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Aabstract — S-adenosyl-L-methionine (SAM) is essential substrate for biological methylation
reactions. The present work describes a reoptimized procedure of SAM preparation in labora-
tory scale by the method of yeast fermentation. The fermentation medium enriched with me-
thionine and the culture conditions were reoptimized. The isolation steps consisted of 5 steps
including extractions, precipitations, and chromatography. This improved procedure over origi-
nal method provides relatively high yield of biologically active product within a 4 day-period.

As part of our efforts for studying some methyl-
transferases (1-3). we have undertaken to prepare
a large amount of S-adenosyl-L-methionine (SAM).
SAM is essential substrate for biological methyla-
tion reactions. The methyltransferase reactions oc-
cur in a wide variety of biomolecules such as pro-
teins, nucleic acid, phospholipid, carbohydrate, and
biogenic amines. The subject dealing with the bio-
chemistry and biological significance of SAM has
been reviewed thoroughly (4,5). Several methods
of preparation of SAM were also reported (6-10).

The present work describes a reoptimized proce-
dure of SAM preparation in laboratory scale using
simple flask-type fermentor by the cultivation of
yeast originally developed by Schlenk and DePalma
(6). The fermentation medium was enriched with
methionine and the culture conditions were readju-
sted for optimum accumulation of intracellular
SAM. The isolation of SAM was achieved by the
method of Schlenk et al. with slight modification
(11). Isolation steps involve perchloric acid extrac-
tion, ammonium reineckate precipitation, Dowex 50
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H*' ion-exchange chromatography, phosphotungstic
acid precipitation, and extraction with a series of
organic solvent systems.

Materials and Methods

Materials

Bakers’ Yeast was purchased from Choheung
Chemical Industrial Co (Seoul). S-adenosyl-L-me-
thionine, S-adenosyl-L-homocysteine, ammonium
reineckate, and Dowex 50 H™ ion-exchangee resin
were obtained from Sigma (St. Louis) and L-me-
thionine from Merck (Darmstadt). Phosphotungstic
acid was product of Wako Pure Chemical Industries
(Osaka). All other chemicals used were reagent

grade commercially available.

Medium and Cultivation

A laboratory scale simple fermentor was built in
a temperature controlled water-bath-type reciprocal
shaker. A 2 liter erlenmeyer flask fitted with two-
hole stopper was used as a cultivation chamber.
The aeration was performed by a plastic tube con-
nected to an air pump was introduced through one
hole in the stopper. Into the cultivation flask 1 liter
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of fermentation medium contaming the following
ingredients was introduced: 2g of KH.PO,, lg of
K;HPO,, 5g of (NH,)»S0,, 1lg of trisodium citrate,
0.3g of MgCl, 15g of glucose, and 0.75g of L-me-
thionine. A portion of 12.5g of active dry bakers
yeast were pured into the medium at a temperature
of 30C. A homogeneous suspension was obtained
under vigorous shaking and aeration. After 4 hours,
second charge of 10g glucose was added and after
8 hours, third charge of 10g glucose was added.
After 24~30 hours cultivation, the fermented yeast
was harvested and washed twice with an excess
of cold water.

Isolation of SAM

The washed veast was extracted with 3 volumes
of 1.5 N perchloric acid with vigorous stirring at
room temperature for 2 hours. The cell debris was
discarded and clear supernatant was decanted after
centrifugation at 6,000 Xg for 20 min. Crude SAM
was precipitated from the decanted supernatant by
the addition of one-half volume of a cold saturated
solution of reshly prepared ammonium reineckate
solution. The mixture was placed at low tempera-
ture for a few hours and precipitate formed was
collected by centrifugation at 14,000 X for 20 min.

Dowex 50 H™ chromatography

The precipitate was dissolved in a 10~20 fold
amount of a mixture of acetone/2ZN H,S0, (1:1,
v/v), and the resulting dark purple solution was
applied to a Dowex 50 H' column (0.7X10cm)
which had previously been equilibrated with the
same mixture. The column was washed with 1 liter
of 2N H.S0, at a flow rate of 150 m//hr. SAM was
eluted with 6 N H.S0, at a flow rate of 40 m//hr.
The eluting was continued until the absorbance at
256 nm was less than 0.1 (about 1 liter of the acid
was required). 6 N H,50,; eluate was pooled and
the amount of SAM was determined by the absor-
bance at 256 nm (&= 15,000).

Phosphotungstic acid precipitation

To the 6 N H,S0, eluate was added 20% (w/v)
phosphotungstic acid solution (10 m//100 umole of
SAM) with stirring. After the mixture was stood
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at low temperature, precipitate formed was collec-
ted by centrifugation at 6,000Xg for 20 min and
washed twice with excess of cold water.

Extraction of SAM with organic solvent system

The precipitate was dissolved in 4~6 volumes
of acetone/water mixture (1:1, w/v). The acetone/
water mixture was extracted with 4 volumes of a
mixture of isoamyl alcohol and ether (1:1, v/v). The
upper organic solvent phase was discarded. The
extraction was repeated four times further with 2
volumes of the isoamyl alcohol/ether mixture. Resi-
dual acetone and i1soamyl alcohol were removed by
five extractions, each with several volumes of ether.
To this solution, a stream of nitrogen gas was blown
through to remove ether. The concentration of this
preparation was determined by absorbance at 256
nm. The solution was diluted to 12 mM with distil-
led water and stored as 3m/ protions at —20C.

Analysis of prepared SAM

In order to identify the prepared SAM and de-
termine homogeneity of the product, paper chrom-
atogrphy was carried out. Appropriate amount of
the product was chromatographed on Whatman No.
1 paper with ethanol/water/acetic acid (65:34:1) so-
lution. Commercial SAM and methionine were ch-
romatographed in parallel. After chromatography
was finished, ninhydrin solution was sprayed on
the paper.

The biological activity of prepared SAM was de-
termined by assaying the activity of catechol-o-me-
thyltransferase. The enzyme was extracted from rat
liver and the activity was assayed spectrophotomet-
rically using p-nitrocatechol as substrated (1). The
reaction mixture contained 0.1 M sodium phosphate
butfer (pH 7.8), 2mM MgCl, 04 mM SAM, 0.04
mM p-nitrocatechol, and the enzyme solution {pro-
tein; 0.02~0.03 mg) m a final volume of 1.0 mi. One
unit of the enzyme activity 1s defined as 1 nmole
of the product formed in 1 min at 37C under the
standard assay condition.

Results and Discussion

As summarized in Table 1, the effects of various
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Table 1. Fermentation condition of bakers’ yeast on the yield of SAM
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pos T pH degree of degree of glucose adding (g/l) yield of SAM

(T) aeraction foaming Ohr 4hr 6hr &8hr {% of control’)
1 30 6.41 below average below average 15 10 85
2 30 6.26 above average extensive® 15 10 104
3 30 5.45 average' below average 15 20 65
4 30 5.00 abhove average extensive 15 5 5 163
H 30 4.83 minimal minimal 30 20 69
6 30 — minimal average 15 10 10 70
7 30 4.98 average extensive 30 10 70
8 35 5.26 below average minimal 15 10 79
9 35 5.16 minimal below average 15 10 48
10 37 5.69 average average 15 20 o7

' Average aeration refers to 3//min air indroduction to the cultivation flask. Above average was more than 5//min.
At this aeration condition the dissolved oxvgen was kwown to be enough to saturate the medium.
‘The extensive foaming indicates usually continuous overflowing of foaming medium from the flask.
*Control refers to the yield of 14 umoles/1 g of yeast. The control vield was obtained from a preliminary culture

condition.

fermentation conditions such as pH, aeration, and
glucose addition on the yield of SAM were cross-
checked. The best result was achieved by the con-
dition No. 4. Addition of glucose by several portions
gave better result than addition in one single por-
tion. When the extent of aeration and shaking was
maintained as vigorously as possible, the yield was
improved considerably. Under the standard condi-
tion of pH 5.0 and 30C cultivation, an optimal yield
of SAM was 24 umoles/1g of vyeast. This yield 1s
about 20% better than the original procedure deve-
loped for bakers’ yeast (6). However using other
strain of yeast S. sake K-6, it 1s achieved much
higher yield of SAM (9). After SAM was extracted
with perchloric acid solution, SAM was precipitated
by the addition of ammonium reineckate solution.
The precipitate formed was dissolved and apphed
to Dowex 50 H" column. The chromatography was
performed with 6 N H.S0, solution, and the result
was shown in Fig. 1. By the extensive washing with
2 N H,50,, the contaminant sulfonium compounds
such as S-ribosyl-L-methionine and S-adensoyl-L-
homocysteine were removed. The purity of SAM
in each step of isolation was performed by paper
chromatography.

In order to identify the prepared SAM, UV-spect-
rum ranged from 210 nm to 290 nm was obtained.
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Fig. 1. Dowex 50 H* Chromatography of SAM,

Column was washed with 2N H,S0, and SAM was
eluted Wlth 6N H2804.

Absorbance at 256 nm

As shown in Fig. 2, the peak at 256 nm of prepared
SAM was similar to that of authentic SAM. Paper
chromatography was also performed to identify the
product and determine the purity. For comparison,
commercial SAM (S5AM 1odide), S-adenosyl-L-ho-
mocysteine, and methionine were chromatographed
in paralled. The R, value for prepared SAM was
0.4 and was identical to that of commercial SAM.
For all instances, the prepared SAM revealed only
one spot. We assayed biological activity of the pre-
pared SAM by assaying the activity of catechol-o-
methyltransferase (1). For comparison, commercial
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Fig. 2. UV-spectra of prepared SAM (-—) and commer-
cial (--) SAM.
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Fig. 3. Bilological activity of prepared SAM (O —0O)
and commercial SAM (@—@).
Catechol-o-methyl-transferase was employed for the
assay of biological activity of SAM.

SAM was assayed in paralled. From the result in
Fig.3, we could confirm that the prepared SAM
is more biologically active than commercial SAM.
For obtaining the biclogically active SAM extensive
extraction with organic solvent (isoamyl alcohol/
ether) was essential. Since the trace amount of ace-
tone seemed to have the inhibitory effect to SAM
activity.

In summary, the reoptimized procedure for biolo-
gically active SAM by the method of bakers’ yeast
fermentation in a methionine enriched medium has
been achieved hy altering cultivation conditions in-
cluding glucose addition. A major advantage over
he original method was in respect to its high yield
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of biologically active product. In an one-liter bench
scale, about 300 umoles {(ca. 150 mg) of SAM was
obtained within a 4 day-period.
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