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I. Experimental Procedures:

DNA manipulation and plasmid construction.

The genomic DNA of actinobacteria was prepared according to the protocol described previously®. All plasmids were iso-
lated from a 5 mL liquid culture of the corresponding Escherichia coli DH5a strains using the SanPrep Column Plasmid Mini-
Preps Kit (Sangon Biotech (Shanghai) Co., Ltd., China). PCR amplifications were conducted on a Bio-Rad S1000™ Thermal
Cycler using Phanta Max Super-Fidelity DNA Polymerase (Nanjing Vazyme Biotech Co., Ltd., China). ClonExpress MultiS
One Step Cloning Kit (Nanjing Vazyme Biotech Co., Ltd., China) was used to clone DNA into plasmid. DNA concentrations
were measured using the NanoDrop 2000c Microvolume UV-vis spectrophotometer (Thermo Fisher Scientific). Sequence
identity was confirmed by sequencing (Tsingke Biotechnology Co., Ltd., China). The plasmids used in this study were shown
in Table S3. Primers and oligonucleotides were also synthesized by Sangon Biotech (Shanghai, China) and were shown in
Table S4.

A paired oligonucleotides SF14p-F, SF14p-R were degenerated, and ligated with linearized vector pSOK804?2 at Hindl11 and
EcoRI endonucleases cleavage sites to generate plasmid pSOK-SF14p. The crt cluster containing crtE, crtl and crtB genes of
Streptomyces avermitilis was amplified with primers crtEIB-F and crtEIB-R and cloned into Bcul and EcoRlI site of pSOK-
SF14p to generate plasmid pSOK-SF14p-crt. The promoter kasOp* was amplified from plasmid pSET152-kasOp* with paired
primers kasOp*-F/kasOp*-R, and clone into pSOK-SF14p-crt between Hindlll and Bcul site to generate plasmid pSOK-
kasOp*-crt. The promoter ermEp was amplified from house-keeping plasmid pUW201 with paired primers ermEp-F/ermEp-
R, and cloned into pSOK-SF14p-crt between HindlIl and Beul site to generate plasmid pSOK-ermEp-crt. A SF14p-crtE gene
fragment was amplified from pSOK-SF14p-crt using paired primers SF14p-F2/crtE-R, and a ptIB gene fragment was amplified
from S. avermitilis genomic DNA using paired primers ptIB-F and ptIB-R, then both of the fragments were cloned into plasmid
pSET152 at Xbal and Xhol site with hygromycin resistance gene to yield plasmid pSET-SF14p-EB. The identified terpene
biosynthetic genes were amplified from genomic DNA and subsequently cloned into plasmid pSOK-SF14p between Bcul and
EcoRl sites. These plasmids were transferred into the E. coli ET12567 (pUZ8002) strain individually, and further introduced
into Streptomyces by conjugation®.

Culture conditions of recombinant strains.

ISP4 solid medium was used to display the color of strains, strains were cultured in plates for 3 days at 30 <C. Recombinant
strains containing lycopene BGC were cultured in four mediums: A, F, ISP2, TSB. Recombinant strains containing others
terpenoids BGCs were just cultured in F medium. All of them were cultured for 6 days at 180 rpm shaker in 5 liters’ scale
using 1-liter shake flask containing 200 mL liquid medium. After fermentation, the culture was extracted with ethyl acetate
directly, and ethyl acetate was removed under reduced pressure to obtain crude extract which can be used for terpenoids isola-
tion.

ISP4 medium (1 liter): soluble starch 10 g, K;HPO4 1 g, MgSO.¢7H20 1 g, NaCl 1 g, (NH4)2SO4 2 g, CaCO3 2 g, FeSO4+7H,0
1 mg, MnCl»+*4H;0 1 mg, ZnSO,*7H,0 1 mg, agar 20 g.

A medium (1 liter): soluble starch 10 g, yeast extract 4 g, peptone 2 g, CaCOs 1 g, Fe2(SO4)3+4H20 40 mg, KBr 100 mg.

F medium (1 liter): sucrose 20 g, glucose 10 g, casamino acids 0.1 g, yeast extract 5 g, MOPS 5 g, K2SO4 0.25 g, MgCl2*6H20
1 g, trace elements solution 1 mL. Trace elements solution: ZnCl, 40 mg/L, FeClz*6H20 200 mg/L, CuCl,*2H,O 10 mg/L,
MnClz+4H;0 10 mg/L, Na;B407+10H;0 10 mg/L, (NH4)sM0702424H,0 10 mg/L.

ISP2 medium (1 liter): glucose 4 g, yeast extract 4 g, malt extract 10 g.
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TSB medium (1 liter): pancreatin digest of casein 17 g, papain digest of soybean meal 3 g, NaCl 5 g, K;HPO4 2.5 g, glucose
250.

Extraction and HPLC analysis of lycopene.

To extract lycopene from the Streptomyces strains, 2 mL aliquots of the cell cultures were centrifuged at 13,000 >g for 10
min and washed twice with deionized water. The mycelia were lyophilized directly in dark, and grinded in liquid nitrogen
using a grander Tissuelyser-GXF (Jingxin Industrial Development Co., Ltd., China), then the pigments were extracted with 1
mL organic reagents (acetone : ethyl acetate = 1 : 1), when necessary, several extraction cycles were performed to remove all
visible colors from the cell pellets. The lycopene content in the extracts was quantified through absorbance at 470 nm by high
performance liquid chromatography (HPLC) analyses on an Agilent 1200 series HPLC system, with a diode array detector
(DAD) for UV/visible (Vis) spectrum. A Poroshell 120 EC-C18 column (4.6 <50 mm, 2.7 um, Agilent) was used and isocratic
elution with 80% acetonitrile/methanol for 20 min during the analysis. The injection volume was 5 pL and the flow rate was
kept constantly at 0.5 mL/min. And the concentrations of lycopene were calculated using a standard curve (Figure S3B) and
appropriate dilutions. The lycopene (B20378, HPLC > 90 %) was purchased from Shanghai yuanye Bio-Technology, the UV-

Vis spectrum of standard and extract lycopene were showed in Figure S3C.

Sequence similarity network (SSN) of terpene synthases.

A proteome database was established based on sequenced actionbacteria in our laboratory collection including obtained
from public collections and isolated from nature directly. HMM model search was achieved by command hmmsearch of
HMMER 3.1b2 with default parameters. The e-values of terpene synthases to each other were calculated using the nchi-blast

tool, and the SSN was visualized by CytoScape 3.5.1 software*.

Isolation and analysis of terpenoids.

Terpene skeletons were purified from crude extracts by column chromatography on silica gel using petroleum ether as eluent.
Low polarity terpenoids containing modification were also purified by silica-gel column, and eluted with the mixture of petro-
leum ether and ethyl acetate. Crude extracts of other terpenoids were fractionated by Medium Pressure Liquid Chromatography
(MPLC) over ODS column eluted with a linear gradient MeOH-H,O system from 10% MeOH to 100% MeOH. The target
fractions were further purified by semi-preparative HPLC. LC-MS analysis was performed on an Agilent 6530 TOF LC/MS
mass spectrometer with a Poroshell 120 EC-C18 column (4.6>60 mm, 2.7 um, Agilent Techonologies). GC-MS analysis was
performed on an Agilent (Santa Clara, CA, USA) 7890B GC fitted with a HP-5ms fused silica capillary column (30 m, 0.25
mm i. d., 0.25 um film), which was connected to a 5977A mass detector was used to record GC/MS data. GC parameters were
1) inlet pressure: 77.1 kPa, He at 20 mL min~, 2) injection volume: 1 pL, 3) temperature program: 5 min at 80 <C increasing
at 10 T min to 240 <T and then 5 T min to 280 <T, 4) 60 s valve time, 5) carrier gas: He at 1.0 mL mint. MS parameters
were 1) source: 230 T, 2) transfer line: 250 <C, 3) quadrupole: 150 <T and 4) electron energy: 70 eV. The NMR spectra were
collected on Bruker Avance 400 with 400 MHz for *H and 100 MHz for *3C nuclei. Optical rotations were recorded on a S3
Rudolph Research Analytical Autopol VI automatic polarimeter using a 50 mm pathlength cell with [a]2° values reported in

degrees; concentration (c) is in g/100mL.
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I1. Supplementary Tables:

Table S1 The titer (mg / L) of lycopene produced by recombinant strains in different conditions.

Medium/promoter J1074-crt 1018-crt M1154-crt SBT18-crt
A/ SF14p 2219 %12 10.05 +0.64 10.49 +1.84 7.8 +£0.83
F/ SF14p 32.83 £2.43 8.72 £0.22 8.37 £1.77 3.25 +£0.27
F/ kasOp* 8.55 +0.99

F/ ermEp 5.21 +0.64

ISP2/ SF14p 15.92 +0.67 19.16 +3.14 2.76 0.3 6.34 +0.38
TSB/ SF14p 12.8 £0.14 5.17 +0.51 2.85 +0.08 4.41 +0.46

Table S2 Characterized bacterial terpene synthases and the e-value of HMM model search.

Entry PF03936 PF19086 Product / annotation Cn Ref.
AOAOH5BN57 2.7E-05 1E-32 (12E)-Labda-8(17),12,14-triene 20 (5,6)
AOAOH5BN61 4.1E-05 8E-36 (12E)-Labda-8(17),12,14-triene 20 (5,6)
A0A291SJC7 0.00051 3E-36 (+)-1soafricanol 15 (7)
A3KI17 3.8E-05 1E-29 2-Methylisoborneol 11 (8)
A4FG19 4E-31 2-Methylisoborneol 11 (8)
A7NHO1 0.00024 2E-49 (+)-T-Muurolol 15 9)
A9FZ87 2E-06 3E-44 (+)-Eremophilene 15 9)
A9IGK58 6.7E-05 9E-43 10-epi-Cubebol 15 9
ADU79148 2E-26 2-Methylisoborneol 11 9)
ADU79149 9E-26 2-Methylisoborneol 11 (20)
AEK?21533 6E-25 2-Methylisoborneol 11 (20)
AGO055049 8.5E-06 2E-24 Sodorifen 15 (11)
ALO06273 7.2E-06 6E-32 Venezuelaenes, VenA 20 (12)
B1W019 5.6E-06 1E-39 (+)-Caryolan-1-ol 15 9)
B2J4A4 1.9E-10 1E-49 5-epi-a-Selinene 15 9)
B5GMG2 7.2E-07 4E-46 1,8-Cineole 10 9)
B5GRC8 2E-21 Labda-7,13(16),14-triene 20 (6)
B5GS26 4E-36 (-)-8-Cadinene 15 9)
B5GW45 4E-31 (+)-T-Muurolol 15 9)
B5H7H3 1.7E-08 3E-47 Pristinol 15 (13)
B5HDJ6 8E-32 Selina-4(15),7(11)-diene 15 9)
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BAL14866
BAL14867
BAP82203
BAP82213
BAP82216
BAP82223
BAP82229
C7PLV2
CIK1X5
CCA53839
D2B747
D3KYU2
D5SL78
DIXD61
DIXDRS
E3VWJ0
EAMYYO
EAN7E5
E8W6C7
EFG04655
EFG04889
G2P5T1
12N045
KOK750
M1V9QO
M1VDX3
PODPK6
Q45222
Q55012
Q5KSN4
Q821Y4
Q82RR7
QIAJE3

QYF1V8

6E-06

8.6E-07

0.00037

0.00021

4.6E-07

2.1E-06

4.2E-07

6.4E-08

3.2E-05

1.5E-05

1.3E-09

3.1E-05

3.6E-09

8.8E-05

1.2E-08

9E-06

8.8E-08

6.5E-08

0.0012

4E-09

0.00093

3.3E-06

4E-41

8E-31

4E-32

3E-39

4E-34

9E-35

1E-28

9E-49

2E-08

1E-33

2E-43

2E-29

2E-37

3E-42

2E-23

3E-44

1E-37

3E-30

6E-38

2E-28

1E-29

6E-39

2E-26

8E-41

4E-24

9E-18

3E-36

3E-12

4E-44

1E-05

5E-43

TE-41

1E-23

6E-31

(-)-Germacradien-4-ol
(-)-epi-a-Bisabolol
Cyclooctat-7(8),10(14)-diene
(—)-Germacradien-4-ol
(-)-Isohirsut-4-ene
Selina-3,7(11)-diene
Odyverdiene-A

y-Cadinene
Cyclooctat-9-en-7-ol, CotB2
(+)-Dauca-8,11-diene
4-epi-Cubebol
2-Methylisoborneol
(3R)-Linalool
7-epi-a-Eudesmol
a-Amorphene

Pentalenene
(2Z,6E)-Hedycaryol

Corvol-ether A and B

(+)-(1(10)E,4E,6S,7R)-Germacradien-6-ol

Clavulatriene A
(-)-Isohirsut-1-ene
Isoafricanol
Tsukubadiene, TdS
(E)-B-Caryophyllene
Cembrene C, DtcycA
Nephthenol, DtcycB
Spiroviolene_SvS
ent-kaurene, blr2150
Pentalenene
ent-Pimara-9(11)-15-diene
Pentalenene
Avermitilol
Terpentetriene, CYC2

2-Methylisoborneol
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9)
©9)
©)
©)
©9)
©9)
©)
©)
©)
©9)
©)
®)
©)
©)
©)
(14)
©)
©)
©)
©)
©)
©9)
)
©)
(15)
(15)
(16)
(A7)
©)
(18)
(19)
©9)
(20)

(10)



QIF1Y6
QK499
QX839
TWH66842
WP_003955204
WP_003963279
WP_003963391
WP_004941320
WP_006348376
WP_010314578
WP_010998816
WP_011318775
WP_011333305
WP_011958209
WP_012190524
WP_012190525
WP_012381690
WP_012394883
WP_012789469
WP_013004899
WP_ 014150548
WP_028183010
WP_030426588
WP_030430753
WP_ 030431358
WP_030432512
WP_035852539
WP_035857999
WP_039829446
WP_ 041328593
WP_051714436
WP_052407688
WP_054468580

WP_073290622

0.00035

5.8E-05

1.4E-07

0.0011

3.2E-05

5.1E-06

0.00058

4.7E-06

7.1E-07

2.5E-08

0.0002

2.7E-05

2.3E-07

8.4E-06

2.8E-08

1.5E-09

6.3E-05

2.9E-11

9.9E-06

1E-26

2E-38

2E-88

5E-25

6E-34

2E-27

4E-34

6E-19

3E-33

8E-35

2E-41

TE-42

8E-31

3E-49

6E-41

4E-36

6E-47

1E-36

3E-40

3E-31

TE-32

8E-18

2E-35

1E-35

9E-21

8E-30

6E-29

1E-32

5E-26

2E-44

9E-24

9E-21

2E-25

8E-31

2-Methylisoborneol

epi-lsozizaene

Germacradienol and Geosmin

2-Methylisoborneol
Intermedeol
Hydropyrene
African-2-ene
Sestermobaraene
Selina-3,7(11)-diene
Spinodiene, SoS
Germacrene A
Germacrene A
2-Methylenebornane
(+)-T-Muurolol
Obscuronatin
a-Selinene
(+)-epi-Cubenol

(+)-Allohedycaryol

18-Hydroxydolabella-3,7-diene

Neomeranol B

Cattleyene, CyS

Isopimara-8,15-diene, SaDTS

Spiroalbatene, SaS

Cembrene A, CAS

Allokutznerene and Phomopsene, PmS

Bonnadiene, BdS
B-Himachalene
y-Bisabolene
Phomopsene
Cembrene C
Phomopsene
Phomopsene
2-Methylisoborneol

Chryseodiene, CpCS
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9)
©9)
(1)
(10)
©9)
©9)
©)
(22)
©)
©9)
©)
©)
©)
©)
©)
©)
©)
©)
©)
(23)
(24)
(25)
(26)
(26)
@)
@7)
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(26)
(29)
(29)
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WP_089795910 5.2E-08 5E-35 Wanjudiene, CWWS 20 (30)
WP_091046421 0.00055 1E-38 Micromonocyclol 20 (31)
WP_095757924 1.5E-05 2E-45 Spata-13,17-diene, SpS 20 (32)
WP_100105659 0.00015 1E-86 Germacradienol and Geosmin 15 (21)
WP_190371453 7E-90 Germacradienol and Geosmin 15 (21)
WP_239771469 0.00029 2E-35 Benditerpe-2,6,15-triene, Bnd4 20 (33)
YP_001866236 2.2E-06 1E-88 Geosmin 15 9)
Table S3 Genbank number of terpenoids biosynthetic genes were mentioned in this study.

Symbol of gene Genbank No. Symbol of gene Genbank No.
crte BAB69143 euoG PNE32286
crtl BAB69144 euoT PNE32120
crtB BAB69145 euoD PNE32119
ptiB BAC70708 sspM 0OLZ59235
argF UYP65652 sspG OLZ59235
argT UYP65651 sspT 0OLZ59233
eurT PNE30129 aliG PAU49966
eurP PNE30127 aliT PAU49965
netO GGR09481 aliT PAU49964
netT GGR09488 aliP PAU49973
netA GGR0949%4 xylT SDY90229
netP GGR09501 xylP SDY90207
forF ATL29994 natG K1Z16993

forD1 ATL29995 natT1l K1Z16994
forD2 ATL29996 natT2 K1Z216995
forT ATL29997 spgP UYP65655
morG GHF23893 spgT1 UYP65653
morT GHF23885 spgT2 UYP65654
morP GHF23877 vspP QKW17372
ariP1 SFP28037 vspT1 QKW17371
ariT SFP28068 vspT2 QKW17370
ariP2 SFP28100 aspP1 QKW39411
ariP3 SFP28132 aspP2 QKW39412
albG PAU47878 aspTl QKW39413
albT PAU47876 aspT2 QKW40963
albu PAU47875 fraTl SDG51259
albP1 PAU47874 fraT2 SDG51286
albP2 PAU47873 fraG SDG51315
fraP SDG51324
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Table S4 Plasmids were achieved in this study.

Plasmid Genes were cloned Product Discription
SOK-SF14 i ) a SF14p promoter was inserted into pSOK804 between HindlIl and
P P EcoRl site.
a crt cluster containing crtE, crtB, crtl was inserted into pSOK-SF14p
pSOK-SF14p-crt crtE, crtB,crtl lycopene between Bcul and ECoR| site.
i *. promoter SF14p was deleted and promoter kasOp* was inserted into
PSOK-kasOp*-crt CrtE, crtB,crtl lycopene pSOK-SF14p-crt between Hindlll and Beul site.
) ) promoter SF14p was deleted and promoter ermEp was inserted into
PSOK-ermEp-crt CrtE, crtB crtl lycopene pSOK-SF14p-crt between Hindlll and Beul site.
: ) crtE and ptIB under control of SF14p promoter inserted into pSET152
pSET-SF14p-EB crtE, crtB,crtl lycopene between Xbal and Xhol.
SOK-araT araT 1 gene argT was amplified by paired primers argT-F / argT-R and cloned
P g g into pSOK-SF14p between Bcul and EcoRl site.
i gene eurT was amplified by paired primers eurT-F / eurT-R and cloned
pSOK-eurT eurt 2 into pSOK-SF14p between Bcul and EcoRl site.
) gene netT was amplified by paired primers netT-F / netT-R and cloned
PSOK-netT nett 3 into pSOK-SF14p between Bcul and EcoRl site.
} ) gene forT was amplified by paired primers forT-F / forT-R and cloned
pSOK-forT forT into pSOK-SF14p between Bcul and ECoRI site.
i fragment morG-morT was amplified by paired primers morG-F / morT-
pSOK-morT morG, morT 4 R and cloned into pSOK-SF14p between Bcul and EcoRI site.
o . . gene ariT was amplified by paired primers ariT-F / ariT-R and cloned
pSOK-ariT ant 55 into pPSOK-SF14p between Beul and EcoRI site.
) s fragment albG-albT was amplified by paired primers albG-F / albT-R
pSOK-albGT albG, albT 6.6 and cloned into pSOK-SF14p between Bcul and EcoRl site.
) fragment euoG-euoT was amplified by paired primers euoG-F / euoT-R
PSOK-euoGT euoG, euoT ! and cloned into pSOK-SF14p between Bcul and EcoRl site.
) gene sspT was amplified by paired primers sspT-F / sspT-R and cloned
PSOK-sspT sspT ! into pSOK-SF14p between Bcul and EcoRl site.
T \ . . - fragment aliG-aliT-aliT' was amplified by paired primers aliG-F / aliT-R
pSOK-aliGTT aliG, aliT, aliT ) and cloned into pSOK-SF14p between Bcul and EcoRl site.
) ) gene xylT was amplified by paired primers xylT-F / xylT-R and cloned
PSOK-xyIT xyIT into pSOK-SF14p between Bcul and EcoRl site.
i fragment natG-natT1-natT2 was amplified by paired primers natG-F /
pSOK-natGT1T2 natG, natt1, natt2 8 natT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
) fragment spgT1-spgT2 was amplified by paired primers spgT1-F /
PSOK-spgT1T2 SpgTL, spgT2 9 spgT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
} fragment vspT1-vspT2 was amplified by paired primers vspT1-F /
pSOK-vspT1T2 VSpTL, vspT2 10 vspT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
) fragment aspT1-aspT2 was amplified by paired primers aspT1-F /
pSOK-aspT1T2 aspTl, aspT2 11 aspT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
) fragment fraT1-fraT2-fraG was amplified by paired primers fraT1-F /
PSOK-fraT1T2G fraTd, fraT2, fraG 10 fraG-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
) fragment eurT-eurP was amplified by paired primers eurT-F / eurP-R
pSOK-eurTP eurT, eurP 2a and cloned into pSOK-SF14p between Bcul and EcoRl site.
_ netO, netT, netA, fragment netOTAP was amplified by paired primers netO-F / netP-R and
PSOK-netOTAP netP 3a, 3b cloned into pSOK-SF14p between Bcul and EcoRl site.
pSOK-netOT netO. netT 3¢ 3d fragment netOT was amplified by paired primers netO-F / netT-R and

cloned into pSOK-SF14p between Bcul and EcoRl site.
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pSOK-netTP

pSOK-netTA

pSOK-morGTP

pSOK-ariP1TP2P3

pSOK-albGTUP1P2

pSOK-albGTUP1

pSOK-albGTUP2

pSOK-euoGTD

pSOK-sspGTM

pSOK-spgPT1T2

pSOK-vspPT1T2

PSOK-aspP1P2T1T2

pSOK-aspP2T1T2

PSOK-aspP1T1T2

pSOK-fraT1T2GP

fragment netT was amplified by paired primers netT-F / netT-R2, frag-

netT, netP 3e ment netP was amplified by paired primers netP-F / netP-R, both of them
were cloned into pSOK-SF14p between Bcul and EcoRl site.
netT. netA ) fragment netTA was amplified by paired primers netT-F / netA-R and
' cloned into pSOK-SF14p between Bcul and EcoRl site.
morG. morT. morP 4a fragment morG-morT-morP was amplified by paired primers morG-F /
' ' morP-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
ariP1, ariT, ariP2, 5a fragment ariP1TP2P3 was amplified by paired primers ariP1-F / ariP3-R
ariP3 and cloned into pSOK-SF14p between Bcul and EcoRl site.
albG, albT, albU, 6a. 6b fragment aloGTUP1P2 was amplified by paired primers albG-F / ariP2-
albP1, albP2 ' R and cloned into pSOK-SF14p between Bcul and EcoRl site.
albG, albT, albU, 6a. 6b fragment albGTUP1 was amplified by paired primers albG-F / albP1-R
albP1 ' and cloned into pSOK-SF14p between Bcul and EcoRl site.
albG. albT. albU fragment albGTU was amplified by paired primers albG-F / albU-R,
’aIbPé ' - fragment albP was amplified by paired primers albP2-F / albP2-R, both
of them were cloned into pSOK-SF14p between Bcul and EcoRl site.
fragment euoG-euoT-euoD was amplified by paired primers euoG-F /
euoG, euoT, euoD ! euoD-R and cloned into pSOK-SF14p between Bcul and EcoRI site.
fragment sspG-sspT-sspM was amplified by paired primers sspG-F /
$SpG, sspT, sspM ! sspM-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
fragment spgP-spgT1-spgT2 was amplified by paired primers spgP-F /
SpgP, spgT1, spgT2 % spgT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
10a, 10b,  fragment vspP-vspT1-vspT2 was amplified by paired primers vspP-F /
VSpP, vspT1, vspT2 10c, 10d  vspT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
aspP1, aspP2, 11a 11b fragment aspP1P2T1T2 was amplified by paired primers aspP1-F /
aspT1, aspT2 ' aspT2-R and cloned into pSOK-SF14p between Bcul and EcoRl site.
aspP2, aspT1, 11c fragment aspP2T1T2 was amplified by paired primers aspP2-F / aspT2-
aspT2 R and cloned into pSOK-SF14p between Bcul and EcoRI site.
fragment aspP1 was amplified by paired primers aspP1-F / aspP1-R,
aspP1, aspT1, ) fragment aspT1T2 was amplified by paired primers aspT1-F2 / aspP2-R,
aspT2 both of them were cloned into pSOK-SF14p between Bcul and EcoRI
site.
fraT1, fraT2, fraG, 12a, 12b,  fragment fraT1T2GP was amplified by paired primers fraT1-F / fraP-R
fraP 12¢ and cloned into pSOK-SF14p between Bcul and EcoRl site.

Table S5 Primers and oligonucleotides were used in this study.

Primer name Sequence (5" to 3%)

SF14p-F AGCTTGGGCTGCAGGTCGACTCTAGAGCCTTGACCTTGATGAGGCGGCGTGAGCTACAATCAATACT
CGATTAGGGATCCACGTCATATGACGTA

SF14p-R CTAGTACGTCATATGACGTGGATCCCTAATCGAGTATTGATTGTAGCTCACGCCGCCTCATCAAGGTC
AAGGCTCTAGAGTCGACCTGCAGCCCA

CrtEIB-F GATCCACGTCATATGACGTACTAGTACGACGAGAGGAACCGGGAT

crtEIB-R CAGCTATGACATGATTACGAATTCGGGTCATGCGACCTCCTCATGTG

kasOp*-F ACGCCTCATGGAGGGCGCGAAGCTTGGGCTGCAGGTCGACTCTAGA

kasOp*-R ATCCCGGTTCCTCTCGTCGTACTAGTACGTATGCATGCAGCATCG

ermep-F TACGCCTCATGGAGGGCGCGAAGCTTGAAGCAGCTCCAGCCTACA

ermep-R TCCCGGTTCCTCTCGTCGTACTAGTGGATCGATCCTACCAACCGG

SF14p-F2 AGCTTGGGCTGCAGGTCGACTCTAGA

crtE-R GCGTATCCCCTTTCAGATACTCATCGGGAGGCCCCCTC
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ptIB-F
ptIB-R
argT-F
argT-R
eurT-F
eurT-R
eurP-R
netT-F
netT-R
netO-F
netT-R2
netA-R
netP-F
netP-R
forT-F
forT-R
morG-F
morT-R
morP-R
ariT-F
ariT-R
ariP1-F
ariP3-R
albG-F
albT-R
albU-R
albP1-R
albP2-F
albP2-R
euoG-F
euoT-R
euoD-R
sspM-F
sspT-F
sspT-R
aliG-F
aliT-R
xylT-F
xylT-R
natG-F
natT2-R
spgT1-F

GTATCTGAAAGGGGATACGCAATGACCGTGACCCCGGAGTC
CAGCTATGACATGATTACCTCGAGTCAGACCTCCCGGTCCACGACGA
GATCCACGTCATATGACGTACTAGTCTCGGAGGAGTTCTTTCGGC
CAGCTATGACATGATTACGAATTCCACTCAGATGAAGTCCCACCACC
GGATCCACGTCATATGACGTACTAGTTACCCCTGTTTCTGCGCATC
CAGCTATGACATGATTACGAATTCATTTCTTCACTGAGGCCCCC
CAGCTATGACATGATTACGAATTCATCAACCGTGCGCCGAAGCT
CGATGCTGCATGCATACGTACTAGTACTTCGCTGAGGACGTGCGT
CAGCTATGACATGATTACGAATTCCGGGCATGACGTGTTCCCTT
CGATGCTGCATGCATACGTACTAGTGTGTTTCACCGCATACGCCG
TGAGTGGTGCCTCGCAGTACCGGGCATGACGTGTTCCCTT
CAGCTATGACATGATTACGAATTCGAGGTGATGAAGGGCAGTGG
AAGGGAACACGTCATGCCCGGTACTGCGAGGCACCACTCA
CAGCTATGACATGATTACGAATTCACATCGCGAACAGCCAGGCA
GATCCACGTCATATGACGTACTAGTCATCCACTGTTCAGGAGGAC
CAGCTATGACATGATTACGAATTCAAGTCCAACTCGCCTTCAGA
GATCCACGTCATATGACGTACTAGTAACGATGCGAAGGGGATCGA
CAGCTATGACATGATTACGAATTCTACGGATCGGTGGGTTCAGT
CAGCTATGACATGATTACGAATTCTCTCGACAGGGGCCTGTCAT
GATCCACGTCATATGACGTACTAGTGAGGACCGTTGCCATGTCGA
CAGCTATGACATGATTACGAATTCGGTGAGGAACAGCGTGGACAT
GATCCACGTCATATGACGTACTAGTAACGACGACCGCAAGGAGTC
CAGCTATGACATGATTACGAATTCATGGGTTCCATCCCGGTGTC
GGATCCACGTCATATGACGTACTAGTCCGCAGGCAGGTGACGTC
CAGCTATGACATGATTACGAATTCGACCCATCGGAATCCCCTTC
AGGGGTCAGTGGACCGTTTCTCAATTCCGTGCTGCCTGGC
CAGCTATGACATGATTACGAATTCTCAGTGGACCGTTTCGAGGG
GCCAGGCAGCACGGAATTGAGAAACGGTCCACTGACCCCT
CAGCTATGACATGATTACGAATTCTCACCAAAAGGTGGGGCGCC
GATCCACGTCATATGACGTACTAGTAAGGACCTCTTCCGCCGA
CAGCTATGACATGATTACGAATTCCTCATGTGCTTCCCGGTACG
CAGCTATGACATGATTACGAATTCCCCCAACGAGGGCTTAGCTT
GATCCACGTCATATGACGTACTAGTCCCACCCGCGTATCAAGGAG
GATCCACGTCATATGACGTACTAGTACTACCTGTTCCTCCTCGCC
CAGCTATGACATGATTACGAATTCCTAGTCGGCGGACTTCCAGT
GATCCACGTCATATGACGTACTAGTACAGACGCGAGGTGCTGCCA
CAGCTATGACATGATTACGAATTCGGAGGGTATGTGGGTGCC
GATCCACGTCATATGACGTACTAGTACGTTGCGGATGGTGAGGGT
CAGCTATGACATGATTACGAATTCCTTGACGGTGTGGCCCACCA
GATCCACGTCATATGACGTACTAGTTCCGCAGGCAGGTGACAACC
CAGCTATGACATGATTACGAATTCTCAGGCTCCTGGGTGTGGTT
GATCCACGTCATATGACGTACTAGTAAGATCGAGCTGGAACTCCG
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spgT2-R CAGCTATGACATGATTACGAATTCCGGTGAAAATCCGGCGAATG

SpgP-F GATCCACGTCATATGACGTACTAGTTCACGTCGCGCAGATTCACG
vspT1-F GATCCACGTCATATGACGTACTAGTGGTCGAGGTGGTCCTGCG
vspT2-R CAGCTATGACATGATTACGAATTCGCACGCTAACAGCGTCACC
vspP-F GATCCACGTCATATGACGTACTAGTCGAAGAGTAACGCCCCTCAC
aspT1-F GATCCACGTCATATGACGTACTAGTGAGCACGAGCTGCGGAT
aspT2-R CAGCTATGACATGATTACGAATTCGTTTGCCGCTTTACGTCCTT
aspP1-F GATCCACGTCATATGACGTACTAGTCGCAAGCCCGGCAACGCGAT
aspP2-F GATCCACGTCATATGACGTACTAGTATCGAGCGCAAGCCCGGCAA
aspT1-F2 GCTGAATGTCCGTCCTCACCATGCGCCTCGTCCCGATCGA

aspP1-R GGATCCACGTCATATGACGTACTAGTAAGGGATCTCCGTCCGATGGCC
fraTl-F GATCCACGTCATATGACGTACTAGTGAGCACACCGACTGGAGTTC
fraG-R CAGCTATGACATGATTACGAATTCTCGTCCCACCTTCTCGTCGA
fraP-R CAGCTATGACATGATTACGAATTCTTTCGTCCGGACGTCGGGTC
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Table S6 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 2 in CDCls.

'H-"TH CcOSY: ==
HMBC:H” X C
NOESY: H” \H

Position dc, type Jn (mult, J in Hz)

1 37.2,CH2 2.22 (1H, m)
2.05 (1H, m)

2 122.3,CH 5.35(1H,t,J=5.4)

3 138.6,C

4 324, CHz 2.34 (1H, m)
1.96 (1H, m)

5 31.7,CHz 1.98 (1H, m)
0.99 (1H, m)

6 52.4,CH 2.35 (1H, m)

7 142.6,C

8 1235, CH 5.18 (1H, m)

9 33.9,CH: 2.21 (1H, m)
2.10 (1H, m)

10 49.9, CH 2.13 (1H, m)

11 41.1,C

12 23.6, CHs 0.77 (3H, s)

13 19.9, CHs 0.84 (3H, 5)

14 15.2, CHs 1.61 (3H, )

15 25.0, CHs 1.75 (3H, s)
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Table S7 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 5’ in CDCls.

"H-TH COSY:  mmm
HMBC:H” X\ C
NOESY: H¥ X\H

Position dc, type Jn (mult, J in Hz)

1 34.1,CH 2.16 (1H, m)

2 49.1, CH 2.32 (1H,d,J=121)

3 148.9,C

4 39.4, CH 2.28 (1H, m)
1.97 (1H, m)

5 25.2, CHz 1.64 (2H, m)

6 429, CH, 1.38 (2H, m)

7 379,C

8 35.5, CHz 1.43 (1H, m)
1.15 (1H, m)

9 23.0,CHz 1.54 (2H, m)

10 39.2,CH 1.55 (2H, m)

11 28.6, CH 1.82 (1H, m)

12 31.3,CHz 1.41 (1H, m)
1.10 (1H, m)

13 24.0, CH; 1.67 (2H, m)

14 39.7,CH 2.68 (1H, m)

15 148.2,C

16 110.3, CH2 4.91 (1H, br)
4.85 (LH, br)

17 23.4, CHs 1.74 (3H, s)

18 20.5, CHs 0.82 (3H,d,J=6.3)

19 18.1, CHs 0.82 (3H, s)

20 107.0, CH2 4.87 (1H, br)
4.32 (1H, br)
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Table S8 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 6’ in CDCls.

Hv\—/H

"H-"TH COSY: e

HMBC:H/ X\ C
NOESY: H# \H

Position dc, type Jn (mult, J in Hz)

1 40.9, CH 1.50 (1H, m)

2 52.3, CH 1.89 (1H,d, J=11.1)

3 149.3,C

4 39.2, CHz 2.22 (1H, m)
1.89 (1H, m)

5 25.3, CHz 1.61 (2H, m)

6 427,C 1.34 (1H, m)
1.27 (1H, m)

7 36.9,C 2.84 (1H, m)

8 41.4, CH 1.46 (1H, m)
1.16 (1H, m)

9 25.6, CHz 1.01 (2H, m)

10 43.0, CH 1.34 (1H, m)

11 38.4, CH 1.18 (1H, m)

12 31.6, CH> 1.47 (1H, m)
1.36 (1H, m)

13 30.7, CH2 1.70 (1H, m)
1.61 (1H, m)

14 39.6, CH 2.92 (1H, m)

15 148.5,C

16 113.1, CHz 4.83 (1H, brs)
4.79 (1H, brs)

17 26.9, CHs 1.73 (3H, )

18 20.4, CHs 0.91 (3H,d,J=6.3)

19 17.9, CHs 0.74 (3H, s)

20 106.7, CHz 4.88 (1H, brs)

4.40 (1H, brs)
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Table S9 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 6 in C¢Ds.

"H-"H COSY: ==

HMBC:H/ X C
NOESY: H¥ X\ H

6
Position dc, type on (mult, J in Hz)
1 46.6, CH 2.08 (1H, m)
2 135.8,CH 4.82 (1H, br)
3 132.4,C
4 40.0, CH: 2.07 (1H, m)
1.94 (1H, m)
5 26.3, CH2 2.20 (1H, m)
2.02 (1H, m)
6 126.8, CH 4.80 (1H, m)
7 130.8,C
8 41.7, CH: 2.35 (1H, m)
1.99 (1H, m)
9 35.0, CH2 1.82 (2H, m)
10 49.8, CH 1.14 (1H, m)
11 36.9, CH 1.11 (1H, m)
12 30.2, CH2 1.64 (1H, m)
1.31 (1H, m)
13 28.0, CH: 1.65 (1H, m)
1.45 (1H, m)
14 459, CH 2.30 (1H, m)
15 147.2,C
16 112.5,CH 4.99 (1H, br)
4.87 (1H, br)
17 25.8, CHs 1.68 (3H, s)
18 21.8,CHs 0.98 (3H, d, J=5.5)
19 16.5, CHs 1.45 (3H, s)
20 30.5, CHs 1.45 (3H, s)
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Table S10 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 8 in CDCls.

"H-"H COSY: ==
HMBC:H” X\ C
NOESY: H¥ \H

Position dc, type on (mult, J in Hz)
1 113.0, CH> 5.20 (1H, dd, J = 17.2, 1.0)
5.07 (1H, dd, J = 10.8, 1.0)
2 134.4, CH 6.79 (1H, dd, J =10.8, 17.2)
3 133.7,C
4 128.4, CH 5.50 (1H,t, J = 7.9)
5 40.0, CH2 2.34 (1H, dd, J = 7.9, 14.1)
1.97 (1H, m)
6 375,C
7 33.2, CH 1.64 (1H, m)
8 315, CHz 2.08 (1H, m)
1.79 (1H, m)
9 114.9, CH 5.39 (1H,t,J=3.5)
10 147.2,C
11 41.4, CH 2.04 (1H, m)
12 29.9, CH 1.80 (2H, m)
13 23.1, CH2 1.64 (1H, m)
0.92 (1H, m)
14 427, CH, 1.48 (1H, m)
1.21 (1H, m)
15 36.9,C
16 29.7, CHs 1.09 (3H, s)
17 26.6, CHs 1.03 (3H, s)
18 22.8, CHs 0.90 (3H, s)
19 15.0, CHs 0.87 (3H,d, J=16.8)
20 20.5, CHs 1.89 (3H, s)
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Table S11 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 2a in CDCls.

"H-"H COSY: ==
HMBC:H” X C
NOESY: H¥ XH

Position dc, type on (mult, J in Hz)
1 75.7,CH 4.26 (1H,d, J=8.7)
2 126.4, CH 5.22 (1H,d,J=8.7)
3 138.3,C
4 33.3,CH: 2.35 (1H, m)

2.00 (1H, m)
5 32.0, CH2 0.94 (1H, m)

2.00 (1H, m)
6 51.3,CH 2.33 (1H, m)
7 142.1,C
8 123.6, CH 5.21 (1H, m)
9 34.1, CH; 2.13 (1H, m)

2.26 (1H, m)
10 50.6, CH 2.06 (1H, dt, J=10.0,6.1)
11 413,C
12 18.3, CH3 0.89 (3H, s)
13 19.4, CHs 0.79 (3H, 5)
14 15.2, CHs 1.62 (3H, s)
15 25.1, CHs 1.78 (3H, s)
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Table S12 'H NMR (400 MHz) and **C NMR (100 MHz) assignments for 3a in methanol-d..

Position dc, type on (mult, J in Hz)
1 18.5, CH> 1.39 (1H, dd, J = 5.3, 4.4)
1.26 (1H, m)
2 37.6, CH 243 (1H,dd,J=7.7,4.4)
3 81.6,C
4 48.5, CH2 2.62(1H, d, J = 18.2)
2.30(1H,d,J =18.2)
5 2116,C
6 46.1,C
7 33.9,CH 1.58 (1H, m)
8 32,5, CHz 1.67 (1H, m)
1.56 (1H, m)
9 30.4, CHz 1.56 (1H, m)
1.31 (1H, m)
10 79.4,CH 3.21(1H,dd,J=105,1.4)
11 73.8,C
12 25.7, CHs 1.15 (3H, s)
13 24.9, CHs 1.12 (3H, s)
14 17.3, CHs 0.97 (3H, d, J =6.6)
15 25.9, CHs 1.65 (3H, s)
16 172.3,C
17 21.6, CH3 2.00 (3H, s)
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Table S13 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 3b in methanol-da.

"H-"H COSY: s
HMBC:H/” X C
NOESY: H” XH

Position dc, type Jn (mult, J in Hz)
1 18.5, CH: 1.40 (1H, dd, J =5.1, 4.3)
1.28 (1H, m)
2 37.8,CH 2.45 (1H, dd, J=7.7, 4.3)
81.6,C
4 48.5, CH2 2.62 (1H,d, J=18.2),
2.30 (1H, d, J = 18.2)
5 2115,C
6 46.1,C
7 343, CH 1.57 (1H, m)
8 32.6, CH: 1.84 (1H, m)
1.38 (1H, m)
9 30.7, CH: 1.70 (1H, m)
1.20 (1H, m)
10 79.9,CH 3.20 (1H, dd, J =10.5, 1.8)
11 738,C
12 25.8, CHs 1.15 (3H, s)
13 24.8, CHs 1.12 (3H, s)
14 17.7, CHs 0.99 (3H,d,J=6.9)
15 25.9, CHs 1.65 (3H, s)
16 172.3,C
17 21.6, CHs 2.00 (3H, s)
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Table S14 'H NMR (400 MHz) and **C NMR (100 MHz) assignments for 3¢ in methanol-da.

A
=~ o g oH OH 'H-'HCOSY: ==
([ HMBC:H/ "\ C
OH NOESY: H¥ \H
Position dc, type Jn (mult, J in Hz)
1 14.3, CH; 0.80 (1H, m)
0.36 (1H, dd, J=5.2, 7.7)
2 33.9, CH 0.97 (1H, m)
79.8,C

4 36.4, CH> 1.42 (2H, m),

255, CH> 1.67 (1H, m)
5 1.58 (1H, m)
6 333,C
7 39.7, CH 1.08 (1H, m)
8 33.2, CHz 1.46 (2H, m)
9 26.9, CHz 1.68 (2H, m)
10 79.8, CH 3.21 (1H, dd, J = 1.4, 10.3)
11 73.8,C
12 25.7, CH3 1.16 (3H, s)
13 24.9, CHs 1.13 (3H, )
14 17.8, CHs 0.97 (3H,d, J=6.7)
15 28.6, CH3 1.30 (3H, s)
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Table S15 'H NMR (400 MHz) and **C NMR (100 MHz) assignments for 3e in methanol-da.

OH "H-'HcosYy: —

HMBC:H” X\ C
NOESY: H¥ X\ H

Position dc, type on (mult, J in Hz)
1 18.9, CH 1.42 (1H, m)
1.20 (1H, ddd, J =15, 5.3, 7.1)

2 39.3,CH 1.99 (1H, m)

3 72.3,C

4 49.3, CHz 2.39 (1H, d, J = 17.6),
1.97 (1H, m)

5 213.0,C

6 46.3,C

7 33.9, CH 1.51 (1H, m)

8 35.7, CH2 1.58 (1H, m)
1.43 (1H, m)

9 26.9, CH2 2.07 (2H, m)

10 128.7, CH 525 (1H,t,J=17.2)

11 135.8,C

12 215, CHs 1.76 (3H, s)

13 61.3, CH: 4.06 (2H, s)

14 17.4, CHs 0.96 (3H, d, J=6.7)

15 29.7, CHs 1.40 (3H, s)
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Table S16 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 4a in CDCls.

20_-OH OH

24

"H-TH COSY:
HMBC:H” X\ C

T8 K —— - - NOESY: H¥  \H
16 Y H/
4a
Position dc, type on (mult, J in Hz)

1 47.9, CH 1.38 (1H, m)

2 49.1, CH 1.60 (1H, s)

3 139.9,C

4 122.2, CH 5.56 (1H, m)

5 27.4, CH2 2.14 (1H, m)
1.85 (1H, m)

6 452, CH 1.75 (1H, m)

7 435,C

8 34.8, CH, 1.46 (2H, m)

9 40.5, CHz 0.90 (1H, m)
1.85 (1H, m)

10 58.5,C

11 37.6, CH 1.41 (1H, m)

12 31.7,CHz 0.94 (1H, m)
1.41 (1H, m)

13 24.9, CH 1.55(1H, m)
0.81 (1H, m)

14 41.7,CH 1.39 (1H, m)

15 30.5, CH 1.44 (1H, m)

16 21.3, CHs 0.87 (3H,d, J=6.8)

17 15.6, CHs 0.72 (3H,d, J=6.8)

18 18.1, CHs 1.02 (3H,d, J=6.8)

19 18.5, CHs 0.99 (3H, s)

20 67.1, CH2 4.14 (1H,dd, J=13.3,1.2)

4.06 (1H, dd, J = 133, 1.2)
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Table S17 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 5a in CDCls.

N oo OH

‘/'H

HMBC:H/ X\ C
NOESY: H”  \H

,F/MN "H-"H COSY:
| |
OH H

¥

Position dc, type on (mult, J in Hz)
1 36.8, CH 3.47 (1H, m)
2 158.8, CH 5.78 (1H, d, J = 11.0)
3 127.0,C
4 34.6, CHz 1.98 (1H, m)
2.78 (1H, m)
5 25.2, CHz 2.56 (1H, m)
2.19 (1H, m)
6 131.8, CH 5.15 (1H, m)
7 1408, C
8 30.4, CHz 2.24 (1H, m)
1.97 (1H, m)
9 33.0, CHz 1.71 (1H, m)
1.44 (1H, m)
10 45.3, CH 1.56 (1H, m)
11 34.4,CH 1.72 (1H, m)
12 26.9, CH2 1.71 (1H, m)
1.38 (1H, m)
13 25.9, CH 1.37 (1H, m)
1.38 (1H, m)
14 46.7, CH 1.96 (1H, m)
15 149.4,C
16 110.8, CH2 4.64 (1H, br)
4.68 (1H, br)
17 19.1, CHs 1.60 (3H, s)
18 18.6, CHs 1.11 (3H,d,J=7.1)
19 63.3, CH2 4.08 (1H, d, J =10.8)
3.84 (1H,d, J=117)
20 172.1,C

27 /156



Table S18 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 6a in CDCls.

"H-"H COSY:  mmm
HMBC:H” X\ C
'  NOESY: H¥ \H

Position dc, type Jn (mult, J in Hz)

1 46.3, CH 2.04 (1H,td, J=11.1,5.5)

2 130.8, CH 5.39 (1H,d,J=11.1)

3 1334, C

4 33.6, CH2 2.50 (1H, m)
2.28 (1H, m)

5 39.5, CHz 2.94 (1H, m)
2.26 (1H, m)

6 217.2,C

7 46.0, CH 2.84 (1H, m)

8 34.2, CH; 1.84 (1H, m)
1.25 (1H, m)

9 29.6, CHz 1.25 (1H, m)
0.67 (1H, m)

10 45.0,CH 0.95 (1H, m)

1 39.0, CH 1.11 (1H, m)

12 30.4, CHz 1.41 (1H, dg, J = 13.4, 4.1)
1.26 (1H, m)

13 29.7, CHz 1.67 (1H, m)
1.54 (1H, m)

14 443, CH 2.24 (1H, m)

15 147.4,C

16 112.6, CHz 4.91 (1H, br)
4.83 (1H, br)

17 26.6, CHs 1.72 (3H, s)

18 20.8, CHs 0.91 (3H,d,J=6.3)

19 17.3, CHs 0.93(3H,d,J=7.0)

20 18.9, CHs 1.56 (3H, d, J = 1.0)
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Table S19 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 6b in CDCls.

"H-"H COSY:  mmm
HMBC:H” X C
NOESY: H” \H

Position dc, type on (mult, J in Hz)
1 45.9, CH 2.06 (1H, td, J=11.0, 5.5)
2 130.5, CH 5.29 (1H, d, J = 11.0)
3 134.2,C
4 33.6, CH2 2.47 (1H, m)
2.28 (1H, m)

5 39.5, CHz 2.93 (1H, m)
2.24 (1H, m)

6 217.2,C

7 45.9, CH 2.84 (1H, m)

8 34.3, CH2 1.86 (1H, m)
1.25 (1H, m)

9 29.7, CHz 1.25 (1H, m)
0.69 (1H, m)

10 455,CH 0.92 (1H, m)

1 38.9, CH 1.11 (1H, m)

12 30.2, CHz 1.45 (1H, m)
1.25 (1H, m)

13 30.1, CHz 1.61 (2H, m)

14 39.6, CH 2.21 (1H, m)

15 150.5,C

16 110.9, CH2 5.26 (1H, br)
5.16 (1H, br)

17 67.9, CH> 3.94 (2H, m)

18 20.8, CHs 0.94 (3H,d,J=6.2)

19 17.4, CHs 0.93(3H,d,J=7.0)

20 19.0, CHs 157 (3H,d,J=1.2)
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Table S20 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 9a in CDCls.

"H-"H COSY:
HMBC:H” X\ C
NOESY: H¥ XH

Position dc, type on (mult, J in Hz)
1 110.7, CH> 4.93 (1H, dd, J =15, 10.2)
4.87 (1H,dd, J=15,17.8)
2 148.5 CH 5.77 (1H, dd, J = 10.2, 17.8)
3 379,C
4 34.1, CH; 1.45 (2H, m)
5 20.8, CHz 1.79 (1H, m)
1.61 (1H, m)
6 48.7, CH 2.16 (1H, m)
7 135.7,C
8 35.3, CHz 2.38 (1H, ddd, J =1.7, 4.6, 14.7)
2.20 (1H, m)
9 20.8, CHz 1.76 (1H, m)
1.49 (1H, m)
10 52.4,CH 1.74 (1H, dd, J = 3.3, 13.0)
11 46.4,C
12 83.4, CH 4.13 (1H, m)
13 29.6 CH> 1.34 (1H, m)
1.27 (1H, m)
14 31.7, CH 1.30 (1H, m)
15 42.1,C
16 28.7, CHs 1.10 (3H, s)
17 20.9, CHs 1.03 (3H, s),
18 9.4, CHs 0.65 (3H, s)
19 131.2,CH 5.32 (1H, s)
20 26.6, CHs 1.05 (3H, s)
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Table S21 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 10a in CDCls.

H

R

"H-"H COSY: e
HMBC:H” X C
NOESY: H¥ \H

10a
Position dc, type on (mult, J in Hz)

1 110.6, CH> 4.92 (1H,dd, J=1.2,10.2)
4.89 (1H, br)

2 148.5 CH 5.76 (1H, dd, J = 10.2, 17.8)

3 375,C

4 34.3,CH: 1.46 (1H, m)
1.40 (1H, m)

5 18.9, CH: 1.58 (1H, m)
1.52 (1H, m)

6 50.1, CH 2.02 (1H, m)

7 135.8,C

8 35.4, CHz 2.33 (1H, m)
2.16 (1H, m)

9 22.7, CH; 1.62 (1H, m)
1.42 (1H, m)

10 46.7, CH 2.00 (1H, m)

11 43.9,C

12 53.7, CHz 2.38 (1H, m)
2.24 (1H, m)

13 212.7,C

14 50.5, CH2 2.74 (1H,d, J=13.1)
1.98 (1H, m)

15 43.6,C

16 19.7, CHs 0.82 (3H, s)

17 70.2, CH2 3.58 (1H, d, J = 10.8),

3.07 (1H, d, J = 10.8)

18 16.2, CHs3 0.87 (3H, s)

19 130.1, CH 5.31 (1H, s)

20 26.4, CH3 1.03 (3H, s)
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Table S22 'H NMR (400 MHz) and **C NMR (100 MHz) assignments for 10b in CDCls.

"H-"H COSY:
HMBC:H” X\ C
NOESY: H#¥ XH

HO17 O
10b
Position dc, type on (mult, J in Hz)
1 110.7, CH2 4.93 (1H, dd, J=1.4,10.2)
4.89 (1H, dd, J=1.4,17.8)

2 148.5, CH 5.76 (1H, dd, J=10.2, 17.8)

3 376,C

4 34.2, CH2 1.47 (2H, m)

5 18.8, CH2 1.57 (1H, m)
1.43 (1H, m)

6 50.4, CH 2.07. (1H, m)

7 134.7,C

8 35.1, CH2 2.32 (1H, m)
2.20 (1H, m)

9 24.3, CH2 1.53 (2H, m)

10 49.4,CH 2.42 (1H, m)

11 439,C

12 53.4, CH2 2.45 (1H, m)
2.35(1H, m)

13 209.3,C

14 51.2, CH2 3.00 (1H, d, J=13.2)
2.34 (1H, m)

15 51.1,C

16 18.6, CH3 1.22(3H, s)

17 180.7,C

18 15.9, CHs 0.88 (3H, s)

19 130.7, CH 5.32 (1H, s)

20 26.4, CHs 1.04 (3H, s)
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Table S23 'H NMR (400 MHz) and **C NMR (100 MHz) assignments for 10c in CDCls.

"H-"H COSY: e

HMBC:H” X C
NOESY: H¥ \H

H
L
10c
Position dc, type on (mult, J in Hz)
1 110.7, CH, 4.94 (1H, dd, J=1.3,10.7)
4.90 (1H, dd, J=1.3, 17.0)
2 148.5, CH 5.77 (1H, dd, J =10.7, 17.0)
3 37.6,C
4 34.3, CH; 1.46 (2H, m)
5 19.1, CH; 1.67 (1H, m)
1.53 (1H, m)
6 47.3,CH 2.04 (1H,t,J=17.5)
7 134.7,C
8 35.2, CH; 2.37 (2H, m)
9 24.1, CH; 1.41 (2H, m)
10 49.5,CH 2.45(H,d,J=12.2)
11 419,C
12 51.2, CH; 2.22 (1H,d, J=15.9)
2.57 (1H, d, J = 15.9)
13 199.3,C
14 126.8, CH 5.91 (1H, s)
15 163.2,C
16 22.5, CHs 1.90 (3H,s)
18 14.3, CHs 0.80 (3H, )
19 130.7, CH 5.34 (1H, s)
20 26.1, CHs 1.05 (3H, s)

33/156



Table S24 'H NMR (400 MHz) and *C NMR (100 MHz) assignments for 10d in CDCls.

Position dc, type on (mult, J in Hz)
1 110.8, CH; 4.93 (1H, dd, J = 1.3, 10.2)
4.89 (1H, dd, J = 1.3, 17.9)
2 148.3, CH 5.77 (1H, dd, J = 10.2, 17.9)
3 37.6,C
4 34.2, CH, 1.46 (2H, m)
5 19.2, CH; 1.67 (1H, m)
1.51 (1H, m)
6 47.2,CH 2.06. (1H, m)
7 134.3,C
8 35.0, CH 2.34 (1H, m)
2.18 (1H, m)
9 23.0, CH, 1.84 (1H, m)
1.42 (1H, m)
10 47.6, CH 2.56 (1H, m)
1 42.1,C
12 51.1, CH, 2.58 (1H, d, J = 15.9)
2.22 (1H, d, J = 15.9)
13 199.5, C
14 123.0, CH 6.20 (1H, s)
15 164.0, C
16 63,3, CH> 4.29 (2H, m)
18 14.3, CHs 0.81 (3H, s)
19 130.9, CH 5.34 (1H, s)
20 26.1, CHs 1.04 (3H, 9)
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Table S25 *H NMR (400 MHz) and **C NMR (100 MHz) assignments for 11a in methanol-da.

H/,/H TH-"H COSY:  mmm
HMBC:H” X C
NOESY: H¥ XH

11a
Position dc, type on (mult, J in Hz)
1 113.4, CH, 4.95 (1H, dd, J = 10.5, 2.0)
4.91 (1H, dd, J = 17.2, 2.0)
2 148.5, CH 5.72 (1H, dd J = 10.5, 17.2)
3 39.4,C
4 37.3, CH; 1.54 (1H, m)
1.19 (1H, m)
5 23.7, CHz 1.92 (1H, m)
1.63 (1H, m)
6 53.6, CH 1.93. (1H, m)
7 140.0,C
8 37.1, CH; 2.29 (1H, m)
2.12 (1H, m)
9 23.2, CH; 1.53 (1H, m)
1.47 (1H, m)
10 48.1, CH 1.44 (1H, m)
1 45.1,C
12 79.7, CH 3.36 (1H, m)
13 34.7, CH; 1.65 (1H, m)
1.25 (1H, m)
14 30.0, CH, 1.61 (2H, m)
15 38.6,C
16 18.1, CHs 0.77 (3H, 9)
17 71.7, CH, 3.35 (1H, d, J = 11.0)
3.01 (1H, d, J=11.0)
18 10.1, CHs 0.82 (3H, )
19 129.8, CH 5.15 (1H, s)
20 30.1, CHs 0.95 (3H, s)
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Table S26 'H NMR (400 MHz) and *C NMR (100 MHz) assignments for 11b in methanol-da.

"H-"H COSY:

HMBC:H” X C

NOESY: H¥ \H

Position dc, type on (mult, J in Hz)
1 113.6, CH, 4.95 (1H, dd, J = 2.1, 10.4)
4.90 (1H, dd, J=2.1,17.2)
2 148.4, CH 5.73 (1H, dd, J = 10.4, 17.2)
39.4,C
4 37.2, CH; 1.55 (1H, m)
1.21 (1H, m)
5 23.7, CH; 1.93 (1H, m)
1.67 (1H, m)
6 53.8, CH 1.97. (1H, m)
7 1395, C
8 37.1, CH; 2.29 (1H, m)
2.11 (1H, m)
9 25.9, CH; 1.62 (1H, m)
1.26 (1H, m)
10 50.4, CH 1.92 (1H, m)
1 45.0,C
12 79.2, CH 3.48 (1H, dd, J = 6.2, 9.6)
13 29.7, CH, 1.64, (2H, m)
14 36.3, CH, 1.90 (1H, m)
1.55 (1H, m)
15 48.4,C
16 17.2, CHs 1.17 (3H, s)
17 182.3,C
18 9.9, CHs 0.82 (3H, s)
19 130.3, CH 5.17 (1H, s)
20 30.1, CHs 0.96 (3H, 9)

36 /156



Table S27 'H NMR (400 MHz) and **C NMR (100 MHz) assignments for 11c in CDCls.

}
H/</‘H TH-TH COSY:
HMBC:H” X\ C

Hv /H NOESY: H# N H

Position dc, type on (mult, J in Hz)
1 113.2, CH; 4.96 (1H, dd, J = 2.0, 10.4)
4.92 (1H, dd, J = 2.0, 17.3)
2 147.3, CH 5.72 (1H, dd, J = 10.4, 17.3)
38.5,C
4 36.1, CH; 1.57 (1H, m)
1.22 (1H, m)
5 23.0, CH; 1.81 (1H, m)
1.60 (1H, m)
6 52.1, CH 1.90. (1H, m)
7 138.3,C
8 36.3, CH; 2.32 (1H, ddd, J =1.9, 4.5, 14.2)
2.04 (1H, ddd, J =1.9, 4.5, 14.2)
9 22.6, CH; 1.59 (1H, m)
1.46 (1H, m)
10 54.3, CH 1.01 (1H, dd, J =2.6, 12.4)
1 44.4,C
12 79.3, CH 3.45 (1H, dd, J = 5.8, 10.0)
13 29.8, CH, 1.58, (2H, m)
14 39.9, CH, 1.38 (1H, m)
1.33 (1H, m)
15 33.4,C
16 33.3, CH3 0.87 (3H, 9)
17 21.8, CHs 0.83 (3H, 9)
18 8.9, CHs 0.77 (3H, 9)
19 129.0, CH 5.17 (1H, s)
20 29.6, CH3 0.98 (3H, 9)
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Table S28 'H NMR (400 MHz) and *C NMR (100 MHz) assignments for 12b in CDCls.

H "H-"TH COSY:  mmm

\,H}‘\w HMBC:H” X\ C

NOESY: H¥ X\ H

Position dc, type Jn (mult, J in Hz)
1 110.1, CH, 4.90 (1H, dd, J = 1.4, 17.1)
4.86 (1H, dd, J = 1.4, 10.5)
2 149.1, CH 5.76 (1H, dd J = 10.5, 17.1)
3 375,C
4 34.7, CH; 1.44 (1H, m)
1.34 (1H, m)
5 18.8, CH; 1.61 (1H, m)
1.45 (1H, m)
6 50.4, CH 1.79 (1H, 1, I =7.8)
7 137.1,C
8 36.0, CH, 2.24 (1H, m)
2.07 (1H, m)
9 22.3, CH; 1.48 (1H, m)
1.34 (1H, m)
10 48.3, CH 1.46 (1H, m)
1 37.6,C
12 31.7, CH, 1.53 (1H, m)
1.45 (1H, m)
13 25.5, CHz 1.89 (1H, m)
1.60 (1H, m)
14 76.3, CH 3.46 (1H, 9)
15 38.0,C
16 28.6, CHs 0.95 (3H, m)
17 22.8, CH3 0.86 (3H, 9)
18 15.0, CH3 0.81 (3H, s)
19 128.8, CH 5.21 (1H, s)
20 26.1, CHs 1.03 (3H, s)
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Table S29 'H NMR (400 MHz) and *C NMR (100 MHz) assignments for 12¢ in acetone-ds.

"H-"TH COSY:
HMBC:H” X\ C
NOESY: H” \H

12c
Position dc, type Jn (mult, J in Hz)
1 110.6, CH, 4.91 (1H, dd J = 1.5, 17.5)
4.86 (1H, dd, J = 1.5, 10.6)
2 149.6, CH 5.77 (1H, dd J = 10.6, 17.5)
3 38.1,C
4 35.3, CHz 1.48,1.38 (2H, m)
5 19.5, CH; 1.62 (2H, m)
6 51.0, CH 1.78. (1H, m)
7 137.4,C
8 36.4, CH, 2.31 (1H, m)
2.10 (1H, m)
9 22.8, CHz 1.64 (1H, m)
1.40 (1H, m)
10 54.9, CH 1.22 (1H, m)
1 38.6,C
12 37.6, CHz 1.80 (1H, m)
1.30 (1H, m)
13 25.8, CH, 1.63 (2H, m)
14 80.9, CH 452 (H, dd, J=5.1, 10.9)
15 38.7,C
16 28.8, CH3 0.90 (3H, s)
17 17.4, CHs 0.93 (3H, s)
18 15.4, CHs 0.86 (3H, 5)
19 137.4,C
20 26.4, CH3 1.04 (3H, s)
21 170.2,C
22 23.0, CHs 0.88 (3H, s)
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II1. Physicochemical data of compounds.

Compound 1: colorless oil, [a]3%= +32.0 (c 1.2, CHCI3); El mass spectrum is showed in Figure S8. *H NMR (400 MHz), 13C
NMR (100 MHz) data and optical rotation of 1 are in agreement with the reported guaia-1(10),11-diene®.

Compound 2: colorless oil, [a]3%= + 25.2 (¢ 2.5, CHCI3); NMR data in CDCl3 is showed in Table S6; EI mass spectrum is
showed in Figure S16.

Compound 3: colorless oil, [a]3°= + 85.4 (¢ 1.5, CHCIs); EI mass spectrum is showed in Figure S19.*H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 3 are in agreement with the reported 7-epi-cis-sesquisabinene hydrate3®.

Compound 4: colorless oil, [a]3°= + 10.2 (¢ 1.2, CHCIs); EI mass spectrum is showed in Figure S22.*H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 4 are in agreement with the reported spiroalbatene®.

Compound 5: colorless oil, [a]%= +38.9 (c 1.1, n-hexane); EI mass spectrum is showed in Figure S25, *H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 5 are in agreement with the reported benditerpe-2,6,15-triene®.

Compound 5': colorless oil, [a]3°= + 51.7 (c 1.6, n-hexane); NMR data in CDCl5 is showed in Table S7; El mass spectrum
is showed in Figure S33.

Compound 6': colorless oil, [a]3*= — 66.8 (c 2.1, n-hexane); NMR data in CDCl; is showed in Table S8; EI mass spectrum
is showed in Figure S49.

Compound 6: colorless oil, [a]3%= — 22.8 (¢ 2.5, n-hexane); NMR data in CDCls is showed in Table S9; El mass spectrum is
showed in Figure S41.

Compound 7: colorless oil, [a]3%= + 10.5 (c 1.3, CHCIs); EI mass spectrum is showed in Figure S52. *H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 7 are in agreement with the reported (S)-(+)-cembrene A%,

Compound 8: colorless oil, [a]3%= — 78.2 (¢ 0.9, CHCI3); NMR data in CDCl3 is showed in Table S10; EI mass spectrum is
showed in Figure S60.

Compound 9: colorless oil, [a]3°= — 20.5 (¢ 0.7, CHCI3); EI mass spectrum is showed in Figure S63 'H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 9 are in agreement with the reported sandaracopimaradiene®.

Compound 10: colorless oil, [a]3= + 16.1 (c 0.6, CHCI3); EI mass spectrum is showed in Figure S66. 'H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 10 are in agreement with the reported ent-sandaracopimaradiene?®.

Compound 11: colorless oil, [a]3= + 91.2 (c 1.3, CHCI3); EI mass spectrum is showed in Figure S69. 'H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 11 are in agreement with the reported pimara-8(14),15-diene®.

Compound 2a: colorless oil, [a]3°= + 150.6 (c 0.9, CHCIs); NMR data in CDCls is showed in Table S11; El mass spectrum
is showed in Figure S77.

Compound 3a: yellow powder, [a]3%= + 35.3 (c 1.3, methanol); NMR data in methanol-d, is showed in Table S12; EI mass
spectrum is showed in Figure S85; HRESIMS m/z 313.2012 [M+H] * (calcd. for C17H250s, 313.2010).

Compound 3b: yellow powder, [a]3= + 16.2 (c 1.4, methanol); NMR data in methanol-d, is showed in Table S13; EI mass
spectrum is showed in Figure S93; HRESIMS m/z 313.2010 [M+H] * (calcd. for C17H250s, 313.2010).

Compound 3c: yellow oil, [a]3%= + 130.1 (c 0.8, CHCI3); NMR data in CDCls is showed in Table S14; EI mass spectrum is
showed in Figure S101.

Compound 3e: yellow oil, [a]3%= — 17.5 (c 0.5, CHCI3); NMR data in CDCls is showed in Table S15; EI mass spectrum is
showed in Figure S109; HRESIMS m/z 235.1715 [M-H,O+H] * (calcd. for C17H250s, 235.1693).

Compound 4a: colorless oil, [a]3’= + 30.1 (c 1.5, CHCl3); NMR data in CDCls is showed in Table S16; El mass spectrum is
showed in Figure S117.

Compound 5a: colorless waxy solid, [a]3°= + 6.8 (¢ 1.2, CHCIs); NMR data in CDClIs is showed in Table S17; EI mass
spectrum is showed in Figure S125; HRESIMS m/z 301.2164 [M - H,O + H] * (calcd for CxoHs003, 301.2162).
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Compound 6a: colorless waxy solid, [a]3°= — 13.8 (¢ 1.1, CHCI3); NMR data in CDCl3 is showed in Table S18; El mass
spectrum is showed in Figure S133.

Compound 6b: colorless waxy solid, [a]*= — 10.7 (c 1.5, CHCI3); NMR data in CDCl; is showed in Table S19; El mass
spectrum is showed in Figure S141.

Compound 9a: colorless waxy solid, [a]3%= — 4.5 (¢ 1.9, CHCI3); NMR data in CDCl5 is showed in Table S20; EI mass
spectrum is showed in Figure S149.

Compound 10a: white powder, [a]3%= + 10.8 (c 1.3, CHCI3); NMR data in CDCls is showed in Table S21; EIl mass spectrum
is showed in Figure S157.

Compound 10b: white powder, [a]3%= + 22.6 (¢ 0.5, methanol); NMR data in CDCls is showed in Table S22; EI mass spec-
trum is showed in Figure S165; HRESIMS m/z 339.1938 [M + Na] * (calcd. for C2H2s03Na, 339.1931).

Compound 10c: white powder, [a]3°= + 38.8 (¢ 1.0, CHCIs); NMR data in CDCls is showed in Table S23; EIl mass spectrum
is showed in Figure S173.

Compound 10d: white powder, [a]3%= +59.5 (c 1.1, CHCI3); NMR data in CDCls is showed in Table S24; EIl mass spectrum
is showed in Figure S181.

Compound 11a: white powder, [a]3°= + 100.1 (c 0.9, methanol); NMR data in methanol-ds is showed in Table S25; EI mass
spectrum is showed in Figure S189.

Compound 11b: white powder, [a]3>= + 16.0 (c 0.2, methanol); NMR data in methanol-ds is showed in Table S26; EI mass
spectrum is showed in Figure S198; HRESIMS m/z 301.2168 [M - H,0 + H] * (calcd. for C2H3003, 301.2162).

Compound 11c: white powder, [a]3%= + 92.0 (c 0.8, CHCI3); NMR data in methanol-ds is showed in Table S27; EI mass
spectrum is showed in Figure S206.

Compound 12a: colorless oil, [a]3°= + 52.0 (¢ 0.2, CHCI3); EI mass spectrum is showed in Figure S207. 'H NMR (400 MHz),
13C NMR (100 MHz) data and optical rotation of 12a are in agreement with the reported ent-isopimara-8(14),15-dien-35-01.

Compound 12b: colorless oil, [a]3°= + 28.0 (c 0.2, CHCIls); NMR data in methanol-ds is showed in Table S28; EI mass
spectrum is showed in Figure S217.

Compound 12c: colorless waxy solid, [a]3°= — 6.4 (¢ 1.7, methanol); NMR data in methanol-d, is showed in Table S29; El
mass spectrum is showed in Figure S225; HRESIMS m/z 331.2631 [M + H] * (calcd. for C22H3402, 331.2632).
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IV. Supplementary Figures:
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of menthol, artemisinine and taxol, the activity of terpene skeletons is not detectable.
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Figure S3 The TLC analysis of organic extracts were produced by S. albus J1074M and recombinant strains containing terpene
synthases.
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Figure S68 *C NMR spectrum of 11 in CDCl3 (100 MHz).
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Figure S86 'H NMR spectrum of 3b in methanol-ds (400 MHz).
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Figure S97 HSQC spectrum of 3c in methanol-d, (400 MHz).

89 /156

'l (ppm)



(TR} T

- ¢ s m
]
5?5 STU 4?5 4?0 3.[5 3.[0 2.T5 "TO l'S l‘.O U‘S UTU
£2 (pptn)
Figure S98 'H-'H COSY spectrum of 3c in methanol-d, (400 MHz).
I
= -—t e e
= ] wam gk t ®
= s - [ ®
— - [ ] [ ]
eeeeee— ' " "
.t - 3 ST
5!5 570 4?5 4?0 3?5 3?0 2?5 ""0 1'5 170 0'5 OTO
£2 (ppm)

Figure S99 HMBC spectrum of 3¢ in methanol-ds4 (400 MHz).
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Figure S174 *H NMR spectrum of 10d in CDCl; (400 MHz).
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Figure S224 NOESY spectrum of 12c in acetone-ds (400 MHz).
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Figure S225 EI mass spectrum of 12c.
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