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A search of the Streptomyces avermitilis genome reveals
that its closest homologs are several O-methyltransferases.
Among them, one gene (viz., saomt5) was cloned into the
pET-15b expression vector by polymerase chain reaction
using sequence-specific oligonucleotide primers. Biochemical
characterization with the recombinant protein showed
that SaOMT5 was S-adenosyl-L-methionine-dependent Omethyltransferase. Several compounds were tested as
substrates of SaOMT5. As a result, SaOMT5 catalyzed Omethylation of flavonoids such as 6,7-dihydroxyflavone,
2',3'-dihydroxyflavone, 3',4'-dihydroxyflavone, quercetin,
and 7,8-dihydroxyflavone, and phenolic compounds such
as caffeic acid and caffeoyl Co-A. These reaction products
were analyzed by TLC, HPLC, LC/MS, and NMR
spectroscopy. In addition, SaOMT5 could convert phenolic
compounds containing ortho-dihydroxy groups into Omethylated compounds, and 6,7-dihydroxyflavone was
known to be the best substrate. SaOMT5 converted 6,7dihydroxyflavone into 6-hydroxy-7-methoxyflavone and
7-hydroxy-6-methoxyflavone, and caffeic acid into ferulic
acid and isoferulic acid, respectively. Moreover, SaOMT5
turned out to be a Mg2+-dependent OMT, and the effect of
Mg2+ ion on its activity was five times greater than those of
Ca2+, Fe2+, and Cu2+ ions, EDTA, and metal-free medium.
Keywords: O-Methyltransferase, Streptomyces avermitilis,
flavonoids

Genus Streptomyces, soil bacteria, which have a linear
chromosome like the eukaryote, carries out not only a
complex of physiological differentiation but also the
production of secondary metabolites such as antibiotics.
Genome projects of Streptomyces revealed many interesting
genes involved in antibiotic biosynthesis [1, 8]. Among
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them, the methyltransferases, which transfer a methyl group
from a methyl donor such as S-adenosyl-L-methionine
(AdoMet) and selenomethionine (PDB accession code,
2GPY.pdb) to secondary metabolites produced in Streptomyces,
play an important role in the modification of antibiotics
[19]. Since methyl groups can be attached to oxygen,
carbon, and nitrogen, methyltransferases are classified into
O-methyltransferase (OMT), C-methyltransferase (CMT),
and N-methyltransferase (NMT), respectively [21]. OMethylation increases lipophilicity, which results in
intracellular compartmentation. Specifically, O-methylation
is one of the common modification reactions found in
flavonoid biosynthesis in plants. O-Methylation of flavonoids
could alter their structure as well as their function, such as
biological activities. Generally, OMTs are found in plants,
animals, humans, and microorganisms. It has been known
that plant OMTs use flavonoids, monolignol, alkaloids,
etc. as their substrates [16, 23]. These plant OMTs may
play diverse roles such as pigmentation of flowers and
fruits, defense against phytopathogens, protection against
UV light, and regulation of auxin transport [3, 4, 9,
15, 18]. Unlike plant OMTs, however, the roles of OMTs
in microorganisms are not well understood. Therefore,
studies on OMTs cloned from microorganisms may help
us elucidate their roles. We have already characterized one
of the OMTs cloned from S. coelicolor, ScOMT1, and
reported on it [24]. In this study, we report the molecular
cloning, expression, and biochemical characteristics of one
(SaOMT5) of eight OMTs from S. avermitilis, which is
another species whose genome sequences are known.
MATERIALS AND METHODS
Bacterial Strains, Plasmids, and Chemicals
Streptomyces avermitilis MA-4680 was purchased from the American
Type Culture Collection (ATCC, Manassas, VA, U.S.A.). Escherichia
coli DH5α was used for gene manipulation, and E. coli BL21 codon
plus (Stratagene, La Jolla, CA, U.S.A.) was used for recombinant
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protein expression. The pGEMT-easy vector (Promega, Madison,
WI, U.S.A.) was used for cloning the polymerase chain reaction
(PCR) product, and the pET-15b expression vector (Novagen,
Madison, WI, U.S.A.) containing a 6-histidine tag at the N-terminus
of the expressed protein was used for protein expression.
Cloning of saomt5 and Creation of Deletion Mutants
Eight putative OMT genes were found in S. avermitilis. Five OMT
genes were cloned by PCR amplification from its genomic DNA as
templates in this experiment. Among five OMT genes, saomt5
(GenBank Accession No. SAV5837) was well expressed in E. coli,
and thus it was selected for further study. The saomt5 gene was
amplified by PCR using a set of specific primers; forward: 5'CATATGAGCGAGTCGCAACAGCTCTG-3'; reverse: 5'-GGATCC
TACGGCAGCACGCGGG-3', where underlined bold letters indicate
NdeI and BamHI sites, respectively. The PCR reaction was carried
out under the following conditions: 30 cycles of denaturation for
1 min at 95oC, annealing for 1 min at 60oC, and extension for 1 min
at 72oC. The saomt5 gene was cloned into the pGEM-T easy vector
and finally subcloned into the NdeI/BamHI sites of E. coli expression
vector pET-15b.
All deletion mutants were also constructed by PCR methods
using the saomt5 gene in the pET-15b vector as a template. The
site-specific primers for each deletion mutant were composed of 20
to 30 nucleotides and synthesized by Bioneer (Yong-in, Korea); the
primer sequences are listed in Table 1. N-Terminus-deleted mutants
were named SaOMT5 N15, 22, 30, 45, 53, 58, and 65, and the Cterminus-deleted mutant was C6. The numbers in the names denote
the number of deleted amino acids. As listed in Table 1, forward
primers contained the NdeI site, and reverse primers contained the
BamHI site and stop codon, and two additional bases were added to
the 5' ends for easy cloning. PCR was carried out under the same
conditions as mentioned above. Each PCR product was purified
with a PCR Purification Kit (Bioneer), directly digested with
endonuleases NdeI/BamHI, and subcloned into the corresponding
sites of pET-15b [24].
Expression and Purification of the Recombinant Proteins
All E. coli strains harboring each construct were grown in LuriaBertani (LB) broth medium containing ampicillin (50 µg/ml) with
shaking at 37oC. For expression of SaOMT5 protein and its deletion

Table 1. The sequences of the primers used to construct deletion
mutants.
name
Sa5_F
Sa5_R
F-∆15
F-∆22
F-∆30
F-∆45
F-∆53
F-∆58
F-∆65
R-∆6

mutants, isopropyl-β-D-thiogalactoside (IPTG) was added to a final
concentration of 1 mM, and the cells were incubated for an
additional 6 h at 30oC before harvest. The harvested cells were
stored at -20oC until the next experiment.
The harvest cells were lysed by sonication and the cell lysates
were removed by centrifugation at 2,440 ×g for 30 min. The
resulting clear supernatant was collected and the recombinant proteins
were purified with a his-tag affinity column using a fast protein
liquid chromatography (FPLC) system (ÄKTA FPLC, Amersham
Bioscience, Uppsala, Sweden). SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) was carried out to monitor the expression and
purification of SaOMT5 and its deletion mutants. The concentration
of the purified recombinant proteins was determined using a
Bradford assay kit (Bio-Rad, Hercules, CA, U.S.A.) [24].
Determination of OMT Activity
Fifty µg of purified proteins was reacted with 100 µM S-adenosyl-Lmethionine (AdoMet, Aldrich, Chicago, IL, U.S.A.) as a methyl
donor in 25 mM Tris-HCl buffer (pH 7.0) containing 100 µM MgSO4,
and 50 µM substrates at 37oC for 30 min. The reaction was stopped
by adding an equal volume of ethyl acetate, and the reactants were
vigorously shaken for a few minutes and centrifuged at 2,440 ×g for
5 min. The ethyl acetate phase was carefully transferred into a new
tube, freeze-dried, and redissolved in 20 µl of methanol for thin-layer
chromatography (TLC) and high-performance liquid chromatography
(HPLC) experiments. The compounds used for the OMT activity test
were flavonoids such as 3',4'-dihydroxyflavone, 2',3'-dihydroxyflavone,
2',4'-dihydroxyflavone, quercetin, 6,7-dihydroxyflavone, and ferulic
acid, and phenolic compounds such as caffeic acid and caffeoyl CoA (CCoA). They all, except for CCoA, were purchased from Indofine
Chemicals (Hillsborough, NJ, U.S.A.), and CCoA was prepared as
described in the previous paper by Lee et al. [14].
To determine the metal-ion dependence of SaOMT5, an activity
test was carried out in the presence of different metal ions such as
Mg2+, Ca2+, Cu2+, and Fe2+, and ethylenediaminetetraacetic acid
(EDTA). The kinetic analyses were performed with 50 µg of
purified SaOMT5, 100 µM of AdoMet, 100 µM of Mg2+, and 0 to
200 µM of substrates in 50 mM of Tris-HCl (pH7.5) for 30 min at
37oC. Each reactant was extracted with ethylacetate and analyzed by
HPLC. This experiment was repeated three times and the detailed
experimental methods were as described in a previous paper [24].
The data are reported as the mean ± standard deviation of three
independent experiments. They were evaluated by Student’s t-test
where the values of p<0.05 were considered to be statistically
significant.

Primer sequences
CATATGAGCGAGTCGCAACAGCTCTG
GGATCCTACGGCAGCACGCGGG
ATCATATGACCACCCTGCTCGCCCCG
ATCATATGGACGAGGCGCTCACCGCG
ATCATATGCGCGACAGCGACGCGGCC
ATCATATGAACCAGGGCAAGCTGCTC
ATCATATGCTCGCCGAGATCCAGGG
ATCATATGGGCGCGCGCCGCATCC
ATCATATGGGCACGCTCGGCGGCTAC
ATGGATCCTATGCGAAGCCGTCGTACC

F: forward, R: reverse, Sa5: SaOMT5, D: deletion mutant.
The underlined bold letters in F indicate NdeI and in R does BamHI.

Methods for Analysis of Reaction Products
TLC was performed using Silica gel 60 F254 prep-TLC plates
(Merck, Darmstadt, Germany). The compounds tested by TLC were
resolved in the solvent mixture of benzene and ethyl acetate [2:1 (v/
v)], and detected by UV at 254 nm. The compounds were further
analyzed by HPLC using an Agilent 1000 C18 reversed-phase
column (4.60×250 mm, 0.6 micron; Agilent Technologies, Palo
Alto, CA, U.S.A.). The mobile phase consisted of water containing
1% formic acid (v/v) with an increasing concentration gradient of
acetonitrile (0 to 20 min, 20% to 70% acetonitrile; 20 to 25 min, 70%
to 80% acetonitrile for flavonoids and 0 to 15 min, 10% to 30%; 15
to 25 min, 30% to 80% for caffeic acid, ferrulic acid) and elution
was monitored by UV at 270 nm at a flow rate of 1 ml/min [24].
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Nuclear Magnetic Resonance (NMR) Spectroscopy. The samples
for NMR analysis were prepared by scraping and extracting the
corresponding spots off the prep-TLC plates with ethylacetate. The
extracts were freeze-dried and dissolved in 0.5 ml of dimethylsulfoxided6 (Aldrich, Chicago, IL, U.S.A.). 1H NMR, 13C NMR, correlated
spectroscopy (COSY), total correlated spectroscopy (TOCSY), nuclear
Overhauser enhancement and exchanged spectroscopy (NOESY),
heteronuclear multiple quantum coherence (HMQC), and heteronuclear
multiple bonded connectivities (HMBC) experiments were carried
out on a Bruker Avance 400 spectrometer system (Bruker, Karlsruhe,
Germany) at 298K [11]. The 1H experiments were performed with
the 32K time domain, and the 13C experiments were performed with
the 64K time domain. All two-dimensional NMR experiments were
collected with 2,048×256 (t2×t1 time domain). The mixing times for
NOESY and TOCSY were 1 s and 60 ms, respectively. The delay
for the long-ranged coupling in HMBC was 62.5 ms. All NMR data
were processed using XWINNMR (Bruker) [10].
Liquid chromatography/mass spectrometry. Liquid chromatography
(LC) was performed as previously described. Mass spectrometry
(MS) was carried out by a coupling HP 1100 system to a Quattro LC
triple quadruple tandem mass spectrometer (Micromass, Manchester,
U.K.) with electrospray ionization (ESI+) mode. Full scans were
acquired in positive-ion modes. The source temperature, desolvation
temperature, cone voltage, and capillary voltage were kept at 110oC,
180oC, 28 V, and 3.88 kV, respectively. An electron multiplier voltage
of 640 V was used. The nebulizer gas and desolvation gas were
ultrapure nitrogen set at 81 l/h and 300 l/h, respectively [24].
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Even deletion mutant N45 was prepared, but it was not
used for the activity test. The molecular size of the purified
recombinant SaOMT5 was about 28 kDa, and its deletion
mutants contained lower molecular sizes in agreement

RESULTS AND DISCUSSION
Cloning of saomt5
The Blast search with the OMT domain revealed that S.
avermitilis MA-4680 contained eight OMT genes in its
genomic DNA. Among them, one OMT gene, saomt5
(GenBank Accession No. SAV5837), was chosen for further
studies because it was well expressed in E. coli. The open
reading frame of saomt5 was 675 bp and it encoded a
protein, SaOMT5, with a molecular mass of 25 kDa.
The primary sequence of SaOMT5 is shown in Fig. 1
and its binding sites were predicted based on a comparison
of several CCoAOMTs such as Populus tremuloides
CCoAOMT (AAA80651.1), Eucalyptus gunnii CCoAOMT
(CAA72911.1), Vitis vinifera CCoAOMT (CAA90969.1),
alfalfa CCoAOMT (AAC28973.1), Nicotiana tabacum
CCoAOMT (AAC49913.1), Petroselinum crispum CCoAOMT
(CAA90894.1), Populus kitakamiensis CCoAOMT
(BAA19102.1), and a few catechol OMTs such as Mus
musculus COMT (AAC33334.1), Rattus norvegicus COMT
(CAA78276.1), Sus scrofa COMT (Q99028), and Homo
sapiens COMT (AAH11935).
The genes coding SaOMT5 and its deletion mutants
were cloned into the pET-15b vector and expressed in E.
coli. All recombinant proteins were purified with a
histidine affinity chromatography column (Fig. 2), and the
purified proteins were analyzed with SDS-PAGE (Fig. 3).

Fig. 1. Sequence alignments of several O-methyltransferases such
as Populus tremuloides (CCoAOMT_POPTM, AAA80651.1),
Eucalyptus gunnii (CCoAOMT_EUCGU, CAA72911.1), Vitis
vinifera (CCoAOMT_VITVI, CAA90969.1), alfalfa CCoAOMT
(CCoAOMT_MEDSA, AAC28973.1), Nicotiana tabacum
(CCoAOMT_TOBAC, AAC49913.1), Petroselinum crispum
(CCoAOMT_PETCR, CAA90894.1), Populus kitakamiensis
(CCoAOMT_POPKI, BAA19102.1), Ma4OMT from Streptomyces
mycarofaciens (MDMC_STRMY, Q00719), Mus musculus
(CatOMT_MOUSE,
AAC33334.1),
Rattus
norvegicus
(CatOMT_RAT, CAA78276.1), Sus scrofa (CatOMT_PIG, Q99028),
and Homo sapiens (CatOMT_HUMAN, AAH11935).
Cofactors (Mg2+ and AdoMet) and substrate binding sites are indicated by
▽ and ◆ , respectively.
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Fig. 4. Metal ion effects on SaOMT5.
Fig. 2. The recombinant SaOMT5 was purified with a histidine
affinity chromatography column.

with the predicted molecular weights according to deleted
amino acid numbers.
Metal Effects
In order to determine the metal ion effect on enzymatic
activity, purified SaOMT5 was reacted in the presence of
Ca2+, Mg2+, Cu2+, Fe2+, or EDTA. In addition, quercetin and
6,7-dihydroxyflavone were used as substrates. The reaction
without any metal ion was considered as a control. The
results are shown in Fig. 4. Both substrates showed the
maximum enzymatic activity of SaOMT5 in the presence
of Mg2+. On the other hand, EDTA was acted as an
inhibitor of SaOMT5. As a result, SaOMT5 is a Mg2+dependent OMT.

The left bar shows 6,7-dihydroxyflavone and the right bar represents
quercetin.

and some examples are as follows: Nicotiana tabacum
CCoAOMT (AAC49916), Medicago sativa CCoAOMT
(PDB accession ID., 1SUS), Arabidopsis thaliana CCoAOMT
(AAL09793), Mesembryanthemum crystallinum PFOMT
(AAN61072), and rat catechol OMT (PDB accession ID.,
1VID) [5-7, 17, 22]. Most information of OMTs comes
from plant OMTs, which can be classified into two groups
based on the molecular weight and metal (Mg2+) dependency
[7]. The fact that SaOMT5 has the molecular mass of
25 kDa and its amino acid sequence showed similarity to
class I of plant OMTs indicated that SaOMT5 could
transfer a methyl group to CCoA, because it was known
that class I uses CCoA as their substrates [7]. CCoA was

Determination of Substrates
Most microorganisms contain at least one OMT gene, but
only a few microbial OMT genes were characterized [2,
12, 13, 24]. On the contrary, OMTs from plants and
animals were biochemically and structurally characterized

Fig. 3. SDS-PAGE analysis of SaOMT5 and its deletion mutants
purified by affinity chromatography (M: marker; 1: SaOMT5; 2:
Sa5_N15; 3: Sa5_N22; 4: Sa5_N30; 5: Sa5_N45; 6: Sa5_N53: 7:
Sa5_N58; 8: Sa5_N65; 9: Sa5_C6).

Fig. 5. HPLC chromatograms of SaOMT5 reaction products [(A)
6,7-dihydroxyflavone; (B) 3',4'-dihydroxyflavone; (C) quercetin;
(D) 7,8-dihydroxyflavone; (E) 2',4'-dihydroxyflavone].

Here, Sa5_N and Sa5_C denote the deletion mutants at the N- and Cterminus, respectively. Sa5_N45 was not used for the activity test.

The arrows indicate a reaction product. Solid lines: reactants; dashed lines:
control.
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Table 2. Relative conversion rates of SaOMT5 depending on
different substrates.
Substrate

Fig. 6. HPLC chromatogram of caffeic acid reaction product
with SaOMT5.

Structure

Relative
activity
(%)

3',4'-Dihydroxyflavone

78

Quercetin

43

7,8-Dihydroxyflavone

18

6,7-Dihydroxyflavone

100

2',3'-Dihydroxyflavone

8.2

Solid and dashed lines denote the reaction product and authentic ferulic
acid where isoferulic acid is contained as an impurity, respectively. The
arrows at 6.5, 8.7, and 9.4 min indicate caffeic acid, ferulic acid, and
isoferulic acid, respectively.

tested as a potential substrate of SaOMT5. The reaction
product was determined to be feruloyl-CoA based on a
comparison of its retention time on the HPLC chromatogram.
The kinetic parameters, Km and Vmax, were determined to
be 12.9 µM and 12.8 µM/min. OMTs belonging to class I
of plant OMTs are metal-dependent [7]. Thus, we next
tested the metal dependency of SaOMT5. As mentioned
above, SaOMT5 is a Mg2+-dependent OMT.
Some OMTs belonging to class I of the plant OMTs
displayed the activity toward flavonoids [7]. Several
flavonoids such as 6,7-dihydroxyflavone, 3',4'-dihydroxyflavone,
7,8-dihydroxyflavone, 2',4'-dihydroxyflavone, and quercetin
were tested as possible substrates of SaOMT5 (Fig. 5).
Flavonoids, except for the 2',4'-dihydroxyflavone, tested
here were methylated by SaOMT5. From the structure of
substrate tested, all the substrates that underwent a reaction
contained two adjacent hydroxyl groups. SaOMT5 also
methylated caffeic acid, which has an ortho-dihydroxyl
group in the aromatic ring (Fig. 6). This is a general
characterization of Mg2+-dependent OMTs [23]. The relative
activities of several flavonoids were measured according
to the method mentioned in the previous paper [24]. 6,7Dihydroxyflavone (DHF) was the best substrate and followed
by 3',4'-dihydroxyflavone, quercetin, 7,8-dihydroxyflavone,
and 2',3'-dihydroxyflavone (Table 2).
To determine the methylated positions of the reaction
product of DHF showing the best conversion rate, NMR
spectroscopy was applied. The methylated products of DHF
prepared by TLC were dissolved in 0.5 ml of deuterated
dimethylsulfoxide (DMSO-d6) for NMR analysis. Comparing
1
H NMR spectra of DHF with its reaction products of
SaOMT5, chemical shifts were changed at the aromatic
region, and new single peaks of 3.87 ( ▼ ) ppm and 3.92

2',4'-Dihydroxyflavone

0

( ▽ ) ppm were observed (Table 3). These new proton
peaks were assigned as methoxy protons because they
were directly connected to carbon peaks at 55.9 ppm and
56.1 ppm in the HMQC spectra. The ratio of integrated
proton peaks at 3.87 ppm and 3.92 ppm was 7:3. In the
aromatic region, not only three major single peaks ( ▼ ;
6.89, 7.07, 7.36 ppm) but also three minor single peaks
( ▽ ; 6.88, 7.29, 7.32 ppm) were observed (Fig. 7A). In
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Table 3. Assignments of NMR data for reaction products of 6,7dihydroxyflavone by SaOMT5.
Position
3
5
8
2'/6'
3'/5'
4'
6-OMe
7-OMe

Metabolite I
1

Metabolite II
13

δ of H

δ of C

δ of 1H

δ of 13C

6.89 s
7.36 s
7.08 s
8.04 m
7.56 m
7.57 m
3.87 s
-

106.3
104.3
103.3
126.1
129.2
131.6
55.9
-

6.87 s
7.30 s
7.33 s
8.04 m
7.56 m
7.57 m
3.93 s

ND
ND
ND
126.1
129.2
131.6
56.0

ND: not determined.
Unit: ppm.
s: singlet; m: multiplet.

order to determine the methylated positions of major and
minor products, NOESY and HMBC experiments were
carried out. The methoxy proton of major product
(metabolite I) showed an nOe cross-peak with H-5 in the
NOSEY spectrum (Fig. 7B), and was connected to C-6 in
the HMQC spectrum. Therefore, the major product of DHF
is 7-hydroxy-6-methoxyflavone. The methylated position
of the minor product (metabolite II) was easily determined
to be 7-OMe, because the methoxy peak of a minor
product showed an nOe cross-peak with H-8 in the
NOESY spectrum. Therefore, it was determined to be 6hydroxy-7-methoxyflavone.
In the case of caffeic acid, the reactants with SaOMT5
showed two product peaks in the chromatogram (Fig. 6).
The products are expected to be ferulic acid and isoferulic
acid because caffeic acid has only two hydroxyl groups. In
Fig. 6, the solid line indicates caffeic acid reaction product
and the dashed line indicates authentic ferulic acid and
isoferulic acid. The retention times of one product of
caffeic acid and that of ferulic acid were exactly identical
(8.7 min) to each other, and the minor peak (9.4 min) was
expected to be isoferulic acid. To confirm these results,
LC/MS analyses were carried out under the same HPLC
conditions. The molecular ion peak was observed at 179.1
(m/z [M-H]-) and other peaks were observed at 193.1 (m/z
[M-H]-) at the same migration time. Therefore, the
products of caffeic acid by SaOMT5 were determined to
be ferulic acid (major) and isoferulic acid (minor). In the
same manner as DHF and caffeic acid, the reaction
products of other substrates were identified. As a result,
like the Streptomyces coelicolor OMT ScOMT1, SaOMT5
also produces two different products at a different ratio
[24].
Determination of Km and Vmax
To determine the kinetic parameters of SaOMT5, DHF and
caffeic acid were used as substrates. The kinetic parameters,

Fig. 7. NMR spectra of metabolites of SaOMT5 [A. 1H NMR
spectrum of metabolites ( ▼ , metabolite I; ▽ , metabolite II);
B. NOESY spectrum of metabolites].

Km and Vmax, were determined to be 104.4 µM and
111.1 µM/min for DHF, and 33.4 µM and 31.8 µM/min for
caffeic acid, respectively. The values of Vmax/Km are about
1. In contrast to this, in plant OMTs, the values are much
larger than 1, where flavonoids and caffeic acid are
endogenous compounds [7]. The low value in SaOMT5
can be explained by the reason why S. avermitilis may not
contain flavonoids as its endogenous compounds. Therefore,
it is left for further study to find out the true substrates of
SaOMT5.
Because SaOMT5 accepts CCoA as a substrate, its
primary sequence was compared with several caffeoyl CoA OMTs (CCoAOMTs) as well as a few catechol OMTs
(COMTs) including rCOMT, as shown in Fig. 1. As an
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Fig. 9. HPLC chromatograms for reaction products of caffeic
acid produced by deletion mutants (N53, N58, and N65).
Fig. 8. HPLC chromatograms of SaOMT5 deletion mutants (*
impurity).
A. N-terminal deletion mutants; B. C-terminal deletion mutant. The arrow
of the control indicates a reactant (6,7-dihydroxyflavone) and the arrow of
the wild does a product (6-methoxy-7-hydroxyflavone).

OMT from a microorganism, the Streptomyces mycarofaciens
OMT is also aligned according to its amino acid sequence
similarity in pairwise comparisons (Fig. 1). Among these
amino acids, 12 residues ( ▽ in Fig. 1) participate in
AdoMet and metal binding, and six residues ( ◆ in Fig. 1)
are involve in substrate binding. The former 12 residues of
SaOMT5 agreed with those of the other OMTs shown in
Fig. 1. However, the later six residues in the substrate
binding site are not consistent with those of SaOMT5.
Although the residues participating in the substrate binding
site of SaOMT5 cannot be determined based on a
comparison of sequence alignment of OMTs owing to the
proximity of AdoMet, metal, and substrate binding sites,
the residues placed in the same positions may be
considered the substrate binding site. They are Ile41,
Arg171, Ser184, and Thr188. As shown in Fig. 1, residues
surrounding the binding pocket are not close to either the
N-terminal or the C-terminal regions. In order to know the
effect of both termini on the binding affinity of substrates,
five deletion mutants (N15, N22, N30, N53, and C6) were
expressed and purified according to the same manner as
wild-type SaOMT5. Their enzymatic activities were
measured using DHF as a substrate. The deletion mutants
showed lower reactivities than wild type (Fig. 8). In
addition to DHF, caffeic acid was used as a substrate for
three deletion mutants (N53, N58, and N65) and the same

The arrow of caffeic acid indicates a substrate and the arrows of others
show the reaction product, ferulic acid, where isoferulic acid is contained
as an impurity.

results were observed. Product peaks could be confirmed
by authentic ferulic acid and isoferulic acid (Fig. 9).
SaOMT5 methylates several phenolic compounds such
as 6,7-dihydroxyflavone, 3',4'-dihydroxyflavone, 7,8dihydroxyflavone, 2',4'-dihydroxyflavone, quercetin, and caffeic
acid, but they are very rarely found in microorganisms.
Therefore, they cannot be true substrates for SaOMT5. The
methylation of phenolic compounds is useful, however,
because their modified structures cause different biological
activities. When phenolic compounds include more hydroxyl
groups than one, the methylation by organic synthesis may
not control the methylated position and numbers. Instead,
the production by the biotransformation using an enzyme
such as SaOMT5 can give a selectivity. In addition, one
of the phenolics, dopamine, cannot reach the brain via
oral administration as a treatment for Parkinson’s disease,
because it is decomposed by O-methylation of catechol Omethyltransferase [20]. Understanding the character of Omethyltransferase isolated from microorganisms may help
us discover the inhibitors for catechol O-methyltransferase.
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