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3. MATERIALS AND METHODS 

3.1. Chemicals and reagents 

 

Yeasts knockout strains used in this entire thesis work were purchased from EUROSCARF, 

Germany, Saccharomyces cerevisiae BY4741 (WT) and DH5α were gifted by Dr.Bodiga 

Sridhar, Assistant Professor, Department of Biotechnology, KL University.  Growth medium 

components for culturing of bacteria, yeast were purchased from Hi-media India, Sigma–

Aldrich India, Merck India, and Thermo Scientific India. Until unless mentioned, all other 

chemicals, reagents, and solvents used in this study were of molecular biology grade and 

obtained from Sigma–Aldrich India, Merck India, Hi-media India, GE Healthcare India, 

Invitrogen India, New England BioLabs (NEB), Abcam, USA and Thermo Scientific India. 

 

3.2. Strains and growth conditions for ABHD2 

 

Yeast strains used in this study are Saccharomyces cerevisiae BY4741 (WT), ABHD2 

overexpressed in WT (OE) and only vector pYES2/CT cloned in WT (V). WT cells were 

grown either in YPD medium containing 1% yeast extract, 2% peptone and 2% dextrose 

weight/volume (w/v) or synthetic minimal medium (SC+Ura) containing 0.67% yeast 

nitrogen base (YNB), supplemented with the complete supplement mixture 0.192% 

appropriate amino acids without uracil, 2% dextrose and 0.015% uracil (w/v). Recombinant 

yeast strains OE and V were cultured in synthetic minimal medium without uracil (SC-Ura) 

containing 0.67% YNB, supplemented with the complete supplement mixture 0.19% 

appropriate amino acids without uracil and 2% dextrose. Induction was done in SC-Ura 

media with 2% raffinose and 3×YP medium with 6% galactose (Gelperin, D. M et al., 2005). 

All cells were cultured in liquid media at 30°C and at 180 rpm.  

 

3.2.1. Phylogenetic analysis 

 

Molecular phylogenetic analysis was performed with the 21 human ABHD family proteins 

retrieved from NCBI along with orthologous sequences of Mouse, Rat, D. melanogaster and 

A. thaliana. The tree was developed by maximum likelihood method using MEGA (version 

6.0) (Tamura, K et al., 2013). Bootstrap values were determined from 1000 trials and the 
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phylogenetic tree with the highest log likelihood is shown. The tree was drawn to scale and 

the analysis involved a total of 25 protein sequences.  

 

3.2.2. Cloning and expression and purification of recombinant ABHD2 

  

ABHD2 was cloned into pYES2/CT vector and transformed into DH5α cells. Only vector and 

pYES2/CT along with the construct were  further transformed into WT individually by using 

the Frozen-EZ Yeast Transformation kit (Zymo Research) following the manufacturer 

protocol. Expression of the Recombinant ABHD2 in WT was performed as per Gelperin DM, 

et al., (Gelperin, D. M et al., 2005). To extract purified recombinant ABHD2 protein below 

process was followed, the yeast cells were lysed for 30 min on vertex at 4°C. The sample was 

centrifuged for 20 min at 12,000 g at 4°C, and supernatant was collected and separated from 

the cell debris. Solubilised protein was immediately applied onto a 3-ml His-Trap chelating 

column (Qiagen, Germany) using the standard protocol of the manufacturer. The column was 

washed with 10 ml of equilibrium buffer (50 mM Tris-HCl, pH 7.4, 0.5 M NaCl and 10 mM 

imidazole) and subsequently the bound protein was eluted with 5 ml of elution buffer (50 

mM Tris-HCl, pH 7.4, 0.5 M NaCl, 250 mM imidazole). Fractions of 1 ml were collected and 

aliquots of 5µL(3.3µg), 50µL(33.3µg) were used for measuring the esterase and lipase 

activity respectively. 

 

3.2.3. Esterase activity using p-Nitrophenyl esters as substrates 

 

Esterase activity was carried out with p-Nitrophenyl acetate (pNPA), p-Nitrophenyl butyrate 

(pNPB) as mentioned by Ploier et.al.( Ploier, B et al., 2013). Similarly, for p-Nitrophenyl 

palmitate (pNPP) substrate assay was conducted as per Kanwar et.al.( Kanwar, S. S et al., 

2005). Different concentrations of substrates (2 to 20 mM) were considered for analysis of 

enzyme kinetics with all the three substrates studied. The purified recombinant ABHD2 

enzyme of 3.34µg was used for esterase activity against pNPA, pNPB and 33.365 µg with 

pNPP substrates respectively. Hydrolytic activity was checked at different pH 4.5, 5.5 

(sodium acetate buffer), 6.5, 7.5 (sodium phosphate buffer), 8.5 and 9.5 (Tris-HCL buffer) 

with all the substrates. The esterase activity was also monitored at different temperatures, 

including 4, 30, 45, 60, 75 and 90 °C. All the assays were performed in triplicates and mean 

values were recorded. Michaelis-Menten kinetics was analyzed using Graph Pad Prism 

version 5. 
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3.2.4. TAG lipase assay 

 

TAG lipase activity was assayed using Lipase activity assay kit (K722-100; Biovision, 

Mountain View, CA) following the manufacturer protocol. In brief, lipase hydrolyzes a 

triglyceride substrate to form glycerol which is measured enzymatically at 570nm, by 

monitoring a linked change in the OxiRed probe absorbance (Subramanian, M et al., 2013). 

The lipase assay was carried out with 3.3μg of purified enzyme at pH 8.5 and incubated at 37 
°C.  

 

3.2.5. Homology modelling 

 The query ABHD2 sequence was retracted from the Uniprot resource (id:P08910). 

Homology modeling was carried using the Prime module of the schrodinger suite. The 

template for the model building was searched using the blast search bundled within the 

software. The secondary structure was predicted using the SSpro module. Following the 

ClustalW protocol, both the target and the template were aligned and finally the model was 

built omitting the inbuilt ligands if any. The stereo chemical quality of the model was 

assessed by using PROCHECK.  

3.2.6. Molecular dynamic simulation studies 

 The model was further refined using the Desmond molecular dynamic simulations. With 

system builder of the Desmond module, the model was incorporated in an orthorhombic 

periodic boundary box and was solvated using the SPC water model. This was neutralized 

with 4Na+ ions based on the total charge of the model and to this system 0.15M salt was 

added. This was simulated using the dynamic simulation step of the Desmond module. The 

simulations were carried using NPT ensemble, at 300 K temperature, one atmospheric 

pressure and finally the entire system was relaxed using the default protocol. This system was 

carried for 100ns simulation time period and the trajectory obtained from this simulation run 

was analyzed. 

3.2.7. Ligand preparation 

The structures for the molecules were retrieved from Pubchem database source and were 

prepared using LigPrep tool of Schrödinger suite with OPLS_2005 as a force field. The 
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ionization states of these molecules were generated at pH 7.0±2.0 using Epik module and 32 

possible stereoisomers generation per ligand was selected. 

3.2.8. Docking studies 

The refined model obtained from the simulation studies was further prepared using the 

protein preparation wizard  by addition of hydrogens and bond orders assignment. The model 

was then optimized and minimized using force field OPLS_2005 with RMSD of 0.30 Å. A 

grid box was generated around the important amino acids reported previously using the 

receptor grid generation protocol of the Glide module. The prepared protein and molecules 

were docked covalently using the covalent docking protocol of the glide module. 

3.2.9. In silico mutational analysis 

The model was point mutated with Alanine replacing  the Ser207 of the catalytic traid and the 

mutated model was docked with selected pNP substrates under the similar experimental 

conditions opted above. 

3.3. Strains and methods for YMR210w 

3.3.1. Yeast strains and growth conditions 

 

Strains used in this study are Sccharomyces cerevisiae BY4741 (WT), YMR210w over 

expressed in WT (OE), YMR210w Knock out (∆), YMR210w expressed in YMR210w Knock 

out (∆+) and only Vector pYES2/CT cloned in WT (V). ∆ and WT cells were grown either in 

YPD medium containing 1% yeast extract, 2% peptone and 2% dextrose volume/volume 

(v/v) or synthetic minimal medium (SC+Ura) containing 0.67% yeast nitrogen base (YNB), 

supplemented with the complete supplement mixture 0.192% appropriate amino acids 

without uracil, 2% dextrose and 0.015% uracil (v/v). Recombinant yeast strains i.e., OE, ∆+ 

and V were cultured in synthetic minimal medium (SC-Ura) containing 0.67% YNB, 

supplemented with the complete supplement mixture 0.192% appropriate amino acids 

without uracil and 2% dextrose. Induction was done in SC-Ura media with 2% raffinose and 

3×YP medium with 6%galactose (Gelperin DM et al., 2005). All cells were cultured in liquid 

media at 30°C and 180 rpm. 
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3.3.2. Phylogenetic Analysis 

  

Phylogenetic analysis was done with the sequences of TAG lipases of Yeast, Arabidopsis 

thaliana (At3G50790), Drosophila melanogaster (CG3488), and Human (Abhd 1, 2, 3) 

retrieved from NCBI. The phylogenetic tree was developed by maximum likelihood method 

online using MEGA (version 6.0) (Zuckerkandl E. and Pauling L, 1965, Tamura K et al., 2013). 

The tree is drawn to scale and the analysis involved 22 protein sequences. 

 

3.3.3. Cloning and Expression of the Recombinant YMR210w  

 

YMR210w was cloned into pYES2/CT vector and transformed into DH5α cells. Only vector 

and pYES2/CT along with the construct were transformed into WT and ∆ individually by 

using the Frozen-EZ Yeast Transformation kit (Zymo Research, USA) following the 

manufacturer’s protocol. Expression of the Recombinant YMR210w in WT and ∆ was 

performed as per Gelperin DM (Gelperin DM et al., 2005). 

 

3.3.4. Esterase Activity Assays using p-Nitrophenyl Esters as Substrates 

  

Esterase activity assay of Ymr210wp enzyme was performed with 5µl of 1.4642±0.13 mg/ml 

i.e., 7.32 µg of purified enzyme with p-Nitrophenyl acetate (pNPA), p-Nitrophenyl butyrate 

(pNPB) as mentioned by Birgit P, (Birgit Ploier et al., 2013). Similarly, 50µl of 1.4642±0.13 

mg/ml i.e., 73.2 µg of purified enzyme for pNPP substrate assay was conducted as per (S S 

Kanwar et. al., 2005). All the assays were performed in triplicates and mean values were 

recorded. Michaelis-Menten kinetics was analyzed using Graph Pad Prism version 5. 

 

3.3.5. Isolation and quantification of Total TAG  

  

Cellular TAG from WT, ∆, OE and ∆+ was isolated according to Folch’s method (Jordi Folch 

et al., 1957). Triglycerides were measured with a clinical kit (Autospan, Span diagnostics, 

INDIA) as indicated by the manufacturer. This kit is based on the hydrolysis of 

triacylglycerol with lipase and the further determination of glycerol (Bruno L. B et al., 2010).  
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3.3.6. TAG Lipase assay  

  

TAG lipase activity was assayed using Lipase Activity Assay Kit (K722-100; Biovision, 

Mountain View, CA) following the manufacturer’s protocol. TAG lipase activity assay of 

Ymr210wp enzyme was performed with 5µl of 1.4642±0.13 mg/ml i.e., 7.32 µg of purified 

enzyme (Manivannan S et al., 2013). 

 

3.3.7. Lipid extraction  

 

Lipids from the WT and ∆ strains were extracted according to Schneiter et al., (Schneiter R., 

Daum G., 2010). The residue was dissolved in 4 mL of chloroform and transferred it into a 

1gram pre-weighed vial. The solvent was evaporated under nitrogen gas purge and the weight 

of the vial with the residue was noted.  

 

 

3.3.8. Separation of lipid classes  

 

Different lipid classes were separated on LC-Silica Sep Pak cartridges (3 mL, 500 mg, 

Supelco) according to Lynch and Steponkus (Lynch D. V. and Steponkus P. L, 1987). 

Appropriate amount of total lipid extracts was dissolved in 1 mL of chloroform and 

transferred to the Sep-Pak cartridge. The cartridge was sequentially eluted with 10 mL of 

chloroform for neutral lipids. After draining the first solvent, 15 mL of acetone: methanol 

(9:1, v/v) was added to elute the glycolipids and ceramides. Finally, 15 mL of methanol was 

added into the cartridge to elute phospholipids. All three fractions were dried under nitrogen 

purge and used immediately. Extra fractions were reconstituted with small volume of 

chloroform (for neutral lipid) and chloroform: methanol (2:1, v/v) (for other fractions) under 

nitrogen and stored at -20°C until further analysis. 

 

 

3.3.9. Separation of neutral lipid subclasses  

  

Different neutral lipid subclasses were further separated on LC-Silica Sep Pak cartridges (3 

mL, 500 mg, Supelco). Appropriate amount of neutral lipid fraction from last step was re-

dissolved in 1 mL of hexane. This was transferred to the Sep-Pak cartridge and sequentially 
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added another 3 mL of hexane to elute hydrocarbons. After draining the first solvent hexane, 

6 mL of hexane: diethyl ether (99:1, v/v) was added to elute steryl esters. Sequentially added 

another 5 mL of hexane: diethyl ether (95:5, v/v) to elute triglycerides and 5 mL of hexane: 

diethyl ether (92:8, v/v) to elute free fatty acid. All fractions except the hydrocarbons were 

evaporated under nitrogen purge and used immediately or stored by reconstituting with small 

volume of chloroform under nitrogen at -20°C until further FAMEs analysis. 

 

3.3.10. Preparation of FAMEs  

 

Fatty acid methyl esters (FAMES) were prepared by 2% H2SO4 methanol method. 2% H2SO4 

in methanol was prepared by mixing 2 mL of H2SO4 with 100 mL methanol (Christie W.W. , 

2003). FAMEs were extracted by the addition of 2 x 2 mL aliquots of hexane and vortexing. 

The two layers were allowed to separate and the upper hexane layer was collected, and 

subjected to gas chromatography analysis for identification and quantification of fatty acids.  

 

3.3.11. Gas chromatographic analysis of FAMEs  

 

Analysis of FAMEs was performed on Agilent 6890N gas chromatography instrument 

coupled with an Agilent MS-5975 inert XL mass selective detector (Agilent Technologies) in 

the Electron Impact (EI) mode. Separation of fatty acids was achieved by injecting 2 µL of 

the FAMEs on to (88% - Cyanopropyl) aryl-polysiloxane column, HP88 (Agilent J & W 

Scientific,   30 x 0.25 mm x 0.25 µm). Splitless injection was performed with a constant 

carrier gas (helium) at a flow rate of 1 mL min-1. Inlet temperature and transfer line 

temperatures were set at 200 and 180°C respectively. Temperature programming was as 

follows: initial isotherm of 80 °C held for 1 min, raised to 90°C at the 1°C / min, 90-250 °C 

at a rate of 6.1°C/ min with a hold of 15 min at the final temperature. The MS ion source 

temperature was 230°C and the Quadrupole temperature was 150°C. Peak identification of 

fatty acids in the analyzed samples was carried out by comparison of chromatogram with 

mass spectral library (NIST) and against the retention times and mass spectra of Supelco 37 

component FAME mix (Sigma-Aldrich, St Louis, MO, USA).  

 

3.3.12. Electron Microscopy  

 

For transmission electron microscopy, overnight cultures of WT and ∆ cells were harvested at 
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0.5 OD at A600. The pellet was washed with 0.1 M phosphate buffer (pH 7.4) and again 

centrifuged.  Then, cells were fixed in 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 

M sodium phosphate buffer (pH 7.4) for 12 hours at 40 C and washed with buffer. After the 

wash, samples were postfixed in 1% OsO4 (osmium tetroxide) for 1 hour at 4 0C. The 

samples were dehydrated in an ascending grade of acetone, infiltrated and embedded in 

Araldite CY 212 (TAAB, UK). Thick Sections (1 µm) were cut with an ultramicrotome,  

mounted onto glass slides,  stained with aqueous toluidine blue and observed under a light 

microscope for gross observation of the area and quality of the cell fixation. For electron 

microscope examination, thin sections of grey-silver colour interference (70-80 nm) were cut 

and mounted onto 300 mesh copper grids. Sections were stained with alcoholic uranyl acetate 

and alkaline, lead citrate, washed gently with distilled water and observed under a Morgagni 

268D transmission electron microscope (Fei Company, The Netherlands) at an operating 

voltage 80 KV (Wright, R. 2000). Images were digitally acquired by a CCD camera 

(Megaview III, Fei Company) using iTEM software (Sift Imaging System, Münster, 

Germany) attached to the microscope. 

3.4. Growth conditions of yeast strains for YPR147c 

 

3.4.1. Growth conditions of yeast strains  

 

The Saccharomyces cerevisiae strains used as the host system were wildtype BY4741 (WT), 

the desired gene YPR147C was overexpressed in WT (OE), ypr147c Δ, and YPR147C was 

expressed in Δ (Δ+), and only the pYES2/CT vector was cloned in WT (V). WT and ypr147c 

Δ cells were grown either in YPD medium containing 1% yeast extract, 2% peptone, and 2% 

dextrose weight/volume (w/v), or synthetic minimal medium (SC+Ura) containing 0.67% 

yeast nitrogen base (YNB), supplemented with the complete supplement mixture 0.192% 

appropriate amino acids without uracil, 2% dextrose, and 0.015% uracil (w/v). Recombinant 

yeast strains, i.e., OE, Δ+, and V, were cultured in synthetic minimal medium (SC-Ura) 

containing 0.67% YNB, supplemented with the complete supplement mixture 0.192% 

appropriate amino acids without uracil and dextrose. Induction was carried out in SC-Ura 

media with 2% raffinose and 3XYP medium with 6% galactose to a final concentration of 

1XYP+2% galactose. All cells were cultured in liquid media at 30 °C and 180 rpm. As per 

Gelperin et al., the induction parameters and media conditions were replicated (Gelperin et 

al., 2005; Kumar et al., 2016). 
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3.4.2.  Phylogenetic analysis 

 

Phylogenetic analysis was done with the sequences retrieved from NCBI. Sequence 

comparison of Ypr147cp were done with orthologs of Human C2orf43/hLDAH 

(GI:74761484), Mouse MGI:1916082/ mLDAH (GI:81913659), Drosophila melanogaster 

CG9186 (GI:74872031), Arabidopsis thaliana AT3G11620 (GI:332641553) and homologs of 

yeast (TGLlp/ YKL140W (GI:464877), TGL2p/YDR058C (GI:1729921), TGL3p/YMR313C 

(GI:1730604), TGL4p/ YKR089C (GI:549643), TGL5p/YOR081C (GI:4676509), 

EEB1/YPL095C (GI:2501571), EHT1/YBR177C (GI:586309), LDH1/YBR204C 

(GI:341940895), CVT17p/ AUT5/YCR068W (GI:37999929), AYR1p/YIL124W 

(GI:731868), LPX1/YOR084W (GI:74676595), YEH1/ YLL012W (GI: 74676447), 

YEH2/YLR020C (GI:74676452), Yju3p (GI:6322756), LPL1/YOR059C (GI:74676471), 

ROG1/YGL144C (GI:1723926), MGL2/ YMR210W (GI:2501570), and YPR147C 

(GI:74676409). The phylogenetic tree was developed with the maximum likelihood method 

using MEGA6 (Tamura et al., 2013). The tree is drawn to 0.2 scale and the analysis involved 

22 protein sequences. 

 

3.4.3. Recombinant Ypr147cp expression and purification 

 

To determine the hydrolytic activity, the YPR147C gene was overexpressed in the WT 

background and purified to perform enzyme analysis. YPR147C was cloned in the pYES2/ 

CT vector and transformed into DH5α cells. Only vector pYES2/CT and vector with insert 

were transformed into ∆ and WT cells individually by using the Frozen-EZ Yeast 

Transformation II kit (Zymo Research, USA) following the manufacturer’s protocol. The 

expression of the recombinant YPR147C in WT and ∆ was performed following Gelperin et 

al. (2005) protocol. In brief, a single colony of the positive clone was inoculated into 5 ml of 

SC-Ura +2% dextrose and was grown overnight at 30 °C. 1 ml of overnight culture was 

inoculated into 25 ml of SC-Ura +2% raffinose and continued to grow overnight at 30 °C 

with proper shaking. The overnight 25 ml culture was diluted to 200 ml of SC-Ura +2% 

raffinose media at a rate of 0.3 OD at 600 nm and incubated until OD reached 1.2. Then cells 

were induced by the addition of 100 ml of 3XYP+6% galactose to a final concentration of 

1XYP+2% galactose, and then grown for 12 h. Full-length protein was expressed with a C-

terminal 6xHis-tag using the pYES2/CT vector in S. cerevisiae and was successfully purified 

from whole cell extracts by an Ni-NTA agarose column. In brief, the yeast cells were lysed 
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for 10 min on a bead beater with an equal volume of lysis buffer (50 mM Tris-HCl, 1% 

glycerol, 1 mM PMSF and 5 mM MgCl2, pH 8.0). The lysate was centrifuged for 20 min at 

12,000× g at 4°C and the supernatant was collected. The supernatant was incubated with pre-

equilibrated (50 mM Tris-HCl, pH 8.0, 0.3 M NaCl and 10 mM imidazole) Ni- NTA resin. 

After incubation, the resin was packed in the column and was washed with 5 column volumes 

of wash buffer (50 mM Tris-HCl, pH 8.0, 0.3 M NaCl and 25 mM imidazole). Subsequently, 

the bound protein was eluted with 50 mM Tris-HCl, pH 8.0, 0.3 M NaCl, 250 mM imidazole. 

The molecular weight of the purified protein was analysed by SDS PAGE. 

 

3.4.4. Esterase activity 

 

Measurement of esterase activity was performed by adopting the standard protocol for p- 

Nitrophenyl acetate (pNPA), p-Nitrophenyl butyrate (pNPB) (Ploier et al., 2013) with 5µl of 

1.52±0.14 mg/ml protein. Similarly for p-Nitrophenyl palmitate (pNPP) substrates (Kanwar 

et al., 2005) 50µl of 1.52±0.14 mg/ml protein were used for Esterase activity assay. 

Measurement of the esterase activity was carried out with purified enzyme, crude extracts of 

WT, ypr147c∆ and OE strains using p-nitrophenyl substrates of acetate, butyrate, octanate, 

deconate, dodeconate, palmitate, stearate, and oleate. The screened substrates were further 

analyzed for enzyme kinetics, pH and temperature optima. Controls were set with the 

pYES2/CT vector overexpressed and purified under the same conditions. All the assays were 

performed in triplicate and the mean values were recorded. Michaelis-Menten kinetics were 

analyzed using Graph Pad Prism version 5. 

 

3.4.5. TAG lipase assay 

 

TAG lipase activity was assayed using the Lipase Activity Assay Kit (K722-100; Biovision, 

Mountain View, CA, USA) following the manufacturer’s protocol. In brief, lipase hydrolyzes 

the triglyceride substrate to form glycerol which is measured at 570 nm, by monitoring an 

enzymatically linked change in the OxiRed probe absorbance. A TAG lipase activity assay of 

Ypr147cp enzyme was performed with 7.55 mg of purified enzyme (Subramanian et al., 

2013). 
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3.4.6. Lipid extraction 

 

Lipids from the WT and ∆ strains were extracted according to Schneiter and Daum (2006). 

The residue was dissolved in 4 ml of chloroform and transferred into a pre-weighed vial. The 

solvent was evaporated under a nitrogen gas purge and the weight of the vial along with the 

residue was noted. 

 

3.4.7. Separation of lipid classes 

 

Different lipid classes were separated on LC-Silica Sep Pak cartridges (3 ml, 500 mg, 

Supelco) according to Lynch and Steponkus (Lynch and Steponkus, 1987). An appropriate 

amount of total lipid extract was dissolved in 1 ml of chloroform and transferred to the Sep-

Pak cartridge. The cartridge was sequentially eluted with 10 ml of chloroform for neutral 

lipids. After draining the first solvent, 15 ml of acetone: methanol (9:1, v/v) was added to 

elute the glycolipids and ceramides. Finally, 15 ml of methanol was added into the cartridge 

to elute the phospholipids. All three fractions were dried under a nitrogen purge and used 

immediately. Extra fractions were reconstituted with a small volume of chloroform (for 

neutral lipid) and chloroform: methanol (2:1, v/v) (for other fractions) under nitrogen and 

stored at –20 °C until further analysis. 

 

3.4.8. Separation of neutral lipid subclasses  

 

Different neutral lipid subclasses were further separated on LC-Silica Sep Pak cartridges (3 

ml, 500 mg, Supelco). An appropriate amount of neutral lipid fraction from the last step was 

redissolved in 1 ml of hexane. This was transferred to the Sep-Pak cartridge and another 3 ml 

of hexane was sequentially added to elute hydrocarbons. After draining the first solvent 

hexane, 6 ml of hexane: diethyl ether (99:1, v/v) was added to elute steryl esters. Another 5 

ml of hexane: diethyl ether (95:5, v/v) was sequentially added to elute triglycerides, and 5 ml 

of hexane:diethyl ether (92:8, v/v) to elute free fatty acids. All fractions, except the 

hydrocarbons, were evaporated under a nitrogen purge and used immediately, or stored by 

reconstituting with a small volume of chloroform under nitrogen at –20∞C until further 

FAMEs analysis. 
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3.4.9. Preparation of FAMEs 

 

Fatty acid methyl esters (FAMEs) were prepared by 2% H2SO4, 2 ml of H2SO4 with 100 ml 

methanol. FAMEs were extracted by the addition of 2 × 2 ml aliquots of hexane and 

vortexing. The two layers were allowed to separate and the upper hexane layer was collected 

and subjected to gas chromatography analysis for the identification and quantification of fatty 

acids. 

 

3.4.10. Gas chromatographic analysis of FAMEs 

 

Analysis of FAMEs was performed using an Agilent 6890N gas chromatography instrument 

coupled with an Agilent MS-5975 inert XL mass selective detector (Agilent Technologies) in 

the Electron Impact (EI) mode. Separation of fatty acids was achieved by injecting 2 mL of 

the FAMEs on to (88% - Cyanopropyl) aryl-polysiloxane column, HP88 (Agilent J & W 

Scientific, 30 × 0.25 mm × 0.25 mm). Splitless injection was performed with a constant 

carrier gas (helium) at a flow rate of 1 ml/min. The inlet temperature and transfer line 

temperatures were set at 200 °C and 180 °C, respectively. The temperature programming was 

as follows: initial isotherm of 80°C held for 1 min, raised to 90 °C at the rate of 1 °C/min, 

90–250 °C at a rate of 6.1 °C/min with a hold of 15 min at the final temperature. The MS ion 

source temperature was 230 °C and the Quadruple temperature was 150 °C. Peak identification 

of fatty acids in the analyzed samples was carried out by a comparison of the chromatogram 

with the mass spectral library (NIST), and against the retention times and mass spectra of 

Supelco 37 component FAME mix (Sigma- Aldrich, St Louis, MO, USA). Statistical analysis 

of the data was carried out following a paired t-test. The level of significance was evaluated 

from a p-value of 0.05. 

 

3.4.11. Electron microscopy 

 

For the transmission electron microscopy, overnight cultures of WT, ∆, and OE, cells were 

harvested at 0.5 OD at A600. The pellet was washed with 0.1 M phosphate buffer (pH 7.4) 

and again centrifuged. The cells were then fixed in 2.5% glutaraldehyde and 2% 

paraformaldehyde in 0.1 M sodium phosphate buffer (pH 7.4) for 12 h at 4°C and washed 

with a buffer. After the wash, samples were postfixed in 1% OsO4 (osmium tetroxide) for 1 h 

at 4°C. The samples were dehydrated in an ascending grade of acetone, infiltrated and 
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embedded in Araldite CY 212 (TAAB, UK). Thick sections (1 mm) were cut with an 

ultramicrotome, mounted onto glass slides, stained with aqueous toluidine blue, and observed 

under a light microscope for gross observation of the area and quality of the cell fixation. For 

the electron microscope examination, thin sections of grey-silver colour interference (70–80 

nm) were cut and mounted onto 300 mesh copper grids. Sections were stained with alcoholic 

uranyl acetate and alkaline, lead citrate, washed gently with distilled water and observed 

using a Tecnai transmission electron microscope (Fei Company, The Netherlands) at an 

operating voltage 200 KV (Wright, 2000). Images were digitally acquired by GATAN 

camera (Megaview III, Fei Company) using iTEM software (Sift Imaging System, Münster, 

Germany) attached to the microscope. 

 

3.4.12. Growth sensitivity and growth curve assay 

 

The effect of the YPR147C gene knockout and overexpression on the growth of yeast cells 

was examined by using a growth sensitivity assay as described previously (Golla et al., 

2015). In brief, 3 ml of each ten-fold serially diluted wildtype (WT) and mutant cultures was 

spotted onto solid SC+Agar plates with, or without, uracil (URA) supplemented with 2% 

glucose or 2% galactose. All the plates were incubated at 30 °C and growth was recorded after 

48 h using an HP scanner.  

 

For the growth curve analysis, exponentially growing yeast cells in SC liquid media with, or 

without, uracil (URA) supplemented with 2% glucose or 2% galactose were seeded in a 96-

well cell culture plate (SPL Life Sciences Ltd.) in triplicate. Growth curves were constructed 

for each treatment from averaged values of optical density (OD600) measured at a regular 

interval of time for an indicated period using a plate reader (EonTM Microplate 

Spectrophotometer). 

 

3.5. Statistical analysis 

All the quantitative results are shown as Mean ± SEM (standard error of the mean). The 

details about the number of independent experiments and experimental repeats are provided 

in the corresponding figure legends. Unless otherwise stated, statistical significance was 

assessed by performing Student's t-test (two-tailed; paired). P<0.05 considered as significant 

compared to control. Statistical analysis: Data was analyzed through paired t-test. Level of 

significance was evaluated from the p-value of 0.05. 




