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Application of methyltransferases in microbial synthesis of

natural products

Xiangyan Zhang, Xiaolin Shen, Xinxiao Sun, Jia Wang, and Qipeng Yuan

College of Life Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China

Abstract:

Methyltransferases (MTs) constitute a large group of enzymes that catalyze the transfer of a methyl moiety,

most frequently from S-adenosyl-L-methionine, to their substrates. It plays an essential role in regulation of gene
expression and synthesis of many natural compounds. Owing to its broad substrate spectrum, MTs make important
contributions to diversify the spectrum of products through methylation modifications. Recently, great progress has been
made in application of MTs for the biosynthesis of various natural products including phenylpropane compounds,
fragrances, hormones and antibiotics, which is summarized in this review. Moreover, we highlighted the strategies of using
MTs for efficient production and for expanding the diversity of these methylated natural products, and discussed the current

challenges and future prospects in this area.
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Fig. 1 Biosynthesis of monolignols through MTs. TAL: tyrosine ammonia lyase; 4CL: p-coumarate-CoA ligase; CCR:
cinnamoyl-CoA reductase; ADH6: alcohol dehydrogenase; HpaBC: 4-hydroxypropanoic acid 3-hydroxylase; AtCOMT:
Arabidopsis thaliana caffeate 3-O-methyltransferase; AtCCoAOMT: Arabidopsis thaliana caffeoyl-CoA O-methyltransferase.
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Fig. 2 Biosynthesis of flavonoids through MTs. 4CL: p-coumarate-CoA ligase; CHS: chalcone synthase; CHI: chalcone
isomerase; F3H: flavanone-3-hydroxylase; SaOMT: Streptomyces avermitilis 7-O-methyltransferase; GmSOMT2: Glycine
max O-methyltransferase; OSNOMT: Oryza sativa naringenin O-methyltransferase.
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Fig. 3 Biosynthesis of vanillin g-D-glucoside through MTs. AroZ: 3-dehydroshikimate dehydratase; ACAR: aromatic
carboxylic acid reductase; HSCOMT: Homo sapiens catechol-O-methyltransferase; UGT: UDP-glucuronosyltransferase.
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S, HEHN SAM FIEFERTAR ANT BUHERY, RATE
T2 R A T A S A AR AT T b o o bR
RIS A2 T 4.47 g/L F1 5.74 g/L (5 MALPL

3 MTsERZ. MAZRARIBRHKNA

BB ZE (Melatonin, MT), N 448 BEE.
MR ER, HAETHE . HE. K. HY.
R, HHEsh S 2Rk p U Bz A
FIRIT R, Wt RIH Rmdiatt . ot
RO A RIS AT, MT A
BUEE LA S-F AR VE T, TP L I
N, e, MIEFE N-ZBEIE% G (Serotonin
N-acetyltransferase, SNAT) ## 5-% {4 4k Ky
N-Z. Bt 3% 2 (N-acetylserotonin, NAS), X5 Hi
N- Z, Tt IfiL 35 25 4 B JE 7% B2 il (N-acetylserotonin
O-methyltransferase, ASMT) % NAS H Jtfb4:
B MT. Lee S5 WS JFRAE 7ok B X+ 48
P T IS R N-Z L% R8Tl AtSNAT,
K BLINLTE R AT LBt AtSNAT #4460 N-Z I 1fi 3
R, H B AtCOMT #% 4kl 5- H 4 5 64 i
(5-methoxytryptamine , 5-MT), 4R J5 4 % @ &
AtCOMT 1 AtSNAT Jiij7 i MT, JEB] T
AtCOMT HLAT ASMT I3 %1 7 53 — it 5 v
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Byeon &% % & Jf 4l fb ok UE F K # 19 COMT
(OsCOMT), & ¥l OsCOMT E.44 5 AtCOMT A1t
() ASMT &itE, ik T OsCOMT [FEHR /K
FEp MT KSF-THe, %80 OsCOMT TEAEY) MT (1)
YA R R EEAERU. RTRALEE, b
¥ OsCOMT B ASMT #: A KIGHF B, Rl
T RIBUFE SNAT, M 5-FR AT 1.46 mg/L
WP AR S e R R 5 A g Y
L- {6 44 /R #% 1L i  (L-tryptophan hydroxylase ,

Shikimate pathway

TPH) . 5-% Jk-L- (0 % 1R L R i (5-hydroxy-L-
tryptophan decarboxylase, DDC) . 5-¥ {6 il 2, i 5%
M (Arylalkylamine-N-acetyltransferase, AANAT),
N & T ¥ i | W It 7 2 iF (Homo sapiens
acetylserotonin O-methyltransferase, HSASMT) %
L, S TN BB IR A A B R MT A5
T, 28 S ) dec A AR B AT LA 7 14.50 mg/L MT
(P 4)Vo S B A B MIT 195 B 2 B
g, {2 O-MTs RYMRAEIL & M H A N e iz s h

Carbon source-----=--------: = L-tryptophan

’ BH4 0
E'l'PH C Bll4pr:§1cwn:;auon '
: HTHB '

..............................

5-hydroxytryptophan

HO

DDC
N
N

H
Serotonin

Acetyl-CoA
AANAT C
CoA

HO

B4 FEAMTsEREER
Fig. 4

N-acetylserotonin  _

- §AM
HsASMT C SAM cycle

Biosynthesis of melatonin through MTs.

O

HN

N

N
H

TZ__z

Melatonin

DDC: 5-hydroxy-L-tryptophan decarboxylase; AANAT:

arylalkylamine-N-acetyltransferase; HSASMT: Homo sapiens acetylserotonin O-methyltransferase; TPH: L-tryptophan
hydroxylase; BH4: tetrahydrobiopterin; SAM: S-adenosyl-L-methionine; SAH: S-adenosyl-L-homocysteine.
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M BR AL B . Ry T Pk A~ ) 8, Wang 25 3 5 Xof
AtCOMT & B, SR EFAY IR MLE & 48 5K
Y1 NAS K5 Z [RIAH AR, 2, =@
A5k (C296F-Q310L-V314T) % NAS [y O-F! %t
iE PR T 9.5 P, BRI T MTs 7Em s
B MT =K R A

F5 RS Y A . s A
A SR ) RE e 2RI R R =2 —, BT
HEBW AW ARG IR Fw R R,
HA B R B 25T & 18 AR A0, 55 e
R AL A0 0 L8 BT LA AN B B 1
& SRR BE 5 B, 0 H i ECMIRBUIR TR 4 1% 22
{14 45 45 S I T 130 R T AR 5 R S e o RS < e
BEREM, B BE . S TR
Ferr MTs Ak 10 B 3 45 B o fiff FL 4% Ak o By
EERE AR A Y I MTs 7855 75 156 5 il
PR A A Bh B EEBEEWER . Fi0E
# (Rapamycin) & J5 7 % R Wi bt A= 2 1) —F
OB AL o T IR Y7 2R, G0l 8 i Jo A bf 45
P9 0 T g 1820 A - LI I 9 R L R

ShRapM
Rapamycin

e384 ) aw S K L AR R A T 3 A
A X kPR MTs: ShRapl. ShRapM Al
ShRapQ, ‘B4 HIK kY 39, 16, 27 fii C Ji¥
M SER SEE () 5), i, Frlhdi % C
(Tetracenomycin C, Tcm C) fE IR ¥ & %
Streptomyces glaucescens H 4= & B2 AL
& 3F MTs, 43512k SgTemN . SgTemO #1 SgTemP.,
SgTemN 7 54 Tem D3 fY C-3 {37 H 34k A= A Tem
B3, Tem B3 7£ SgTemO (i fk F C-8 it H Kb A=
& Tem E, S SgTemP X4 Tem E (1) C-9 fi &
SEH AR AR B Tom A2, S A AR TemG (1
FF A A Tem C A #8152, SgTemO LA Kf Tem D3
VERIEY, ¥I C-8 i HIBEAbA- K 8-O-F Jk-Tem
D3, FfJ& i SgTemN 7£ 8-O-F 3-Tem D3 1) C-3
BHEEWBM—HPE, WM Tom E, 1M
SgTemP 43, 7] 8-O-F -Tem D3 i) C-9 32 5L A 3t
£ 1 9-12 H1 3-8-O-H1 3E-Tem D3 (141 5)1%°. i
TixX 3 A MTs A AL A IF AN TR, AT ARG AR H 2 R
Tem KW, I T MTs 769" K07 % R i ik
YA R ) . iR (Daunorubicin)

SgTemP

Daunorubicin

E5 FWER OERMZERNUFENR MTs BELAS
Fig. 5 Chemical structures of rapamycin, tetracenomycin C and daunorubicon, and the active sites recognized by MTs.

http://journals.im.ac.cn/cjbcn
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W FEHETE A Streptomyces peucetius 77 A
M ERRERGUAE R, HAEYG R E—2
B H LRSI SpDnrK PRI 2 (Carminomycin)
(1 4 fiREH AL (& 5)®7, Jansson LT T
SpDNrK & PRI =0 A RIS AL Mz
T [l st ELAT B SR RS AN PR 0 RS ) SpDinrk
GARR, FIFZ AR, AR T —FIoHT i A
A BE5 % (Polyketomycin, POK) J&Hi
TEME 455 F 1 Streptomyces diastatochromogenes
7R R DUSRBRBE T, PEARE A IS MTs: SdpokMT1
Fl SdpokMT2 % 5 T POK iy A= 4y 45 i 0
SAPokMT2 fEWEIG /KR C-6 if H H: Ak 2E i
6-H HK R, SRJG#: CoA %[ PokM3 iff—
H1E Ak, B SAPokMTL fi# 4k 6-F 3L /K 4 1E-CoA
() HH A0 2R 1 POK AR W65 B 1Y) DG ST 14 3,6-— H
3K A Ti-CoAlH,

4 H e mm £ B

fg iR H fis  (Fatty acid methyl esters, FAMES)
S i 7 1 5 W R 2 A W T B A I v — 2 g T i
B2 R et i 3 3R AP Nawabi 45 %5
T —Fhk AT BOFE Mycobacterium marinum
FONE T IR PR L HE RS T MMFAMT , % B AEAE AL U7 29
2 Fl SAM JE J FAMEs il 3-¥2 5 g Ui g Y pig ).
WL AN MMFAMT A9 S IRSE H g AL LR, &
B MmMFAMT Hiag R ik 12 3] 14 k)1
(9 R BN T ERTSY, SR, E KR RS R Ok
MmMFAMT FIfE i B2 Ik L BE 3L 2k R B 1 (ACP) #ii
BefE (FATs) B, Hj™4: 7 FAME 1 3-%
NG Wi EEEY . O T HE— IR MUE Y A
FAME 7=, Sherkhanov 2% T 55 —Fh) itk
MTs, RISRJE SRR ERER O- H H 5L 74

(Drosophila melanogaster juvenile hormone acid
O-methyltransferase, DMIHAMT), i1 DmMIHAMT

B A\BEGR SAM N i TR AR 7 TR B G 5 R Y
KFE S, 777 0.56 g/L 1H4E FAME, [

% : 010-64807509

ZRTRE R T 35 50, WK T FAMT
TP G LA S TR iV 77 o

AW F AR R RSRAEAE I — 2 B R
WHIAEY, M. | . EW Ay %S
Z Rl AP BE BB E (Streptonigrin, STN)
e L 1959 4EHEHRIE , B Rao S5 7F — MR B4R
I Streptomyces flocculus 1435755 STN 2
—FhE SRR A, BA PR . PUR S TS
PR R L B BAE R P STN MAEYA
SR R AT A8 KA, LA, stnQ2 Z i Y SAM
A MTs £ 508 (0 S R AL 2 2R, 3
S L SNT s — 100, SR, SNT #i4)
(2 G ORI AN TE A8 L X2 SNT & 7 iR
i, a5 (Noscapine) 2 — ik R ms bk A
Vv, HATSTERBHURIT R SOl fE 3% Papaver
somniferum H R B T —4~ 10 ZEF IR HE, 35
TN S-G B R E I AR S AE A AL, o,
WA KA 4-0 LA IR E PsMT2 fil PSMT3
WIS S EE L MHHEAL IO, (R R |, Li SRR
B HE T — 4 A A RS B0 A R AR A
g N PUR > = LRI 7/ 1IN S
IR 29 Fhag A2 e A2 T RS B b Rk,
A7 T 29 230 ng/L I R R A R T 2R
H=i, SRA TR KT . TR B B
BRI NADPH AR R Ak & e 4 1R 45k 4%
AL ms , 1520 0l TR B RRAE AR 77 2.2 mglL
Rl Al HLE RS I 1.8 J7 £500%
5 #Wig

i SAM K9 MTs 1L Y B 610 ey, J2:
TR A )5 RO A v e A 1 i 2 — D0,
T4, AMT#E MTs 2 {5 B RMEAL L 45
PR TR K20, IF7E LAl |, FH
SEECRS TN B TR S 1T v, SRR
THRWERTEY . ERERI. BE. kRS
Z AR IER R A L (3R 1). 28T,

. cjb@im.ac.cn
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F1 AXHEHE MTs BFhZE
Table 1 Types of MTs described in this paper

Name Substrate Research content Product References
AtCOMT Caffeic acid (alcohol)  Biosynthesis of lignin monomers Coniferyl alcohol (124.90 mg/L) [30]
N-acetylserotonin Heterologous expression and functional Melatonin [77]
identification of proteins
N-acetylserotonin Rational modification and heterologous Melatonin [21]
expression of proteins
AtCCoAOMT Caffeoyl-CoA Biosynthesis of lignin monomers Coniferyl alcohol (124.90 mg/L) [30]
MpOMTs Flavonols Increase the diversity of flavonoids Rhamnetin compounds [39]
through biological fermentation
POMT-7 Flavonols Protein regioselectivity 7-O-methyl compounds [40]
Quercetin Protein madification and biosynthesis of ~ Rhamnetin (111.00 mg/L) [41]
rhamnetin
SaOMT Naringenin Biosynthesis of 7-O-methyl-aromadendrin 7-O-methyl-aromadendrin [42]
(30.00 mg/L)
GmSOMT2  Naringenin Biosynthesis of O-methyl flavonoids Ponciretin (40.10 mg/L) [43]
OsNOMT Naringenin Biosynthesis of O-methyl flavonoids Sakuranetin (42.50 mg/L) [43]
VWAOMT1  Anthocyanidin Biosynthesis of peonidin 3-O-glucoside  Peonidin 3-O-glucoside [44]
3-O-glucoside (56.00 mg/L)
CkmOMT2  Anthocyanidin Biosynthesis of peonidin 3-O-glucoside  Peonidin 3-O-glucoside [44]
3-O-glucoside (2.70 mg/L)
HsCOMT Protocatechuic acid Biosynthesis of vanillin Vanillin [50]
Protocatechuic aldehyde Biosynthesis of vanillin Vanillin [51]
(65.00 mg/L and 45.00 mg/L)
Protocatechuic aldehyde Biosynthesis of vanillin Vanillin g-D-glucoside, [53]
(400.00 mg/L)
Protocatechuic aldehyde Optimization of synthesis route of vanillin ~ Vanillin (419.00 mg/L) [52]
Protocatechuic aldehyde Protein regioselectivity Ethyl vanillin [61]
3,4-dihydroxybenzyl Biosynthesis of vanillyl alcohol Vanillyl alcohol (240.69 mg/L) [54]
alcohol
CbSAMT Salicylic acid and Heterologous expression and functional ~ Methyl salicylate and methyl [64]
benzoic acid identification of proteins benzoate
AmBAMT Benzoic acid Heterologous expression and functional ~ Methyl benzoate [66]
identification of proteins
AtUIMT Jasmonic acid Gene cloning and functional identification Methyl jasmonate [67]
FanAAMT  Anthranilic acid Gene cloning and functional identification Methyl anthranilate [72]
ZmAAMT1  Anthranilic acid Biosynthesis of methyl anthranilate Methyl anthranilate [73]
(4.47 g/L and 5.74 g/L)
OsCOMT N-acetylserotonin Biosynthesis of melatonin Melatonin (1.46 mg/L) [78]
HSASMT N-acetylserotonin Biosynthesis of melatonin Melatonin (14.50 mg/L) [79]
ShRapl Rapamycin precursor  Protein purification characterizationand ~ Rapamycin [85]
ShRapM substrate specificity
ShRapQ
SgTcmN Tetracenomycin C Protein gene expression and substrate Tetracenomycin C and its [86]
SgTecmO precursor specificity derivatives
SgTcmP
SpDnrK Carminomycin Protein crystal structure and catalytic Daunorubicin [88]
mechanism
SdPokMT1  6-methylsalicyloyl-CoA Protein crystal structure and catalytic Polyketomycin [91]
mechanism
MmFAMT Free fatty acid Biosynthesis of biodiesel Fatty acid methyl ester [94]
DmJHAMT  Free fatty acid Biosynthesis of biodiesel Medium chain FAME (0.56 g/L) [96]
PsMT Noscapine precursor Heterologous expression of proteins and  Noscapine [101]

biosynthesis of Noscapine

http://journals.im.ac.cn/cjbcn
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MTs POARAELL TG PR RIS 22 IR & — 1, SRRl
SERAR YR I B R R . Bk MTs &2z
B JES ) o S 3 R BRI P TR s, (B[R] B
0k 7 A A T T A i P B R R T ) A
THlRE. & FEF A2 IR, BOREZ 1Y
MTs (1 A 45 4 Bl A b 1041000 i 24T LAl
AR A TR R R R R T s, DA
P WA SRR I 0 RS AR s e, E—
oA R HAE RIR T A6 B A . A,
AT TR AR w2 = F L RS Il X SAM 1Y
BN, SEIELAE A AR N IR FR AT, AT LA —
FERE 3w L B R RO S LR . EA I E
B, BR T SAM LISk, V2 HIFEFENEXT SAM 26
U 7R T RAFREALIE M, ol DR — R E
REMTN 2,5 | M TN 45 1) 32 AR R W 1) A 1100107,
TR B K b Jie F 5 A B KSR T U &
AR o
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