Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2017

Identification and functional application of a new malonyltransferase
NbMaT1 towards diverse aromatic glycosides from Nicotiana

benthamiana

Yuyu Liu,* Xiaohui Wang,® Ting Mo, Yaru Yan? Yuelin Song,> Yunfang Zhao,?
Jun Li,2  Shepo Shi,2  Xiao Liu,** Pengfei Tu*?

aModern Research Center for Traditional Chinese Medicine, School of Chinese Materia
Medica, Beijing University of Chinese Medicine, Beijing 100029, People’s Republic
of China

* feliuxiao@163.com; * pengfeitu@163.com;

Tel/Fax: (86)-10-82802750



Supplementary Material

Table of Contents

Figure S1. Multiple alignment of the deduced amino acid sequence of NbMaT1l and

related ENZYMES. .. ..ottt 3

Figure S2. HPLC-UV spectra of standard malonyl-CoA and enzymatic synthesis of

malonyl-CoA by MatB........coooiii 4

Figures S3—S18. HPLC-UV and HR-ESI-MS analyses of malonylated product of 1-

L0, .o 5-20
Figure S19. 'H NMR spectrum of malonylated product 9a in Methanol-d,................. 21
Figure S20. 3C NMR spectrum of malonylated product 9a in Methanol-d,.................. 21
Figure S21. HSQC spectrum of malonylated product 9a in Methanol-d,......................... 22

Figure S22. HMBC spectrum of malonylated product 9a in Methanol-
Ayeeniininanen 22

Figure S23. Heterogenous expression and purification of three targeted His6-tag fusion

proteins after Gene eXPreSSION. .. ...uvuuierttett et et et e reeeeerrereeaenns 23



HbMaTl  ..... QCQVAFSEGS . BAEL H T4
HtMaTl & ..... QCQVVESEGS . ATEL H T4
G=s5AT HEQICHVEVIRECOVTFEFOTTOVEL I 80
S5c3MaT MOSTECLHNITRMBEARISAESGTIG. HR I 78
Dm3MaTl MASHSIVIIINQSRISSEEGTIGC.EE I 79
PEfoMaT .« JMITIEIRTERILEEETLD. . BV M I I E 1 73
Consensus e fd w fy p £ D Tk a3la ¥ P

NbMaT1l YVACEQD. . .WITNYEELRY. . K HEIEQLA. 148
NtMaTl SMOLCEQD. . .WSGYPELRY. . E HEVECLL . E 148
Ga5AT SERLLMEIE. . .SGEHMERFRYSRL F LVDSHORHAL FYVMERVIRTHMCOYEV 157
S5c3MaT LIVFPNTDGSGFNEKEEIRE ECE PLVESLG.NAIELCOCVT 158
Dm3MaTl LYVSPHADDFGVIRKEEIRE ECE PLVEFLG.NVVEMAOCVT 158
PfSMaT LLYES....SNTOQEERLR DEVAFMF.FPIAEEFECKT 148
Consensus n g e df 1 g D a
NbMaTl I E ; 5z ENGEVGHLINDCEMEE YEHM 226
NtMaTl E E ; P 228
Gs5AT E K - SYGLEETFWHEMQHVLEM 235
S5c3MaT KG.. . SHL.DENKELRHTRLESFYK 235
Dm3MaTl 5 5 SKLOEYELEHTSLETFY( 235
BfSMaT ELETNTIFWKVLENIFLE 228
Consensus vt £ gi hh d ko W d 1 p dr i p

NbMaT1l HMTHMS.DINTRE ; . WTE EBATG. . .EKIDENGVE 300
HtMaTl HEMS.DVNIRE E K..JTE EAATG. . .EEIDENGMa 300
G=5AT ESRFGSEFERE E HNLRGSEFTIRNT KLOVVSEESSHOENEL 315
Se3MaT ESSL...VOET E IQVEN . .BEYM LVEIG. . .ERKGEIOELR 307
Dm3MaTl EPSL. . .NGRIF IQIPT. .BEYT LVEMG. . .EFEGEDELR 307
PfSMaT BESSF...FI§T HLENNH. ... .BVCESR VAL TN SeMVESSGD . . . . . . GGERNEA R 293
Consensus wr t it i 4 fw vwec ks e £

NbMaTl N BARTREHEV 1 RMELDEE . .RFEEYDELDV 378
NtMaTl N ARTROWV 1 RMELDEE FEEYDEVDR 378
Ge5AT Ay [ EGR AEATHE I RVHHER LSESNGIES 385
S5c3MaT ; {FGR ETLENV | MIYHED HEPF. .MIP 385
Dm3MaTl {FGR TTIKNV HIj MVENEE HDAF. .RIP 385
BfSMaT N VEVEHEEF E V) 1 LSEIWKCHGHS 373
Consensus d r pp p vign v g i it 1 W

NbMaTl SWSV. PR DEGNG SGODSISMSLSEYR E THEISFL. . 453
HNtMaTl SLSV. PO FGNG MODGISHSLSKSKE H THEISFL. . 453
G=s5AT FLGT YAELY . . YVICGSROFERGVi EFeFCSLS. 469
S5c3MaT EIGW IMEDFGHG ¥NTS. . ISINASKTSL DI DEeLESQVS 460
Dm3MaTl EIGV D FCHG ¥NGS . . VAINASKES T D ERX HHEeLESETI. 459
Bf5MaT VLGI ELLSHnjejole GEE. .. .¥YTHMSLCHSDCGLESe AT{eLAELLS 445
Consensus g pk dfgwg k 2 d e g m af £f g

Figure S1. Multiple alignment of the deduced amino acid sequence of NbMaT1 and
related enzymes.

Black shading shows the identical amino acids in at least four sequences. Motifs 1-3 are
the region conserved among BAHD acyltransferases. Abbreviations and GenBank
accession numbers are: NbMaTl (KY563646); NtMaTl1, Nicotiana tabacum phenolic
glucoside-6'-O-malonyltransferase with broad substrate specificity (BAD93691); GsSAT,
hydroxycinnamoyl-CoA: anthocyanin 5-glucoside-6-O-hydroxycinnamoyltransferase
from Gentiana scabra var. buergeri (BAD44688); Sc3MaT, malonyl-coenzyme A:
anthocyanidin ~ 3-O-glucoside-6"-O-malonyltransferase ~ from  Pericallis  cruenta
(AAO38058); Dm3MaTl, anthocyanidin 3-O-glucoside-6"-O-malonyltransferase from
Chrysanthemum x morifolium (AAQ63615); PfSMaT, anthocyanin 5-O-glucose 6''-O-
malonyltransferases from Salvia splendens (AAL50565).



Standard malonyl-CoA

A A
40 3
35 3
30 p
25 3 720 760 300 340 380 nm
20 7
15
10 3
5
0 : : :
9 10 11 12 13 14 15 min
mAU
B mAY 500 a
600 500 a
400
500 4 300
400 4 200
100
300 01
220 260 300 340 380 nm
200 ]
100 /\
0 |
9 10 11 12 13 14 15 min

Figure S2. HPLC-UYV spectra of standard malonyl-CoA (A) and enzymatic synthesis

of malonyl-CoA by MatB (B).
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Figure S3. HPLC-UV/HR-ESI-MS (negative) spectra of malonylated product of 1.
A: HPLC chromatogram and UV spectra of 1 and malonylated product 1a catalysed by

NbMaT1 (Al), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (negative) spectrum of 1a.
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Figure S4. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 2.
A: HPLC chromatogram and UV spectra of 2 and malonylated product 2a catalysed by

NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 2a.
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Figure S5. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 3.
A: HPLC chromatogram and UV spectra of 3 and malonylated product 3a catalysed by

NbMaTl1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 3a.
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Figure S6. HPLC-UV/HR-ESI-MS (negative) spectra of malonylated product of 4.

A: HPLC chromatogram and UV spectra of 4 and malonylated product 4a catalysed by

NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (negative) spectrum of 4a.
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Figure S7. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 5.

A: HPLC chromatogram and UV spectra of 5 and malonylated product 5a catalysed by

NbMaT1 (Al), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of Sa.
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Figure S8. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 6.
A: HPLC chromatogram and UV spectra of 6 and malonylated product 6a catalysed by
NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 6a.
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Figure S9. HPLC-UV/HR-ESI-MS (negative) spectra of malonylated product of 7.
A: HPLC chromatogram and UV spectra of 7 and malonylated product 7a catalysed by
NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (negative) spectrum of 7a.
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Figure S10. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 8.
A: HPLC chromatogram and UV spectra of 8 and malonylated product 8a catalysed by
NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 8a.
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Figure S11. HPLC-UV/HR-ESI-MS (negative) spectra of malonylated product of 9.
A: HPLC chromatogram and UV spectra of 9 and malonylated product 9a catalysed by

NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (negative) spectrum of 9a.
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Figure S12. HPLC-UV/HR-ESI-MS (negative) spectra of malonylated product of 10.
A: HPLC chromatogram and UV spectra of 10 and malonylated product 10a catalysed by
NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (negative) spectrum of 10a.
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Figure S13. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 11.

A: HPLC chromatogram and UV spectra of 11 and malonylated product 11a catalysed by

NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 11a.
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Figure S14. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 12.
A: HPLC chromatogram and UV spectra of 12 and malonylated product 12a catalysed by

NbMaTl1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 12a.
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Figure S15. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 13.

A: HPLC chromatogram and UV spectra of 13 and malonylated product 13a catalysed by

NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 13a.
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Figure S16. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 14.
A: HPLC chromatogram and UV spectra of 14 and malonylated product 14a catalysed by
NbMaTl1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 14a.
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Figure S17. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 15.

A: HPLC chromatogram and UV spectra of 15 and malonylated product 15a catalysed by

NbMaTl1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 15a.
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Figure S18. HPLC-UV/HR-ESI-MS (positive) spectra of malonylated product of 16.

A: HPLC chromatogram and UV spectra of 16 and malonylated product 16a catalysed by

NbMaT1 (A1), one-pot reaction system (A2), fusion protein of MatB-NbMaT1 (A3); B:

HR-ESI-MS (positive) spectrum of 16a.
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Figures S19. '"H NMR spectrum of malonylated product 9a in Methanol-d,.
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Figures S20. 3C NMR spectrum of malonylated product 9a in Methanol-d,,.

i




hidvad

T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£2 (ppm)

Figures S21. HSQC spectrum of malonylated product 9a in Methanol-d,.
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Figures S22. HMBC spectrum of malonylated product 9a in Methanol-d,.
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Figure S23. Heterogenous expression and purification of targeted Hisq-tag fusion proteins
after gene expression.

The 10% (w/v) SDS polyacrylamide gel was stained with Coomassie Brilliant Blue G-250;
Lane M, molecular mass standards;

Lane 1, soluble protein before induction;

Lane 2, soluble protein after IPTG induction;

Lane 3&4, purified Hisg fusion protein of MatB (60.07 KDa) and NbMaT1 (50.91KDa).
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