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Abstract

Phosphatidylethanolamine methyltransferases are biosynthetic enzymes that catalyze the transfer of one or more methyl group(s) from S-
adenosyl-L-methionine onto phosphatidylethanolamine, monomethyl-phosphatidylethanolamine, or dimethyl-phosphatidylethanolamine to give
either monomethyl-phosphatidylethanolamine, dimethyl-phosphatidylethanolamine or phosphatidylcholine. These enzymes are ubiquitous
in animal cells, fungi, and are also found in approximately 10% of bacteria. They fulfill various important functions in cell physiology beyond
their direct role in lipid metabolism such as in insulin resistance, diabetes, atherosclerosis, cell growth, or virulence. The present manuscript
reports on a simple cell-free enzymatic assay that measures the transfer of tritiated methyl group(s) from S-[Methyl-3H]adenosyl-L-methionine
onto phosphatidylethanolamine using whole cell extracts as an enzyme source. The resulting methylated forms of phosphatidylethanolamine
are hydrophobic and thus, can be separated from water soluble S-[Methyl-3H]adenosyl-L-methionine by organic extraction. This assay can
potentially be applied to any other cell types and used to test inhibitors/drugs specific to a phosphatidylethanolamine methyltransferase of
interest without the need to purify the enzyme.

Video Link

The video component of this article can be found at https://www.jove.com/video/53302/

Introduction

Phosphatidylethanolamine methyltransferase (PEMT) enzymes catalyze the covalent attachment of one or more methyl groups using S-
adenosylmethionine (SAM) as the methyl group donor onto PE, monomethyl-PE or dimethyl-PE to give monomethyl-PE, dimethyl-PE and/
or phosphatidylcholine (PC). These enzymes are almost ubiquitous in animal cells and fungi. They can also be found in some plants 1 and
approximately 10% of bacteria, particularly those that interact with eukaryotes 2.

PEMTs are relevant to the biology of the cell not only by contributing to the production of PC, which is the main lipid class in animal cells,
but also by fulfilling other important cellular functions. In mammals, PEMTs are mainly expressed in the liver where they are required for
normal secretion of very low-density lipoprotein and they also contribute to diet-induced obesity 3, atherosclerosis 4, and insulin resistance
5. Additionally, mammalian PEMT are also expressed in adipocytes, although to lower levels, and participate in fat deposition 6,7. PEMT role
in cancer development 8, apoptosis 9, and cell growth 10 have also been demonstrated. In bacteria, PEMT enzymes have been shown to be
important for normal cell growth 2, virulence 2, and symbiosis with the host plant 11.

The goal and rationale of the present protocol is to measure PEMT activity from whole cell extracts without the need to purify the enzyme. Two
distinct protocols have been developed to measure PEMT activity. The first and most common one measures the transfer of tritiated methyl
group from radioactive SAM onto PE, which is the topic of this article. This protocol has been originally developed to measure PEMT activity
from yeast 12 and mammalian cells (liver) 13 to gain an understanding of PC biosynthesis in these cells as well as to determine the specificity of
these enzymes. Later, this technique has been applied to other cell types such as bacteria 2 (using a basic pH value for the assay though 15) and
protozoan parasites 14. This technique can be used with whole cell extracts as well as purified enzyme, and can potentially be applied to any
cell extract system. A non radioactive assay has also been designed that relies on the enzymatic quantification of S-adenosylhomocysteine, the
transmethylation product of SAM 16. The latter assay may be more convenient as it does not involve radioactivity but it is only suitable for purified
enzymes.
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Protocol

1. Cell Extract Preparation

1. Grow the Leishmania cells in a sterile plastic bottle sealed with air tight cap at 26 ºC in a medium made of 1x M199 supplemented with 20
mM HEPES pH7.4, 100 U/ml penicillin, 100 µg/ml streptomycin, 5 µg/ml heme, 0.35 g/L NaCO2H, 0.1 mM adenine, and 2 µg/ml biopterin
without shaking. Harvest the cells by centrifugation at 1,500 g for 5 min at 4 ºC when they reach a cell density of 1-2 x 107/ml.

2. Discard the supernatant with a pipette and wash the cells by resuspending the cell pellet with a serological pipet in half of the culture's
volume of cold phosphate buffered saline (137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, pH7.4). Dispose cell supernatants
according to BL2 safety guidelines.

3. Centrifuge cells again at 1,500 g for 5 min at 4 ºC. Discard the supernatant with a pipette. Proceed to the next step or snap freeze the cell
pellet in liquid nitrogen for long term storage at -80 ºC (up to three months).

4. Prepare 2x lysis buffer (0.5 M sucrose, 0.1 M TrisHCl, pH7.5, 2 mM EDTA, and 2x protease inhibitor cocktail) and keep it at 4 ºC on ice.
5. Resuspend the cell pellet (fresh or frozen) in equal volume of 2x lysis buffer. Add 1x volume of glass beads. Vortex vigorously at 4 ºC for 10

min.
6. Add 2 volumes of 1x lysis buffer and mix. Centrifuge cell extracts at 1,500 x g at 4 ºC for 10 min to pellet unbroken cells and nuclei.
7. Transfer the supernatant with a pipet into a fresh cool centrifuge tube and keep cell extracts on ice until completion of the experiment.

2. Determine the Protein Concentration of the Cell Extract Using Protein Estimation Kit
Such as Bicinchoninic Acid Assay

1. Prepare the bicinchoninic acid (BCA) solution (1 ml/tube) by mixing the BCA and copper (II) sulfate in a ratio of 49:1 (v/v).
2. Prepare the protein standards of 0, 10, 20, 30, 40, 50, and 60 µg/ml by diluting a 10 mg/ml bovine serum albumin (BSA) stock solution into 1

ml aliquots of the BCA solution.
3. Add 2 µl of cells extracts in 1 ml of BCA solution in duplicates. Incubate standards and protein samples for 10 min in a pre-warmed 60 °C

water bath.
4. Transfer samples to ice for 3 min. Measure the absorbance of the standards and the protein samples with a spectrophotometer at a

wavelength of 562 nm.
5. Calculate the protein concentration of the cell extracts using the BSA standard as a reference as described in the manufacturer's protocol.

Dilute cell extracts to a protein concentration of 10 mg/ml with 1x lysis buffer.

3. Enzymatic Assay in 200 μl per Tube

NOTE: Carry the following steps in a chemical hood.

1. Test each sample in duplicate in a 15 ml conical tube. Prepare 20 μl 1 M TrisHCl pH 7.5 per tube and keep it on ice. Prepare 2 ml of
chloroform/methanol (1:1 (v/v); stopping solution) at RT for each tube.

2. Pipet 20 μl of 1 M TrisHCl pH 7.5 in each 15 ml conical tube on ice.
3. Follow radiation safety guidelines from here on. Add the equivalent of 0.06 μM (0.2 μCi) S-[Methyl-3H]adenosyl-L-methionine and 50 μM cold

SAM per tube for a total of 50.06 μM of SAM. Add x μl of cold water where x = 200-(20 (for buffer) + 20 (for cell extracts) + volume of cold and
radioactive SAM) per tube.

4. Transfer each conical tube to a pre-warmed 30 ºC water bath. Add to each tube 20 μl of cell extracts (equivalent of 200 μg of protein) to start
the reaction. Incubate for the desired time (0 to 45 min).

5. Stop the reaction by adding 2 ml of chloroform/methanol (1:1; v/v; stopping solution) to each tube. Transfer the conical tube to RT (20-25 ºC).

4. Lipid Extraction

NOTE: Carry the following steps in a chemical hood.

1. Add 700 μl of water to each tube containing the enzymatic reaction sample. Vortex vigorously for 30 sec. Centrifuge at 1,500 x g for 5 min at
RT to separate the organic from the water phase.

2. Transfer the lower organic phase into a new 15 ml conical tube with a pipette. Add 1 ml of water to each "lower phase" containing tube and
vortex vigorously for 30 sec. Centrifuge again at 1,500 x g for 5 min to separate the organic from the water phase.

3. Transfer the lower organic phase into a scintillation tube with a pipette. Dry samples under a stream of N2. Dispose the water phases
containing the non-incorporated radioactive SAM and the radioactive conical tubes as per radiation guidelines.

4. Add 2 ml/tube of scintillation liquid. Measure the incorporated radioactivity with a scintillation counter according to the manufacturers' protocol
and instrument's use.

5. Calculate the enzymatic activity in nmol/mg protein using the following general equation:
 

cpm value x 103 x [total (radioactive and cold) concentration of SAM (mM)] x 5 specific activity of radioactive SAM (Ci/mmol) x [concentration
of radioactive SAM (mM)]
 

NOTE: the above protocol can be altered for a SAM concentration dependent or a protein dependent PEMT assay. For SAM concentration
dependent enzymatic assay, time is kept constant (15 min, which is in the linear range) and various amounts of cold SAM are added to the
assay while for protein dependent PEMT assay, SAM concentration (we chose 0.05 mM) and time are kept constant (15 min). Also the pH of
the buffer can be changed as needed if some PEMT enzymes have a different optimal pH value.
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Representative Results

Figure 1 shows a time dependant PEMT assay, which was carried out with Leishmania whole cell extract as an enzyme source using
endogenous PE as a substrate. The amount of radioactivity in the organic phase was quantified by scintillation counting. The resulting numbers
were utilized to calculate the amount of tritiated methyl groups transferred onto PE. The PEMT activity was linear for approximately 20 min. It
then reached a plateau at around 30 min, after which it stayed constant for another 15 min. As expected, PEMT activity was not detected when
no cell extracts were added to the assay (Figure 2). Further, this activity was abolished in the presence of 100 μM octadecyltrimethylammonium
bromide, which is an inhibitor of L. major PE methyltransferases LmjPEM1 and LmjPEM2 14. PEMT activity was also protein concentration
dependent, and this activity was linearly proportional to the amount of protein applied for the enzymatic assay (Figure 3). Lastly, a SAM
concentration dependent PEMT assay was carried out, in which increasing concentrations of SAM were tested (Figure 4). PEMT activity
reached a plateau at SAM concentration of approximately 0.5 mM. All together, these four assays demonstrate that PEMT activity is specific and
can be measured from whole cell extracts without the need to purify the enzyme(s).

Figure 1. Time dependent PEMT assay. The enzymatic assay was performed twice in duplicate with 0.2 mg of whole Leishmania cell extracts
as a function of time. PEMT activity is represented as nmol methyl groups transferred onto PE per mg of protein and per hr. For time "O", cell
extracts were first mixed with 2 ml of stopping solution made of chloroform/methanol (1:1, by volume) before being added to the assay solution
containing SAM. Standard deviations are shown.

Figure 2. Specificity of PEMT activity. PEMT assay was carried out twice in duplicate for 15 min in the presence of 0.05 mM SAM. 1, 0.2 mg
protein extract; 2, no cell extract; 3, 0.2 mg protein and 0.1 mM octadecyltrimethylammonium bromide. Standard deviations are shown.
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Figure 3. Protein dependent PEMT assay. The enzymatic assay was performed twice in duplicate in the absence (point 'O') or presence of
various amounts of Leishmania proteins with 0.05 mM SAM for 15 min. Standard deviations are shown.

Figure 4. The PEMT assay was carried out twice in duplicate with 0.2 mg of whole Leishmania cell extracts in the presence of various
concentrations of SAM for 15 min. Standard deviations are shown.

Discussion

This simple, quick PEMT assay allows the quantification of methylated forms of PE that results from the transfer of radioactive methyl groups
from SAM onto PE using whole cell extract as a protein source. It is fast, sensitive, reproducible, and also suitable for purified enzymes
17. Monomethyl- or dimethyl-PE can be added to the assay if the methyltransferase of interest is specific to these substrates rather than
to PE 12,13,18,19. If purified PEMT enzyme is used, PE can be added to the assay. A limitation of this protocol is that the assay does not
identify the reactions products (monomethyl-PE, dimethyl-PE, or PC). However, the identity of the reaction products (monomethyl-PE,
dimethyl-PE, PC) can further be analyzed by one dimensional thin layer chromatography as described in 20,21. Further, some of the SAM
degradation products such as S-adenosylhomocysteine and 5'-methylthioadenosine may inhibit PEMT activity by feedback inhibition.
However, Leishmania possesses an S-adenosylhomocysteine hydrolase 22, which cleaves S-adenosylhomocysteine into adenine and S-
ribosylhomocysteine, and a methylthioadenosine phosphorylase, which produces adenine and methylthioribose-1-phosphate 23. However,
it is not known whether S-adenosylhomocysteine hydrolase and methylthioadenosine phosphorylase activities are high enough to efficiently
metabolize S-adenosylhomocysteine and methylthioadenosine, respectively, so that no inhibition of PEMT activity occurs. In the instance S-
adenosylhomocysteine hydrolase and/or 5'-methylthioadenosine metabolic enzyme are absent in the cell of interest, addition of the respective
purified, recombinant enzymes can be added to the assay to relieve feedback inhibition by SAM degradation products 24,25,26.

There are four critical steps in this protocol: i) the protease inhibitor cocktail powder has to be added to the lysis buffer just before use (step 1.1);
ii) the whole cell extracts are to be utilized within the following hours after preparation (after step 1.4); iii) during the lipid extraction steps (steps
4.2 and 4.4), caution needs to be applied to not transfer any of the interphase or water phase, which contains the excess tritiated SAM, and iv)
to aliquot the radioactive S-[Methyl-3H]adenosyl-L-methionine and cold reagent upon receipt as repeated cycles of freeze and thaw degrade it
into 5'-methylthioadenosine and homoserine lactone followed by hydrolysis to adenine and S-pentosylmethionine 26,27,28, which may account
for lack of measurable PEMT activity. Bad whole cell extracts may also be responsible for no enzymatic activity. In this case, the quality of the
cell extract can be assessed by measuring another known enzymatic activity. Last, lack of PEMT activity may rely on the PEMT enzyme being
specific to monomethyl-PE or dimethyl-PE rather than PE. Addition of monomethyl-PE and/or dimethyl-PE substrates to the assay may restore
PEMT activity.

An alternative, non-radioactive SAM dependent methyltransferase assay has been developed, that relies on the enzymatic quantification of
homocysteine, the transmethylation products of SAM 29. This protocol has been successfully applied to measure PE specific methyltransferase
activity 16. Unfortunately, this assay is only suitable for purified enzyme and not for whole cell extract, and does not reveal the identity of the
reaction products either.

The present protocol can possibly be applied to any cell type. Additionally, this assay can be used to test potential drugs specific to a PEMT
of interest in the context of testing new anti-microbial compounds to fight bacterial infections or novel therapeutics against diet-induced
atherosclerosis, obesity, and insulin resistance.
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