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Abstract of Thesis

Members of the genus Streptomyces are prolific producers of antibiotics, in addition to
anti-hypertensives, immunosuppressants and other clinically-relevant compounds. Traditional bioactivity-based
screenings are often laborious and are constantly hindered by the frequent rediscovery of known compounds.
From massive DNA sequencing data, the genome of streptomycetes has the ability to produce many novel and
potentially useful bioactive compounds, but most of which are not produced under standard laboratory cultivation
conditions and are referred to as “silent/cryptic” secondary metabolites. Through the targeted activation of the
biosynthetic gene clusters (BGCs) for these “cryptic” compounds, we can potentially isolate and identify novel

natural products and circumvent the historical problem of rediscovery.

Streptomyces lavendulae FRI-5 predominantly produces 4 compounds controlled by a Streptomyces
hormone, IM-2 and its receptor FarA. However, this strain may also have the potential to biosynthesize more
useful secondary metabolites. This work aimed to discover and identify cryptic metabolites from Streptomyces
lavendulae FRI-5 by expressing its uncharacterized BGCs into an engineered Streptomyces host, Streptomyces
avermitilis SUKA22. SUKA22 is a derivative of the avermectin industrial producer, S. avermitilis, in which DNA
segments for majority of its endogenous gene clusters were deleted such that its primary metabolism-derived
precursors and biochemical energy can be effectively exploited for the production of heterologous compounds.
Here, several uncharacterized biosynthetic genes were identified from S. Javendulae FRI-5, including a putative
indigoidine biosynthetic gene (JbpA4), a unique angucyline gene cluster (Jac cluster) and a transcriptionally silent
gene cluster (/av cluster) for an unpredictable polyketide. These biosynthetic genes were cloned and introduced
into the genome of S. avermitilis SUKA22 to reveal their corresponding products. Heterologous expression of
IbpA, encoding a plausible nonribosomal peptide synthetase, in the versatile model host led to indigoidine
production, which was enhanced dramatically by precursor feeding. These results confirmed that LbpA is an
indigoidine biosynthetic enzyme in the IM-2 signaling cascade. Meanwhile, the engineered SUKA22 strain
carrying the /av cluster produced compound 1 (named lavendiol) and other minor compounds that were
undetectable in the culture broth of S. lavendulae FRI-5. Using various spectroscopic analyses, the chemical
structure of lavendiol was elucidated as a new diol-containing polyketide. The proposed lavendiol assembly line
shows a unique biosynthetic mechanism for polyketide compounds and a possible biosynthetic route for related
Streptenol-family compounds. The results of this work exemplify the possibility of discovering new compounds
from streptomycetes by genome mining and heterologous expression of cryptic BGCs in a genome-minimized
host.
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THMENE L THASNABEEIL. HEYECREINIAEEEMEE RRBEDE L TEET 2EENR
M TH D, ZORBEDYT ) LT, ZRRBMEVELEERTIEEAOCNDIBETI FIAY—4120~40 D
—RaNTWVER, TOLEIMERL TWARWMKIRIREICH S, INSOKRRICEMBEEEREIELIENT
=N, FREAYMORRDPHTESRZOREICEND Z ENHFEINSD, LHL. KIRKREICH DEGREBR
Fr 25—, REHERCIIEENHOCREORBARAZEDFERIZLD., EHbIhTuiansH#RAlEN
BH, TORIBEEREMCETEEMIT. RIFEEBRBICHS. 2RI, BREICBITI2KREEMOLEELE
BRicBIT 2 R BIER MG T 5720, HHERE Streptomyces lavendulae FRI-5S O _RRBBIZT U S A5 — 2 RAER
BICEBELLLARREICEAL, RELAEEEZRITAIDOERAKIC. GHRILEMETOERRRERETHDHOT
H5, BONFAREZENTSLE, LTOBEDTH S,

1) WHEE S. lavendulae FRI-5 \IHiSEEME p-H 1 7 0v ) > EEEBRITEYE. FRARIPI1P 024
BT 2, 12VOd4 PV ERRICED IBERBETEY / LAXA 0 7RICX 0 #EE. RERBERELERE
S. avermitilis SUKA22 IZEA L, ZORBYZHTTHI LK, TOBZRBETORELHEITL TN, B
BRBEICEOEEINARBYMNA > oIM P THHIEEEEBMTICKDRTERIZ, 1 22d1P020
EEREBTHDTIVEY I U EEMICHERMT DI EICXD, 4 0T P U AEENRINICm LTSI & 2H
SMILTWS, ¥, DA PO1M PV EEGRBREFICMA. R A RERRBREEFOREEL.
INSOREENKRBERG T IES T T FIMEEMCLD, BECHBEEIN TSI EZHSNILT
W3, ZNSOHIRIE. BEERERRICLERFHEEZE525EEDIT. FIRRAYORRICENLKRES
REEFZ 5 AY—M, S lavendulae FRI-5 DY ) LT HER, GHETHIEEZRLTNS,

2) FEROBE_RKRMBLRTY SAY—2EBEFRTOTILERANVWTTRIL. TOEEEZHALSNILT
W5a, INSDEBEREFISAY—DI5. IMRYF ¥ REREBREGTEELITL2EEBETFI SRS
EZHL., 1) THAW-RERERELKEEICEA, TORBMERTL TV, BEFI IAIY—BARRE
WaREmeEREL. TOABREELREYUZRT, SENXEMNCEDE, FRRBRY SN DF—IVORE
KWESTWVWS, ZEOIRDF—VEGEIIREIN TSN, TOEEGRRIIBHINTEST. IR
CHINVERRRDFREZRLC TS, ZNSORBICEDE, BEBRTFI IAY—DOKRIRERICIT. &
BEREBECHBREEERA L AERNEETHSLILERLTNDS,

PEDX DIz, BRI TIL. BHEE S lavendulae FRI-5 20 R L. ZRRBEBEETFY FIRAY —DRERBERE
BREAOEA - REMBTEZBELC T, BRTIV IAY—DERREANZFHFMCHEAL TVD, £ KEERE
REICHERELTBEGERZHFLVARE L TRT ERARIC, B LAEMICEDE, FIRRAYMEFRECE
WEEBRZRERBTZEICHRILTVS, AMETESNZRRIL. REBRERERZEM L EBE XK
BEETFT IAY—DEEREN., FRRERMIZEIFTEARRORAEBICAENTHD I LerRT 5 L4+, 3
KARBCLAYORIBANE BB LXAYM R L KZERIELIDDOLHFEIND,
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