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Experimental methods

DNA manipulation and sequence analysis. General DNA manipulations were performed as described.! The primers

used in this study (listed in Table S1) were synthesized by Generay Co. (Shanghai, China). The PCR enzymes

PrimeSTAR DNA polymerase (Takara, Japan) or Taq DNA polymerase (TransGene, Beijing, China) were used for

DNA amplification according to the manufacturers’ instructions. DNA sequencing was performed by TianYi

HuiYuan Co. (Beijing, China). Electroporation of B. subtilis fmb60 was performed with an established protocol

except the electric pulse condition was modified to 15 kV/cm, 1 kQ, and 25 uF.? Gene function annotation and

multiple alignment of protein sequences were performed with BLAST (http://www.ncbi.nlm.nih.gov/blast) and

CLUSTALW (https://www.ebi.ac.uk/Tools/msa/clustalw2/), respectively.

Construction of B. subtilis Aart24. To construct the gene in-frame deletion mutant B. subtilis Aart24, two 1.0-kb

DNA fragments flanking the art24 gene were amplified with primer pairs 24-L-F/24-L-R and 24-R-F/24-R-R,

respectively. Plasmid pRN5101::art24-UD was generated by inserting the two 1.0-kb fragments into the HindIII site

of pRN5101 using one-step cloning strategy.> After introducing pRN5101::art24-UD into B. subtilis fmb60 by

electroporation, the erythromycin resistant transformants were selected as the single-crossover mutants, and then

cultured in LB without antibiotics at 37 °C overnight to induce the second crossover. The erythromycin sensitive

colonies were screened out by replicating them on plates with or without erythromycin. The selected colonies were

verified as the desired B. subtilis Aart24 mutants by PCR analysis with primer pair 24-L-F/24-R-R, and then

confirmed by sequencing the size-correct amplicons.

Protein expression and purification. For the expression of Art24 (WP _069149234) in E. coli, the 1.2-kb art24 gene

was cloned by PCR using the genomic DNA of B. subtilis fmb60 as a template with primer pair 28-24-F/28-24-R

and inserted into the Ndel and BamHI sites of pET28a to afford pET28a::art24. Gene tylla was synthesized and

cloned into pET28a to generate pET28a::¢ylla by Generay (Shanghai, China).*


http://www.ncbi.nlm.nih.gov/blast
https://www.ebi.ac.uk/Tools/msa/clustalw2/

E. coli BL21 (DE3) transformant harboring the protein expression plasmid (pET28a::art24 or pET28a::tylla) was

inoculated into LB with 50 ug/mL kanamycin and cultured at 37 °C, 220 rpm. The overnight culture was used to

inoculate LB with 50 pg/mL kanamycin (1%, v/v) and incubated at 37 °C, 220 rpm until ODgy reaching 0.6.

Expression of Art24 or Tylla was then induced by the addition of isopropyl-f-thiogalactoside (IPTG) at a final

concentration of 0.1 mM. After cultured at 16 °C, 220 rpm for 18 hours, the cells were harvested by centrifugation,

re-suspended in lysis buffer (20 mM Tris-HCI, 500 mM NaCl, 5 mM imidazole, pH 7.9), and burst by sonication.

The cell debris was then removed by centrifugation and the supernatant was loaded onto a Ni-NTA affinity column

well equilibrated using lysis buffer, and then washed with washing buffer (20 mM Tris-HCI, 500 mM NacCl, 60 mM

imidazole, pH 7.9) followed by elution buffer (20 mM Tris-HCI, 500 mM NaCl, 500 mM imidazole, pH 7.9). The

desired fractions were combined, desalted using PD10 column, concentrated by ultracentrifugation with an Amicon

Ultra centrifugal filter (Millipore, MA, USA; molecular mass cutoff of 10 kDa), and stored in 25 mM HEPES (pH

7.5) buffer with 20% glycerol at -80 °C. Protein concentrations were measured by the Bradford assay.’

Art24 assay. The 50 uL reaction mixture consisted of 25 mM HEPES (pH 7.5), ImM MgCl,, | mM ART A, 1 mM

TDP-3-keto-6-deoxy-a-D-glucose and 5 uM Art24. The reaction was performed at 30 °C for 2 hours before it was

quenched by adding an equal volume of acetonitrile. After centrifugation, the supernatant was analyzed by HPLC

and MS.

Spectroscopic analysis. HPLC analysis of ARTs was carried out with an Apollo C18 column (5 um, 4.6 mm x 250

mm, Alltech, IL, USA) on a Shimadzu HPLC system (Shimadzu, Kyoto, Japan). The detection wavelength was 280

nm. The column was developed with acetonitrile and water containing 0.1% formic acid at a flow rate of 0.8 mL/min.

Percentage of acetonitrile was changed using the following gradient: 0-32 min, 30% to 65%; 32-33 min, 65% to

100%; 33-38 min, 100%; 38-39 min, 100%-30%; 39-45 min, 30%.

Production and isolation of ART A and B. For the production of ART A, B. subtilis Aart24 mutant was cultured



in medium BPY (0.5% beef extract, 1.0% peptone, 0.5% yeast extract, 1% glucose, 0.5% NaCl, pH 7.0) as described.®

The well-prepared seed culture was inoculated (3% v/v) into the production medium (Landy medium: 4.2% glucose,

1.4% L-sodium glutamate, 0.05% MgSQOy4, 0.05% KCI, 0.1% KH;PO4, 0.0015% FeSO,, 0.005% MnSOy, 0.0016%

CuSOy, pH 7.0) and cultured at 33 °C, 200 rpm for 36 h. After centrifugation, the cell debris was discarded and the

supernatant was collected and subjected to Diaion HP20 macroporous resin. After being eluted with methanol and

concentrated at 25 °C in vacuo, the extract was subjected to a silica gel column (600 g, 200-300 mesh, 6.5 cm x 110

cm), which was developed sequentially using 4 L each of petroleum ether, petroleum-ethyl acetate (50/50, v/v), ethyl

acetate, ethyl acetate-methanol (50/50, v/v), and methanol. The ethyl acetate fractions containing ART A were

concentrated in vacuo and then subjected to a reversed-phased C18 column (3.0 cm x 150 cm) that was eluted with

acetonitrile/water gradient (40/60, 48/52, 75/25, and 90/10, v/v) sequentially. The fractions containing ART A were

concentrated in vacuo and refined by semi-preparative HPLC (Zorbax SB-C18, 5 pm, 9.4 mm x 250 mm, Agilent,

CA, USA). The column was eluted with acetonitrile/water (50/50, v/v) containing 0.1% formic acid at a flow rate of

3.5 mL/min. About 8.0 mg ART A was obtained from 60 L B. subtilis Aart24 culture.

ART B was produced and isolated using the same procedures as those of ART A, except that the wild type strain

B. subtilis fmb60 was the producer and the semi-preparative HPLC column was eluted with acetonitrile/water (47/53)

containing 0.1% formic acid at a flow rate of 3.5 mL/min. About 6 mg ART B was obtained from 120 L B. subtilis

fmb60 culture.

Computational methods. Both energy minimization and conformational analysis of ART A were carried out with

the Conflex 7.0a software using built-in MMFF94 force field.” For NMR calculation, optimization and frequency

analyses for conformers were carried out using dispersion corrected density functional theory (DFT-D3BJ) at

b3lyp/6-311G(d, p) level.® Calculations of '3C NMR chemical-shift (shielding tensors values) were performed at the

mPWI1PW91/6-311+G(2d,p) level with IEFPCM solvent model using DMSO as solvent. The DP4+ statistical



analysis was then carried out using the DP4+ excel file under the instructions provided by Sarotti's laboratory.® For
ECD calculation, optimization and frequency analyses for conformers were carried out using dispersion corrected
density functional theory (DFT-D3BJ) at b3lyp/6-311G(d, p) level with tight convergence criteria, and with IEFPCM
solvent model using methanol as a solvent. The electronic circular dichroism (ECD) were calculated using the time-
dependent density-functional theory (TD-DFT) method at b3lyp/6-311G(d, p) level with the IEFPCM solvent
(methanol) model. All the optimization and frequency analyses for NMR and ECD calculation of conformers were
executed with Gaussian9 software. The Boltzmann distribution and Gibbs free energy at 298.15 K of conformers
were generated according to the analyses of Gaussian9 output files by Shermo 2.3 software.!?
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Fig. S15 HETLOC spectrum (500 MHz) of ART A in DMSO-d;.
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Fig. S16 Candidate stereoisomers of ART A.
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Motif |
I BN B N Bl OO0 PN = h
consensus VEGIYK N VADYFNEVLA Y /R QP IRILEIGAGTGGTSA VL 'L P

Art1iIMT VEGIYQNNAVADYFNHLLAQKVIDYIQERLRQNPDARIRIIEIGAGTGGTSVRVLDHLKP 60
Art13MT VEGIYKQNAVADYYNQRLASILVNYLQQRQRH--QKPVRILEIGAGTGGSTAEVLKRIQP 58
Art14MT VEGIYKGNSIADYFNLTLADVLEAYIQRRIAKHPQERIRIIEAGAGTGGTSAIVLKRIEA 60
Art17MT VEGIYKNNVVVDYFNDVLAAILVNYCNLLRQQHPSVKINILEIGAGTGGTSAGIFEKLAP 60
SorAMT VQGIYKHNPVADHFNAVLADTVVELVRERLAQDPAARLRILEIGAGTGGTSEVVFDRLKP 60
RhiBMT VEGIYKHNPVSDFFNEVMLNAMVEFVRARLEQAPQTPIRILEIGAGTGGTSARAFEKLRP 60
BonAMT VQGIYRDNPVADYFNEALAESLDAYLRERLAQQPDAAIRILEIGAGTGGTSVRLFARLAA 60
MupMT1 VEGIYKHNAVSDYFNEVITQAVLARVRAG-HQAGAAPVRILEIGAGTGGTSARVLQGLDS 59
MupmMmT2 VEGIYKHNAVSDYFNEVITQAVLARVRAG-HQAGAAPVRILEIGAGTGGTSARVLQGLDS 59
NosMT1 VEGIYRDNSVADYFNEVLAKSLRSAIEARLKHDPRTKLRILEIGAGTGATTKAVLSKLAG 60
NosMT2 VEGIYERNAIATHFNELLAQTVVNYLQERCRVDELTPIRILEIGAGTGATTATVLHHLEP 60

Motif Il Motif IlI Motif IV
NN N N § EE . Il N EEE
consensus EY YTDIS AFL HAE Y PYL YR 'DVE PL QGI ‘G YD VIATN

Art1IMT YLGHLEDYCYTDISKAFLVYAEKRFKADYPFVSYRVYNAEAEAAEQGISIDTYDIAIATN 120
Art13MT YHDSIDEYVYTDISKSFLLFAEKYFGDWKNRITYRMFDVTKPVVEQGIDPGGYDVVIASN 118
Art14MT YSTHV-DYVYTDISKSFLLFAEEQYGTTYPNLTFQTWNVEQSASAQGVAAGSYDILIASN 119
Art17MT NSEAIGEYCYTDISKAFLLSAEKAFYTDYPYTTYRTLNIEAPIEQQGFQPGIYDVVVAAN 120
SorAMT WASSIGEYCYTDVSKAFLLHAQGAYAKTTPYLTSRLFNVEQPLEGQGIERGAYDLVIATN 120
RhiBMT YQRQIAEYCYTDVSQAFLMHARQTYGPDNPYLSYQLFNVDRPLAEQGIKIGHYDLVMATN 120
BonAMT HAPRVAEYCYTDLSPAFLMHAERHYRDAAPYLRTARLDIEQAPAGQGFAAGAYDLIVAAN 120
MupMT1 LGVEVGQYAYTDLSRAFLMHAQTAYGEGRSYLDYRILDVEKDLVQQGLELGSYDVVIATN 119
MupMT2 LGVEVGQYAYTDLSRAFLMHAQTAYGEGRSYLDYRILDVEKDLVQQGLELGSYDVVIATN 119
NosMT1 LEDSISEYRYTDISRAFLLHAQEKFIPNHPFVEIGIFDVEQPLAGQKIAVGTYDFAIATN 120
NosMT2 FGNIVGEYLYTDISPAFLVRAERHFAPKYPFLRTQLFDVDQPLSKQGIPIGSFDIVIATN 120

* Motif V Motif VI Core Insertion
I I E N s D" D BT B 'EE
consensus VLHAT IR TLRN KA LK NGLLLLNE SLF HLTFGLL GWWL ‘D LRIPG

Art11MT VLHATKNIMQTLRRVKAVLKADGLLILNEISDNSLFLHLTFGLLEGWWLFQDDTLRLPGG 180
Art13MT VLHATPVLRETLRNTKALLKKNGLLLLIETTTHTLFNHLTFGLLDGWWLYEDEAWRIPGS 178
Art14MT VLHATQAIRHTLQQVKAVLKPNGLILLNEMTQKNLFATVTFGLLDGWWLFQDDQLRIEGS 179
Art17MT VLHATRDIKRTLANTKSLLRKNGLLLINEISQLSLFTHLTFGLTDGWWLYDDAALRIPGC 180
SorAMT VLHATKNVRKTLRNAKAALKGGGALLLNELTHVSVSAHLTFGLLQGWWLYEDGPLRIPGS 180
RhiBMT VLHATQDLRRTMKNAKAALKHNGLVMINEICRNGLFTHLTFGLLKGWWLFDDQDLRLPGG 180
BonAMT VL HATRDIHRTLRHTKQLLKANGVLLLNEVSRPSLFTHVTFGLLDGWWLAEDAALRIAGT 180
MupMT1 VLHATADIRQVVEHAKAALKTDGWLLLNELSQASLFSHLTFGLLEGWWRYRDEALRLPGT 179
MupMT2 VLHATADIRQVVEHAKAALKTDGWLLLNELSQASLFSHLTFGLLEGWWRYRDEALRLPGT 179
NosMT1 VL HATRNIRQTLRNVKACLRTNGLILLNELCDQTLFGHLTFGLLEGWWRHEDPELRIDGT 180
NosMT2 CIHATANIRRSLRNAKAALRGQGVIFLNEITQISLISHLTFGLLAGWWLAEDA--RVPGS 178

B U0 N ' """ '"'®Emn§En
consensus P 'L E W RVLE EGF 'V FPA ' 'H LGQQII A S-
Art11IMT PAVSAEGWRRVLEQEGFKQVRFPAVEDHTKGQQIIMA--- 217
Art13MT PLVTVDQWERVLASEGFLTMVVPNAN----GQQHII---- 210

Art14MT PLIAAPTWQRVMEEEGFRQVAFLGEQGPNNGQRIIVAES- 218
Art17MT PGLYPETWQKVLEEGGFRSVLFPAEASHNLGQQIIAAES- 219
SorAMT PLLTAESWRRALRSEGFARVLFPASAAVRHGQQIIVAES- 219
RhiBMT PALAPKQWKQVLESEGYRQVYYPALADHDLGQQIVIAES- 219
BonAMT PALSADSWRSVLGAEGFAPVGFPARHAHELGQQIVAAVS- 219
MupMT1 PGLSSERWQQVLEEAGYRGVMFPCQAFHGLGQQVVMARS- 218
MupMT2 PGLSSERWQQVLEEAGYRGVMFPCQAFHGLGQQVVMARSN 219
NosMT1 PLLSVESWERVLQTEGFQSPWFPAATARSLGQQAIVAES- 219
NosMT2 PFLLAEDWKRVLQQEGFQAIAYPARSADSLGQQVIVA--- 215

Fig. S17 Multiple sequence alignments of the MT domains from ART and the representative MT domains from
trans-AT PKSs. The conserved motifs of MT domains are labeled on top and the catalytic dyad are indicated with asterisks.
The sequence identity of the four ArtMT domains with the well-characterized BonAMT domain are 52.1% (Art1 1MT),
44.7% (Art13MT), 47.9% (Art14MT), and 55.7% (Art17MT), respectively.
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Fig. S18 HRESIMS spectrum of ART B.
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ArB DMSO iH

[rel]

Fig. S19 'H NMR spectrum (500 MHz) of ART B in DMSO-d;.
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ArtB 3 1 "C:\Science\A603 Chen's lab\Aurantinin\NMR DATA20210201_ArtB all in DMSO\ArtB 2D in DMSO" B
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Fig. S20 3C NMR spectrum (125 MHz) of ART B in DMSO-d.
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Fig. S21 "H-'H COSY spectrum (500 MHz) of ART B in DMSO-d.
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Fig. S22 'H-3C HSQC spectrum (500 MHz) of ART B in DMSO-dj.
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Fig. S23 'H-3C HMBC spectrum (500 MHz) of ART B in DMSO-d;.
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3JH-1', H-2' = 8.0 Hz
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Fig. S24 'H-'H ROESY spectrum (500 MHz) of ART B in DMSO-d;.
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Fig. S25 SDS-PAGE analysis of Tylla and Art24.

31



10¢ +ESI calcd for CasHg1012,
781.4158 for [M+H]*

1.0 [M+H]*
781.4162

0.8

0.6

0.4

0.2

= |_|_4_ JJ

1 1 T T I
770 775 780 785 790
Counts vs. Mass to Charge (m/z)

Fig. S26 HRESIMS analysis of the production of ART B in the Art24 assay.
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Fig. S27 Experimental CD spectra of ART A and ART B.
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Table S1. Primers used in this study.

Primers

Sequences (5’ to 3")*

Uses

24-L-F
24-L-R

24-R-F
24-R-R

28-24-F
28-24-R

aaagacataatcgatAAGCTTtcttatgcggtcaggtgaaatg

cccagcttcctcaaaggatttctctecttgattaaccaatge

gcattggttaatcaaggagagaaatcctttgaggaagcetggg
taaactaccgcattaAAGCTTctgcataatctccgectgaat

tgccgegeggcagcCATATGtcaaatgtgcetgtttttaaacg
cggagctcgaattcGGATCCtcaggaaagaatttttttcttc

Amplification of the upstream region of
art24 (HindIII)

Amplification of the downstream region of
art24 (HindIIl)

Amplification of art24 (Ndel and BamHI)

*The designed restriction site in each primer is capitalized and underlined.
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Table S2.3C NMR (125 M Hz) and '"H NMR (500 M Hz) data of ART A and ART B in DMSO-d;.

N ART B ART A
0.
dc(ppm) Ju(ppm, J=Hz) dc(ppm)  Ju(ppm, J=Hz)

1 176.8 176.5

2 46.7 2.19, p, J=6.7 46.4 2.21,p,J=6.9

2-CH; 13.1 1.04, d, J=6.7 12.7 1.06, d, J=6.9
3.67, ddd,

3 69.3 68.9 3.69, m
J=9.8,6.7,2.3

3-OH 4.57,d, J=6.7
1.35 1.36, m (4a)

4 42.7 42.3
0.99 0.99, m (4b)

5 27.4 1.87 27.1 1.89, m

5-CH;, 19.2 0.77,d, J=5.9 18.9 0.78,d, J=5.9
1.98, m 1.99, m

6 48.9 48.5
1.87, m 1.89, m

7 138.5 138.1

7-CH; 16.9 1.70, s 16.5 1.71, s

8 126.7 5.82,d, =11 126.4 5.83,d, J=11
6.39, dd, 6.42, dd,

9 128.8 128.5
J=14.6, 11 J=144,11
6.16, dd, 6.15,dd,

10 130.9 130.6
J=14.6,10.7 J=14.4,10.7
6.03, dd,

11 131.7 131.2 6.03, m
J=14.7,10.7

12 135.7 5.70, dd, J=14.7, 8.5 135.3 5.70, dd, J=14.9, 8.4

13 45.1 2.84, m 44.9 2.85, m

14 132.9 133.5

14-CH; 22.8 1.63,s 22.8 1.66, s

15 126.5 6.37,s 125.6 6.02,s

16 42.7 2.02, m 44.2 1.92, m

17 87.7 293, m 78.1 2.56, m

17-OH 4.70,d, J=7.1

18 40.4 1.49, m 40.3 1.28, m

18-CH; 18.8 1.03 d, J=6.3 18.9 0.95,d, J=6.3
1.64, m 1.66, m

19 33.6 33.2
1.10, m 1.06, m
1.51, m 1.51,m

20 29.1 29.0
1.24, m 1.08, m

21 38.0 1.64, m 374 1.59, m

22 449 4.70,d, J=5.1 44.5 4.67,d,J=5.2

23 175.9 176.1

24 160.5 160.1

25 119.5 119.0

26 39.2 2.82, m 38.9 2.82,m
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26- CH;
27
27-OH

28

29
30
30-CH;
31
1
X
3
4’
5
6

18.9
67.2

322

145.6
118.2
12.7
161.9
104.7
77.9
206.4
77.7
71.6
19.0

1.00, d, J=6.8
392, m

292, m

2.50, m

1.90, s

4.41,d,J=8.0

4.08,dd, J=8.0, 1.6

3.84,dd, J=9.8, 1.6

334, m
1.33,d, J=6

18.58
66.9

31.7

145.2
117.8
12.4

161.5

1.02,d, J=6.8
3.93, m
5.15,d,J=3.9
291, m
251, m

1.91,s
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Table S3. The criteria of 3Jy y and 23J y values (Hz) for anti and gauche orientations in acyclic systems.

SJH,H* ZJC,H* 3JC,H*
anti gauche gauche anti anti gauche
oxygenation large small large small large small
none 9to 12 2to4 6to8 1to3
mono 8to 1l 1to4 -5to -7 0to-2 6to8 1to3
di 7to 10 Oto3 -4 to -6 2t00 5to7 1to3

*Qur manuscript refers to the criteria proposed in the reference as follows.
Nobuaki Matsumori, Daisuke Kaneno, Michio Murata, Hideshi Nakamura, and Kazuo Tachibana (1999) Stereochemical

Determination of Acyclic Structures Based on Carbon—Proton Spin-Coupling Constants. A Method of Configuration
Analysis for Natural Products. The Journal of Organic Chemistry. 64 (3), 866-876. DOI: 10.1021/jo981810k
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Table S4. The results of the DP4+ analysis of ART A.
e e e P
aFFIF¥O1] PCE 6-311+G {d, p) Shielding Tensors

F:!:!ﬂ 0. 00% 0. 00% 0. 00% |dl100. 00% -
Nuclei | sp2? periments Isomer 1 | Izsomer 2 | Isomer 3 | Isomer 4 | Izsomer 5
X 176.456 4.8514315 -1, 8048927 -3, 1220991 -1, 2159904
46. 36 133, 24295 139, 076682 135, 896087 138. 973091
G8.94 112176291 112, T62952 113. 864106 112, 08376
42,27 151.680824 144, 363336 144.84809 145, 08023
27.06 149.518891 154. 647889 158, 374055 155, 662532
48.54 135.457843 144. TI6373 138. 453469 135, 489241
138. 09 37. 2719412 36. 02738 34. 2842588 33. 1620981
126, 38 BZ. 2306327 59, 1187204 B3, 9592697 B4, T460083
128. 5 B3. 8325277 55.5380254 48, 5097258 48. 8753549
130,57 BO. 96276535 Bh, THR4547T B3. 0580709 B3, 0486095
131,19 45, 7176531 BhH. 7732377 B1.9785111 B2, BTE2869
136.3 47. 4381007 45,8182866 54, 0484767 bZ, 09096846
44,85 130. 166891 129, 115974 131. 120351 132.041918
133.5 43. 2622122 42, 9257747 41.5149954 42, 6004514
X 125,69 41, 5045137 41. 6842026 46, 9527867 47, 1008176
44,22 141. 989943 142, 495336 140, 52534 140, 74323
TB. 12 102. 965894 102, 712485 102, 836857 102, 970236
40. 27 145, 032263 144. 956016 144, 227979 144, 536793
33.18 153. 652636 153, 320696 153, BE1956 153, 460456
28,01 154. 587601 154, 182306 154, 434414 154.081741
37,36 143.6B6712 143. 0530256 141. 604601 142, 246969
44,5 124, 79380 124, 684049 122, 5T8208 122, 069616

BN M

B

4 176.06 8.80604617 B. 67239616 B, 31379132 8. 53207566
X 160.1 36, 9270493 36. 7529749 31. 7060606 31. BB36466
4 119.04 33.154025 33.2208651 35.1155193 35, 2851687

38,87 131.377223 132, 006151 134, 276206 133.631464
f6.9 109.810746 110. 199973 105. 957028 106, 305954
31,74 139.812561  139.36202 140. 790221 140. 662244

b4 145. 21 19, 4299059 19,9137949 21.3701799 21.8008817
b4 117.76 51.9712089 B1. 1486387 BO. 7181748 51.489218
b4 161. 653 16, 2326023 16. 474404 15.3108144 16, 2173673

22.79 159, 407483 159. 236744 159. 664655 159, 837208
18.95 168, 324009 168. 224973 168.54286 168. 196338
158.58 169, 158721 168. 917388 165. 939171 165, 464736
12.69 177.127306 170. 136982 160, 888191 170.07316
12. 36 166. 563506 166. 540654 165, 526073 165, 622404
18.86 164, 79649 166. 367730 167. 487728 165, 966128
16.54 166. 599736 160. 274977 166. 876159 169. 461303

31 T O3 3 oy oy o oy oy T T oy oy o 0 1 oy 1

38



Table S5. NMR data comparison of ART B sugar moiety with the other 3-keto sugars.

ethyl-#-D-ribo-hex

acetyl 2,4-di-O-

. acetyl
methyl-#-D-ribo-hex

ART B . . -6-deoxy-f-D-ribo
-3-ulopyranoside -3-ulopyranoside
No. (DMSO-di) -hexopyran-3-
. (MeOH-d,) (MeOH-d,) .
uloside
(CHCl;-dy)
13C lH 13C lH 13C lH lH
U 1047 441d,J=8.0 1056 4.36,d,J=7.8 106.8 4.27,d,J=7.9 5.78,d,J=8.5
4.08,dd, 4.10, dd, 4.10, dd, J=7.9,
2/ 77.9 78.4 78.3 5.29,dd, J=8.5,1.1
J=8.0, 1.6 J=78,1.38 1.8
3’ 206.4 207.2 207.0
3.84,dd,J=9. 4.21, dd, 4.22,dd,
4’ 77.7 73.7 73.6 4.99, dd, J=1.1,10.3
8, 1.6 J=10.1, 1.8 J=10.1, 1.8
3.31, ddd,
5! 71.6 334, m 78.4 3.30 78.2 3.81,dq, J=10.3, 6.1
J=10.1,4.9,2.1
3.78.,dd, 3.79, dd,
J=12.4,5.0; J=12.1,4.9;
6’ 19.0 1.33,d,/=6.0 62.6 62.5 1.37,d,J=6.1
3.92.,dd, 3.94, dd,
J=12.4,23 J=12.1,2.1

ART A

ART B

OMe

H

methyl-F-D-ribo-hex-3-ulopyranoside
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OAc

AcO
OAc

acetyl 2,4-di-O-acetyl-6-deoxy
-#D-ribo-hexopyran-3-uloside



