHT1 and EEB1 gene family involved in the 

synthesis of medium chain fatty acid ethyl esters. YMR210w was found to be redundant and 

involved in the production of ethyloctanoate and ethyldeconoate only in the absence of EHT1 

and EEB1 genes (Saerens, S.M et al., 2006). But surprisingly, while screening putative lipase 

gene ∆ strains under transmission electron microscopy (TEM), an increase in the number of 

LDs were found accumulated in YMR210w (∆) strain when compared to the WT. This 

provoked for the molecular characterization of YMR210w, reasoning the build up of higher 

amount of TAG and SE in LDs. Purified Ymr210w enzyme showed both TAG lipase and 

ester hydrolase activities in vitro justifying the increase in the accumulation of LDs number. 

 

 

4.2.1. Electron Microscopy Reveals the accumulation of Lipid droplets in YMR210w (∆) 

strain  

 

Electron microscopy confirmed only 2-3 lipid droplets of an average 298nm diameter in WT 

cells grown at 30°C but surprisingly, almost same sized, double the number of lipid droplets 

were found accumulated in YMR210w (∆) cells grown under the same conditions. This data 

clearly indicates the possible role of YMR210w in TAG metabolism of S.cerevisiae.  

 

This microscopic data provoked us to revisit the functionality of the Saccharomyces 

cerevisiae’s YMR210w. Sofie M. G. Saerens et.al (Saerens, S.M  et al., 2006) had already 

reported YMR210w as a member of a triad family of EHT1 and EEB1. In silico sequence 

analysis clearly demarcated YMR210w pairing with a different set of orthologs. Most of the 

ortholog genes grouped were not yet characterized. Further, the role of YMR210w was not 

clearly depicted. Presently, we identified Ymr210w having both TAG lipase and ester 

hydrolase activities based on our experimental data. 

 

4.2.2. Domain Structure  

 

In silico sequence analysis of Ymr210w (Q03649) revealed that, it is a protein of 449 amino 

acids containing α/β hydrolase domain (ABHD) ranging from 22-440 amino acids. The 

conserved GXSXG sequence motif is found between 230-234 amino acids (Fig. 8) which is 
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the general substrate binding site of TAG lipases and ester hydrolase enzymes. Another 

conserved motif HXXXD sequence is also found at C-terminal region, ranging from 360-364 

amino acids (Fig. 8). There were no trans-membrane regions depicted in the protein sequence 

at the N or C terminals by DAS-TM filter server and Ymr210w was depicted as a good 

soluble protein with no hydropathy plot by Innovagen peptide property calculator software.  

 

 

Fig. 8. Dual signature motifs of Ymr210wp. The positions of conserved GXSXG lipase 

motif and HXXXD acyltransferase motifs in Ymr210wp are indicated by triangles with the 

respective amino acid residue positions and the key amino acids involved in alpha beta 

hydrolase domain catalytic triad are represented with (*) mark along with respective amino 

acid residue numbers. 

 

4.2.3. Sequence homology and Phylogenetic Analysis  

 

Sequence comparison of Ymr210w with annotated databases revealed sequence similarity 

with orthologous protein sequences of CG3488 (Drosophila melanogaster), At3g50790 

(Arabidopsis thaliana), Human Abhd1,2,3 and homologs of yeast. The phylogenetic tree 

diverged into three groups (Fig. 9) containing 1. Group of TAG Lipases including Yeh 1 and 

2, Lpl1, Tgl3,4,5 and Cvt17.  Group 2 with Ldh1, Tgl2, Ayrp1 and Lpx1 and Group 3 

consisting of Human Abhd1,2,3, CG3488, At3g50790 along with Eeb1, Eht1, Ymr210w and 

Tgl1, Yju3p and Rog1. This clearly highlights the homology of Ymr210w with known TAG 

lipases and in vitro assays confirmed the TAG lipase and ester hydrolase functions. Human 

Abhd2 and At3g50790 (Arabidopsis thaliana) are yet uncharecterised putative lipases with 

α/β hydrolase domain. 
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Fig. 9. Phylogenetic analysis by Maximum likelihood method. Molecular Phylogenetic 

analysis was done with the sequences retrived from NCBI of TAG and other lipases of yeast 

Tgl1p/YKL140w (gi|464877), Tgl2p/YDR058c (gi|1729921), Tgl3p/YMR313c (gi|1730604), 

Tgl4p/YKR089c (gi|549643), Tgl5p/YOR081c (gi|74676509), Eeb1/YPL095c (gi|2501571), 

Eht1/YBR177c (gi|586309), Ldh1p/YBR204c (gi|34194895), Lpx1p/YGL144c (gi|74676595), 

Cvt17p/ Aut5/YCR068w (gi|37999929), Ayr1p/YIL124w (gi|731868), Rog1p/YGL144c 

(gi|74676524), Yeh1/YLL012w (gi|74676447), Yeh2/YLR020c (gi|74676452), 

Ymr210wp/YMR210w (gi|2501570), Lpl1p/YOR059c (gi|74676471), Yju3p (gi|6322756) and 

CG3488 (Drosophila melanogaster) (gi|27923956), At3g50790 (Arabidopsis thaliana) 

(gi|332645189), Human Abhd1 (gi|308153404), Human Abhd2 (gi|23397661), Human 

Abhd3 (gi|134035377). 
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4.2.4. Ymr210w shows TAG lipase activity In vitro  

  

To determine the hydrolytic activity,  recombinant protein was purified by Ni-NTA agarose 

column. The purified fraction contained a few minor proteins that were also present in cells 

harbouring the vector control. This purified fraction showed TAG lipase activity with 

7.13±0.31 nmole min-1mL-1 against control assays.  

 

4.2.5. Over expression of Ymr210w affects the TAG content of WT, ∆ and ∆+ cells 

 

To determine whether Ymr210w functions as a TAG lipase in vivo, quantification of cellular 

TAG’s was done. TAG content was monitored in WT, OE, ∆ and ∆+ strains. TAG levels 

were increased in ∆ strain in comparison with the WT cells. While Ymr210w over expression 

in WT showed no marginal change in TAG levels when compared to WT, Ymr210w 

expression in ∆ cells resulted in decreased TAG levels with respect to knock out (Fig. 10).  

 

 

Fig. 10.  Quantification of TAG: Cellular TAG was quantified and compared between WT, 

ymr210w∆, OE and ∆+. When compared with WT, TAG content was increased in 

ymr210w∆ and was found rescued in ∆+ strains justifying the TAG lipase activity. (Mean ±  

SD; n=3), (* = significance), significant variation found between and WT, and between 

ymr210w∆, OE and ∆+ strains when compared to WT. All the cells were grown on SC±Ura 

medium and induced by respective sugar containing medium.  
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In addition, the total TAG content showed an increase of 25% of 14:0 Tetradecanoic acid 

(Myristic acid) and a rise of 47% was seen in 14:1(∆11), respectively in ∆ strain when 

compared to WT cells by GC-MS analysis (Fig. 11). 

 

 

Figure. 11.  TAG and SE lipid profiles showing variations: GC-MS analysis of FAMEs was 

performed on Agilent 6890N gas chromatography instrument. Lipid profiles of WT and 

ymr210wΔ are depicted. (A) The TAG profile shows a significant increase of 14:0, 14:1(11) 

lipid classes in ymr210wΔ strain compared to WT. (B) The steryl esters 16:0 and 18:0 of 

ymr210wΔ increased compared to WT. Whereas, 12:0, 14:1(11) and 16:1(9) lipid classes 

were decreased (‘*’ represents significant difference). 

 

4.2.6. In vitro Esterase assay confirms hydrolytic activity of YMR210w  

 

The YMR210w gene was over expressed in the WT background and purified enzyme with a 

concentration of 1.46±0.13 mg mL-1 was used for esterase activities using pNPA, pNPB as 
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well as pNPP as substrates. Hydrolytic activity was assayed at different pH’s 4.5, 5.5, 6.5, 7.5 

and 8.5 with all the susbstrates and found to be optimum at pH 8.5 for pNPP and pH 7.5 for 

both pNPA and pNPB substrates respectively. The esterase activity was also monitored at 

different temperatures including 30, 45, 60 and 80 0C and found to be optimum at 45 0C (Fig. 

12). Ymr210w cleaved pNPA with a Km of 11.51±2.95 mM and a Vmax of 0.26±0.03 µmol 

min-1mg-1 (Table 4),  pNPB, with a Km of 7.28±1.61 mM and a Vmax of 0.18±0.01 µmol 

min-1mg-1 and pNPP, with a Km of 13.19±1.03 mM and a Vmax of 0.33±0.14 µmol          

min-1mg-1. Enzyme tested showed reproducible hydrolytic activities with these substrates. 

Control assays with only pYES2/CT vector alone over expressed and purified showed no 

activity with p-Nitrophenyl substrates. 

 

Figure. 12. pH and Temperature optimum: (A) Represnts pH optimum and (B) Temperature 

optimum for Ester hydrolase activity of ymr210wp with pNPA, pNPB and pNPP substrates. 

The ymr210wp has optimum activity with pH 7.5 and temperature 30oC for the substrates 

pNPA and pNPB. Whereas, with pNPP ymr210wp showed maximum activity at pH 8.5 and 

temperature 45 °C (Mean ± SD; n=3).  

 

Table. 4. Enzyme Kinetic parameters of YMR210wp 

 

Substrate Km (mM) Vmax (s
-1) kcat/Km (mM

-1
s
-1) 

pNPA 11.51±1.09 0.26±0.03 117 

pNPB 7.28±1.61 0.18±0.03 128 

pNPP 13.19±1.03 0.33±0.05 130 
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Table. 4. Showing the parameters of Michaelis Menten kinetics (Km, Vmax and kcat/Km) of 

Ypr147cp esterhydolase with pNPA, pNPB and pNPP as substrates. 

 

 

4.2.7. Impact of YMR210w deletion on lipid metabolism  

 

Lipid profiling of YMR210w (∆) clearly distinguished the accumulation of certain lipid 

classes. Total lipid content with 16:1(∆9) Palmitoleic acid showed only 16% increase (Fig. 

13B) and there was 76% significant rise (p=0.004) in the 15:0 Pentadecanoic acid 

(pentadecylic acid) (Fig. 13A), while there was 24% decrease (p=0.080) in 16:0 

hexadecanoic acid (Palmitic acid) and 29% decrease (p=0.066) in 12:0 Dodecanoic acid 

(Lauric acid) content (Fig. 13A and 13B).  

 

Free fatty acid content of 16:1(∆9) Palmitoleic acid enhanced (p=0.060) by 23% (Fig. 13D), 

whereas Phospholipids showed significantly 43% add on of 22:1 (∆13) Erucic acid with p 

value of 0.015 (Fig. 13C). Steryl esters showed significant changes with 16:0 hexadecanoic 

acid (Palmitic acid) augmentation by 80% (p=0.014) and 18:0 Octadecanoic acid (Stearic 

acid) by 165% with p value 0.006, while compensating this 16:1(∆9) Palmitoleic acid reduced 

significantly by 35% with p=0.025 (Fig. 13F) and 12:0 Dodecanoic acid (Lauric acid) and 

14:1(∆11) by 42 (p=0.017) and 49% (p=0.011) respectively (Fig. 13E) . 

 

Altogether, our experimental data provide evidence for the TAG lipase and Ester hydrolase 

activities of Ymr210w.  
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Fig. 13. Lipid profiles estimated with GC-MS: Lipid profiles of WT and ymr210w∆ are 

depicted. 13A and 13B represents Total lipids. 13C and 13D show phospholipid profiles, 

13E and 13F depicts free fatty acids estimated in WT and ymr210w∆. * represents 

significant changes. 
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4.3. RESULTS OF YPR147C 

 

Ypr147cp was reported by Currie et al. (2014) to be localized to lipid droplets, but its 

functionality was not clearly indicated. This prompted studying the molecular 

characterization of YPR147C and its role in lipid metabolism. To understand the biochemical 

functionality of YPR147C, it was cloned and expressed in S. cerevisiae. Here, we report the 

functional identification of the lipid droplet enzyme Ypr147cp of Saccharomyces cerevisiae. 

Ypr147cp exerts both triacylglycerol lipase and short chain ester hydrolase activites. 

 

4.3.1. In silico analysis 

 

Ypr147cp (gi|74676409|sp|Q06522.1) sequence analysis showed that the protein has 304 

amino acids containing an α/β hydrolase domain (ABHD) ranging from 23– 293 amino acids 

(IPR029058), and was also depicted as a lipid droplet associated hydrolase domain spanning 

9–293 amino acids (PTHR13390). The GXSXG motif, which is the general substrate binding 

site of TAG lipases and ester hydrolases, is found conserved between 107–111 amino acids 

(Fig. 14). The conserved catalytic triad is comprised of nucleophilic serine (S109), aspartate 

(D255) and histidine (H289). Another conserved motif, HXXXXD, is also found in the N-

terminal region within 53–58 amino acids. There is a single transmembrane domain predicted 

by TMHMM2.0 between 153–175 amino acid residues (Fig.8). 
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Figure. 14. Multiple Sequence alignment analysis:  Lipid droplet associated proteins of 

Mus mucus, Homo sapiens, Drosophila melanogaster and Saccharomyces cerevisiae 

(Ypr147cp) were aligned. Lipase domain GXSXG is highlighted (   ) in all the LDH proteins. 

A transmembrane region was identified in D. melanogaster and Saccharomyces cerevisiae 

Ypr147cp genes (      shaded region). In addition, catalytic triad residues of D and H are also 

indicated (    ).  
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4.3.3. Ypr147cp shows in vitro TAG lipase and hydrolytic activity 

 

To determine the hydrolytic activity, YPR147C was overexpressed and purified to perform 

enzymatic assays. For this purpose, full-length protein was expressed with a C-terminal His-

tag using pYES2/CT vector in S. Cerevisiae and was successfully purified from whole cell 

extracts using an Ni-NTA agarose column. This affinity purified fraction showed TAG lipase 

activity of 14.97 ± 1.81 nmol/min/mg of protein against control. The purified recombinant 

Ypr147cp enzyme was used for esterase activity with pNPA, pNPB as well as pNPO, pNPD, 

pNPDD, pNPP, and pNPS as substrates. Ypr147cp showed activity with pNPA and pNPB 

substrates only. Esterase activity was screened at different pHs and was found to be an 

optimum at pH 7.5 for both pNPA and pNPB substrates, respectively (Fig. 16). The esterase 

activity was also monitored at different temperatures and both the substrates showed 

optimum activity at 30 °C (Fig. 16). Ypr147cp cleaved pNPA with a Km of 12.07 ± 0.92 

mM, Vmax of 0.87 ± 0.05 s–1, and a kcat/Km of 154 mM–1s–1, and pNPB with a Km of 

14.79 ± 1.15 mM, Vmax of 14.79 ± 1.15 s–1, with a kcat/Km of 65 mM–1s–1 (Table 5). 

Control assays with the only pYES2/CT vector overexpressed and purified showed no 

activity with pnitrophenyl substrates. Based on these results, Ypr147cp confirms both TAG 

lipase and very short chain ester hydrolase activities. 

 



68 
 

 

 

 

Figure. 16. MM kinetics, pH and temperature optimum of Ypr147cp: Esterhydrolase 

activity of Ypr147cp was analysed with paranitrophenyl acetate and butyrate. (A) MM plot 

showing enzyme activity with differet substrate concentrations, (B) Highlights the pH 

optimization of Ypr147cp hydrolase activity (C) Represents the optimum temperature for the 

hydrolysis of pNP substrates. Data represents Mean ± SD of replicate values. 

 

 

Table. 5. Enzyme Kinetic parameters of Ypr147cp 

 

Substrate Km (mM) Vmax (s
-1) kcat/Km (mM

-1
s
-1) 

PNPB 14.79±1.15 0.44±0.08 65 

PNPA 12.07±0.92 0.87±0.05 154 

 

Table. 5. Showing the parameters of Michaelis Menten kinetics (Km, Vmax and kcat/Km) of 

Ypr147cp esterhydolase with pNPB and pNPA as substrates. 
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lipid droplets, YPR147C OE rescued the phenotype of WTshowing less number of lipid 

droplets, (B) In vitro estimation of TAG Levels in Yeast strains: TAG levels of 

Saccharomyces cerevisiae BY4741 (WT), knock out strain of  ypr147c∆ (∆), YPR147C 

overexpressed in WT (OE) and YPR147C expressed in ∆ strain (∆+) estimated in mg/dL of 

TAG content (* = significance). Data represents (Mean ± SD; n=3) of triplicate values.  

 

 

4.3.6. YPR147C role in yeast growth 

 

There was no effect of YPR147C loss in cultures spotted onto the SC-Agar plates and imaged 

after 48 h incubation at 30 °C. The growth of WT and ypr147c∆ cells was also monitored for 

20 h and both WT and ypr147c∆ cells were found growing normally (Fig. 19A). Similarly, 

the overexpression of YPR147C did not affect the growth of WT, ypr147c∆ when compared 

with WT cells containing an empty vector (Fig. 19B), both on plates and in liquid cultures. 
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Fig. 20. Prediction of Membrane spanning regions and their orientation: Ypr147c 

protein sequence was analysed using TMpred program and the hydropathy plot was 

generated. The analysis predicted a transmembrane region between 150-200 amino acids 

implying that Ypr147cp might be membrane associated.  
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Fig. 21. Lipid droplet membrane Topology of Ypr147cp:  Ypr147cp is known to be LD 

localised and the topology is assumed to be with both N and C terminals along with catalytic 

triad residues of protein either (A) inside the LD, or (B) outside the lipid droplet as depicted. 

The catalytic traid aminoacids (S,D,H) are numbered. 
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