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Abstract: O-methyltransferases (OMTs) are one of the key tailoring enzymes in the biosynthesis of many
natural products, O-methylation can not only reduce the reactivity of natural products, but also alter their solubility,
stability and biological activities. Based on the transcriptome data of Ardisia japonica, a full-length cDNA
sequence of candidate OMT (termed as AJOMTI) was cloned by reverse transcription-polymerase chain reaction
(RT-PCR) and expressed in Escherichia coli (E. coli) for the first time. In vitro enzyme catalytic activity assay
showed that the recombinant AJOMT]1 could effectively catalyze quercetin to form O-methylated products. Most
importantly, AJOMT1 showed unprecedented substrate promiscuity towards structurally various compounds
including flavonoids, stilbenes, coumarins, alkaloids and phenylpropanoids, especially preferring to the compounds
with adjacent phenolic hydroxyl groups, and showed regio-selectivity. These results suggested that AJOMT]1 could

be used as the tool enzyme to conduct O-methylation of different types of compounds to produce diverse active
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methylated products, and provide a new method for drug discovery, even universal part for synthetic biology of

natural products.
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FH AL 75 B (methyltransferases, MTs) & —25 2
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RIRF=IH )& e g O E AN, F A
W 7% I8 DL S- IR AR 2 BR (S-adenosy-L-methio-
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R& 1 (Ardisia japonica) NE & FHE 44 B H
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b AR 2 A T 4 BT 4t 8R4 3E k] Ni Sepharose 6 Fast
Flow (GE A 7]); KOD-Plus-Neo DNA polymerase
(Toyobo 4 #]); E.Z.N.A.TM Plant RNA Kit (Omega
Bio-Tek A #]); TransScript 11 First-Strand cDNA Sythesis
Super Mix R #3685 & (AL &N EEMEAR A A);
SMARTer ™ RACE c¢cDNA Amplification Kit (Clontech
oy A, R W V) EE Sal 1. Nde 1 (Takara A #));
ClonExpress 1T One Step Cloning Kit (Vazyme ‘A );
2x BEs Taq Master Mix (b 350 B Nt 20 AR RH A TR A
D) JHORL /) 52 1) 4 1k 7 & AN 3 T B 4 I DNA [ 1t
A& (bl A TREARAR).

L8 Agilent 1260 /= R AH 5 3 1 (Agilent
Technologies 2 ®]) A T HPLC (high performance
liquid chromatography) 7 #7; LCQ-Fleet Ton Trap MS
(Thermo Scientific 24 &) H T LC/MS (liquid chromato-
graph mass spectrometer) 43 #T ; 43 T #£ Shiseido
CAPCELL PAK ADME column (250 mm X 4.6 mm 1.D.,
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Mercury-400 #% B 3L 4R X (Varian 24 7).

MEEEMEEZSH AN T HERER
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PE 2515 0 B IR H Wk R ) S RNA ) S8 B . (A
TransScript 11 First-Strand cDNA Sythesis Super Mix X
e AR B AT IR %, 9 31 cDNA.
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Z T A A A B U)A A RE R 5L 4 [FP:
5-GTGCCGCGCGGCAGCCATATGGCAACAAATG -
GTGAGAAC-3', RP: 5-GGCCGCAAGCTTGTCGATTA
GCTAACGCGACGGCAGATAG-3"; FRIZFo2 S
pET-28a (+) RIAHMALEZ )T 5], LIRS HE 4
cDNA AR, 456 Fridit& s 514, /8 KOD-Plus-
Neo & fr HEEREAT B 195 K9 PCR Y™ 1Y, ¥ IR RN
10x KOD Plus Buffer 5 uL.dNTPs (2 mmolL™") 5 uL.
MgSO, (25 mmol-L™") 3 pLIE[FAI A5 4 (10 pmol-L™)
%1 pL.cDNA 1 pL.KOD-Plus-Neo 1 pL.X{7& 7K b /&
FE50 uL. S AFA: 94 °CHIAEE 2 min; 98 °C. 10 s,
55°C+30s, 68 °C+50 s #4735 MG IR, F2 718 4 45 K
J&i 68 °CIE i1 2 N 10 min. 1% 55t JIE B Bk JI2 F, ik A S
PCR ™), VI EIW o 4 18105 () PCR 7™ 1038 N R 4%
FIE AR pET-28a (+), 1k Trans1-T1 K2 5400, &
i T & R R B LB [ R 92 2 1T 37 cCad i Br
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AT B 1B B M 44 LB 5 77 Bk v, £ 37 °C.200 r min’
NI REA . R IE AR S BB 12100 ELETIMANE R
W ERMEAE RN HEE LB ARG FR 5, 7637 °C.
200 r-min” N 35 77 2 B A, N 0.6, TIN5 A SR AR -
p-D-2F-FLBELF (isopropylthio-f-D-galactoside, IPTG) &
K FE 4 0.2 mmol-L”, T 16 °C.200 r'min” i 5 &
HE AT FAZRIE, 18 h )5, T4 °C.8 000 xg | & L»
WEEE K. T 455 2500 [20 mmol-L™' pH 7.4 1 2 2%
M (PBS). 500 mmol-L™" NaCl.25 mmol-L™" Ik 1]
R 75 R R AR E, O AN B A S 0 15 B Y b A
0.45 um PRI BEf5, BAE BTGP I AR . Se
i MWTE R £ R E A, JEKIKELE 50,100,
250500 mmol-L™" K M [ 3 B 2% 3% (20 mmol-L™' pH
7.4 PBS.500 mmol-L" NaCl) ¥ttt HEH. HIWE
H& B IEE (30 kDa) 2500 iR 4 it 31 5, Mt £k 22 vh itk
(50 mmol-L" Tris-HCI1, 50 mmol-L" NaCl. I mmol-L"
RS HERE L 1% H i, pH 7.4) H-80 °CLRA7 % .

FLHAJOMTFRIMEWSEMEME PLSAM A H
JEAER, MR 2 (1) N Ak, HERE Y AJOMTI 1)
RAMEACEVE . OB R N M 2 (40 mmol L)

1 puL+ SAM (40 mmol-L™") 2 pL.MgCl, (40 mmol-L™")
2.5 L. 4l 4k & 1 200 pg. Tris-HCI buffer (pH 7.4,
50 mmol-L") % & % 100 uL. 7E 37 °C KM 6 h, f
100 pL ¥ FEE 28 11 M, 15 000 xg R 250 30 min,
JEWH T HPLC MILC/MS kil o B AH N G (A AH)
FIE0.1% A AR 73 E H IR 17K (B AH), 138 FH 40 R 8 BE
Jiit 77 %0 15%~100% A 30 min B B 32 i, i3 A
1.0 mL-min"s #FFE AR AN 10 uL, 540k 0 o K
254 nm. G ST S HE BT S5 B TR (EST), H
XA IE BRI 4 I 3 3l K 2 Rk, 2480
N B S I E, 20 (arbitrary units); 4 B SR HE , S
(arbitrary units); Wi % ML R, 5 000 V; B 40 I E,
350 °C; fill 4 175 5% 25 (CID) HLJE, 35 V.

EIHAJOMT EEZ MRS LL SAM Jy HI L (it
A, Wi B 2R (1) A RS2 A, 25 82N [] pH 28 1 IRBE
T BE & )8 B 2R A TR AJOMT L 46 i e 4 FHY
S LTS T RS2 o I N A4k B IR 50 pg R
LR [R] 24 30 min b, R4 F AN B &) b 5%
AN 7] pH 28 00 8 A4 A S5 I3t WA 5 il i, K 5 B2 Ak 2
HH P 2% R A A B AN ] pHL ) 28 R [pH 5.0~
6.0, 50 mmol L™ 4745 & — #7 15 B2 94 2% M ¥ ; pH 6.0~
7.0, 50 mmol L™ B R & — - IR — S AN vP; pH
7.0~9.0, 50 mmol-L" = ¥ I Bt & Bk H 47 - #h iR
(Tris-HC1) 2% #; pH 9.0~11.0, 50 mmol- L™ % FR -
Tk T S 40 2% R 25 6% U 6o TR A A s 82 3 P 5 T
i, ¥ s AR & (FH pH 8.0 1) 50 mmol-L™" Tris-HC1 2%
MRS 2 A 100 pl) RN A [H (204304404 50,
60 °C) FHEAT RS 2 AN [R] 4 8 25 - 0 Il A 10 S B
TG T S MR B K R B R MgCL 3 AN [R] (1 A0 4
J& % + (BaCl,» SnCl,\ SrCl, FeCl,. CaCl,~ ZnCl,-
CuCL,\NiSO,-MnClL,), LAZ& K £ 5 1 mmol L' 1) 4 J&
2 T2 4 57 EDTA E 6 B, Bk & F pH 8.0 1)
50 mmol-L™" Tris-HCI Z& M £k /2 %2 100 pL, 7£ 40 °CF
SR o a3 IO PR A A AR ) VA B &b OB, T
15 000 xg &5 0> 30 min J5 3 & W A T HPLC-UV £
WMo BRI NV B 3APAT, IR AL 2@ i HPLC
e P e g TR AR PR B AR Sk A7k B, TR P R A 203 DA K Y 2%
HTFIRYIERER IR

AJOMT1 LA 2 25 (1) A2 ik B 4k 77 42 1) 3 0
KT (K,) 588K S (v, ) FE (B4
W E 3N AT): BEAR B S AR R 100 wL, [ &
SAM £ FF 800 pmol- L™, Mg* &K FE A 1 000 pmol-L™,
JEC 0 B 2 Ak FEE B 2 4 ) 152 B D 40100 200 400
8001 000.2 0003 0004 000 wmol-L", 5z I Z& ¥ N
pH 8.0 /) 50 mmol-L™" Tris-HC1ZZ /%, 10 pg AjJOMT]I,
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40 °C'F R 8 10 mino  J 8 JiF Ab B Je 43 B 264 ) 1o

EHAJOMTI EUXZERIIEER Bl L =
(1) 4b, [FIBT I 16 FhAS R 2R AL &), % AJOMTI
JEMAZ AT RG IR T RN R &
LR Q)R Q) FEAER )RR 5)-
WER (6)FHER (7T 8) ML E 9] HFIx
RUEW [5,7-—REFETER (10).6,7- - FHEFETER
D] RN RRLED [MHER (12)] XA (A
P (13)s [ A2 EE (14).3,5,37,4- DY #2858 Bk
(15)]~ 7 26 S M bk A= M B K [ 25 R 5 24 (16) 25 W HY
FANEBER 7)) R NAR R A R (40 mmol-LT)
1 uL.SAM (40 mmol-L") 2 uL.MgCL, (40 mmol-L")
2.5 pL. 4l 1k & A 150 pg. Tris-HCl 2% #' ¥ (pH 7.4,
50 mmol-L™") %M & % 100 uL. £ 37 °C F/K#$ B 6 h,
KRG A FRE b mBITAEEH 8 (A ) F1E0.1%
RT3 B BRI 7K (B AH), AN R4 ) 75 1) 43 1 2%
R JEY 1~11 #1113, 15%~100% A 30 min £ £ ¥
Jiit; S 12, 20%~30% A 30 min B & 98 it ; JE<4 14 Al
15, 5%~100% A 30 min £ FZ ¥ it ; J& 4 16 A1 17,
10%~100% A 30 min 8 B e it &4 1.0 mL-min™,
HEFEARFAEI A 10 pL.

FYURNEBEER "EEEWEE MH
AJOMTI [ 2 B 7 33k AT K B 02 I B 9 i) 46 48 3R
PEIR P A= . R BLARFR S 150 mL, £ 45
0.5 mmol-L" SAM. 0.5 mmol-L" MgCl,-280 mg 4} /i§ .
50 mmol-L™" Tris-HC1 2% ¥ (pH 8.0), 4 A & [A]
JRVIASFITE 10~25 mg A 55E . 40 °CKB R = B
12 h, J5 F 2 R0 R LR RE L S IR, 47 HLAH Uk
JEWRAEZE T, F 1~2 mL H EEA AR, 0.45 pm JE I I8,
LIEIRNE R BN A EAT SR 1l 2 HPLC 73 55, =14
MS.'H NMR (nuclear magnetic resonance) F1'"°C NMR
I BT E S5 K, 5] N R H AT B A

ERE D
1 AjOMTI IR ES RGH ALK 4
DT S e s L 45 1, 3R89 — % B E
SERETF IO SRAE K OMT 5: 15, LLE & 2R 4h i (1) cDNA
SRR, A pET-28a (+) [A Y58 (9 PCR 51 4, i
i RT-PCR 38 H (1) 5E K] 4> K 4% PCR /= ¥ i 4% 3|
pET-28a (+) # Ak b, Wl f¥ 45 2R 454 NCBI ) BLAST Lt
XA AT, B 1% AT S PR B SE BT R SEAE ) OMT
H K, v %4 N AjOMTI (GenBank accession number
OP621325), HJFFIHK N 735 bp, Hifid 245 N FER -
VK B R EE AL I AJOMT 1 & R 751 5
LA o CARE 1 R L RS B I HEAT OMT R Gtk i

RS EES T B D). NEI1ATEH, RIETHED
1129 1> OMT Z H: /R 7 44 K 4r 24 E 5, I EEITR
53 5 9 Type T OMT (B i BR 4, Y 225 4 F2 i, caffeic
acid O-methyltransferase, COMT)- Type II OMT (B[ il
ME B 4 B A P 5 B B, caffeoyl-CoA O-methyl-
transferase, CCOMT). AjOMTI1 5 # 4% (Citrus reticu-
lata) ] CrOMT1 & A R Uitk fb ¢ RARF i, &AL
75— 508 71%, [FJ& T Type I OMT. CrOMT1 A
AR A MR E Y K2 O-F HEAL =
PR B, HETU AJOMTI 7] g B A AL K AR 7= )
O-F ZE Ak 1136 1
2 AjOMTI WE#FRIESELH AJOMT FIMEIE
4 ZE

¥ IR () 4jOMT 5 pET-28a (+) B4 5 %
12| Transetta (DE3) 315 B2 4 15 4, @ il 75
S RIE K E ARG T 4 B E ) E 4L AJOMT,
SDS-PAGE %} #7 st 7, 7E 27 kDa Ff 3T H B0 H AR 5 A1 4%
W, PEIR AJOMTI K IhFiE (FE2).

PLSAM A H FE At 4R, Mg N B A 1, LAM B2 &
(1) 2 F k2 AR AT AR A AR S S (1 3). HPLC-UV/
MS 7 #7 fE 7, FE AL AJOMTI m & AL M 32 (1) 7=
AETASHT =00 1a (B0 F N 95.5%) 1b (L F N
2.7%) (EI3AB), H AR T Ok B I A . — 2 ot 1%
SR 1a 7 F & BRI 4 7 0 14 amu (&
3C), M 1a MR 1 R A=) . N T 2D
SE 1a [ 25 4 Je AJOMTL FIHE AR 550, 388 3o 50K e I )
HARA T 1a, H2Z NMR 787 58 € 724 1a 5514 i 52
3 b 15 R E BRI B 4y B
Jn 28 amu (& 3D), F B 1b NJEY 1 1 X HF JE 4L 7= 4
(K7 RAR A RER 45). DA S RE W, AJOMT1 X iz
(1) B RRr Bk EE 3-0-F LR
3 ELHAJOMTIEEF M RIS

H— 0 UM 2= (1) 1B B 2 Ak 52 4 IR A %
AJOMT PIRG= 1 S BN 11 538AT T Rt 7t (B 4).
AjOMT1 7E pH 6.0~9.0 ¥ B4 W ZE AL 1% 1, pH 8.0 I
A (B 4A); AJOMTI 1E [ B iR & 20~40 °C i
I8 3L P 1 T e P O A 8 5, 40 °C B M A sk (]
4B); £ W & B & T, Mg™ . Ba™ . Sn”" . S\ Fe™' .
Ca’ . Zn* A £ f AJOMT1 fi AU M 2 25 (1) FE SR AL e B2
TP, Foob DL Mg B, T Cu® N M T 5 4 41 )
s (B 4C). B3l /%2 545 R EoR, AJOMT1 %)
Wi Rz 25 (1) AL K H 8 355.7 pmol L, v, H
390.9 nmol-min™-mg” (i 4D).
4 FHAJOMTIEERIIZZT AR

75 8% AJOMT1 ARSI W) 4% 32 %, i B T 2 Fil
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Figure 1 Phylogenetic analysis of AjJOMT]1 (in magenta) with the previously characterized O-methyltransferases (OMTs) at the protein
level. The evolution history was inferred base on the neighbor-joining method using the software MEGA 7.0. The bootstrap values are 1 000
replicates, and the scale bar represents 0.2 amino acid substitutions per site. the GenBank accession numbers of OMTs used for analysis are
as follows: VIROMT (JX673941, Vitis riparia); VVROMT (NM_001281115, V. vinifera); MpOMT2 (AY337459, Mentha * piperita);
CrOMT2 (AY'127568, Citrus reticulata); CrOMT6 (AY 343490, C. reticulata); MtIOMT1 (AY942159, Medicago truncatula); GeHI4'OMT
(AB091684, Glycyrrhiza echinata); SbBOMT3 (JX673942, Sorghum bicolor); CjabOMT (D29811, Coptis japonica); MpOMT4 (AY337461,
M. x piperita); MpOMTI1A (AY337457, M. x piperita); MpOMTIB (AY337458, M. x piperita); SOOMT1 (EF189707, S. bicolor);
MpOMT3 (AY337460, M. x piperita); AtOMT1 (U70424, Arabidopsis thaliana); AtROMT (AY062837, A. thaliana); GsOMTI
(MT512039, Gloriosa superba); GSOMT2 (MT512043, G. superba); VpOMTS (JF344741, Vanilla planifolia); AoOMT (XP_020252875,
Asparagus officinalis); VpOMT4 (JF344740, V. planifolia); PtCCOMT (XP_002312473, Populus trichocarpa); PtCCOMT-2 (AFZ78549, P.
tomentosa); AtCCOMT (NP_564916, A. thaliana); VVAOMT (FJ460168, V. vinifera); AtCCoAOMT7 (AEE85172, A. thaliana); CrOMT]1
(KI1536925, C. reticulata); McPFOMT (3C3Y _A, Mesembryanthemum crystallinum); ObPFOMT-1 (KC354401, Ocimum basilicum)

ANE SRR 17 Bk &40 (B SA), 145 55 B 28 (3-8). AJOMTI1 R I H AL AL ZR, X 8 M &
A~9) FEEI 0.1 FKHEREULED (12) EH Y (1.3.6-11.14~17) ] O-F AL iE KT 50%, X
(13~15) Wi (16.17) XF E4H AjOMTI1 ALY L SV R ARG B 2R (1.3.6) & R K (1),
AT RGPS . B AJOMT1 AEARSMNE T (14.15) AW 16.17). B AR E R (8) Al
WU vh SR I AR SR I R AR D, TEARHIT AL 0 ik T KRN FRIE (12) 1t &3 I b S5 50 5 10 4 1b 3% 1
LN, BEXT 17 MEE P (1 14 ASELEE S Rhaf i SR 1) (K 6.7).

WEYEAT O- A SR (18] 5B), EA B 1 R 2% Nk — 0 IR e RGPV AJOMT {46 Th g
2 BRI A L2 AR RN S AR AR, S8 RO B A S R 3 4y R R AL kAT
mono-O-F AL =4, HZEREMEAE LY =4 di-0- S B g, FEa g M s e 7
HJE AL 0 (1034 6. 8. 14 17). tri-O- H 3£ 4k 72 4 (G5, TR I F e A A B o BT Eb S AR R 2R 45 4
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Figure 2 Sodium dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) of purified recombinant AJOMT]1 protein. Lane
M: Protein Marker; Lane 1: His-tagged AJOMT]1 (indicated with

an arrow; predicted molecular weight, 27.6 kDa)
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Figure 3  O-methylation of quercetin (1) catalyzed by recombi-
nant AjJOMTI1. A: AjJOMTI1 catalyzed the main O-methylated
product of 1; B: High performance liquid chromatography (HPLC)
analysis of 1 and the enzymatic products 1a, 1b; C: Ultraviolet
(UV) and typical positive ion mass spectrometer (MS) spectra for
la; D: UV and typical positive ion MS spectra for 1b. SAM:

S-Adenosy-L-methionine
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Figure 4 Effects of various pH (A), temperature (B) and divalent
metal ions (C) on the activity of AJOMTI. Nonlinear regression
(D) of the Michaelis-Menten equation for AJOMT1. Quercetin (1)
was used as the methylation acceptor, SAM was used as the meth-

ylation donor
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Wk B2 2 3'- H fik (isorhamnetin, 1a, 2.0 mg): ESI-
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Figure 5 Probing the substrate catalytic promiscuity of AJOMTI1. A: Structures of the substrates and part of corresponding methylated

products prepared from the scale-up enzymatic reactions identified by MS, NMR spectroscopic data analysis; B: Conversion rates of

different substrates with AJOMT1. ND: Not detected

MS (m/z) 317.29 [M+H]". '"H NMR (DMSO-d,, 400 MHz)
9 7.56 (1H, brs, H-2"), 7.46 (1H, brd, J = 8.4 Hz, H-6'),
6.91 (1H, d, J = 8.4 Hz, H-5"), 6.41 (1H, brs, H-8), 6.19
(1H, brs, H-6), 3.83 (3H, s, CH,0); °C NMR (DMSO-d,,
100 MHz) § 175.8 (C-4), 164.0 (C-7), 160.6 (C-5), 156.3
(C-9), 148.7(C-2), 147.4(C-3"), 146.0 (C-4"), 135.5 (C-3),
122.2 (C-1"), 121.4 (C-6), 115.6 (C-5"), 111.6 (C-2"),
102.3 (C-10), 98.7 (C-6), 93.8 (C-8), 55.7 (CH,0)"*,
WHEE 3",4',5'- = H Bk (ferrugin, 3¢, 2.2 mg): ESI-
MS (m/z) 361.49 [M+H]". '"H NMR (MeOD-d,, 400 MHz)
0 7.31 (2H, brs, H-2",6"), 6.51 (1H, brs, H-8), 6.27 (1H,
brs, H-6), 3.89 (3H, s, 4-CH,0), 3.86 (6H, s, 3'-CH,0,
5'-CH,0); "C NMR (MeOD-d,, 100 MHz) 6 177.6 (C-
4),167.2 (C-7), 162.2 (C-5), 158.1 (C-9), 151.7 (C-3",5"),
147.4 (C-2), 138.6 (C-4"), 138.3 (C-3), 128.0 (C-1"),

108.8 (C-2', 6'), 105.1 (C-10), 98.5 (C-6), 94.4 (C-8),
60.8 (4'-CH,0), 56.4 (3'-CH,0, 5'-CH,0)!""',

T 2405 A (oroxylin A, 6a, 3.6 mg): ESI-MS (m/z)
285.39 [M+H]". 'H NMR (DMSO-d,, 400 MHz) & 8.05
(2H, brd, J = 8.0 Hz, H-2',6'), 6.58 (3H, m, H-3',5"),
6.94 (1H, s, H-3), 6.62 (1H, s, H-8), 3.75 (3H, s, CH,0);
C NMR (DMSO-d,, 100 MHz) & 182.0 (C-4), 163.4
(C-2), 157.6 (C-7), 152.8 (C-5), 152.7 (C-9), 131.9 (C-4"),
131.7 (C-17), 130.8 (C-6), 129.1 (C-3',5'),126.4 (C-2,6"),
104.6 (C-3), 104.4 (C-10), 94.6 (C-8), 59.8 (CH,0)"".

5 R E 57 5 (isoscopoletin, 11a, 3.7 mg): ESI-MS
(m/z) 193.13 [M+H] . 'H NMR (CDCI,, 400 MHz) &
7.60 (1H, d, J = 9.2 Hz, H-4), 6.97 (1H, s, H-5), 6.83
(1H, s, H-8), 6.29 (1H, d, J = 9.2 Hz, H-3), 3.98 (3H, s,
CH,0); *C NMR (CDCL,, 100 MHz) § 161.6 (C-2), 150.2
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Figure 6 HPLC chromatograms of methylation of selected substrates by AJOMT]1 in vitro

(C-9), 149.4 (C-7), 143.5 (C-4), 142.8 (C-6), 114.1 (C-3),
112.4 (C-10), 111.2 (C-5), 99.5 (C-8), 56.6 (CH,0)""’,
AR 45 5 (scopoletin, 11b, 11.4 mg): ESI-MS (m/z)
193.12 [M+H]". '"H NMR (DMSO-d,, 400 MHz)  7.91
(1H, d, J = 9.2 Hz, H-4), 7.21 (1H, s, H-5), 6.78 (1H, s,
H-8), 6.21 (1H, d, J = 9.2 Hz, H-3), 3.81 (3H, s, CH,0);
BC NMR (DMSO-d,, 100 MHz) ¢ 160.7 (C-2), 151.1
(C-9), 149.5 (C-7), 145.2 (C-6), 144.5 (C-4), 111.7 (C-3),
110.5 (C-10), 109.6 (C-5), 102.8 (C-8), 56.0 (CH,0)"*,
FFI K3 2 (rhapontigenin, 14a, 12.4 mg): ESI-MS
(m/z) 259.29 [M+H]". '"H NMR (acetone-d,, 400 MHz) §
7.22 (1H, d, J = 2.0 Hz, H-2"), 7.02 (1H, d, J = 16.2 Hz,
H-a), 7.01 (1H, dd, J = 8.4, 2.0 Hz, H-6'), 6.92 (1H, d,
J=16.2 Hz, H-p), 6.82 (1H, d, J = 8.4 Hz, H-5'), 6.54
(2H, J = 2.0 Hz, H-2, 6), 6.28 (1H, t, J = 2.0 Hz, H-4),
3.89 (3H, s, CH,0); "C NMR (Acetone-d,, 100 MHz) §
159.6 (C-3, 5), 148.6 (C-3"), 147.5 (C-4"), 140.8 (C-1),

130.4 (C-1"), 129.4 (C-p), 127.0 (C-a), 121.2 (C-6"),
115.9 (C-5"), 110.1 (C-2"), 105.6 (C-2, 6), 102.7 (C-4),
56.2 (CH,0)",

3-HARE-3,5,4- =R AL (tristin, 15a, 8.1 mg):
ESI-MS (m/z) 261.21 [M+H] . 'H NMR (DMSO-d,,
400 MHz) 6 6.72 (1H, d, J = 2.0 Hz, H-2"), 6.65 (1H, d,
J = 8.0 Hz, H-5'), 6.58 (1H, dd, J = 8.0, 2.0 Hz, H-6"),
6.06 (2H, J = 2.0 Hz, H-2,6), 6.02 (1H, t, J = 2.0 Hz,
H-4), 3.72 (3H, s, CH,0), 2.65 (4H, m, H-a.); "C NMR
(DMSO-d,, 100 MHz) ¢ 158.2 (C-3, 5), 147.3 (C-3"),
144.5 (C-4"),143.7 (C-1), 132.5 (C-1"), 120.4 (C-6"), 115.2
(C-5"), 112.6 (C-2'), 106.4 (C-2, 6), 100.1 (C-4), 55.5
(CH,0), 37.6 (C-a), 36.6 (C-5)*",

5 25 1§ (coclaurine, 16a, 4.0 mg): ESI-MS (m/z)
286.23 [M+H]". 'H NMR (DMSO-d,, 400 MHz) & 9.47
(1H, s, OH), 8.98 (1H, s, OH), 7.09 (2H, d, J = 8.0 Hz,
H-2',6'), 6.73 (2H, d, J = 8.0 Hz, H-3',5"), 6.72 (1H, s,
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Figure 7 Typical positive ion MS spectra of methylated products catalyzed by AjJOMT1 in vitro

H-5), 6.54 (1H, s, H-8), 4.52 (1H, m, H-9), 3.74 (3H,
s, CH,0), 3.3-2.8 (6H, CH,x3); "C NMR (DMSO-d,,
100 MHz) § 156.5 (C-4"), 147.3 (C-6), 145.0 (C-7), 130.6
(C-2,6'), 125.8 (C-1"), 124.5 (C-1a), 119.7 (C-4a), 115.5
(C-3',5'), 111.9 (C-5), 113.4 (C-8), 63.1 (C-1), 55.6
(CH,0), 55.2 (C-3), 44.1 (C-9), 24.5 (C-4)*'\,

ZiFR W (jatrorrhizine, 17a, 12.7 mg): ESI-MS (m/z)
338.39 [M+H]". 'H NMR (CD,0D, 400 MHz) & 9.72
(1H, s, H-8), 8.75 (1H, s, H-13), 8.09 (1H, d, J = 8.8 Hz,
H-11), 7.99 (1H, d, J = 8.8 Hz, H-12), 7.65 (1H, s, H-1),
6.86 (1H, s, H-4), 490 (2H, t, J = 6.4 Hz, H-6), 4.20
(3H, s, 9-OCH,), 4.10 (3H, s, 10-OCH,), 4.02 (3H, s,
2-OCH,), 3.20 (2H, t, J = 6.4 Hz, H-5); "C NMR
(CD,0D, 100 MHz) ¢ 151.8 (C-9), 151.7 (C-2), 149.6
(C-3), 146.1 (C-8), 145.7 (C-10), 140.2 (C-13a), 135.4
(C-4a), 130.3 (C-12a), 128.1(C-12), 124.3 (C-11), 123.2
(C-1a), 120.9 (C-13), 119.4 (C-8a), 115.9 (C-4), 110.0

(C-1), 62.5 (9-OCH,), 57.6 (10-OCH,), 57.4 (2-OCH,),
56.9 (C-6), 27.6 (C-5)>,

g
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