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1. MonAzPs production in Monascus ruber M7

The wide type M. ruber M7 was isolated from red mold rice and used as a model strain in our lab to study the MonAzPs pathway. As shown in
Figure 1-1, ten MonAzPs congeners are easily detected in the M. ruber M7 methanol extract, including six yellow pigments (monascin 1,
ankaflavin 2, monasfluol A 7, monasfluol B 8, monasfluore A 9, and monasfluore B 10), two orange pigments (rubropunctatin 3 and

monascorubrin 4), and two red pigments (rubropunctamine 5 and monascorubramine 6).
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Figure 1-1. The total ion chromatogram of the M. ruber M7 methanol extract. The fermentation conditions and MonAzPs detection methods
are presented in the later Section 5. The related spectral data are shown in Section 6.
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2. Gene map and annotation of the 54 kb MonAzPs gene cluster from M. ruber M7

mrpigA

B C DE F G H |

Gene Size (bp/aa) g::el::;:)l; Plausible function Protein with high similarity Id;cni:iitl); jetla(f/l:;l °
mrpigd | 8146/2690 | ALN44200.1 biosyl\ft%‘;‘;iisrpm M. pilosus 1\(/[2’?;5 ls ?&Zfﬁnthem PKS 97
mrpigB 1980/554 AGLA44390.1 biosynl\t/{lcz:zﬁziiivator traljl\z.cﬁgtoiifagggé;ii ](32&0(51311\111;1112%12 1) 93
mrpigC 1057/303 | ALN44201.1 | C-11-Ketoreductase T"l“rre ‘zi”z faeje”;‘;g’gﬁ(pg’?s’g‘glg[ﬁcp] 50
mrpigD 1367/455 AGI63864.1 4-O-Acyltransferase | M. pilosus O-acetyltransferase ( AGN71607.1) 96
mrpigE 1028/342 AHA93896.1 NA(])?((ilc)lglé((lisgte;;ceient M. pilosus af(l]gtAogijléélgse.li})/de reductase 08




FAD-dependent

mrpigF 1397/465 KX278306 oxidoreductase M. pilosus amino oxidase (AGN71609.1) 94
. . Coccidioides immitis citrinin biosynthesis

mrpigG 821/273 KX278307 Serine hydrolase oxydoreductase CtnB ( XP_001246124.2) 54
. M. pilosus quinone oxidoreductase

mrpigH 1109/369 KX278308 Dehydrogenase (AGN71610.1) 95
gl 2795/812 KX278309 Transcription factor M. pilosus transcriptional regulatory protein 95

mpig p (AGN71612.1)

mrpigJ 5770/1842 JX675042 FAS alpha subunit M. pilosus FAS alpha subunit (AGN71613.1) 90

mrpigK 6265/2027 IJX675043 FAS beta subunit M. pilosus FAS beta subunit (AGN71614.1) 93

rpigl | 2400/473 | KX290843 | Ankyrin repeat protein | 1 cicillium chrysogenum ankyrin repeat 58

mpig yrn repeat p protein (KZN92140.1)

mrpigh 2574/508 KX278310 O-Acetyltransferase | M. pilosus hypothetical protein (AGN71622.1) 94
. FAD-dependent M. pilosus salicylate hydroxylase

mrpigN 1371/436 ALT31754.1 monooxygenase (AGN71623.1) 97

mrpigO 1379/459 KX290844 Deacetylase M. pilosus hypothetical protein (AGN71624.1) 93

mrpigP 2239/570 KX290845 MFS multidrug Talaromyces stipitatus MFS multidrug 61

transporter

transporter ( XP_002340049.1)




3. Comparison of MonAzPs biosynthesis gene clusters from M. ruber M7, Penicillium marneffei ATCC18224,

Talaromyces stipitatus ATCC10500

P. marneffei produces soluble red pigments that have been shown to have the same structures as MonAzPs (Woo et al., 2014).

the core biosynthetic gene set for MonAzPs, we compared the M. ruber M7 MonAzPs biosynthesis gene cluster with similar clusters from P.

marneffei ATCC18224 and its close relative 7. stipitatus ATCC10500 (Nierman et al.,

genes (emphasized in red font in the table).

ATCC18224 and T. stipitatus ATCC10500.

mrpigA

o-——(—

B C DE FGH

— i}

G
- -0

2015).

pigment biosynthetic genes are conserved across these three strains within these clusters, with the exception of the mrpigF, mrpigL and mrpigO

The comparison shows that most MonAzPs

Similar genes to mrpigF and mrpigO are encoded outside the pigment gene clusters of P. marneffei

4 Kb

M. ruber M7

P. marneffei

||
ATCC18224
T. stipitatus
| ¢ || > ¢
ATCC10500
D C A B K J H | E P P450 M
Genes in M. Identities betvsieen Homologs in P. marneffei Identities betvs:een Homologs in T stipitatus Identities betvs:een
ruber M7 (1) 1 and 2 at amino ATCC18224 (2) 2 and 3 at amino ATCC10500 (3) 1 and 3 at amino
acid level (%) acid level (%) acid level (%)
mrpigA 65 XP _002149769.1 83 XP_002340038.1 64

To identify




mrpigB 46 XP_002149768.1 84 XP_002340039.1 48
mrpigC 70 XP_002149770.1 87 XP_002340037.1 67
mrpigD 64 XP_002149771.1 84 XP_002340036.1 61
mrpigk 70 XP_002149761.1 92 XP_002340048.1 68
mrpigF 36 XP 002144367.1 76 XP_002479165.1 35
mrpigG 71 XP_002149762.1 84 XP_002340047.1 70
mrpigH 65 XP_002149765.1 95 XP_002340043.1 66
;
- 59 XP_002149763.11 " XP_002340046,1 B
- XP 002340044.1*
mrpigJ 59 XP_002149766.1 81 XP_002340042.1 57
mrpigK 58 XP_002149767.1 80 XP_002340041.1 57
mrpigL - - - - -
mrpigM 53 XP_002149758.1 85 XP_002340051.1 51
mrpigN 65 XP_002149772.1 85 XP_002340035.1 65
mrpigO 41 XP 002149741.1 70 XP_002340066.1 41
mrpigP 62 XP_002149760.1 85 XP_002340049.1 61

*: The multiple apparent homologs of mrpigl in P. marneffei ATCC18224 and T. stipitatus ATCC10500 probably arose from erroneous
annotations in the P. marneffei ATCC18224 and T. stipitatus ATCC10500 genomes.
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4. Construction of MonAzPs biosynthetic gene knockouts in M. ruber M7
4.1. Deletion of the target genes

The coding regions of the targeted genes were replaced with the neomycin phosphotransferase (neo) or the hygromycin B phosphotransferase
(hph) resistance gene cassettes that were produced by double-joint PCR (Yu et al., 2004). First, the 5' and the 3' flanking regions of the targeted
genes were PCR amplified with the appropriate primers (Table 4-1) using genomic DNA as the template. The 1,221-bp neo resistance marker
cassette was amplified from plasmid pKN1 (He et al., 2013) with the primer pair neof-neor. Alternatively, the 2,137-bp hph resistance marker
cassette was amplified from plasmid pSKH (He et al., 2013) with the primer pair hphf~hphr (Table 4-1). All PCR products were purified with
the TransGen gel purification kit (TransGen, Beijing, China), and the three fragments (5’ flanking region, resistance gene, and 3’ flanking region)
were mixed at a 1:2:1 molar ratio to perform a fusion PCR. The product of the fusion PCR was used as the template for a second round of PCR
with the primers X5f—X3r (Table 4-1). This PCR product was then cloned into the pMD19-T vector (Takara, Dalian, China) and the cloned
fragment was sequence-verified. Next, the fragment was subcloned into the pCAMBIA3300 vector

(http://www.cambia.org/daisy/cambia/home.html), and the resulting deletion vector was transformed into Agrobacterium tumefaciens EHA105.

A. tumefaciens EHA105 clones containing the deletion vector were induced using acetosyringone, and co-incubated for transformation with M.
ruber M7 to obtain the deletion mutants (Shao et al., 2009). PDA supplemented with G418 or hygromycin B were utilized to select the deletion
mutants, and these mutants were verified by PCR. The deletion mutants of mrpigA, mrpigB, and mrpigE were described previously (Xie et al.,

2013; Liu et al., 2014; Xie et al., 2015).

Table 4-1. Primers used in this study

Name Sequence (5'—3") Descriptions
ASf ACATCCAAGTCGAGATGGTCAGTC For amplification of the 828-bp 5’ flanking region




Abr
A3f
Alr
B5f
BS5r
B3f
B3r
Csf
C5r
C3f
Ci3r
Dsf
D5r
D3f
D3r
E5f
ES5r
E3f
E3r
F5f
F5r
F3f
F3r
J5f
J5r
J3f
I3r
K5f
K5r

CAATATCATCTTCTGTCGACATGATGCCAGCTGAACGGAGT
GAGGTAATCCTTCTTTCTAG GGGCGAGCTGGAACAGAAGT
GCACGGCGTGATTGAAATAGA
CGGTCTTCCCACTCGATTGCCA
CAATATCATCTTCTGTCGACAAATACCACTCGCGCTGTC
GAGGTAATCCTTCTTTCTAGGTCCATCCATTCATGCCGTTAC
CGCATCTTCTCAACCCGACTCT
ACAGCTCGCATGGCACGCTC
CAATATCATCTTCTGTCGACGGCTCTTTTTCTGGATCCT
GAGGTAATCCTTCTTTCTAGACTGCCTTTTATGACT
GATACCGGTGCACTGTTCT

GCTGGGTAGGTGTCGTTG
CAATATCATCTTCTGTCGACCCTTGACTGTGCGTTATTTT
GAGGTAATCCTTCTTTCTAGTTAATCTTCTGGTCAATG
TGGGCATCAGCAACTACAT

ACGGCACCGGAAACGAAGTT
CAATATCATCTTCTGTCGACTGGATATCTCTGCCTTAT
GAGGTAATCCTTCTTTCTAGTCACTAGGGTTCGGGTTGTTG
GCGATCCCCGCCAACCCCGTC
TCGAGTTTCGGCGTGTTCAA

GQITACGOTICOATGOGGOTTGAGTIGGCAACGGAGGACAGGATGAGAA

CATGCATGTTOGCATGATGATCGGTGTCTTCTGGTGGCTGTAC
TTGAATGGCCCGAACTCCTTGTA

GCGATGACTCTGCCAATGCC
CAATATCATCTTCTGTCGACCCTATGTTTCCGGGATCA
GAGGTAATCCTTCTTTCTAGCCAGTGCGTCTAGCGGGATGTA
GGCGCACAAGCTCCTGATTGAA
AGACACCGTGCCCTAATTGTCC
CAATATCATCTTCTGTCGACCAGGTCACCGCGTAATGT

of the mrpigA gene
For amplification of the 878-bp 3’ flanking region
of the mrpigd gene
For amplification of the 866-bp 5’ flanking region
of the mrpigB gene
For amplification of the 811-bp 3’ flanking region
of the mrpigB gene
For amplification of the 801-bp 5’ flanking region
of the mrpigC gene
For amplification of the 712-bp 3’ flanking region
of the mrpigC gene
For amplification of the 894-bp 5’ flanking region
of the mrpigD gene
For amplification of the 856-bp 3’ flanking region
of the mrpigD gene
For amplification of the 885-bp 5’ flanking region
of the mrpigE gene
For amplification of the 856-bp 3’ flanking region
of the mrpigE gene
For amplification of the 738-bp 5’ flanking region
of the mrpigF gene
For amplification of the 878-bp 3’ flanking region
of the mrpigF’ gene
For amplification of the 738-bp 5’ flanking region
of the mrpigJ gene
For amplification of the 878-bp 3’ flanking region
of the mrpigJ gene
For amplification of the 860-bp 5’ flanking region
of the mrpigK gene




K3f GAGGTAATCCTTCTTTCTAGATGCGGAGCAAGGGACTTATC

K3r ATATTGGGCTCTGCGTGATGTT of the mrpigk gene

L5f TCACGCCATCTCTACCACTAC For amplification of the 834-bp 5’ flanking region
L5r CAATATCATCTTCTGTCGACGCATCGCCTTGTCAACTTCT of the mrpigL gene

L3f GAGGTAATCCTTCTTTCTAGGCACCCAAGGTAGAGAACTCAC For amplification of the 802-bp 3’ flanking region
L3r CTTCGCCACTCCATTTACAAC of the mrpigL gene

Msf TTGGTGTGCAACAGAACTAGA For amplification of the 860-bp 5’ flanking region
M5r GOQTTACGGTITCGATGGGOTTGAGTITGGGGCTTTGAGGGTGCTATCTTA of the mrpigM gene

M3f CATGCATGTTGCATGATGATTGAGCGGTTTGAAGGATGTGAA For amplification of the 873-bp 3’ flanking region
M3r CGTGATAGACAGTGCCCTAGAG of the mrpigh gene

N5f CCCGCTCTCCAGATATTG For amplification of the 928-bp 5’ flanking region
NS5r CAATATCATCTTCTGTCGACGCGGGCACTGGGATTGAAGAT of the mrpigN gene

N3f CATGCATGTTGCATGATGATGTGTACCCGTCAACCCAA For amplification of the 932-bp 3’ flanking region
N3r TAGTTTGCCGATTTGCCA of the mrpigh gene

Os5f TTGTCAAATAGCGGGCTATCACC For amplification of the 916-bp 5’ flanking region
O5r QGQITACGOTTCGATGGOGTTGAGTTGGCACTGAGTTGGGGATCAGAGATGA of the mrpigO gene

O3f CATGCATGTTGCATGATGATGGATGAGCACGATCTCCAATACT For amplification of the 978-bp 3’ flanking region
O3r CGCCCAAAACAACAGTAAGTGAG of the mrpigO gene

P5f CGGGGTACCCGCAGGAGACCAAGAAACGAGA For amplification of the 766-bp 5’ flanking region
P5r CAATATCATCTTCTGTCGACCGCAGCCATCTGGAGACGAAA of the mrpigP gene

P3f CATGCATGTTGCATGATGATATAGATCTTTCCCGTCAGT For amplification of the 758-bp 3’ flanking region
P3r CCCAAGCTTGCGGATCACCACCAGGATATGT of the mrpigP gene

neof CCAACTCAACCCCATCGAACCGTAACC For amplification of the 1,221-bp neo cassette
neor ATCATCATGCAACATGCATG from plasmid pKN1

hphf GTCGACAGAAGATGATATTG For amplification of the 2,137-bp Aph cassette
hphr CTAGAAAGAAGGATTACCTC from plasmid pSKH

For amplification of the 873-bp 3’ flanking region

Note: The sequences underlined with straight lines overlap with the primer sequences of either hphf or hphr.

with the primer sequences of either neof or neor.
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4.2. Phenotypes of the knockout mutants of M. ruber M7

Knockout mutants of M. ruber M7 were cultivated on PDA, PDB and rice media, respectively, at 28°C for 12 days. Compared to the wild
type M7, some knockout mutants show visually obvious differences in their MonAzPs production, confirming the roles of the corresponding genes
in MonAzPs biosynthesis. However, none of the knockout mutants show differences in colonial morphology and growth rates (Figure 4-1).

Similarly, all the knockout mutants show regular cleistothecia and conidia formation, except for AmrpigN that forms no cleistothecia (Figure 4-2).

M7  AmrpigA AmrpigB AmrplgC Amrp1gD AmergE Amrp1gF AmprgJ AmergK AmrpigL AmrpIgM AmqfngN Amrpfg() AmrpigP

PDB |

Figure 4-1. Colony phenotypes of M. ruber M7 and its knockout mutants on PDA, rice media, and PDB
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Figure 4-2. Cleistothecia and conidia formation by M. ruber M7 and its knockout mutants on PDA after incubation at 28 °C for 10 days
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5. Fermentation and MonAzPs detection

5.1. M. ruber MonAzPs fermentation process

Fresh spore suspensions (10°/mL, 100uL) of M. ruber M7 or its knockout mutants were inoculated into 40 mL PDB and incubated at 28°C
for 15 days with shaking at 120 rpm. The mycelia were harvested by filtration, and freeze-dried. 0.5 g dried mycelia were extracted with
80% methanol (4 mL) with sonication for 40 min, then centrifuged (Heal Force Neofuge 15R, Shanghai, China) at 10,000 x g for 10 min to

collect the supernatant.

5.2. MonAzPs detection methods
Pigment constituents were analyzed by Ultra Performance Liquid Chromatography - Photodiode Array Detector (UPLC-PDA), UPLC —

mass spectrometry (UPLC-MS) and nuclear magnetic resonance (NMR) spectroscopy.

5.2.1. UPLC-PDA analysis method
The analytes were separated on a Waters ACQUITY UPLC system equipped with a PDA (Waters, Milford, MA, USA), using an ACQUITY
BEH C18 column (2.1 mm x 100 mm, 1.7 um) with a flow rate of 0.3 mL/min. Mobile phases A and B were water and acetonitrile,
respectively, both containing 0.1% formic acid. Five microliters of each sample were injected into the column. The temperatures of the
column and the samples were held at 40°C and 4°C, respectively. Gradient elution was performed as follows: 35 % (v/v) solvent A with 65 %
(v/v) solvent B for 3 min; solvent A 35% to 70% in 15 min; solvent A from 70% to 90% in 5 min; and finally, 35% solvent A for 3 min. The
detection wavelength was 210 to 600 nm. The UPLC chromatograms and UV-VIS spectra recorded for the extracts of the different knockout

mutants are shown in sections 6.1-6.2. The relative quantities of MonAzPs and their intermediates are in Table 5-1.
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5.2.2. UPLC-MS analysis method
UPLC-MS analysis of MonAzPs were performed on a Waters ACQUITY UPLC system, equipped with Xevo tandem quadrupole mass
spectrometer (Waters, Milford, MA, USA), using the UPLC conditions described in 5.2.1. Two microliters of each sample were injected into
the column. Mass spectrometry was performed using a single quadrupole detector equipped with an electrospray ionization source (ESI).
Positive ionization was used in the scan mode from 200 to 600 m/z. The capillary voltage was set to 2.5 kV. The source and desolvation
temperatures were optimized and kept at 150 and 350°C, respectively. The desolvation gas was delivered at a flow rate of 10 L/min and the

cone gas was setto 1 L/min. The mass spectra of MonAzPs and their intermediates are shown in section 6.3.

5.2.3. NMR analysis method
'"H-NMR, BC-NMR, and 2D spectra (COSY, HSQC, HMBC) of the purified intermediates or pigments were acquired using an AV400
NMR spectrometer (Bruker, Germany). NMR spectra were referenced to the signals of the solvent, methanol-d4. Chemical shifts (0) are
expressed in ppm, with the coupling constants (J) are reported in Hertz (Hz). The NMR spectra data of selected MonAzPs and their

intermediates are shown in section 6.4.

5.3. Relative quantification of MonAzPs and their intermediates in M. ruber M7 and its deletion mutants

A total of 32 MonAzPs or their intermediates (1-10, 12-30, 33-35) were proposed in the pathway (see Scheme 2 in the main text). Among
these, 12, 18, 26-28 are proposed intermediates that may be highly unstable. Compounds 20, 21, 29, 30, and 33 were detected only by mass
spectrometry. The relative quantities of the remaining 21 metabolites in M. ruber M7 and its deletion mutants were estimated based on the

absorbance values at the applicable maximum absorption wavelengths (MAW, 254nm, 370nm or 470nm), and listed in Table 5-1.
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Table 5-1. The relative quantities of MonAzPs and their intermediates in M. ruber M7 and its knockout mutants
inlz/flb:‘)ll:::(zl::lst/es M7  |AmrpigA |AmrpigB |AmrpigC | AmrpigD|AmrpigE | AmrpigFAmrpigJ |AmrpigK \AmrpigL |AmrpigM|AmrpigN AmrpigO AmrpigP | MAW (nm

1 -+ - - - - ++ -+ - - -+ - - - ++ 370
2 ++ - - - - + +++ - - ++ - - - ++ 370
3 ++ - - - - - - - - ++ - - - + 470
4 -+ - - - - - - - - 4+ - - - 4+ 470
5 + - - - - - - - - - - - - - 520
6 + - - - - - - - - - - - - - 520
7 - - - - - - - - - - ++ - +/- - 370
8 - - - - - - - - - - - - ++ - 370
9 +/- - - - - -+ + - - +/- - - - +/- 370
10 +/- - - - - +++ +/- - - +/- - - - +/- 370
13 - - - - - - - - - - - ++ - - 254
14 - - - ++ - - - - - - - - - - 254
15 - - - ++ - - - - - - - - - - 254
16 - - - +++ - - - - - - - - - - 254
17 - - - - + - - + + - - - - - 254
19 - - - - ++ - - + + - - - - - 254
20 * _ _ _ _ _ _ - _ - _ _ - - *

21 * _ _ _ _ _ _ - _ - _ _ - - %

22 - - - - - - - - - - ++ - - - 370
23 - - - - - - - - - - ++ - - - 370
24 - - - - - - - - - - - - ++ - 370
25 - - - - - - - - - - - - ++ - 370
29 * - - - - - + - - - - - - - *

30 * - - - - - + - - - - - - - *

33 - - - - - * - - - - - - - - *

34 - - - - - + - - - - - - - - 370
35 - - - - + - - - - - - - 370

++++, A=1.0 - 1.4; +++, A=0.6 — 1.0 ; ++, A=0.2 - 0.6; +,

15
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6. Spectral data for MonAzPs and their intermediates

As described in Section 5.3, total 27 MonAzPs and their intermediates in M. ruber M7 and the knockouts were detected in this study. The
spectral data are summarized in Table 6-1 and presented in sections 6.1 — 6.4. Among these compounds, 20, 21, 29, 30 and 33 could be
identified in the MS data, but were undetectable by UPLC as they were produced only at very low amounts in our fermentations (Table 5-1). In

particular, detection of 20, 21, 22, 23, 25, 29, 30, 33 and 34 are first reported in this study. The NMR spectra of MonAzPs 1-6 are not shown

here as these have previously been reported in the literature as shown in the Table 6-1.

Table 6-1 Summary of MonAzPs and intermediates detected in this study

MonAzPs or | ;) ¢ | py.vis | Ms | NMR Strains Comments
intermediates
1 N N N M7, AmrpigE, AmrpigF, AmrpigL, AmrpigP This study, also Fielding et al., 1961
2 N N N M7, AmrpigE, AmrpigF, AmrpigL, AmrpigP This study, also Manchand et al., 1973
3 N N N M7, AmrpigL, AmrpigP This study, also Haws et al., 1959
4 N N N M7, AmrpigL, AmrpigP This study, also Kumasaki et al., 1962
5 N N N M7 This study, also Sweeny et al., 1981
6 N N N M7 This study, also Sweeny et al., 1981
7 N N N N M7, Amrpight, AmrpigO This study, also Campoy et al., 2006
8 N N N N M7, Amrpigh, AmrpigO This study, also Bijinu et al., 2014
9 N N N N M7, AmrpigE, AmrpigF, AmrpigL, AmrpigP This study, also Huang et al., 2008
10 N N N N M7, AmrpigE, AmrpigF, AmrpigL, AmrpigP This study, also Huang et al., 2008
13 N N N N AmrpigN This study, also Liu ef al., 2016
14 N N N N AmrpigC This study, also Bijinu et al., 2014
15 N N N N AmrpigC This study, also Bijinu et al., 2014
16 N N N N AmrpigC This study, also Bijinu et al., 2014
17 N N N AmrpigD, AmrpigJ, AmrpigK This study, also Zabala et al., 2012
19 N N N N AmrpigD, AmrpigJ, AmrpigK This study, also Jongrungruangchok et al., 2004
20 N M7, AmrpigM This study
21 \/ M7, AmrpigM This study
22 N N N Amrpigh This study
23 N N N Amrpig This study
24 N N N N AmrpigO This study, also Wu et al., 2013
25 N N N N AmrpigO This study
29 N M7, AmrpigF This study
30 N M7, AmrpigF This study
33 N M7, Amrpigh This study, also Bijinu et al., 2014
34 N N N M7, Amrpigh This study, also Bijinu et al., 2014
35 N N N N AmrpigE This study, also Jongrungruangchok et al., 2004
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6.1.

UPLC chromatogram of the methanol extract of M. ruber M7 mycelia, detected at 470, 370 and 254 nm.

UPLC chromatograms of fermentation extracts of various knockout mutants
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigA mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigB mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigC mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigD mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigE mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigF mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigJ mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigK mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the Amrpigl mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigM mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the Amrpig/N mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigO mutant, detected at 470, 370 and 254 nm.
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UPLC chromatogram of the methanol extract of the mycelia of the AmrpigP mutant, detected at 470, 370 and 254 nm.
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6.2. UV-VIS spectra of MonAzPs and intermediates
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6.3. Mass spectra of MonAzPs and intermediates
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Chemical Formula: C,;H,30¢
Molecular Weight: 376.43
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HRMS is supplemented
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Chemical Formula: C3H3,04
Molecular Weight: 404.49
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HRMS is supplemented
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Chemical Formula: C;1Hp405
Molecular Weight: 356.19

29
HRMS is supplemented
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6.4. NMR spectra of MonAzPs and intermediates
Table 6-2 The NMR spectra of monasfluol A (7) (400 MHz, CD;0D, ¢ in ppm, J in Hz)

No. oc Sy (m, Juy, area)
1 148.4 7.55 (s, 1H)
3 162.9
4 105.6 6.33 (s, 1H)
4a 149.9
5 109.9 5.38(d,J=1.2, 1H)
6 194.1
6a 84.1
6b 116.4
8 169.1
? 663 3.96 (s, 1H) Chemical Formula: C;;H,404
9a 43.7 3.31 (m, 1H) Molecular Weight: 374.43
10 235 1.53 (s, 3H) Monasfluol A
11 439 2.68 (d, J=6.4, 2H) 7
12 58.1 4.07 (m, 1H)
13 24.0 1.26 (d, J= 6.3, 3H)
14 203.8
15 435 3.08 (dt, J=7.4,2.21, 2H)
16 23.7 1.58 (m, 2H)
17 30.2 1.30 (d, J/=5.0,2H)
18 30.0 1.23 (d, J= 6.4, 2H)
19 14.4 0.90 (t, J= 6.9, 3H)
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Table 6-3 The NMR spectra of monasfluol B (8) (400 MHz, CD30D, ¢ in ppm, J in Hz)

No. 3¢ Su (m, Jun, area)
1 148.4 7.56 (s,1H)
3 163.0
4 105.6 6.34 (s,1H)
4a 149.9
5 109.9 5.39 (d,J=1.2,1H)
6 194.1
6a 84.1
6b 116.3
8 170.1
9 66.3 3.97 (s,1H)
9a 439 3.04(br s, 1H)
10 235 1.54 (s, 3H) Chemical Formula: C,3H;3(Og¢
11 43.7 2.56 (ddd, ;= 4.5, =85, J=14.2,2H) Molecular Weight: 402.49
12 56.9 4.08(m, 1H) Monasfluol B
13 23.7 1.31(d,J=8.2, 3H) 8
14 203.8
15 43.4 3.32 (dt, Ji=1.6, J»= 3,3, 2H)
16 235 1.60 (d, J=7.7, 2H)
17 30.1 1.24 (o0, 2H)
18 31.5 1.24 ( 0, 2H)
19 32.3 1.24 (o0, 2H)
20 235 1.24 (o0, 2H)
21 143 0.91 (t, J/=7.1, 3H)
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Table 6-4 The NMR spectra of monasfluore A (9) (400 MHz , CD30D, J in ppm, J in Hz)

No. dc Ou (m, Jun, area)

1 149.1 7.52 (s, 1H)

3 158.3

4 108.3 6.13 (dd, Ji=1.6, J»=15.6, 1H)

4a 148.3

5 106.4 5.42 (s, 1H)

6 193.9

6a 84.1

6b 1159

8 171.0 Chemical Formula: C,;H,,05
9 49.2 3.28 (dt, 1H) Molecular Weight: 356.42
9a 439 3.94 (s, 1H) Monasfluore A
10 23.5 1.54 (s, 3H) 9

11 124.1 6.29 (s, 1H)

12 136.6 6.59 (dd, J1=6.9, J»=15.6, 1H)

13 18.6 1.88 (m, 3H)

14 203.8

s s 2.54 (dt, ;= 9.1, /,=16.2, 1H,),2.97 (dt, J=9.1, J»=

16.2, 1H)

16 23.7 1.32 (o, 2H)

17 323 1.28 (o, 2H)

18 224 1.27 (o, 2H)

19 14.3 0.85 (t, /= 7.0, 3H)

54



Table 6-5 The NMR spectra of monasfluore B (10) (400 MHz , CDs;0D, ¢ in ppm, J in Hz)

No. Jc Ou (m, J, area)
1 149.1 7.50 (s, 1H)
3 158.3
4 108.3
4a 148.3 6.14(dd, J=1.6, J=15.6, 1H)
5 106.5 5.41 (s, 1H)
6 193.9
6a 84.1
6b 116.0
8 171.0
9 49.2 3.29 (dt, J1=1.6, J=3.2, 1H)
9a 439 3.94 (s, 1H)
10 235 1.51 (s, 3H)
11 124.1 6.30 (s, 1H)
12 136.6 6.60 (dd, Ji=6.9, J,>=15.6, 1H)
13 18.6 1.89 (dd, Ji=1.4, J,=6.9,3H)
14 203.9
s 055 2.55(dt, J1=6.9, J=18.2, 1H), 2.97 (dt,
J1=6.9, J,=18.2,, 1H)
16 24.1 1.26 (o, 2H)
17 30.0 1.26 (o, 2H)
18 30.2 1.26 (o, 2H)
19 329 1.26 (o, 2H)
20 235 1.26 (o, 2H)
21 14.5 0.86 (t, J=6.8, 3H)
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Chemical Formula: C,3H»gO5
Molecular Weight: 384.47

Monasfluore B
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Table 6-6 The NMR spectra of intermediate 13 (600 MHz, CD3;0D, ¢ in ppm, J in Hz)

No. dc Ou (m, J, area)

1 13.09

2 165.1

3 111.5

4 164.5

5 111.92 6.23 (s, 1H)

6 113.8

7 7.2 2.02 (s, 3H)

8 194.9 9.78 (s, 1H)

9 47.5 4.05(s, 2H)

10 208.8

" 520 2.62(d, Ji=4.6, J,=159,1H),2.71 (J;=8.0,

J=159, 1H)
12 65.2 4.22(m, 1H)
13 23.5 1.18 (d, J=6.26, 3H)
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Chemical Formula: C;3H,c05
Molecular Weight: 252.27
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Table 6-7 The NMR spectra of C2 (14) (400 MHz, CD;0D, ¢ in ppm, J in Hz)

No. d¢ Ju (m, J, area)
1 153.9
2 109.5
3 161.0
4 100.2 6.48 (s, 1H)
a4 116.4
5 109.7 6.79 (s, 1H)
6 158.3 Chemical Formula: C;3H,,0,
7 118.8 Molecular Weight: 232.24
8 129.8 8.70 (s, 1H) &
14
8a 140.4
9 8.9 2.16 (s, 3H)
10 206.0
1 26.6 2.70 (s, 3H)
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Table 6-8 The NMR spectra of C3 (15) (400 MHz, CD30D, ¢ in ppm, J in Hz)

No. Jc On (m, J, area)
1 183.9
2 122.3
3 154.9 5
4 180.2
4a 135.3
5 116.1 7.50 (s, 1H)
6 165.4 Chemical Formula: C{3H(Os
7 122.3 Molecular Weight: 246.22
8 130.4 8.45 (s, 1H) c3
8a 124.0 15
9 8.7 2.03 (s,3H)
10 204.9
11 27.2 2.70 (s, 3H)
3-0H 7.26 (s, 1H)
6-OH 12.62 (s, 1H)
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Table 6-9 The NMR spectra of C1 (16) (400 MHz, CD;0D, ¢ in ppm, J in Hz)

No. dc Ou (m, J, area) 11
1 184.4
2 119.4
3 154.9
4 180.8
4a 124.4
5 111.2 7.33 (s, 1H)
6 157.6
7 1403 Chemical Formula: C{3H,05
" 1941 8.03 (s, 1H) Molecular Weight: 248.23
C1
8a 123.0 16
9 8.6 1.90 (s, 3H)
10 62.9 4.98 (q, J=6.3,3H)
11 239 1.28 (d, J= 6.4, 3H)
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Table 6-10 The NMR spectra of monascusone A (19) (400 MHz, D;O, ¢ in ppm, J in Hz)

No. d¢ O (m, Jun, area)
1 63.7 479 (d, J=12.4, 1H), 4.87 (d, J =12.4, 1H)
2 165.3
3 102.9 5.38 (s, 1H)
4a 149.8
s 340 2.43(d, J 1= 10.0. J>=18.0, 1H), 2.65 (d, J 1= 5.2,
’ Jo=18.0, 1H)
6 72.1 3.91 (dd, J 1=5.2, J»=10.0, 1H)
7 76.7
8 197.6
8a 112.8
9 16.7 1.22 (s, 3H)
229 (dd, J 1=7.4, J>= 14.0, 1H) 2.36 (dd, J =7.4,
10 432
Jo=15.6, 1H)
11 65.0 4.01 (ddd, J 1=5.6, J= 6.4, Js= 7.41H)
12 22.0 1.20 (d, J =6.4, 3H)
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Chemical Formula: C;3H;405
Molecular Weight: 254.28

Monascusone A
19



Table 6-11 The NMR spectra of acetyl-monasfluol A (24) (400 MHz , CD;0OD, 8 in ppm, J in Hz)

No. dc Ou (m, Jun, area)

1 149.8 7.52 (s, 1H)

3 161.4

4 110.1 6.33 (s, 1H)

4a 147.9

5 106.1 5.36 (d, J=1.0, 1H)

6 194.2

6a 84.1

6b 116.3

8 171.1

9 57.1 3.92 (s, 1H) Chemical Formula: C3Hp30;

Molecular Weight: 416.47

9a 43.6 3.28 (brs, 1H) Acetyl-monasfluol A
10 235 1.53 (s, 3H) 24

11 40.6 2.68 (d, J=6.4,2H)

12 69.4 5.16 (m, 1H)

13 20.1 1.26 (d, J=6.3,3H)

14 203.9

15 44.0 ,2.94 (dt, J1=7.4, = 18.4, 1H), 2.97 (dt,

Ji=7.4, )= 184, 1H)

16 23.5 1.56 (m, 2H)

17 323 1.28 (m, 2H)

18 23.7 1.33 (m, 2H)

19 143 0.86 (t,J=7.1,3H)

20 172.0

21 21.0 1.99 (s, 3H)
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Table 6-12 The NMR spectra of acetyl-monasfluol B (25) (400 MHz , CD3OD, ¢ in ppm, J in Hz)

No. oc O

1 149.8 7.46 (s, 1H)

3 161.4

4 110.1 6.27 (s, 1H)

4a 147.9

5 106.1 5.33 (s, 1H)

6 194.2

6a 84.1

6b 116.3

8 171.0

9 58.7 3.28 (s, 1H)

9a 43.7 3.89 (s, 1H)

10 23.7 1.51 (s, 3H)

11 40.6 2.65 (d, J=6.3, 2H)
12 69.4 5.09 (m, 1H)
13 20.1 1.46 (d, J/=6.4, 3H)
14 203.9

15 43.9 2.58 (dt, J1=7.3./,=18.3, 1H), 3.11 (dt, J:=7.3,J>= 18.3, 1H)
16 235 1.51 (m, 2H)
17 30.2 1.26 (0, 2H)

18 30.0 1.26 (o, 2H)

19 32.1 1.26 (o, 2H)
20 24.0 1.26 (o, 2H)

21 14.4 0.90 (t, J/=7.1, 3H)
22 172.0

25 21.0 1.99 (s, 3H)
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Chemical Formula: C,sH3,0,
Molecular Weight: 444.52

Acetyl-Monasfluol B
25



Table 6-13 The NMR spectra of FK17-P2B2 (35) (400 MHz , CD30D, ¢ in ppm, J in Hz)

No. Jc Ou (m, Jun, area)
1 63.6 4.69 (d,J=12.4, 1H),4.79 (d, J=12.4, 1H)
3 161.0
4 103.9 5.43 (s, 1H)
4a 152.8
5 339 2.45 (dd, Ji=10.4, J>= 14.0, 1H); 2.66 (dd,
Ji=5.6, J=14.0,1H)
6 71.8 3.92 (dd, J1=5.6, Jo=10.4,1H)
7 71.5
8 198.5
8a 136.4
9 16.8 1.14 (s, 3H)
10 113.7 5.94 (dd, Ji=1.2, J»=14.0, 1H)
11 124.1 6.42 (dq, Ji=7.0, J»=14.0, 1H)
12 17.7 1.74 (dd, Ji=1.2, J»=7.2,3H)
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Chemical Formula: C;3H;404
Molecular Weight: 236.27

FK17-P2B2
35
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7 (Monasfluol A)
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~120
[ ppm
100 1 203.83
Loo 2 194.14
o 3 162.97
I 4 149.95
[ 5 148.42
60 6 116.35
Lo 7 109.93
» 8 105.60
[ 9 84.12
30 1066. 29
Loo 1158.05
Lo 12 43. 90
1343.73
14 43. 53
1532. 87
16 30. 19
17 30. 04
18 23.99
19 23. 66
2023. 45
21 14. 40
2%0'210'260'1{30'1é0'1;0'1éo'1%0'140'1:‘30'&0'110'1(‘)0'95'8‘0 ' 7‘0'6‘0 ' 5‘0'4‘0 ' 3‘0'2‘0'1‘0 ' g)
£1 (ppm)



8 (Monasfluol B)

H

<t
L]
Al
N (d)
1.24
H (m) E (m) C (sl{)
4.08 3.04 1] 54c\
L (m) K (s) J (d) G (s)| |F (dt) | |D (ddd) B (dd) | [A ()
7.56 6. 34 .39 3.97 3.32 2.56 1.60 0.91
H H HH H =] H
M (ddd)
1.B1
o
o
AN
™
(ap]
3 N
© P
o)) op
K D
© D
«© N~
3 5 o
N~ ™
2
4 [{e] N
op o) I
N ~
‘ o}
q
N~ 1
Q
<
\ﬁJL . J ‘J
T T T T T T T T T T T T T T T T T T T T T
11. 11. 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.0 3.5 3.0 2.5 1.5 1.0
f1 (ppm)

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

Chemical Formula: C,3;H;,O4
Molecular Weiglt: 402.49

CO 1 O U1 v W N +—

©

OO O o DTS =

ws]

—_ =
—= O
= O

12N
13A

Name ShiftClass
(m) 7.56 m
(s) 6.34 s
(d) 5.39 d
(m) 4.08 m
(s) 3.97 s
(dt) 3.32 dt
(m) 3.04 m
(ddd) 2.56 ddd
(dd) 1.60 dd
(s) 1.54 s
(ddd) 1.31 ddd
(d) 1.24 d
(t) 0.91 t

J's

3.3

14.2

8.2




8 (Monasfluol B)

C & & RS 25 23R N~ 00 ® DMWY N~ — o5
o < - oo S 0 © oW N N 0o N 0 © oo
S 2 tES BF 2SS 3 885 ITRAIY [,
| | \e ! N7 /NN | [N N TSN I
195
90
185
180
75
70
i Chemical Formula: C,3H;(0O¢
[% Molecular Weight: 402.49
60
55 ppm
I 1 203.96
Lo 20 2 194.27
Las 3 171.20
' 4 170. 32
[ 5 163.12
135 6 150.10
;30 7 148.57
I 8 116.49
25 9 110.09
I 10105. 75
1184. 27
12 66. 43
13 60. 55
14 57. 08
1544. 05
1643. 88
17 43. 66
18 32. 45
1923. 83
20 23. 65
I 2123.62
| , 2223.61
220 210 200 19 18 170 160 15 140 130 120 110 100 9% s 70 6 50 40 30 2 10 2314. 41

£1 (ppm)
67



9 (Monasfluore A)

ONONDOWOOOUN—OTOHOINDVOVONODNDOOITNLUNMAN—TOHOODNDMWMWOWS N~ NOWINWOOLWWWO©

DNOOUOVAFr—+-——ITAAANANANNOSNOIAILVLUVOTINRROAOOWODWONNNNN DD D

MNOOOOOOOOOVLOMOMOOMOMOOANANANANANNANNNNTT " CF N 0O0O0

— e R — e L e
S —— —ﬁ ——m ——n

L (s) G (dt) 0 (m
6. 29 3.28 1. p6
N (s) M (dd) | |K (m) J (s) H (s) F (dt) | [E (dt) D [dd) B (m | |A](t)
7.50 6. 59 6. 16 5.40 3.94 2.98 2.53 1489 1.27 0] 86
H = H— &) =] = — A Il
Cl(s)
1151 ||

T T T T T T T T
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
f1 (ppm)

68

Lo e

24

18

r16

12

10

0

Chemical Formula: C,,H,,054
Molecular Weight: 356.42

0 1 O O = W N =~
— O THm o O oW o=

— = O
=)
= — =

12L
13M
14N

Name ShiftClass

(m) 0.
(m) 1.
(m) 1.
(dt) 1.
(dd) 2.
(dd) 2.
(dt) 3.
(s) 3.
(s) 4.
(s) 5.
(dd) 6.
(s) 6.
(dd) 6.
(s) 7.

85
27
54
88
54
97
28
94
87
40
13
29
59
50

m
m

m

dt
dd
dd
dt

dd

dd

S

— O O W

Js

3.4, 6.8
16.2
16.6
1.5, 3.1

15.6

15.6




9 (Monasfluore A)
C

149.12
148.34
108.25
106.43

5.0

—203.84
—193.93
—171.03
—158.25
/
—136.55
~124.10
115.94
—84.08
49.21
“43.02
4353
_-32.30
2374
23.52
~18.61
~14.28

/
e

4.5

4.0

3.5

Chemical Formula: C,;H,,05
Molecular Weight: 356.42

-0 ppm

203. 84
193. 93
171. 03
158. 25
149. 12
148. 34
136. 55
124. 10
o 9 115.94
10 108. 25
11106. 43
12 84. 08
1349. 21
14 43. 92
15 43. 53
—————————————————————— 16 32. 30

2.5

2.0

CO N O U1 v» W N+~

T T T T
230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

f1 (ppm) 1723.74

1823. 52
1918. 61
2014. 28

69



9 (Monasfluore A)
COSY A N v A

é Ly Chemical Formula: C,,H,,05
Molecular Weight: 356.42

=
= g
e
T
[=2]
f1 (ppm)

10

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I—12
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 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 0.0
£2 (ppm)

70



9 (Monasfluore A)
HSQC

10

oo .

20

<

30

g2

. : 40
i 0o @ o i I

O 18

60
Chemical Formula: C,H,,05

! L Molecular Weight: 356.42
80

100

; o 1 ; F110

f1 (ppm)

Li20
. : L130

& ;140
p : 150
160
Li70
180
190
L200

210

220
-——Y—r— 77777777
12.0 11.5 11.0 10.5 10.0 9.5 9.0 85 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 0.0
£2 (ppm)

71



9 (Monasfluore A)

HMBC

W

Al

[

) —

PO =

-

;20
;30
;40
50
;60
;70
;80
;90
;100
;110
;120
;130
4o
;150
;160
;170
;180
;190
;200

210

220

T T T T
12.0 11.5 11.0 10.5 1

0.0

9.5

9.0

8.5

8.0

T
6.5 6.0
£2 (ppm)

5.5

5.0

4.5

4.0

3.5

3.0

72

f1 (ppm)

Chemical Formula: C,;H,,05
Molecular Weight: 356.42



10 (Monasfluore B)

o NT—ONOOONN — N~ <
H 0 ©OWWM« « P @
N~ © O©WOOWOOOOOoLw < ™
| e N b= |

45

K (s) F (dt) B [m) L0

6. 30 3.29 1.p6
M (s) L (dd) |[J (dd) [ (s) H|(s) G (s) E (d)[|D (d) C (dd) N|Gm) ||A (t)
7.50 6. 60 6. 14 5. 41 4] 87 3.94 2.97 2.55 1. 89 1126 || 0.86 35
H = H H i =] H ] =] = I = = R —
0](s)

1|51 30

25

20

15

10

| | o
l Lo
T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
9.0 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 0.0
£1 (ppm)

73

Chemical Formula: C53H,505
Molecular Weight: 384.47

CO N O U1 v W DN+~

©

MmO O W o =z =

(op]

— =
— O
— =

12 ]
13K
14 L
15M

Name ShiftClass I's
(t) 0.86 t 6.8, 6.8
(m) 1.26 m
(s) 1.51 s
(m) 1.56 m
(dd) 1.89 dd 1.4, 6.9
(d) 2.55 d 18.2
(d) 2.97 d 18.2
(dt) 3.29 dt 1.6, 1.6, 3.2
(s) 3.94
(s) 4.87
(s) 5.41 s
(dd) 6.14 dd 1.6, 15.6
(s) 6.30 s
(dd) 6.60 dd 6.9, 15.6
(s) 7.50 s




10 (Monasfluore B)

[ee] ™ — O ANM Yo}
© O o N~ ™ T}
2] ™ ~ o O © ©
o (*)] N~ 0 < < ™
AN ~— ~ ~ T ~
| | | [ |

— D O W

- OO N X o] - OO M O v v« O
< 1o 0O © o NI OO NO O OO 7
AN — OO < OIM O NOOFTMMO®O
— ~ - — 0 RAFT T OO O ANANAN ~— «—
AN N | NS N e |16

T
—
w

T T T T T T T T T T T
230 220 210 200 190 180 170 160 150 140 130

T T T T T T T T T T T T 1
120 110 100 90 80 70 60 50 40 30 20 10 0
f1 (ppm)

74

Chemical Formula: C53H,50s
Molecular Weight: 384.47

ppm
203. 88
193.93
171. 01
158. 25
149. 12
148. 33
136. 55
124. 11
115.95
10 108. 26
11 106. 45
12 84. 09
1349. 21
14 43.91
1543. 56
16 32. 89
1730. 23
18 30. 04
19 24. 09
20 23. 68
2123.51
22 18.61
23 14. 45

O N O Ol & W+~

©




10 (Monasfluore B)
COSY )

Chemical Formula: C53H,505
Molecular Weight: 384.47

£1 (ppm)

6

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 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 0.0
£2 (ppm)

75



10 (Monasfluore B)
HSQC

J—
_30 =
. 40
0 @ ® . . 20
! 50
Chemical Formula: C53H5405

60 Molecular Weight: 384.47
70
80
90
100

o o
: 110
.. . 120
130
@ .
140
L 150
160
170
180
—
9.5

- Y

B-D

f1 (ppm)

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
9.0 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 0.0 -0.5 -1.0
£2 (ppm)

76



10 (Monasfluore B)
HMBC

- | \ Al v g
0
Compound 29 [
HMBC 10
Monasfluore B L] (] : r
]
(YP3) ]

20

£s
ﬁ: fed
L ¥

30

Chemical Formula: C53H,505
" : [ [ Molecular Weight: 384.47

- 3

I LU 1 W
1 + y)
» * L] |1
! f [ 1| . ’ '
L ) H

£1 (ppm)

= g KR - .
——
—
w
S

’ P
1) L L + " ", 1H
.

'y ' @i

[T "

T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 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 0.0
£2 (ppm)

77



13(M7PKS-1)

o) ™ —ODWOWO® WO~ M- < © 10 17000
H < o SRXRBORE ®OOHAL 0D
o o) BOoOBHBOOoN NN Scoo | 16000
| | e\ | Ne——" ~\
L 15000
L 14000
L 13000
12000 Chemical Formula: Cj3H,405
Molecular Weight: 252.27
L 11000
110000
L9000 -
Name ShiftClass J's
o Lo P 000 11 (s) 9.45 s
" A 000 2H (s) 5.93 s
3G (ddd) 3.88 ddd 4.8, 6.3, 7.9
L6000 4F (s) 3.70 s
5E (m) 2.98 m
o 6D (dd) 2.38 dd 8.0, 15.9
L4000 7C (dd) 2.29 dd 4.6, 15.9
8B (s) 1.67 s
L3000
9A (d) 0.85 d 6.3
L2000
Llﬂﬁﬁhﬁh_gjﬂ L1000
4 - T (i o

T T T T T T T T T T T T
1.0 10.5 100 95 9.0 85 80 7.5 7.0 65 6.0 55 50 45 40 3.5 3.
£1 (ppm)



13 (M7PKS-1)

C

g u'\a 2 3 © 2 23 = SE S o [2400

S & @ © > Nee o =5 N © L2300

N ~ ~ ~ ~ — O 0 K N Te] F

| | N | ~\ | N | | | 2200
~2100
;2000
;1900
;1800
;1700
3 Chemical Formula: C3H,,05
1600 Molecular Weight; 252,27
~1500
;1400
;1300 I)I)H]
1200 1 207.49
[1100 2 193. 57
1000 3 163.75
900 4 163. 14
800 5 137.61
[0 6 112.43
[ 7 110.59
=500
- 8 110. 14
~400
- 9 63.90
~300
o0 1050. 67
100 1146. 14

VIRV IUS U bz22. 20
[ 100 135.83
210 260 léO léO 1%0 1é0 1%0 1iO 1é0 150 110 160 95 85 ;0 éO 50 4b 50 26 1b 6
£1 (ppm)
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13 (M7PKS-1)

COSY P\ Ji
-0
A of 0
( A
U g o 0 L
OO (
) ()] 0
0 F2
Q
m
.
! 3
| 9’ b
4
0@ )
e | i
-
0 -6
i
-7
8
F9
T T T T T T T T T T T T T T T T T T T T 1 _10
10.0 9.5 9.0 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 0.0

£2 (ppm)

80

f1 (ppm)

OH

Chemical Formula: Cy3H 05
Molecular Weight: 252.27



13 (M7PKS-1)

‘%)@7
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o g ® E
Q0 © 00 ®
® ]
., B
o .
<:§3‘D§:>, ® .
<]
°
o
o
o @ o
8
b *
T T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.5 9.0 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 0.0

£2 (ppm)

81

80

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

f1 (ppm)

OH

Chemical Formula: Cj3H,405
Molecular Weight: 252,27



13 (M7PKS-1)
HMBC

i

Qe Qe

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160

170

180

190

200

210

9.5

9.0

8.5

8.0

7.5

7.0

T
6.5 6.0 5

£2 (ppm)

5

5.0

82

f1 (ppm)

OH

Chemical Formula: Cj3H,405
Molecular Weight: 252,27



28000

27000

—8.70
—6.79
—6.48
—2.70
—2.16

14 (C2) [
H j26000

25000
24000
23000

22000

21000

20000

Chemical Formula: C3H|,04
Molecular Weight: 232.24

19000
18000
17000

16000

15000

E Name Shift]J" s
6. 79 [140% 1A (s) 2.16
W e o A 13000 2B (s) 2.70
) o i 112000 3C (s) 6.48
11000 4D (S) 6. 79

;10000 5E (S) 8.70

9000

o &

;8000
;7000
;6000
;5000
;4000
;3000

2000

J ~1000
_ L) ?

~—1000

~—2000

12.0 11.5 11.0 10.5 10.0 9.5 9.0 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 0.0
f1 (ppm)



14 (C2)

o NO M N » HNOWWO
C S oOm® o N ~KtRKY¥AQ 9 - 800
8 o888 ¥ & 2¢e338 © o
N ~ v~ ~— ~ T N [ce]
I N/ I I N\ I I L750
700
650
~600
550 Chemical Formula: C13H1204
Molecular Weight: 232 .24
~500
ppm
oo 1 206. 00
2 161.02
~400 3 158 30
4 153.93
350 5 140. 37
6 129.79
300 7 118.75
8 116.42
250 9 109.70
I 10109. 45
2 11 100. 20
| 12 26. 63
e 138.91
~100
50
0
~—50
~-100
ZéO ' 210 ' 2(;0 ' IE;O ' 1é0 ' 1%0 ' léO ' 1%0 ' 1410 ' léO ' 1%0 ' liofi (1(;0)' &;O ' 8‘0 ' 7‘0 ' 65 ' 5TO ' 4;0 ' 3‘0 ' 2‘0 ' 1}) ' g] ' *10 '

84



29000

15 (C3)
H

28000

—12.62
—8.45
~7.50
~-7.26
2.70
—2.03

;27000
;26000
;25000
;24000
;23000

22000

21000

Chemical Formula: C3H;,0Os
Molecular Weight: 246.22

;20000
;19000
;18000
;17000

16000

D (s) B|(s)
7.50 2|70 15000

»
=
o
n
=
=

s 1400 Name ShiftClass] s
18000 1A (s)2.03 s

12000 2B (s) 2.70
11000 3C (s) 7.26
L0000 4D (s) 7.50
5E (s)8.45

o0
o
=~
DO 7
= v
)

n »nn n n

9000

;8000
;7000
;6000
;5000
;4000
;3000

2000

1000

~—1000

f1 (ppm)



15 (C3) & 2 5 3 HIFH]T 2
<t ™M O To IS WOoOMANNO© N N 1340
C & e ¢ @ SefuiaiNg = N 3

t Vo L NN t I
300
280
260
240
220
oo Chemical Formula: C{3H;,O4

Molecular Weight: 246.22
180
160
, ppm
140 1 Eg. 17:2
2 27.23

% 3 116. 14
oo 4 122.26
: 5 122.34
80 6 123.95
" 7 130.41
i 8 135.32
10 9 154.85
'm 10 165. 37
| 11180. 19
o 12 183. 94
i 13204. 94
=20
F-40
=60
=80
=100

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)
86



N ™M ™ O O NMNLW o o O
16 (C1) 38 8 3828 3 ]§
H ~ | —Ne— | N
~15000
14000
13000
12000
L 11000 Chemical Formula: C;3H,05
Molecular Weight: 248.23
~10000
9000 Name Shift J's
' 1A (d) 1.28 6.39
Em] b e ¢ @ Bl ] [ @ 8000 2B (s) 1.90
8.03 7.33 4. 98 1190 1.28
5 H = W = I 3C (q) 4.98 6.31, 6.31, 6.31
7000 4D (s) 7.33
I 5E (m) 8.03
~6000
~5000
~4000
~3000
~2000
I J‘—‘J 1000
J o, A _JJL__JL— Lo

r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
12.0 11.5 11.0 10.5 10.0 9.5 9.0 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 0.0
f1 (ppm)

87



TN < N~ DVITITOW

16 (C1) XX © o N OO © ©
< Q N < S oOYYOo- ® @ b
0 O 0 0 < AN AN N~ — N ]

(: ~ ~ ~ ~ T - v © N [o'e]
\ o/ N4 I IR e I I I

40 Chemical Formula: C3H,05
Molecular Weight: 248.23
35
30
ppm
1 8.61
% 2 23.88
3 62.86
20 4 111.15
5 119.39
15 6 124.14
7 124. 44
o 10 8 129.95
| : 9 140. 27
| B 10 154. 91
11157. 64
12 180. 82
13184. 44

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

88



19 (Monascusone A) 8 3322 58353 IBLIIHIR2E
H 0w <t OB OOHOHOHmm NNNNNNNN ~ 750
| ~N— e = f——
700
650
600
Chemical Formula: C |3H3O5
%0 Molecular Weight: 254 28
500
450
I (dd) E (d) B|(s) . )
3.89 2.43 1] 20 . Name ShiftClass J's
L (dd) 7 @ [t o [c|m D (w Al @ g 1 A () 1.18 d 6. 2
5. . . 3. : .3 | g
H36 1_8|0 '3_2 .?_‘63 ?:—_‘29 B 2.32 118 | so £ 2 C (II]) 1 19 -
7 (d) (m)
Fz_b.dl Cl " 3 B (s) 1.20 s
300 4 D (m) 2.32 m
5 E (d) 2.43 d 9.8
20 6 F (d) 2.61 d 5.3
200 7 G (m) 3.29 m
8 H (s) 3.63 s
150 9 I (dd) 3.89 dd 5.4, 9.8
| 10J (d) 3.99 d 6.8
iy o 11K (dd) 4.80 dd 6.8, 25.0
, 0 - ™ 12L (s) 5.36 s
|
U
8.IO ' 7.l5 I 7.]0 I 6.]5 ' 6.I0 ' 5.I5 ‘ 5.‘0 I 4.]5 ' 4.I0 ' 3.l5 I 3.]0 I 2.]5 ' 2.I0 ' 1.l5 I 1.10 ' 0.I5

f1 (ppm)

89



19 (Monascusone A)

C
N~ 0 o N N Qo © = < o~ 450
2 € 3 S oNEeg ¢ 3
| | | | | VN l | I
400
350
Chemical Formula: C |3H3O5
Molecular Weight: 254 .28
300
250
= ppm
1 197.58
F200  F 2 165.32
3 149.77
4 112.82
e 5 102.86
6 76.73
L 100 7 72.12
8 65.03
9 63.68
1043. 16
11 34. 03
1221.99
1316.71

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)

T

90



24 (Acetyl-Monasfluol A)

H o o ©©0omN
< ® ®®eS
~ © O 16 16 1
| | ~
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Chemical Formula: C3H,40,
Molecular Weight: 236.27
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7. Heterologous production of MonAzPs biosynthetic intermediates
7.1. Heterologous expression of mrpigA in Aspergillus oryzae M-2-3

Heterologous expression of mrpigd in A. oryzae M-2-3 (arginine auxotroph) followed established protocols (Pahirulzaman et al., 2012).
Briefly, the mrpigA gene was cloned in the entry plasmid pE-YA (kindly provided by Prof. Colin M. Lazarus, University of Bristol, U.K.) by
homologous recombination in Saccharomyces cerevisiae. The expression plasmid pT3P-mrpigA was obtained by using the LR reaction of the
Gateway technology. The expression plasmid was introduced into 4. oryzae M-2-3 by protoplast-mediated transformation. The colony
morphologies of A. oryzae M-2-3 and its mrpigA transformant A. oryzae-A were compared (Figure 7-1), and showed an obvious colony color

change.
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A.oryzae M-2-3

Top Bottom

Figure 7-1. Colony morphologies of A. oryzae M-2-3 and its mrpigA transformant A. oryzae-A.

Mycelia of the two strains were incubated on CMP agar medium (3.5% CzapekDox Broth, 2% maltose, 1% polypeptone, 2% agar) at 30°C for
10 days.

The metabolites of A. oryzae-A were analyzed by HPLC/MS using 4. oryzae M-2-3 as a control. The two strains were incubated on CMP
agar at 30°C for 5 days. The HPLC conditions are presented in Table 7-1. The results showed that the A. oryzae-A mainly produced 15

(m/z=246). However, the predicted polyketide product of mrpigA, compound 14 (m/z=232), was found only in minute amounts (Figure 7-2).
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Table 7-1. The gradient elution profile for analyzing 4. oryzae transformants by HPLC

Time (min)  Flow rate (mL/ min)  0.5% phosphoric acid (%) ACN (%) Deionized water (%)
0 0.8 5 10 85
25 0.8 5 65 30
30 0.8 5 90 5
31 0.8 5 10 85

35 0.8 5 10 85
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20

25 30 35 min

Figure 7-2 HPLC profile of 4. oryzae M-2-3 and A. oryzae-A.

Compounds were detected at 276 nm.

As proposed, the putative ACP-bound benzaldehyde intermediate 11 is released from MrPigA by the expedient aldol cyclization of C10

with the C1 thioester to yield the C10-bicyclic compound 14 and its spontaneously oxidized quinone derivative 15 (Figure 7-3).

14 and 15 are also the main products of the mrpigC knockout strain.
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Figure 7-3 The proposed pathway for 14 and 15.
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7.2. Heterologous expression of MonAzPs biosynthetic genes in Saccharomyces cerevisiae

The intronless mrpigd ORF was reconstructed from three parts: a 1,065-bp fragment PCR-amplified with primers MrpigA 1 F and
MrpigA 1 R (Table 7-2); a 6,026-bp Kpnl - SexAl restriction fragment of pT3P-MpigA4 (Section 7.1); and a 1,169-bp fragment PCR-amplified
with primers MrpigA 2 F and MrpigA 2 R. The PCR fragments were amplified by Phusion polymerase (Thermo Scientific) using the
chromosomal DNA of M. ruber M7 as the template. The three fragments and the Ndel — Pmel — digested YEpADH2p-FLAG-URA (Xu ef al.,
2013) vector were transformed into Saccharomyces cerevisiae BJ5464-NpgA (Ma et al., 2009) to yield YEpMrPigA by in vivo homologous

recombination. After plasmid rescue into E. coli DH10B, the reconstituted intronless mrpig4 nrPKS was verified by sequencing.

The plasmid YEpMrPigC was constructed to express the M. ruber M7 mrpigC gene encoding the MrPigC oxoacyl-[ACP] reductase. The
912-bp intronless mrpigC gene was amplified with primers MrpigC_F (Ndel) and MrpigC R (Pmel) and cloned into pJET1.2. After sequence
verification, the mrpigC gene was ligated as an Ndel - Pmel fragment into the corresponding sites of YEpADH2p-FLAG-TRP (Xu ef al., 2013)
to yield YEpMrPigC.

The plasmid YEpMrPigG was constructed to express the M. ruber M7 mrpigG gene encoding the MrPigG putative serine hydrolase. The
822-bp intronless mrpigG gene was amplified with primers MrpigG_F (Ndel) and MrpigG R (Pmel) and cloned into pJET1.2. After sequence
verification, the mrpigG gene was ligated as an Ndel - Pmel fragment into the corresponding sites of of YEpADH2p-FLAG-Leu (Bai et al., 2016)
to yield YEpMrPigG.

The plasmids YEpMrPigA, YEpMrPigC, and YEpMrPigG were used to transform S. cerevisiae BJ5464-NpgA (Ma et al., 2009) alone or in
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combinations. Yeast fermentations and product analysis was conducted as described earlier (Bai ef al., 2016; Xu et al., 2014a,b ).

Table 7-2. Primers used to construct the yeast expression vectors YEpMrPigA, YEpMrPigC and YEpMrPigG

Primer name Sequence (5’ —3’)

MrpigA 1 F GGACTACAAAGACGATGACGACAAGCTTCATATGGTCAGTCGGATATTGCGCC
MrpigA 1 R TCTGGGCCGAAAGAGACCAGCACAG

MrpigA 2 F CTCCTCCCGGAAAATGCGTTCTG

MrpigA 2 R AGTGATGGTGATGGTGATGTCCGTTTAAACTCAGTGCAGGAAACCCAT

MrpigC_F (Ndel) | ATTCCATATGCCTCCTCCTAGGGGT

MrpigC_R (Pmel) | GCCGCGCCGTTTAAACCTAGTAGATAAATTTCAC
MrpigG F (Ndel) | ATTCCATATGCCAGCCAACCGCTC

MipigG R (Pmel) | CTTTGTTTAAACTCAAATCCGTCTCTGGAG
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Figure 7-4. Biosynthesis of MonAzPs intermediates in S. cerevisiae. HPLC traces were recorded at 300 nm for extracts of S. cerevisiae

BJ5464-NpgA transformed with the appropriate plasmids. Unlabeled peaks: yeast metabolites unrelated to MonAzPs intermediates.
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8. [Enzyme assay for MrPigD

8.1. Expression of the mrpigD gene in Escherichia coli

The mrpigD gene was amplified by PCR from c¢DNA of Monascus ruber M7 with primers Mpig D-F:
GGAATTCCATATGATGGAGGATCCTGCTCGGACG and Mpig D-R: CCCAAGCTTTCACCCTATATACTCCGCATACG. The resulting
PCR product was cloned into pET-28a utilizing the Ndel and HindIll restriction enzyme sites present in the primers (shown in red). E. coli BL21

cells were used as the host for the plasmid pET-28a-MpigD.

E. coli BL21 transformants with pET-28a-MpigD were cultivated in 2TY medium (1% yeast extract, 1.6 % tryptone, 0.5% sodium chloride)
with 0.1mM IPTG, with shaking at 200 rpm, 25°C overnight. The harvested cells were resuspended in Tris-HCI buffer (50 mM, pH 7.5) and
sonicated. The clarified supernatant was used for the purification of the MrPigD protein using a Ni-NTA column (GE healthcare HisTrap™ FF,
SmL) (Figure 8-1).
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Figure 8-1. SDS-PAGE for purified MrPigD protein (49 kDa, Line 1), induced

supernatant with IPTG (Line 2) and supernatant without induction (Line 3)
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8.2. Substrate preparation

Preparation of compound 17
Compound 17 was purified from the PDB culture of the mrpigD knockout mutant of M. ruber M7.

0

S

HO

T 0 OH

C13H1405
17

Semi-Preparative LCMS and compound purification.

Purification of compounds was generally achieved using a Waters mass-directed autopurification system comprising of a Waters 2767
autosampler, Waters 2545 pump system, a Phenomenex Kinetex Axia column (5u, Cis, 100 A, 21.2 x 250 mm) equipped with a Phenomenex
Security Guard precolumn (Luna Cs 300 A) eluted at 20 mL/min at ambient temperature. Solvent A, HPLC grade H>O + 0.05% formic acid;
Solvent B, HPLC grade CH3CN + 0.045% formic acid. The post-column flow was split (100:1) and the minority flow was made up with HPLC
grade MeOH + 0.045% formic acid to 1 mL-min-1 for simultaneous analysis by diode array (Waters 2998), evaporative light scattering (Waters
2424) and ESI mass spectrometry in positive and negative modes (Waters SQD-2). Detected peaks were collected into glass test tubes. Combined

tubes were evaporated in vacuo (vacuum centrifuge), weighed, and residues dissolved directly in NMR solvent for NMR analysis.
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Preparation of 5-hexanoyl-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-one

5 3 1

6] 4 2

HO__A__O
8 7 T2
0.90

P

10 11

0]

Pyridine (5.0 mmol, 0.8 mL) and DMAP (1.0 mmol, 123.4 mg) were added into a solution of Meldrum’s acid (5.0 mmol, 735.4 mg) in CH>Cl»
(10 mL) under nitrogen. The mixture was stirred for 10 minutes at room temperature and then cooled on ice. Hexanoyl chloride (5.1 mmol, 686
mg) was added slowly into the mixture at 0 °C. Afterwards, the reaction was stirred at room temperature overnight. To isolate the product, the
reaction mixture was washed with 2 M HCI (5 mL) three times and then washed with water (5 mL) three times. The organic phase was concentrated

and passed through a silica gel column with Hexane/EtOAc (30:1 first, then 10:1). The product was obtained as an orange oil (726.4 mg, 60 %).

'"H NMR (400 MHz, Chloroform-d):

& (ppm) 3.09 — 2.96 (5-CHa, m, 2H), 1.69 (10-CHs, 11-CHs, s, 6H), 1.67 — 1.59 (4-CHa, m, 2H),

1.45 - 1.24 (2-CH,, 3-CH>, m, 4H), 0.86 (1-CH3, t, /= 7.0 Hz, 2H).

13C NMR (101 MHz, Chloroform-d):

& (ppm) 198.16 (8-enol C), 170.50 (6-CO), 160.06 (12-CO), 104.65 (9-C), 91.20 (7-C), 35.58 (5-CHa), 31.41 (4-CHz), 26.69 (10-CHs, 11-CHs),
25.74 (3-CHa), 22.21 (2-CHa), 13.76 (1-CHs).
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HRMS calcd for C12H130s (M+H)" 243.1232, found:243.1283

IR (y= em™):1738, 1661 (C=0). 1572 (-C=C-). 1269, 1202, 1153 (C-O).

Preparation of pantetheine dimethyl ketal

NN
O (@]
1. N3 8 7R 4 _11‘(1;
N 13
HS™ 3 m :
O O 12 1

D-pantothenic acid hemi-calcium salt (2.50 g, 5.20 mmol), p-toluensulfonic acid (2.30 g, 13.00 mmol) and 5 g molecular sieves were suspended
in 125 mL dry acetone and stirred at 25 °C for 12 hours under a nitrogen atmosphere. The suspension was filtered with celite and washed with 200
ml acetone. The filtrate was concentrated to a colourless oil, redissolved in 200 ml ethyl acetate and washed two times with brine (25 ml) and dried
over MgSOs. After that the ethyl acetate was removed under vacuum and hexane was added to the flask to precipitate a white solid that was dried
under high vacuum. The corresponding D-pantothenic dimethyl ketal (1.90 g, 7.00 mmol) was dissolved in 40 mL dry THF with
carbonyldiimidazole (1.70 g, 11.00 mmol) and stirred for one hour at 25 °C. Then cysteamine (1.30 g, 11.00 mmol) was added to the solution and
stirred for 12 hours. The solution was concentrated under vacuum and CH>Cl»> was added. The organic layer were washed with sat. aq. NH4Cl (25

mL) and brine (25 mL), dried over MgSO4 and concentrated under vacuum. The colourless oil was purified by column chromatography (ethyl
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acetate) to geive a white solid (1.90 g, 6.00 mmol, 86 %). R¢: 0.1 (ethylacetate).

'"H NMR (400 MHz, Chloroform-d):

O [ppm]: 0.98 (s, 3H, 11-CH3); 1.05 (s, 3H, 12-CH3); 1.39 (t, J= 8.6 Hz, 1H, SH); 1.43 (s, 3H, 15-CH3); 1.47 (s, 3H, 16-CH3); 2.40 (t, /= 5.8 Hz,
2H, 5-CH»); 2.64-2.70 (m, 2H, 1-CH2); 3,29 (d, J=12.0 Hz, 1H, 13a-CH3); 3.37-3.63 (m, 4H, 2-6-CH>); 3,69 (d, J = 12.0 Hz, 1H, 13b-CH2); 4.09
(s,1H, 9-CH); 6.37 (bt, /= 5.2 Hz, 1H, 3-NH); 7.03 (bt, /= 5.9 Hz, 1H, 7-NH).

13C NMR (101 MHz, Chloroform-d):
8 [ppm]: 18.7 (12-CHs); 18.9 (11-CHa); 22.1 (15-CHs); 24.6 (1-CHa); 29.5 (15-CHs); 33.0 (10-C); 34.9 (6-CHa); 36.2 (5-CHa); 42.4 (2-CH,); 71.4
(13-CHz); 77.2 (9-CH); 99.1 (14-C); 170.3 (4-CO); 171.1 (8-CO).

ES-MS: m/z (%): 319 [M] H (65%), 261 [M~(CHz),CO] H' (100%).
IR (y em™): 3419 (N-H), 3324 (N-H), 2980 (CH), 2944 (CH), 2872 (CH), 2556 (C-O), 1659 (-C=0)
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Preparation of 3-oxooctanoyl pantetheine

1 N
3 5078S 101W1W
O O 47 18

A solution of 5-hexanoyl-6-hydroxy-2,2-dimethyl-4H-1,3-dioxin-4-one (0.314 mmol, 76.2 mg) and pantetheine dimethyl ketal (0.157 mmol,
50.0 mg) in toluene (0.314 mL) was stirred at 90 °C under nitrogen for 6 hours, before the solvent was removed in vacuo. Tthe mixture was added
to 1 N HCI (0.2 mL) in 3 mL of methanol and stirred at room temperature for 4 hours.The solution was neutralized with 1 N NaOH (0.2 mL) to
pH 7. The solution was extracted with CH2Cl; (2 mL) 5 times. The concentrated crude product was purified by mass-directed HPLC. The pure

product was obtained as a yellow oil (25 mg, 38 %).

'H NMR (400 MHz, Chloroform-d):

§ (ppm) 7.46 (14-NH, t, J = 5.9 Hz, 1H), 6.78 (11-NH, t, J = 5.9 Hz, 1H), 5.43 (7-enol CH, s), 3.98 (15-CH, s, 1H), 3.69 (7-CHa, s, 2H), 3.59 —
3.28 (10-CHa, 13-CHa, 19-CHa, m, 6H), 3.05 (9-CHa, qd, J = 7.9, 7.1, 2.8 Hz, 2H), 2.51 (5-CHa, t, J = 7.4 Hz, 2H), 2.42 (12-CHa, t, J = 6.1 Hz,
2H), 2.15 (5-enol CH, t,J = 7.7 Hz), 1.56 (4-CHa, p, J = 7.4 Hz, 2H), 1.27 (2-CHa, 3-CHa, J = m, 4H), 0.98 (18-CHs, s, 2H), 0.90 (17-CH, s,
3H), 0.87 (1- CHs, t, J = 7.0 Hz, 2H).
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13C NMR (101 MHz, Chloroform-d):

0 (ppm) 202.91 (6-CO), 192.48(8-CO), 173.89 (11-CO), 171.97 (14-CO), 99.11 (7-CH>), 70.75 (15-CH), 57.04 (19-CH>), 43.52 (5-CH>), 39.33
(16-C), 39.07 (10-CH>), 35.61 (13-CHz), 35.18 (9-CH>), 31.09 (12-CHz>), 29.04 (3-CH>), 23.09 (2-CH>), 22.36 (2-CH2), 21.47 (18-CHs), 20.47
(17-CH3), 13.88 (1-CHa).

HRMS calcd for C1oH34N206S (M+H)" 419.2216, found:419.2215

IR (y = cm™):

3240 (b, N-H, O-H). 1645,1721 (-C=0). 1528 (-CONH-). 1040 (C-O).
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NMR of 3-oxooctanoyl pantetheine
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8.3. Enzyme assay

Substrates 17 and CsH1302-S-PANT were individually dissolved in water at the concentration of 10 mg/mL. For the enzyme assay, 10 uL.

of 17, 17uLL CgH1302-S-PANT (molecular ratio of the substrates 1:1) and 5 pL purified MrPigD protein were mixed with 68 uL phosphate buffer
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(50 mM, pH 7.5). After incubation at 25°C for 2 h, 100 uL. CH3CN was added to stop the reaction, and the reaction was centrifuged to remove

the precipitate. 20 pL of supernatant was analyzed by HPLC/MS (Figure 8-2 and 8-3).

A 1.21
8.0e+1
6.0e+1
4.0e+1 » 78 CsHi1302-S-PANT
2.0e+1 5.65
00— e TiMe
-0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00
B 1.21
8.0e+1
6.0e+1
AU 20
4.0+
7.27
2.0+l f
2.80
5.63
Ll T T e e e e e e e e e Time
-0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00

Figure 8-2. HPLC chromatograms of MrPigD enzyme assays. A: Enzyme assay with substrates 17 and CgH302-S-PANT, using boiled
(inactivated) MrPigD protein. B: Enzyme assay with substrates 17 and CgH1302-S-PANT, using the active MrPigD protein. Compounds were
detected at 445 nm.

124



216.57
o
1 0814 \
AU &
5.0e-27 \ 444 87
3 \.\- --‘_d. w e )
T g
0.0 T 3 R R T T |"'1.':"'|""|ﬂrn
100 200 300 400 500 GO0
7 Scan E3
B e 39336 1.8166
]
37128
{10618 g 32736, 394,36
0. i bl 24928 | I J395AB 60239 69126 BT07T 78766 87389 ,9114'5‘:.953,3%”
AR TRARRE " " SRR MREERREP ™ WOGRARE P BaE- " " " | RARDRE™. .
C 1 Gtan ESe
’ 100- 373.30 1.57ef
386.30
] 32033 |
] 10816 18516 51 44 396 31
otka [ - [, 43 5708858640 59397 76748 7994594379 2309 Esl:n?f
O B O R g

Figure 8-3. UV spectrum (A) and mass spectra (B: negative mode; C: positive mode) for compound 20

In addition to the peaks for substrates 17 and CsH1302-S-PANT, comparison of the two HPLC chromatograms in Figure 8-2 revealed a new

peak (Rt 7.27 min) when the active MrPigD enzyme was present in the reaction.
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Mass spectrometry shows that the molecular weight of product



product 20 (Figure 8-4).

20 is 372, identical to that of the assumed reaction product of substrates 17 and CsHi30,-S-PANT (Figure 8-4).
catalyzes acyl transfer from CsH1302-S-PANT to substrate 17 to form intermediate 18, followed by spontaneous Knoevenagel cyclization to yield

We conclude that MrPigD

o) O O OH
= PP
HO O OH s > \"/><\OH
AN + \g/\/ |
o 17
MrPigD

aldol condensation

0)
(@) O X Spontaneous Knoevenagel
WO ~ P OH
O
18

C,1H2404

Exact Mass:372.1573
Figure 8-4. In vitro assay to verify MrPigD-mediated acyl transfer.
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9. In vitro reaction of rubropunctatin (3), monascorubrin (4) and monascin (1) with 17 amino acids and
ammonia

9.1. Preparation of the substrates

Fresh spore suspensions (10°/mL, 100uL) of M. ruber M7 were inoculated into 30 g of rice medium, and incubated at 28°C for 15 days.
Dried fermented rice powder (0.50g) was extracted with 100% methanol (4 mL). Rubropunctatin (3, orange pigment, OP), monascorubrin (4,
OP) and monascin (1, yellow pigment, YP) were isolated from the methanol extract by semi-preparative HPLC, using an Intertsil ODS-3 column
(250 mm % 10 mm, 5 um), an isocratic elution with the mobile phase of 90% methanol, a flow rate of 3 mL/min and an injection volume of 50
puL. Fractions containing rubropunctatin, monascorubrin and monascin were collected, dried under nitrogen flow, and dissolved in methanol.

Ammonia (NH3 * H2O, 0.1 mol/L), and 17 different amino acids (Glu, Tyr, Asp, Val, Ile, Gly, Thr, GABA, Phe, Met, The, HyPro, Orn, His,

Asn, Arg and Lys) were chosen as substrates. Double-distilled water was used as a negative control.

9.2. Reaction conditions

All amino acids were individually dissolved in double-distilled water at the concentration of 0.1 mol/L, except for Tyr (0.0045 mol/L) and
Asp (0.05 mol/L), due to their low solubility. 50 pL aliquots of the aqueous amino acid solutions (or that of ammonia in double-distilled water)
and 50 pL of 0.35 mmol/L rubropunctatin, monascorubrin or monascin, respectively (all dissolved in methanol) were mixed in PCR tubes, and

incubated at 25°C for 10 min.

9.3. Detection methods

Reaction products were analyzed on an Acquity ultra performance liquid chromatograph (UPLC) with an Acquity BEH C18 column (2.1
mm X 100 mm, 1.7 um). Isocratic elutions were performed with the mobile phase including solvent A (0.1 % formic acid in water), solvent B
(acetonitrile) and solvent C (double-distilled water) (A:B:C volume ratio is 10:50:40), a flow rate of 0.3 mL/min and an injection volume of 2 pL.
Detection was set to 210 nm to 600 nm. The temperatures of chromatographic column and sample were maintained at 40°C and 4°C,

respectively.

127



UPLC-MS analysis of the reaction products was performed on a Waters ACQUITY UPLC system, equipped with a Xevo tandem quadrupole
mass spectrometer (Waters, Milford, MA, USA), using the same UPLC method. Two microliters of each sample were injected into the column.
Mass spectrometry was performed using a single quadrupole detector equipped with an electrospray ionization source (ESI). Positive
ionization was used in the scan mode from 200 to 600 m/z. The capillary voltage was set to 2.5 kV, the source and desolvation temperatures
were optimized, and kept at 150°C and 350°C, respectively. The desolvation gas was delivered at a flow rate of 10 L/min and the cone gas was

set to 1 L/min.

9.4. Results

As shown in Figure 9-1, ammonia and some of the amino acids such as Arg and GABA could easily react with the orange pigments
rubropunctatin (3) and monascorubrin (4), as reflected in the obvious color changes of the reaction mixtures compared to the control. In
contrary, no significant color change was observed in the reaction with the yellow pigment monascin (1) and the tested amino acids and
ammonia.

In order to further confirm the reaction of OPs rubropunctatin (3) and monascorubrin (4) with amino acids and ammonia, we selected their
reactions with GABA, Lys and ammonia as representatives and analyzed the reaction products by UPLC-MS. As shown in Figures 9-2 to 9-7,
GABA, Lys and ammonia directly react with rubropunctatin and monascorubrin to form the expected products, while the UPLC-MS results

confirmed that the amino acids and ammonia did not react with the yellow pigment monascin (data not shown).
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Figure 9-1. In vitro reactions between orange and yellow MonAzPs and 17 amino acids and ammonia. A, Reaction of rubropunctatin
(3) with 17 amino acids and ammonia. B, Reaction of monascorubrin (4) with 17 amino acids and ammonia. C, Reaction of monascin (1)
with 17 amino acids and ammonia.
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Figure 9-2.

Asterisks indicate the peaks of the listed compounds on the right.

Total ion chromatograms of the reactions of rubropunctatin with H20, ammonia, Lys and GABA, respectively.
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Figure 9-3. Total ion chromatograms of the reactions of monascorubrin with H20, ammonia, Lys and GABA, respectively.
Asterisks indicate the peaks of the listed compounds on the right.
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Figure 9-4. UV-VIS spectra of the products of rubropunctatin reacting with H20, ammonia, Lys and GABA, respectively.
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Figure 9-5. UV-VIS spectra of the products of monascorubrin reacting with H20, ammonia, Lys and GABA, respectively
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Figure 9-6. Mass spectra of the products of rubropunctatin reacting with H-O, ammonia, Lys and GABA, respectively.
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Figure 9-7. Mass spectra of the products of monascorubrin reacting with H20, ammonia, Lys and GABA, respectively
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10. Domain analysis of MrPigA, the MonAzPs polyketide synthase from M. ruber M7
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11. Mechanism of Knoevenagel cyclization

Knoevenagel cyclization plays an important role in MonAzPs production. The following example shows the reaction mechanism of

Knoevenagle cyclization.
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