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Abstract

Three new 22-membered polyol macrolides, dactylides A—C (1—3), were isolated from Dactylosporangium aurantiacum
ATCC 23491 employing repeated chromatographic separations, and their structures were established based on detailed
analysis of NMR and MS data. The relative configurations at the stereocenters were established via vicinal "H-'H coupling
constants, NOE correlations, and by application of Kishi’s universal NMR database. In order to get insights into the
biosynthetic pathway of 1—3, the genome sequence of the producer strain D. aurantiacum was obtained and the putative
biosynthetic gene cluster encoding their biosynthesis was identified through bioinformatic analysis using antiSMASH.
Compounds 1—3 showed significant in-vitro antimycobacterial and cytotoxic activity.
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Introduction

Naturally produced macrolides from actinomycetes are the
paramount source of bioactive metabolites with profound
structural diversities [1]. The structural diversity of macro-
lides ranges from 12- to 66-membered lactone rings, with
unending scope for discovering new structural probabilities
[2, 3]. Dactylosporangium aurantiacum, Gram-positive
soil-based actinobacteria, is an exclusive source of lipiar-
mycins which are reported to exhibit potent antimicrobial
properties against Gram-positive bacteria [4] and myco-
bacteria [5]. Lipiarmycin also known as fidaxomicin has
been approved by the FDA to treat Clostridium difficile-
associated diarrhea [6]. The pharmaceutical importance of
lipiarmycins inspired us to further explore the D. aur-
antiacum for other bioactive metabolites. The actinomycete
D. aurantiacum ATCC 23491 [7] remains unexplored in
terms of secondary metabolites. With an aim for the isola-
tion of interesting metabolites from D. aurantiacum, the
strain was procured from ATCC and confirmed by 16s
rRNA  sequencing (GenBank accession  number
0Q352622). Chemical investigation of ethyl acetate extract
from the fermented broth using repeated chromatographic
techniques led to the isolation of new 22-membered polyol
macrolides named dactylidles A—C (1-3) (Fig. 1).
Employing various 1D- and 2D-NMR spectral analyses
along with HR-ESI-MS data, structures of 1-3 were
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Fig. 1 Structures of 1-3

elucidated and their relative stereochemistry was deter-
mined using NOE correlations and Kishi’s universal NMR
database [8]. Furthermore, the putative biosynthetic path-
way for 1-3 was proposed on the basis of a genome
sequence study using antiSMASH [9]. Further, 1-3 were
evaluated for in vitro antimycobacterial and cytotoxic
activities. Using the molecular docking, binding affinities of
1-3 were evaluated for pfDHFR-TS and pfLDH enzymes
(See supporting information). Herein, the isolation, struc-
tural elucidation with stereochemical determination, bio-
synthetic pathway, and bioactivities of 1—3 are reported.

Material and methods
General experimental procedures

The NMR spectra were recorded on JEOL JNM-ECZR
600 MHz and Bruker Avance II 500 MHz spectrometers in
DMSO-ds and CD3;OD. High-resolution electrospray
ionization-mass spectrometry (HR-ESI-MS) data were
acquired using Agilent 6545 LC/Q-TOF mass spectrometer.
The FT-IR spectra were recorded on INTERSPEC 200-X
FTIR spectrometer, CD spectra were recorded using
JASCO J-815 CD spectrometer, and UV spectra were
recorded on IGENE LABSERVE IG-UV302S (Micro-
processor double beam xenon flash lamp spectro-
photometer). Separation and purification of compounds was
done using HPLC (Dionex Ultimate 3000, Thermo Scien-
tific) coupled with a diode array detector using a semi-
preparative column (YMC-Triart C18, 5 um, 250 x 10 mm
ID). HPLC grade solvents from Qualigens (Thermo Fisher
Scientific) were used.

Fermentation, extraction, and isolation
A seed broth was prepared by inoculating spores of the
strain into ATCC medium 172 consisting of glucose 1.0%,

starch 2.0%, yeast extract 0.5%, casein 0.5%, CaCO3 0.1%
(pH 7.2), and the same medium was also used for
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production culture. After fermentation, the culture broth
was centrifuged and the supernatant layer was extracted
three times with equal volumes of ethyl acetate. These ethyl
acetate layers were combined, dried over sodium sulfate,
and concentrated in vacuo to afford 0.51 g of brown residue.
The obtained crude extract was fractionated by flash chro-
matography on a C18 column with H,O — MeOH gradient
elution and collected 32 fractions. All the factions were
concentrated in vacuo and analyzed by HPLC. 1 mgml ™!
MeOH solution of the residue was subjected to HPLC-DAD
analysis on analytical column (Thermo Fisher C18, 5 um,
250 x 4.6 mm). Elution was performed at the flow rate of
1 ml min~! with water (A) and acetonitrile (B) as the mobile
phase. Fraction 27 was further purified by semi-preparative
column (YMC-Triart C18, 5um, 250 x 10 mm) with an
isocratic elution using acetonitrile/water solution (3:7)
(6mlmin~") to afford the major compound 1 (7.41 mg)
along with two minor compounds 2 (2.2mg) and 3
(2.9 mg).

Dactylide A (1): Amorphous off-white powder; UV
(MeOH) Ay (log €) 229 (3.80) nm; CD (¢ 7.6 x 1074 M,
MeOH) A, (Ag) 233 (—3.58), 226.6 (4.42), 222.6 (—3.32),
219.8 (3.63), 216 (3.89), 211 (4.04); IR vy, 3412, 2957,
2936, 1713, 1550, 1461, 1377, 1306, 1132, 1070, 994, 905,
826, 654, 590, 533cm™; 'H and '>C NMR data (see
Table 1); (+)-HR-ESI-MS m/z 825.4994 [M + Na]* (calcd
for C4,H74NaOy,, 825.4970).

Dactylide B (2): Amorphous off-white powder; UV
(MeOH) Apay (Iog €) 229 (3.80) nm; CD (¢ 2.4 x10™* M,
MeOH) A, (Ae) 247.6 (4.09), 237.4 (3.98), 232 (—4.32),
224.8 (4.69), 214.4 (4.25); IR v, 3407, 2958, 1709, 1561,
1463, 1384, 1253, 1186, 1126, 1080, 995, 853, 655cm™!;
'H and >C NMR data (see Table 1); (+)-HR-ESI-MS m/z
681.4192 [M + Na]™ (caled for C35sHgNaO;;, 681.4184).

Dactylide C (3): Amorphous off-white powder; UV
(MeOH) Apax (Iog €) 228 (3.83) nm; CD (¢ 5.7 x10™* M,
MeOH) Ay (Ae) 239 (4.15), —223 (4.57); IR vy 3404,
2954, 2935, 1710, 1595, 1465, 1368, 1165, 1127, 1067,
996, 847, 668 cm™'; 'H and '*C NMR data (see Table 1);
(+)-HR-ESI-MS  m/z 811.4813 [M+ Na]t (calcd for
C41H72N30|4, 8114814)

Genome sequencing and bioinformatics analysis

Whole genome sequencing was done by Eurofins genomics
India Pvt. Ltd. using an Illumina sequencer. Secondary
metabolic genes were identified using the antiSMASH
(antibiotics & Secondary Metabolite Analysis Shell) 6.0
program. Sequences of ketoreductase domains were used to
validate the stereochemistry and structure of the compounds
[10]. This Whole Genome Shotgun project has been
deposited at DDBJ/ENA/GenBank under the accession
JAQQGQO000000000.
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Table 1 'H- and *C-NMR data of 1-3
SN Type 1 2 3
¢ Sy (mult. J HZ) ¢ Sy (mult. J HZ) ¢ Sy (mult. J HZ)
1 C 175.3 175.2 175.3
2 CH, 36.2 2.41 (ddd, 14.0, 8.5, 4.8) 36.3 241 (dd, 14.5, 5.5) 36.2 2.40 (m)
2.20 (dt, 14.5, 8.0) 2.16 (dt, 14.0, 8.0) 2.20 (dt, 7.2, 15)
3 CH, 23.6 1.72 (m) 23.6 1.70 (m) 23.6 1.72 (m)
1.57 (m) 1.55 (m) 1.57 (m)
4 CH, 39.1 1.57 (m) 39.2 1.52 (m) 39.0 1.57 (m)
1.32 (m) 1.32 (m) 1.36 (m)
CH 69.6 4.06 (m) 69.6 4.05 (m) 69.5 4.06 (m)
CH, 44.4 1.81 (m) 45.1 1.81 (m) 443 1.81 (m)
1.52 (dd, 12.0, 1.8) 1.54 (dd, 14.0, 1.5) 1.51 (m)
C 101.1 101.1 101.1
CH 482 1.25 (m) 483 1.22 (m) 482 1.26 (m)
CH 70.0 3.59 (td, 10.8, 4.8) 69.9 3.60 (m) 69.9 3.61 (td, 10.8, 4.8)
10 CH, 434 1.86 (m) 434 1.83 (m) 434 1.85 (m)
1.71 (m) 1.71 (m) 1.72 (m)
11 CH 65.3 4.07 (m) 65.1 4.05 (m) 65.3 4.06 (m)
12 CH, 43.0 2.04 (td, 3.6, 14.5) 44.3 1.80 (m) 429 2.04 (td, 3.0, 12.0)
1.64 (m) 1.49 (m) 1.63 (m)
13 CH 77.6 3.89 (m) 67.4 3.86 (m) 77.8 3.88 (m)
14 CH, 424 1.82 (m) 43.4 1.78 (m) 42.3 1.85 (m)
1.78 (m) 1.72 (m) 1.78 (m)
15 CH 71.3 4.28 (m, 7.2) 71.8 4.37 (m, 7.0) 71.3 4.27 (m, 7.2)
16 CH 135.3 5.71 (dd, 15.0, 7.2) 1354 5.71 (dd, 15.0, 7.0) 1354 5.70 (dd, 15.0, 7.2)
17 CH 132.5 6.26 (dd, 15.0, 10.4) 132.3 6.27 (dd, 15.0, 105) 132.6 6.23 (dd, 15.0, 10.8)
18 CH 132.1 6.18 (dd, 15.0, 10.4) 132.2 6.18 (dd, 15.0, 10.5) 132.1 6.19 (dd, 15.0, 10.8)
19 CH 135.1 5.81 (dd, 15.0, 7.2) 134.7 5.80 (dd, 15.0, 7.0) 135.2 5.81 (dd, 15.0, 7.2)
20 CH 42.5 2.48 (q, 6.6) 423 247 (q, 6.5) 42.4 248 (q, 6.6)
21 CH 75.6 5.12 (m) 75.4 5.15 (m) 75.6 5.11 (m)
22 CH, 39.7 1.79 (m) 39.6 1.77 (m) 39.5 1.80 (m)
1.55 (m) 1.54 (m) 1.56 (m)
23 CH 73.7 3.67 (dt, 10.2, 3.6) 73.5 3.63 (m) 73.6 3.67 (m)
24 CH 40.7 1.63 (m) 40.9 1.58 (m) 40.7 1.63 (m)
25 CH 79.0 3.62 (dd, 9.6, 1.8) 78.7 3.60 (m) 78.8 3.62 (m)
26 CH 434 1.72 (m) 43.0 1.72 (m) 434 1.71 (m)
27 CH 72.8 3.85 (ddd, 10.2, 6.0, 1.8) 72.7 3.84 (m) 72.6 3.86 (m)
28 CH, 43.0 1.34 (m) 429 1.32 (m) 42.8 1.34 (m)
1.24 (m) 1.21 (m) 1.25 (m)
29 CH 25.4 1.83 (m) 25.4 1.82 (m) 253 1.84 (m)
30 CH; 24.6 0.94 (d, 6.6) 24.6 0.94 (d, 6.5) 24.6 0.94 (d, 6.6)
31 CH; 12.2 1.05 (d, 6.6) 12.2 1.05 (d, 7.0) 12.1 1.05 (d, 6.6)
32 CH; 175 1.10 (d, 7.2) 17.4 1.10 (d, 7.0) 17.4 1.10 (d, 6.6)
33 CH; 6.6 0.91 (d, 6.6) 6.7 0.91 (d, 6.5) 6.7 0.91 (d, 6.0)
34 CH; 11.9 0.76 (d, 6.6) 11.8 0.76 (d, 6.5) 11.7 0.76 (d, 7.2)
35 CH; 21.8 0.91 (d, 6.6) 21.7 0.91 (d, 6.5) 21.7 0.91 (d, 6.0)
1 CH 102.0 4.55 (dd, 9.6, 1.8) 102.2 4.55 (dd, 9.6, 1.8)
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Table 1 (continued)

SN Type 1 2 3
Sc Sy (mult. J HZ) Sc 8y (mult. J HZ) Sc &y (mult. J HZ)
2/ CH, 37.5 2.32 (ddd, 12, 4.8, 1.8) 40.9 2.15 (dd, 12.6, 5.4)
1.34 (m) 1.49 (m)
3/ CH 81.9 3.18 (ddd, 11.4, 4.8) 72.4 3.50 (m)
4’ CH 76.9 2.96 (t, 9.0) 78.4 2.89 (t, 9.0)
5! CH 73.3 3.21 (qd, 6.0, 9.0) 73.4 3.21 (m)
6 CH, 18.4 1.25 (d, 6.0) 18.4 1.25 (d, 6.0)
OCH, 57.4 3.44 (s)

Antimycobacterial assay

The MIC of the compounds was determined using the broth
microdilution method. In brief, the concentrations 50 pg ml™ I
25ugml~!, 12.5ugml™!, 6.25ugml™!, 3.125ugml ™!, and
1.56ugml™" of the compounds were tested against Myco-
bacterium tuberculosis H37Rv (Mtb) in a 96 well plate.
Middlebrook 7H9 media with growth supplement was used as
growth media and for dilution of the compounds. Necessary
controls were also included in the assay such as culture
control (107 and 10° cells ml’l) and solvent control (DMSO).
Plates were incubated at 37 °C for 5 days, and the growth of
the Mtb was observed through an inverted microscope in the
form of serpentine cords. All the tests were performed in
triplicates and the minimum concentration required to com-
pletely inhibit the Mtb growth was considered as MIC [11].

Cytotoxicity assay

The cytotoxic activity of the compounds was tested using
MTT cell proliferation assay. In brief, HCT116 cells were
seeded in a 96-well plate with 5x 10° cells per well and
allowed to grow overnight. Cells were treated with differ-
ent concentrations 10 ugml™!, 7pgml~!, 5pgml~!, and
2 ug ml~! of compounds 1 and 2. Cells were incubated with
the compounds for 48 h and incubated with MTT for 4 h at
37 °C and 5% CO,. The produced formazan crystals were
solubilized using the addition of DMSO and incubated in
dark for 30 min. The absorbance was recorded at 570 nm
using a microplate reader [12].

HCT116 colon cancer cell line was cultured in filter-
sterilized Dulbecco’s Modified Eagle Medium (DMEM)
(Sigma-Aldrich) supplemented with 1% penicillin, strepto-
mycin, and amphotericin B (Sigma-Aldrich), and 10% Fetal
Bovine Serum (FBS) (Gibco). 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide and DMSO were
obtained from Sigma Aldrich for the MTT assay. The cells
were maintained at 37 °C in a humidified atmosphere con-
taining 5% CO,.
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Results and discussion

Dactylide A (1) was obtained as an amorphous off-white
powder. The molecular formula of 1 was determined to be
C4H7404 based on HR-ESI-MS analysis which showed m/z
825.4994 [M+Na]" (calculated for CsH74NaO;,",
825.4970) indicating six degrees of unsaturation (Supple-
mentary Fig. S1). The B3¢ NMR, DEPT, and HSQC spectral
data (Table 1 and Supplementary Figs. S3, S4 and S6) of 1
revealed the presence of 42 carbon signals, including an ester
carbonyl carbon (é¢ 175.3), four olefinic carbons (6¢ 135.3,
135.1, 132.5, and 132.1), a hemiketal carbon (6c 101.1),
eighteen methines (6c 102.0, 81.9, 79.0, 77.6, 76.9, 75.6,
73.7,73.3,72.8,71.3,70.0, 69.6, 65.3, 48.2, 43.4,42.5, 40.7,
25.4), ten methylenes (6c 44.4, 43.4, 43.0, 43.0, 42.4, 39.7,
39.1, 37.5, 36.2, 23.6), an oxymethyl (6c 57.4), and seven
methyls (6c 24.6, 21.8, 18.4, 17.5, 12.2, 11.9, 6.6). In the 'H
NMR spectrum of 1 (Supplementary Fig. S2), the presence of
seven doublet signals at &g 1.25 (H3-6'), 1.10 (H3-32), 1.05
(Hs-31), 0.94 (H3-30), 0.91 (Hs-33), 0.91 (H3-35), and 0.76
(Hs-34) indicated the presence of seven methyl groups.

COSY spectrum (Supplementary Fig. S5) data revealed
the presence of three spin systems (H,-2 to H-6, H-8 to Hs-
30, and H-1’ to H3-6') (Fig. 2a). The spin system H-1’ to Hs-
6’ indicated a presence of 2,6-dideoxyhexosyl moiety on the
basis of coupling from an anomeric proton &y 4.55 (H-1)
with methylene protons Sy 2.32 (H-2) and &y 1.34 (H-2).
These methylene protons &y 2.32 (H-2') and 5y 1.34 (H-2/)
showed coupling with oxymethine proton &y 3.18 (H-3')
which was found coupling with another oxymethine proton
Sy 2.96 (H-4") which showed coupling with oxymethine
proton &y 3.21 (H-5") which was further coupled with the
methyl protons &y 1.25 (H3-6") (Fig. 2a and Supplementary
Fig. S5).

The connection between C-6 (6¢c 45.1) and C-8 (6¢ 48.4)
via an oxygenated quaternary sp> carbon C-7 (6¢ 101.1) was
deduced on the basis of HMBC correlations (Fig. 2a and
Supplementary Fig. S7) from protons H-8 (oy 1.25), H»-6
(6y 1.81, 1.52), H-5 (6y 4.06), and H3-31 (6y 1.05) to
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Fig. 2 a Selected COSY and HMBC correlations (b) Key NOE
correlations

hemiketal carbon C-7. Moreover, an HMBC correlation
between H-11 (6y 4.07) and C-7 confirmed the tetra-
hydropyran ring with an ether linkage between C-11 (d¢
65.3) and C-7 (Fig. 2a and Supplementary Fig. S7). The
ester linkage between C-1 (6c 175.3) and C-21 (6¢ 75.6)
was established by the relatively downfield chemical shift
for H-21 (6y 5.12) [13] and the HMBC correlations from
H-21 (6y 5.12) to C-1 (Fig. 2a and Supplementary Fig. S7).
The attachment of 2,6-dideoxyhexose sugar at C-13 was
confirmed from the HMBC correlations from H-13 (dy
3.89) to C-1’ (6¢c 102.0) and from H-1" (64 4.55) to C-13
(6c 77.6) (Fig. 2a and Supplementary Fig. S7). The HMBC
correlation from OCHj; (6y 3.44) to C-3° (6¢c 81.9) con-
firmed the attachment of OCHj3 group to C-3’ (Fig. 2a and
Supplementary Fig. S7).

The trans geometry of double bonds was assigned from
the large coupling constants 3JH_16/H_17: 15.00 Hz and
3 Ji1sm-10 = 15.00 Hz and COSY couplings from H-16 to
H-17 to H-18 to H-19 established the presence of a con-
jugated diene group [14]. The putative glycosyltransferase
enzymes in the present study belong to the GT1 family
and thus invert the stereochemistry at the anomeric
carbon of the activated sugar during its transfer to the
aglycone which is clarified vide infra [15, 16]. The
large coupling constants 3JH_1»/H_2s =9.6Hz, 3JH_23/H_3» =
12.0Hz, *Jy3ma =9.0Hz, and *Jy 4.5 = 9.0 Hz indi-
cated that the H-1’, H-3’, H-4’, and H-5" protons occupied
axial orientations, suggesting the sugar to be f-glycosi-
dically linked 3’-O-methyl-olivose (oleandrose). This was
further confirmed through the NOE cross-peaks between
H-1’ (g 4.55) and H-5" (6 3.21), and H-1" (6 4.55) and
H-3" (6 3.18) [15, 16] (Fig. 2b). Thus, the planar struc-
ture of 1 was elucidated to be a 22-membered macrolide
glycoside possessing a conjugated diene, a tetra-
hydropyran ring, and an oleandrose sugar.

1a-1h

First Mode of Correlation

Second Mode of Correlation

Fig. 3 Characterization of the stereochemistry of a contiguous dipro-
pionate unit (C-23—-C-27) of dactylide A (1) by application of Kishi’s
propionate universal NMR database: structure of 1 as well as two
modes of structural correlation with the contiguous dipropionate NMR
database

Following the elucidation of the planar structure, the
relative stereochemistry of the aglycone part of 1 was
determined on the basis of the 'H — "H coupling constant
values, NOE correlations, and by application of Kishi’s
universal NMR database [17]. The large coupling constant
3 Jasmo = 10.8 Hz, together with the key NOE correlations
between H-11 (6 4.07) and H-9 (64 3.59), and H-9 (éy
3.59) and H-8 (6 1.25) indicated the relative stereo-
chemistry of the tetrahydropyran ring in 1 (Fig. 2b and
Supplementary Fig. S8) [18, 19]. Finally, the stereo-
chemistry of a contiguous dipropionate unit (C-23 to C-27)
of 1 was predicted by the application of Kishi’s propionate
universal NMR database [20]. By following the same pro-
cedure described previously, the 13C NMR characteristics of
the C-23 to C-26 (first mode of correlation) and C-24 to
C-27 (second mode of correlation) (Fig. 3, Supplementary
Figs. S9, and S10) portions of the natural products were
compared with those of each of the eight diastereomers. As
seen from the structures (Fig. 3), peripheral carbons in
standard molecules cannot be considered for similarity
match due to the effect of functional groups at respective d¢
in 1 [21]. Hence, we chose to focus only on the 3C NMR
characteristics of the C-24 and C-33 and of the C-26 and
C-34 (Fig. 3, Supplementary Figs. S9 and S10) portions of
the natural products. From these comparisons, 1d (Sfpa)
and 1e (fpap) emerge from the first and second modes of
correlation, respectively (The symbols, a and f, represent
the direction of the bonds, outside the plane and inside the
plane, respectively). Hence, the relative stereochemistry at
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C-23, C-24, C-25, C-26, and C-27 was predicted to be S, 3,
P, a, p, respectively. In addition, a comparison of the che-
mical shifts in the NMR database (Supplementary Fig. S11)
for the dotted carbon atom in 1,3-diols with chemical shifts
of the relevant portion of 1 immediately predicted the
relative configuration of C-13 to C-15 as to be syn [22, 23].
Thus, the relative stereochemistry of compound 1 was
proposed to be 5S5*, 7S*, 8R* 9S* 11R* 13R* 15R*,
238*, 24R*, 258%*, 268*, 275* based on coupling constant
values, NOE correlations, Kishi’s universal NMR database,
and reported data of similar compounds [18, 19]. During the
revision stage of this manuscript, a recently published
article disclosed dactylosporolide A, isolated from geneti-
cally engineered D. fulvum, having the same planar struc-
ture as of dactylide A (1) and therefore, the stereochemistry
and configuration of the aglycone and sugar moieties was
assumed to be the same as that of dactylosporolide A [18].

Compound 2 was isolated as an amorphous off-white
powder and its molecular formula was determined to be
C35H62011 from the HR-ESI-MS peak at m/z 681.4192
(IM + Na]", calculated for CssHgpNaOg; ™, 681.4184)
indicating five degrees of unsaturation (Supplementary Fig.
S12). Comparison of 'H and '3C NMR data (Table 1 and
Supplementary Figs. S13-S15) of 2 with that of 1 indicated
that 2 lacks hexose sugar on the basis of the absence of
signals which further aligned with the reduced number of
degrees of saturation as suggested by HR-ESI-MS data. On
the basis of COSY (Supplementary Fig. S16), HSQC
(Supplementary Fig. S17), and HMBC (Supplementary Fig.
S18) analyses, all 'H and '*C NMR signals of 2 were
assigned. Thus, the structure of 2 was determined as an
aglycone of 1. The absolute stereochemistry was assumed to
be similar to that of 1 based on coupling constant values and
NOE correlations (Supplementary Fig. S19).

The molecular formula of compound 3 was deduced as
C41H7,0,4 based on a sodium adduct ion at m/z 811.4813
[M + Na] " (calcd for C4;H7,NaO 4", 811.4814) in HR-ESI-
MS spectrum (Supplementary Fig. S20), that differing by
14 Da from 1. The 'H- and >C NMR spectra (Supplemen-
tary Figs. S21 and S22) of 3 showed considerable similarities
to those of 1, except that the absence of a signal for methoxy
group [as observed in 1 at 5y 3.44 (H-5") and 8¢ 57.4 (H-5')]
which was replaced by a hydroxy group. On the basis of
COSY (Supplementary Fig. S23), HSQC (Supplementary
Fig. S24), and HMBC (Supplementary Fig. S25) analyses, all
'H and "*C NMR signals of 3 were assigned. NMR data of 3
in DMSO-dg (Supplementary Table S1, Supplementary Figs.
S27—S31), helped in further confirming the relative stereo-
chemistry of the tetrahydropyran ring. The large coupling
constant *Jy gm0 = 10.3 Hz, together with the key NOE
correlations between H-11 (6 3.84) and 7-OH (65 5.89), and
H-9 (6y 3.87) and 7-OH (6y 5.89) indicated the relative
stereochemistry of the tetrahydropyran ring (Fig. 2b and
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Supplementary Fig. S31) [18, 19]. Based on coupling con-
stant values and NOE data (Supplementary Figs. S26 and
S31), 3 was assumed to carry the same absolute configura-
tions as that of 1.

The finding of new dactylide class metabolites and their
fascinating structures inspired us to investigate their bio-
synthesis. Structural similarity with macrolides suggested
that a modular polyketide synthase (Type I PKS) and
reverse synthesis prediction revealed that 13 modules are
involved in the biosynthesis of dactylides core structure.
The analysis of the draft genome sequence of D. aur-
antiacum ATCC 23491 using antiSMASH revealed the
presence of 3 Type I PKS gene clusters and only 1 of them
(designated as dac gene cluster) has all the necessary
sequences required for the biosynthesis of dactylides. dac
consists of 178.3kb sequence having 60% similarity to
catenulisporolides biosynthetic gene cluster from Catenu-
lispora sp [19]. 74 open reading frames (ORFs) in dac
putatively code for 5 genes of Type I PKS, 4 glycosyl
transferases, 6 genes for biosynthesis of olivose and
oleandrose sugar moieties, 5 genes for pathway regulation,
10 ORFs of non-ribosomal peptides, and remaining genes
are either for hypothetical proteins or for transmembrane
transportation. Out of 5 Type I PKS genes present in dac, 4
genes dacAl—dacA4 comprising 13 modules are proposed
to synthesize the core structure of the dactylides. dacA2—-
dacA4 genes are present in continuation but dacAl is situ-
ated 30 kb upstream of dacA2. antiSMASH analysis of the
whole genome correlated with the structures as modules no.
1, 2, 4, and 10 are responsible for the addition of methyl-
malonyl CoA unit to the core structure which is equivalent
to C-26, C-24, C-20, and C-8 of the dactylides (Fig. 4).

The sequence of ketoreductase domains is utilized to
predict the absolute stereochemistry of molecules. A com-
parison of the sequence with the literature resulted in the
identification of types of conserved motifs. Therefore, the
probable absolute stereochemistry of the 1—3 was proposed
as shown in Fig. 4 based on the genomic analysis [24, 25].
The absolute stereochemistry of these compounds needs to
be further confirmed via chemical experiments. The four
putative glycosyltransferase genes predicted by antiSMASH
were searched in BLAST and the best PDB (Protein data-
base) match was found to be part of the GT1 family of
glycosyltransferase listed in the CAZy database (Supple-
mentary Table S2) [26].

Compound 2 was also found to possess anti-
mycobacterial activity against the M. tuberculosis H37Rv
strain. MIC of 2 was determined to be 25 ugml~" while 1
and 3 showed no inhibition up to 50 ugml~" against M.
tuberculosis H37Rv. Cytotoxic activity of compounds 1 and
2 was assessed in vitro using an MTT cell proliferation
assay on HCT116 colon cancer cells. At the highest con-
centrations of 10 ugml~', 1 and 2 exhibited a 34.60% and
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23.95% reduction in cell proliferation, respectively when
compared with the negative control.

Conclusion

In conclusion, Dactylosporangium aurantiacum ATCC
23491 was observed to produce three new 22-membered
polyol macrolides (1-3) which were isolated and their
structures were elucidated based on detailed analyses of
NMR and MS data. The relative configurations at the ste-
reocenters were established via vicinal 'H-'H coupling
constants, NOE correlations, and by application of Kishi’s
universal NMR database. Furthermore, the genome
sequence of the producer strain D. aurantiacum was
obtained and the putative biosynthetic gene cluster encod-
ing their biosynthesis was identified through bioinformatic
analysis using antiSMASH. Compounds 1-3 displayed
significant in-vitro cytotoxicity and antimycobacterial
activity, and found to show significant binding affinity for
pfDHFR-TS and pfLDH enzymes in the in-silico studies
(Supplementary Tables S4 and S5). In this way, we report
an investigation of D. aurantiacum that led to the successful
isolation and identification of three new compounds.
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Data will be made available on request.
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