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Abstract

S-Adenosyl-L-methionine, an important biological cofactor, exists in two chiral forms, (S,S)- and 

(R,S)-, only the former of which is biologically active. Herein, we develop a chromatographic 

method to obtain pure (S,S)-AdoMet using a single C18 column.
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S-Adenosyl-L-methionine[1], usually abbreviated as AdoMet, SAM or SAMe, is distributed 

ubiquitously throughout all organisms. It is a key metabolite and has various biological 

functions, acting as the most common and principal methyl donor in the cell[2]. AdoMet has 

two notable chiral centers: one is the chiral carbon at the α amino position and the other is 

the sulfonium sulfur. The chiral sulfur center exists in two enantiomeric forms, making 

AdoMet a diastereomer: (S,S)-AdoMet and (R,S)-AdoMet. The (S,S) configuration is the 

only biosynthesized form, and the biologically active form for almost all AdoMet dependent 

methyltransferases[3, 4]; in fact, a homocysteine methyltransferase has been reported to 

repair unactivated (R,S)-AdoMet [5]. Once isolated or prepared, (S,S)-AdoMet 

spontaneously converts to the inactive (R,S)-AdoMet, with a racemization rate around 10−16 

s−1 under physiological conditions [6, 7](Figure 1). Due to this property, commercial 

AdoMet samples contain up to 20-30% of the inactive (R,S)- form[7, 8]; even in-house 

enzymatically synthesized AdoMet includes some (R,S)- product [9, 10]. In our hands, we 
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see 5-10% (R,S)-AdoMet immediately after overnight enzymatic incubation, and this level is 

expected to increase until sample utilization. Past publications have been largely focused on 

the analytical studies of AdoMet quantification and stability using NMR, mass spectrometry, 

capillary electrophoresis, chromatographic, colorimetric and radioactive approaches[3, 7, 8, 

11-15]. There is a lack of appropriate preparative protocols to isolate the pure (S,S)-AdoMet 

in a simple and efficient way. Usage of the mixture of (S,S)- and (R,S)-AdoMet can lead to 

artifacts in the study of enzymes, leading, for example to overestimation of the Km for 

AdoMet and underestimation of the kcat. The difficulty of obtaining a complete separation of 

S,S and R,S diastereoisomers has also led to different conclusions regarding the level of 

AdoMet in plasma from immunocompromised adults[16, 17]. Here, we report an efficient 

method to separate the (S,S)- and (R,S)-AdoMet using common elution buffers and a single 

C18 column.

AdoMet was synthesized biologically from adenosine triphosphate (ATP) and methionine 

with methionine adenosyltransferase (AdoMet synthetase), using a similar procedure to that 

outlined by Walsby et al. [10], with minor modifications. A typical 10 mL reaction mixture 

contained 100 mM Tris (pH=8), 1 mM EDTA, 50 mM KCl, 26 mM MgCl2, 13 mM ATP, 

10 mM methionine, 8% β-mercaptoethanol and 1 mL of AdoMet synthetase lysate[18]. The 

reactions were left stirring vigorously overnight at 37°C in the dark. After approximately 16 

h, the reactions were quenched with 1 ml of 1.0 M HCl and then centrifuged at 4°C at 

15,000×g for 20 min. The lysates were purified via FPLC (BioRad) using a UNO S-6 

(BioRad) cation exchange column. A linear gradient from 0-1 M HCl was run through the 

column, from which AdoMet was eluted at approximately 0.4 to 0.6 M HCl as a distinct 

peak. The eluant was collected and dried by lyophilization or by rotary evaporation in an 

ice-water bath, with a yield of ca. 40%. Due to the common usage of radioactively labeled 

AdoMet in enzyme assays, tritium [methyl-3H]-AdoMet (specific activity: 80 Ci/mmol) was 

also purchased from American Radiolabeled Chemicals Inc., United States and analyzed.

In order to obtain pure, fully active (S,S)-AdoMet, reversed phase chromatography was 

carried out using a commonly used C18 reversed phase analytical column (Kinetex™ 5 μm, 

100 Å, 250×4.6 mm from Phenomenex). High-performance liquid chromatography (HPLC) 

utilized either a PerkinElmer Series 200 system for non- radioactively labeled AdoMet or a 

composite system with Beckman 110B pumps and a Hitachi 655A UV-visible detector for 

the radioactively labeled AdoMet. Separations were carried out at room temperature unless 

specified. HPLC flow rate is 1 ml/min with absorbance monitored at 257 nm. Three elution 

buffers are used here: Buffer 1, 50 mM ammonium formate buffer (pH=4.0); Buffer 2, 50 

mM ammonium acetate buffer (pH=5.4) with 1% TFA and Buffer 3, 10 mM Phosphate 

buffer (pH=6.8). Between runs, the column is washed with acetonitrile: water (7:3, v/v) and 

then pre-equilibrated with the appropriate elution buffer for 10-15min.

The first step to obtain pure (S,S)-AdoMet is to apply Buffer 1 as the eluant, resulting in 

retention times of 5.4 min for (S,S)-AdoMet and 5.7 min for (R,S)-AdoMet (Figure 2A) [14]. 

This step allows baseline separation of (S,S)- and (R,S)-diastereoisomers only if extremely 

small amounts of AdoMet are injected into the column, making it suitable for analytical 

purposes [14]. The small retention time difference (18 seconds) between (S,S)- and (R,S)- 

makes it impossible to separate diastereoisomers using preparative or semi-preparative 
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levels of AdoMet. However, for commercial samples, Step 1 achieves the buffer exchange 

necessary for purification of AdoMet, especially the radioactively labeled samples, which 

are stored in sulfuric acid/ethanol buffer [typical condition, sulfuric acid (pH 2.0): ethanol 

(9:1)]. If these are loaded directly onto the C18 column equilibrated with Buffer 2 (Step 2), 
AdoMet is found to elute across the entire profile. Step 1 is not necessary if the AdoMet 

sample has been prepared “in house” and stored in water. Depending on the initial AdoMet 

storage buffer, the retention time might change, but the overall profile is robust and 

reproducible.

The concentrated sample from Step 1 is loaded onto the same HPLC column pre-

equilibrated with Buffer 2. In order to reduce any chemical breakdown of AdoMet and 

conversion of (S,S)-AdoMet to (R,S)-AdoMet, the eluant is pre-cooled to 4°C and stored in 

an ice bucket before and during the procedures performed in Steps 2 and 3. (S,S)-AdoMet 

and (R,S)-AdoMet elute at 12.7 min and 13.8 min, respectively (Figure 2B), with baseline 

separation. Pure (S,S)-AdoMet is collected from Step 2, concentrated at 4 °C and re-injected 

onto the same column with Buffer 2 (Step 2). From Figure 2C, it is clear that only an (S,S)-

AdoMet peak is present, confirming the purity of the bioactive (S,S)-AdoMet. Since Buffer 
2 contains ammonium acetate and especially TFA, which are likely to affect subsequent 

biological assays, a final step was introduced to remove these buffer components from the 

sample solution.

Due to the polar property of AdoMet, we first attempted cation exchange chromatography. 

While this procedure allowed removal of the ammonium acetate and TFA, it introduced high 

concentrations of salt and hence an elevated ionic strength for the final buffer. In light of 

this, we returned to the C18 column used in previous steps, applying Buffer 3 as the eluant 

to eliminate ammonium acetate and TFA. These conditions wash the ammonium acetate and 

TFA off the column between 2-4 min (1st peak in Figure 2D) followed by (S,S)-AdoMet at 

8.6 min (Figure 2D). The removal of ammonium acetate and TFA was confirmed by a 

control HPLC profile using the same concentration of ammonium acetate and TFA in the 

absence of AdoMet. After elution, H3PO4 was added immediately to bring the pH of the 

(S,S)-AdoMet sample to around 3. Pure (S,S)-AdoMet sample can be aliquoted and stored in 

-20 °C or -80°C. We point out that the eluant buffer in Step 3 can be replaced by other 

buffers (for example, 10 mM HEPES PH=6.8) as long as they have a pH ≥ 6. This offers 

considerable flexibility for biological studies.

We have presented a straight forward HPLC method for the preparation of pure bioactive 

(S,S)- AdoMet using a C18 column in three steps. Considering that radioactively labeled 

AdoMet is frequently employed in biology, we carried out the purification of [methyl-3H]-

AdoMet using the protocol developed here. Around 60 μCi of (S,S)- [methyl-3H]-AdoMet 

was obtained using the procedures outlined above. The purity of the resulting (S,S)- 

[methyl-3H]-AdoMet was tested by reaction with excess dopamine (5 mM) catalyzed by 50 

μM catechol-O-methyltransferase (COMT) in 100 mM phosphate buffer pH=7.4 with 5 mM 

MgCl2, 4 mM DTT for 30 min [19]. Analysis of the product mixture by HPLC showed that 

no inactive (R,S)-[methyl-3H]-AdoMet was present in the reaction mixture. Storage of the 

(S,S)-[methyl-3H]-AdoMet in acidic buffer (pH ≅ 3) at -20 °C preserved the sample purity 

for at least one month.
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In conclusion, a protocol for separation of (S,S)- AdoMet has been established using 

reversed phase chromatography. This will enable reliable access to pure AdoMet, 

eliminating artifacts that may arise from the presence of chemical and enantiomeric 

impurities.
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Abbreviations used

AdoMet S-Adenosyl-L-methionine

ATP adenosine triphosphate

COMT catechol-O-methyltransferase

HPLC high-performance liquid chromatography

NMR nuclear magnetic resonance

TFA trifluoroacetic acid
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Figure 1. 
Racemization of S-adenosyl- L-methionine (AdoMet)
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Figure 2. 
HPLC elution profiles for different steps. Flow rate, 1 ml/min; isocratic elution; detection 

wavelength, 257 nm. (A) Step 1, elution buffer 1, 50mM ammonium formate buffer 

(pH=4.0); (B) Step 2, elution buffer 2, 50mM ammonium acetate buffer (pH=5.4) with 1% 

TFA; (C) (S,S)- AdoMet re-purified according to Step2; (D) Step 3, elution buffer 3, 10mM 

Phosphate buffer (pH=6.8). As discussed in the text, the early eluting peak is ammonium 

acetate and TFA.
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